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NCAR DIRECTOR'S MESSAGE
I am writing to you at the end of another busy and successful year of scientific work. I
hope you will share my pride in the recent noteworthy accomplishments of the National
Center for Atmospheric Research (NCAR) staff and collaborators in the areas of science,
facilities, and service as you read through this latest edition of NCAR’s Annual Report.

About NCAR
Strategic Goals:
Science, Facilities &
Technology

This year’s science achievements result in no small part because of ongoing support from
the National Science Foundation, which sponsors us in our work to advance basic
research in the United States in atmospheric and related sciences on behalf of the
university community. In addition, our successes are attributable to our science
community’s pervasive influence. Community interactions range from the many (and
growing) number of individual collaborations, to active community participation on our
advisory panels, and direct engagement in ongoing strategic planning–all of these
relationships enhance and inform the work we do.
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Fiscal Year 2007 (FY2007) saw the release of the Intergovernmental
Panel on Climate Change (IPCC) Fourth Assessment Report (AR4).
In addition to garnering the Nobel Peace Prize, which was shared with
Albert Gore for “…efforts to build up and disseminate greater
NCAR Director, Tim Killeen
knowledge about man-made climate change,” each AR4 Working
Group report achieved extensive, worldwide media coverage worldwide,
resulting in vastly increased public attention to changing climate.
The IPCC AR4 included intense scrutiny of current climate change science as documented in the peerView Lab Reports
reviewed literature, and comparison of observational data with climate model simulations of past, present,
on IPCC
Participation:
and future climate states. The NSF and DOE-funded Community Climate System Model (CCSM) project
ESSL report
was one of more than 15 different modeling centers around the globe that worked on a coordinated set of
SERE report
climate simulations which were provided to the AR4 scientists and authors. NCAR worked with DOE modeling
centers and Japan’s Central Research Institute of the Electric Power Industry (CRIEPI) to produce more than
10,000 model years of simulated climate. This was the largest contribution of modeling data to the IPCC project made by any
research center.
Perhaps the IPCC climate news occurred at the right place and time, or perhaps the evidence gained from daily life–warmer
days, changing seasons, more extreme storms–simply became incontrovertible to the public. Either way, to a large degree the
strength of the AR4 message is certainly attributable to the IPCC authors’ comprehensive examination of the evidence and
clear expression of confidence in their findings. I would like to commend our many UCAR university partners, as well as
NCAR scientists who contributed to this important assessment activity.
While FY2007 certainly had a significant climate focus, beyond this area, NCAR’s research, facility, and
community service activities also continued to make notable strides. For instance, our Computational and
Information Systems Laboratory (CISL) increased NCAR’s total computing capacity by more than a factor
of two beyond last year’s levels, and is a contributing partner in NSF’s TeraGrid, an open scientific
discovery computing infrastructure.

Click for more on
CISL's Teragrid
participation.

NCAR’s Earth Observing Laboratory (EOL), which develops and deploys
observing facilities and provides data services for the university community,
put the NSF/NCAR Gulfstream V (formerly known as HIAPER) research
plane through its paces, using its long-range capabilities during the Pacific
Dust Experiment (PACDEX). Other EOL efforts ranged from taking direct ice
nucleation measurements to better understand cloud ice-particle formation to
developing a partnership with Colorado State University for creation of a
national radar facility.

Click for more on EOL's
instrumentation of the
Gulfstream V research
aircraft.

Our Earth and Sun System Laboratory (ESSL) plays a critical role in
developing community models, and pursues fundamental research to
address the environmental challenges facing society. Collaborations
both within NCAR and with university colleagues have resulted in an exciting variety of work,
including creation of new instruments and models, and research findings that are providing insights
on Earth and Sun system interactions.
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Among the exciting findings in ESSL’s divisions, the High Altitude Observatory’s Coronal Multichannel Polarimeter instrument enabled a scientific breakthrough by imaging, for the first time,
Alfvén waves in the solar corona, which will provide researchers with greater understanding of the
Click for more on ESSL's
solar magnetic fields. The Mesoscale & Microscale Meteorology Division Advanced Research Weather
Coronal Solar Magnetism
Observatory (COSMO).
and Research Forecast (ARW) model now includes new data assimilation capabilities, a variety of
physics packages, and specialized packages such as WRF-Chem, WRF-Fire, and the Advanced
Hurricane WRF (AHW). Atmospheric Chemistry Division scientists also made considerable progress this year in incorporating
an interactive chemistry capability into the Community Atmospheric Model (CAM).
The Research Applications Laboratory (RAL) bridges the gap between scientific discoveries and
societal requirements, serving a range of audiences, from government agencies to private
companies, looking to benefit from the latest science and technology advances in weather and other
areas. Among this year’s highlights, RAL scientists created a turbulence detection system to
alert commercial pilots to patches of rough air, thereby improving passenger safety.
In FY2007, the Societal-Environmental Research and Education (SERE)
Laboratory gained a new director, Denise Stephenson-Hawk, who, with
her team, developed a “societal resilience system of systems”
Click for more on RAL's
(SRSS) framework that will help society better cope with, and mitigate
Turbulence Detection
System for Aviation.
against, climate, water, and weather uncertainties. Among the SERE
highlights is the development of new analytical tools capable of
functioning in both geographic information systems and weather and climate models.
For more information on these and our many other FY2007 efforts, I invite you to delve further into
the 2007/2008 NCAR Annual Report.
Best wishes,
Tim Killeen
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1. Priority 1: Exploring Atmospheric, Earth System, and Solar Processes, Variability and Change
2. Priority 2: Investigating the Interactions of the Atmosphere, the Broader Earth System, and Human
Society
3. Priority 3: Improving Prediction of Weather, Climate, and Other Atmospheric Phenomena
4. Priority 4: Developing Community Models
Strategic Goal 2: Increase Societal Resilience to Weather, Climate, and Other Atmospheric Hazards
1. Priority 1: Investigating Weather and Climate Information Needs and Decision Making
2. Priority 2: Building Capacity for Coping with Weather and Climate Hazards
3. Priority 3: Establishing New Connections with Researchers from Developing Nations
4. Priority 4: Supporting and Conducting Regional-scale Investigations of Climate and Weather
Strategic Goal 3: Cultivate a Scientifically Literate and Engaged Citizenry and a Diverse and Creative
Workforce
1. Priority 1: Engaging a Broader and More Diverse Community
2. Priority 2: Enhancing Science Education
3. Priority 3: Improving Public Awareness and Understanding
4. Priority 4: Maintaining an Innovative and Creative Workplace
Strategic Goal 4: Provide Robust, Accessible, and Innovative Information Services and Tools
1. Priority 1: Enhancing Capability and Capacity of NCAR Supercomputing
2. Priority 2: Developing and Providing Advanced Services and Tools
3. Priority 3: Conducting Research in Computer Science, Applied Mathematics, Statistics, and Numerical
Methods
4. Priority 4: Creating an Earth System Knowledge Environment
Strategic Goal 5: Provide World-Class Ground, Airborne, and Space-borne Observational Facilities and
Services
1. Priority 1: Enabling Innovative Field Experiments and Measurement Campaigns
2. Priority 2: Developing New Instrumentation
3. Priority 3: Installing Initial Instrument Suite and Beginning Operations of the NSF/NCAR Gulfstream V
(GV) Aircraft
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ABOUT NCAR AND THE 2007 ANNUAL REPORT
The National Science Foundation funds the National Center for Atmospheric Research (NCAR) to advance basic research in the
United States in atmospheric and related sciences in support of the university community. As a federally funded research and
development center, NCAR is able to sustain a long-term commitment to this scientific enterprise. This basic research also
feeds into NCAR’s other strategic goals, allowing us to leverage our own and the community’s scientific findings to improve the
modeling, computing, and observational facilities we provide, and also transfer the results of this work to the public and private
sector.
Introduction
As can be seen in the pages that follow, NCAR’s research and support capabilities include a wide swathe of research areas–from
atmospheric chemistry, meteorology, solar physics, and solar-terrestrial interactions, to climate change and the related societal
impacts of climate and severe weather events. And, because Earth and atmospheric science are inextricably linked, our
scientists also focus on areas such as biogeochemistry, the hydrologic cycle, and geophysical turbulence, and use applied
mathematics and statistical analysis to provide enhanced understanding of the phenomena under study. We conduct our
research in close collaboration with university partners, local, state and federal agencies, with international partners, and
private sector sponsors. Our goal is to make our research accessible and widely available.
To best meet the needs of atmospheric and Earth science researchers, NCAR created five laboratories, each of which has a
focus designed specifically to serve the wider community. Our labs are also intended to address NSF’s strategic goals of
Discovery, Learning, Infrastructure, and Stewardship. With frequent input from NSF, NCAR is advancing discovery, innovation
and education beyond the frontiers of current knowledge, and empowering future generations in science and engineering.
NCAR’s labs include:
The Computational and Information Systems Laboratory (CISL), which provides the community with highperformance computers, high-speed networks, a world-class data archiving and storage facility, research data sets,
state-of-the-art knowledge environments and visualization technologies, advanced mathematical tools, and a staff of
professionals dedicated to advancing Earth system science across broad fronts.
The Earth Observing Laboratory (EOL), which develops and deploys observing facilities, and provides data services
that our research community needs to make the observations that are essential to broadening our understanding of the
world we live in.
The Earth and Sun Systems Laboratory (ESSL) research program addresses some of the complex scientific questions
directly related to major environmental challenges the world is facing. ESSL’s research efforts–for example, building
climate, weather, and other atmospheric and Earth system models–are pursued both in partnership with and on behalf of
the wider scientific community.
NCAR’s Research Applications Laboratory (RAL) conducts directed research that contributes to the depth of
fundamental scientific understanding, fosters the transfer of knowledge and technology for the betterment of life on
Earth, and supports technology transfer that expands the reach of atmospheric science.
The Societal-Environmental Research and Education (SERE) Laboratory promotes inter- and multi-disciplinary
research activities, engages in human and institutional capacity building, and research related to climate-environmentsocietal interactions. SERE also develops and sustains partnerships between NCAR scientists and our colleagues in
universities and other institutions.
Both our work and this report are built around addressing our Strategic Plan, NCAR as an Integrator, Innovator and Community
Builder, which outlines our five Strategic Goals and the priorities addressed to achieve each goal. NCAR's Strategic Goals are to:
1. Improve understanding of the atmosphere, the Earth system, and the Sun
2. Increase societal resilience to weather, climate, and other atmospheric hazards
3. Cultivate a scientifically literate and engaged citizenry, and a diverse and creative workforce
4. Provide robust, accessible, and innovative information services and tools, and
5. Provide world-class ground, airborne, and space-borne observational facilities and services.
In the following sections we report on the progress our laboratories have made in fiscal year 2007 (FY2007) toward attaining
our scientific goal and priorities, and provide an overview of our plans for the coming year.
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NCAR'S STRATEGIC GOAL'S
NCAR's Strategic Plan, NCAR as an Integrator, Innovator and Community Builder, outlines five Strategic Goals, and the
priorities for achieving each. In the following sections we report on progress made in FY 2007 toward each scientific goal and
priority.

About NCAR
Strategic Goals:
Science, Facilities &
Technology

NCAR's five Strategic Goals are to:
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1. Improve understanding of the atmosphere, the Earth system, and the Sun,
2. Increase societal resilience to weather, climate, and other atmospheric hazards,
3. Cultivate a scientifically literate and engaged citizenry and a diverse and creative workforce,
4. Provide robust, accessible, and innovative information services and tools, and
5. Provide world-class ground, airborne, and space-borne observational facilities and services.

NCAR's Strategic Goals
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NCAR METRICS
The following sections provide another method for viewing NCAR's contributions to the research community, over the past fiscal
year. By providing concise “metrics” on a number of our outreach activities, it is easy to see just how much NCAR supports the
greater research and education community.
We report on metrics in the following categories:
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1. Education & Outreach
2. Honors & Awards
3. Community Service
4. Publications
5. People & Organization
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THE END
You've reached the end of the FY2007 NCAR Annual Report, but there is much more to explore. The NCAR Laboratories have
prepared annual reports featuring greater detail on a wide range of topics. You may view each of those reports at the links
below.

Annual Reports of the NCAR Laboratories
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The National Science Foundation supports the National Center for Atmospheric Research (NCAR) to advance basic research in
the United States in the atmospheric and related sciences in support of the university community. As a federally-funded
research and development center, NCAR is able to sustain a long-term commitment to this scientific enterprise. Our research
and understanding of the atmosphere, the Earth System, and the Sun and their environments is essential to fulfilling our other
strategic goals. We pursue this basic research to advance our knowledge. Concurrently, we also are able to improve the
modeling, computing, and observational facilities we provide; and, to transfer the results of our work to the public and private
sector.
Our research includes atmospheric chemistry; meteorology, solar physics, solar-terrestrial interactions, and the Earth's upper
atmosphere; climate research; societal impacts of climate change and severe weather; biogeochemistry; water cycle;
geophysical turbulence; and applied mathematics and statistical analysis. We conduct our research in close collaboration with
university partners; local, state and federal agencies; and with strategic international partners and private sector sponsors. Our
goal is also to make our research accessible and widely available.
NCAR addresses four broad priorities within this goal:
Priority 1: Exploring Atmospheric, Earth System, and Solar Processes, Variability and Change

Exploring atmospheric, Earth system, and solar processes, and the variability and change of these
processes, are critical components to reaching NCAR's Strategic Goal #1. Exploration into these areas
includes: simulation of natural Earth system variability, research on magnetic-flux eruptions from the sun, and
understanding the effects of gravity waves, including the coupling between the upper troposphere and lower
stratosphere. Read more about this priority

Priority 2: Investigating the Interactions of the Atmosphere, the Broader Earth System and Human Society

In the past, meteorology and climatology were considered separate fields, largely because of disparate time
and length scales. Today, the two fields are strongly coupled, not only because climate provides boundaries
for investigating the weather, but also because localized events can influence larger climatological scales.
NCAR’s activities in this area range from collecting in situ data to better understand climate, weather and
related phenomena, to developing and analyzing ways to better model natural processes and working with
university partners to devise ways of tackling scientific questions. Read more about this priority

Priority 3: Improving Prediction of Weather , Climate, and Other Atmospheric Phenomena

Understanding of the Earth system is a prerequisite to predicting its behavior, the latter being, however, of a
more direct use to many components of society. In that context, for this priority, the key activities within
NCAR’s laboratories range from improving climate models, to exploring new approaches to prediction across
scales, and global and local weather prediction. Read more about this priority

Priority 4: Developing Community Models

Developing numerical models and making them available to the scientific community is at the heart of
NCAR's research and service to the community. Key activities in this priority are creating and adding to
community models, research models, as well as progressing toward creation of an Earth system model.
Read more about this priority

Science: Strategic Goal 1
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GOAL 1, PRIORITY 1: EXPLORING ATMOSPHERIC, EARTH
SYSTEM, AND SOLAR PROCESSES, VARIABILITY AND CHANGE
Exploring Atmospheric, Earth System, and Solar Processes, Variability
and Change
Developing a better understanding of atmospheric, Earth system, and solar
processes, as well as the variability and change associated with these processes,
is critical to achieving NCAR's first strategic goal. Exploration of these “Priority 1”
areas focuses on three key activities: simulating the Earth system’s natural
variability, investigating the Sun’s magnetic-flux eruptions, and understanding
effects of gravity waves, including related interactions between the upper
troposphere and lower stratosphere.
FY2007 Accomplishments

Click to enlarge. MHD
Turbulence structures

The scientific leadership of NCAR recognized early
on that to understand the dynamics of the
atmosphere and oceans, the Sun, and solarterrestrial interactions, it is essential to investigate
relevant turbulent processes at a fundamental level.
The Institute for Mathematics Applied to
Geosciences (IMAGe), part of CISL, shoulders this
task, bringing mathematical models and tools to
bear on understanding fundamental problems in the
geosciences.

IMAGe’s Turbulence Numerics Team, in collaboration
with faculty from universities around the world, has pursued a broad range of
research topics. An FY2007 highlight was the creation of a large
magnetohydrodynamic (MHD) simulation at a resolution of 1536 3 . This is the
largest numerical experiment completed of this type, and it illustrates for the
first time the self-similar growth of current and vorticity maxima by the
formation, rolling, and stretching of current and vorticity sheets. This study has
important applications to solar physics, astrophysics, and fusion studies. Other
results stemming from this research include:
Mathematical modeling of small scales in turbulent flows
Adaptive Mesh Refinement for two-dimensional incompressible
turbulent flows with pressure
Scaling laws in turbulent flows, and a possible origin of self-similar
behavior
The origin of magnetic fields: extension to spherical geometry
Generalization of an inviscid model of dissipative flows
Modeling efforts are also fundamental for achieving
NCAR’s mission to support the wider community and
to enhance understanding of atmospheric, Earth
system, and solar processes. NCAR climate,
weather, and solar process models are used to
study past, present and future natural variability of
the Earth system. Among these modeling efforts,
ESSL scientists are exploring changes over many
time periods–including the distant geologic past,
when continental configurations, surface
temperature, latitudinal gradients, and levels of
atmospheric carbon dioxide, methane, and other
greenhouse gases were significantly different.
Simulations have covered a range of applications,

Click to enlarge. Annual
air temperature simulated
by the NCAR Community
Climate System Model
(CCSM3) for four different
past time periods: a warm
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including the last millennium, the Holocene El NiñoSouthern Oscillation (ENSO), and the Last Glacial
Maximum, among other periods.
These simulations highlight the importance of
considering atmosphere, ocean, land surface, and
sea ice feedbacks to compare the magnitude of past
climate change to changes in past forcings. These
runs also provide a benchmark for the Community
Climate System Model (CCSM), and allow testing of
various hypotheses of mechanisms to explain proxy
records of past climate change. The ESSL Laboratory
Annual Report (LAR) provides exciting details on the
paleoclimate modeling efforts.

Click to enlarge. MOZART4 has been used to
calculate the impact of
emissions from a specific
region on the regional O3
concentrations.

period approximately 250
Mya – the Permian-Triassic,
a period of abrupt warming
approximately 55 Mya – the
Paleocene-Eocene Thermal
Maximum, a glacial period
approximately 21 kya - the
Last Glacial Maximum, and
a cold period approximately
500 years ago - the Little
Ice Age. This image
illustrates the large range of
climates under natural
forcings. A comparison of
the CCSM3 simulations with
geologic data confirms that
this model captures the
magnitudes of change about
right justifying its use of
future climate projections.

When it comes to
developing chemical weather forecasting, ESSL’s
Atmospheric Chemistry Division (ACD) has expertise
in all of the required research areas–satellite remote
sensing, field campaign measurements, global and
regional modeling, and data assimilation. In FY2007,
ACD’s work in this area centered on refining
assimilation of carbon monoxide measurements from
MOPITT–a remote sensing instrument flying on
NASA's Terra spacecraft–into MOZART-3 (Model for
Ozone and Related chemical Tracers) and the
Community Atmosphere Model (CAM-Chem), two
global chemistry transport models. Recent modeling
experiments under the direction of the U.N. Task
Force on Hemispheric Transport of Air Pollution also
allowed CAM-Chem to be evaluated against other
chemistry transport models, and contributed to an
international assessment of the importance of
intercontinental transport to air quality.

Modeling the Earth’s upper atmosphere and beyond falls into the domain of
scientists in ESSL's High Altitude Observatory (HAO). In FY2007, these scientists
continued advancing human understanding of the 11-year solar cycle and
related phenomena by investigating the hemispherical asymmetry of solar active
regions. This work is important for determining which solar disturbances are
most "geoeffective" –that is, disturbances that impact the Earth’s system and
human activities. In addition, HAO researchers
developed 3D MHD simulations of twisted flux tubes
emerging into the corona, which have led to
significant advances in understanding precursor
structures and initiation mechanisms for coronal
mass ejections (CMEs). ESSL’s LAR contains details
on these and related modeling efforts.
Click to enlarge. The top
two rows of images show

two MHD simulations of the
HAO is also collaborating with Dartmouth College,
eruption of a twisted flux
Boston University, University of Maryland, and Rice
rope in the coronal
University scientists to form a core component of
triggered by the onset of
the torus instability where
the physics-based numerical modeling chain being
the erupting flux rope
developed at NSF's Center for Integrated
mainly shows an outward
expansion (1st row of
Spaceweather Modeling (CISM). Version 2.0 of the
images), and the onset of
Coupled Magnetosphere Ionosphere Thermosphere
the kink instability where
(CMIT) model was released to Boston University for
the flux rope shows
significant rotation as it
validation in FY2007, and is being used in coupling
erupts (2nd row of images).
studies to describe geomagnetic effects on the
ionosphere. CMIT produces a more detailed rendition
of the response to geomagnetic variations caused by space weather events, and
also includes NCAR's Thermosphere-Ionosphere-Electrodynamics General
Circulation Model (TIE-GCM) v.1.8.

Modeling efforts, both within the community and at NCAR require robust
computing capabilities, and significant levels of computation parallelism are
imperative to address the most challenging scientific problems. However,
computing at such levels reduces the computing time available to other users.
CISL responded to this challenge in FY2007 by continuing to provide traditional
capacity computing to significant numbers of smaller scientific projects, which

http://www.nar.ucar.edu/2007/science/understanding/understanding_pr1_overview.php[7/6/2015 3:10:04 PM]

NCAR Annual Report: 2007
are also important to understanding the Earth system, while developing
methods to provide capability computing resources, access, and support for
large projects. A limited number of breakthrough science projects were selected
from the geoscience community and awarded between 170,000 and 585,000
CPU hours on blueice, the new IBM POWER5+ cluster.
In addition to creating models and ensuring adequate capacity to run the
models, observational data are critical to verifying model output. But, when it
comes to modeling solar events, these data are limited, to say the least.
However, the September 2006 launch of a joint Japan/US/UK Hinode solar
physics mission from southern Japan will improve availability of such data.
Already, spectacular views of the Sun, with unprecedented angular resolution
and quantitative detail, are available. HAO and Lockheed Martin Solar and
Astrophysics Laboratory collaborated to build Hinode’s enormously successful
Spectro-Polarimeter–an instrument that is providing new understanding of the
solar atmosphere’s magnetic fields.
Similarly, observational data from the extratropical upper troposphere/lower
stratosphere (UTLS) region is limited. Led by NCAR scientists, analysis of data
collected during the Stratosphere-Troposphere Analyses of Regional Transport
(START) experiment began in FY2007. This experiment looked at transport
processes impacting the chemical-microphysical distribution of this region.
Results of this analysis suggest that, if the extratropical tropopause is treated as
a transition layer, the thickness of the layer appears to have strong spatial
variation.

Click to enlarge & see
full caption. Time-mean
salinity distributions (in
psu) at a depth of 1100 m
in the North Atlantic.

ESSL scientists are involved in the Climate
Variability and Predictability (CLIVAR) initiative,
which investigates climate variability and
predictability on time-scales of months to decades,
and looks at effects of anthropogenic forcing on the
climate system. Within ESSL’s Climate and Global
Dynamics (CGD) division, major ocean model
developments are proceeding under the auspices of
CLIVAR’s Climate Process Teams (CPT) on both
gravity current entrainment and eddy mixed layer
interaction.

Lastly, among NCAR’s FY2007 publication highlights is a landmark paper by Britt
Stephens et al. published in Science that puts a new perspective on the
“missing” carbon sink, greatly diminishing the apparent discrepancy between
overall emissions and the rate of increase of atmospheric CO2. Another
important paper, co-authored by NCAR’s Peter Thornton and included in Global
Biogeochemical Cycles, shows that the response of net land carbon fluxes to
changes in atmospheric CO2 concentration, temperature, and precipitation
depends strongly on coupling of terrestrial carbon and nitrogen cycles.
FY2008 Plans for Strategic Priority 1
Many of NCAR’s FY2008 plans focus on modeling. To reach new levels of
understanding about the Earth system, CISL will continue providing access for
leading-edge scientific investigations that require large portions of
supercomputing power. Support will be provided as needed and requested for:
1. field projects that involve NCAR and/or university scientists,
2. real-time, high-resolution weather forecasting of convective systems during
periods of intense activity, and
3. selected NCAR Capability Computing (NCC) and University Capability
Computing (UCC) Earth science projects.
A few of NCAR’s model-centric efforts in FY2008 include:
Continued analysis of the large MHD experiments by IMAGe, with
emphasis on flows occurring under more complex settings, including
interactions of eddies and waves arising from the incorporation of
rotation and stratification.
To generate observed data for solar and geospace modeling efforts,
solar physicists at NCAR, the University of Hawaii, and the University
of Michigan are working with HAO’s instrumentation group to design a
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new, large coronagraph, the Coronal Solar Magnetism Observatory
(COSMO).
The Coupled Magnetosphere-Ionosphere-Thermosphere (CMIT) will be
upgraded, and work will commence on developing the option of using
a high-resolution version of the NCAR Thermosphere-IonosphereMesosphere-Electrodynamics General Circulation Model (TIME-GCM)
in place of the current TIE-GCM as the thermosphere-ionosphere
portion of CMIT. The Global Ionosphere-Plasmasphere (GIP) model,
developed for use with the TIE-GCM, will be tested to see how well it
improves representation of the ionosphere. And, studies of global
change in the thermosphere will be advanced by carrying out
simulations with the three-dimensional TIME-GCM under different
scenarios of trace-gas concentrations in the stratosphere.
Using a CCSM-like management structure, NCAR and our scientific
partners will collaborate on developing a community Earth System
Model (ESM) that will account for interactions between the physical
climate system, the biogeochemical system, and the social system.
Achieving this goal requires two parallel approaches–creating a
roadmap for developing a next-generation “Weather Climate Model,”
and crafting a model of intermediate complexity and low spatial
resolution to capture increased numbers of processes, couplings and
feedbacks, and accounts for relations between natural and social
processes.
Work will begin in FY2008 on a detailed chemical weather case study
using data from the MIRAGE (Megacities Impacts on Regional and
Global Environments) and INTEX-B (Intercontinental Chemical
Transport Experiment) spring 2006 period. A nested regional model
simulation concentrating on Mexico and parts of the INTEX-B Pacific
region also will be performed using the Weather Research &
Forecasting (WRF)-Chem model. This will be followed by an
assimilation of available satellite data sets to impose constraints on
the modeled chemical fields, which can be evaluated in comparison
with actual field measurements.
In the next year, emphasis will be placed on use of available High
Resolution Dynamics Limb Sounder (HIRDLS) data for scientific
studies, especially of gravity waves, and UTLS processes, notably
stratosphere-troposphere exchange.
CGD researchers will work on adapting the Mediterranean overflow
scheme to the Denmark Strait and Faroe Bank Channel Overflows–
proper representations are believed to have significant climate
impacts–and implement a new submesoscale parameterization on
behalf of two CLIVAR CPTs.
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GOAL 1, PRIORITY 2: INVESTIGATING THE INTERACTIONS OF
THE ATMOSPHERE, THE BROADER EARTH SYSTEM AND
HUMAN SOCIETY
In the past, meteorology and climatology were considered separate fields,
largely because of disparate time and length scales. Today, the two fields are
strongly coupled, not only because climate provides boundaries for investigating
the weather, but also because localized events can influence larger
climatological scales. The activities that NCAR scientists focused on this year
ranged from collecting in situ data to better understand climate, weather and
related phenomena, to developing and analyzing ways to better model natural
processes and working with university partners to devise ways of tackling
scientific questions.
FY2007 Accomplishments

Click to enlarge. The time
series of September Arctic
ice extent from CCSM-3
(black), the CCSM-3 5-year
running mean (blue) and
the satellite observations
(red), with the identified
abrupt event shown by the
grey shading. The sea ice
conditions for the (b) 19901999 average, the (c) 20102019 average and the (d)
2035-2044 average are also
shown and indicate the
realistic present day ice
cover simulated by CCSM-3
and the rapid decline that
occurs by mid-century.

Most, if not all of the FY2007 research efforts under
this priority rely on cross-community collaboration.
Among the many examples of enhancing scientific
and societal understanding of the effects of global
climate change is the climate modeling being done
around Arctic sea ice retreat. Considerable effort has
occurred–and work continues–to examine observed
and projected changes in the sea ice system, and
the consequences of a seasonally ice-free Arctic
ocean for the climate system. CCSM integrations
exhibit abrupt reductions in the future summer sea
ice cover, with the most extreme event going from
80% September ice coverage to 20% coverage in
approximately 10 years.

The Earth’s oceans have a significant impact on the
Earth’s system, making it important to understand
ocean processes, and using this understanding to
improve ocean models. CGD’s FY2007 efforts in this
area include prediction of the Earth’s energy, water
and biogeochemical cycles, and understanding
natural and human influenced climate variability,
including high impact variations such as sea level
rise. In turn, the ESSL objective of understanding
two-way scale interactions within the Earth system is central to improving our
understanding of how ocean circulation features such as coastal upwelling zones,
western boundary currents, and meso-scale eddies are affected by and affect
the basin- to global-scale ocean circulation. In a complementary way, global
atmospheric modeling efforts within CGD are examining the sensitivity of
physical processes in the atmospheric component model to small errors in Sea
Surface Temperature (SST). This work has illustrated large simulation
sensitivity, particularly at low latitudes, pointing to the strong coupling existing
between the ocean and atmosphere.
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Click to enlarge. Ocean velocity vectors and temperature in the north-west
Atlantic and Labrador Sea near 50 m depth, averaged over years 101 through
120 of CCSM coupled model integrations: a) with higher viscosity (CONT, top
panel) and b) with lower viscosity (NOSMAG, bottom panel). In both cases,
the white contours are the 5% (offshore) and 50% (onshore) average sea-ice
concentrations. As expected, the currents in (a) are stronger than (b), and
advect more warm water into the Labrador Sea, especially along the west
coast of Greenland. This warm water tends to melt the sea ice and initiate the
positive ice-albedo feedback, where the reduced ice lowers effective albedo,
which allows more absorption of solar radiation, which warms the ocean and
leads to more melting. As a result, the sea-ice distribution in (b) is much
more like the observed.

In addition to our atmosphere and ocean modeling work, FY2007 saw the CCSM
Biogeochemistry and Land Working Groups place a strong emphasis on
development and testing of new CCSM component models that improve the
representation of known interactions between ecosystems, biogeochemistry, and
climate in our fully coupled model. Accomplishments over the past year include
adoption of a new land model component (CLM-CN) for the interim model
version CCSM 3.5. CLM-CN includes a fully prognostic treatment of both carbon
and nitrogen cycles within terrestrial ecosystems, and retains all of the
mechanistic detail from CLM related to physical and biophysical mechanisms of
land surface-climate interaction.
In collaboration with a broad group of university investigators, ESSL scientists
also recently completed a series of fully coupled simulations linking new land
and ocean ecosystem components to the physical components of CCSM. This
system has been used to investigate the influence of climate-biogeochemistry
coupling on climate-carbon cycle feedback finding very significant impacts due
to the new coupling. See the ESSL LAR for further details.
Mentioned under the previous priority, the MIRAGE initiative aims to understand
the fate of urban emissions in the downwind atmosphere. Important new results
include:
Air downwind from Mexico City continues to be chemically active, with
production of ozone (O3) and organic particles continuing for several
days.
Organic reactivity is dominated by hydrocarbons near the surface in
Mexico City, but by oxygenated organics (particularly aldehydes) in
the outflow.
Reactive nitrogen appears to be lost more rapidly than expected, and
a significant fraction is unidentified.
For more MIRAGE results, see the ESSL LAR.
The collection and analysis of data on aerosols, clouds and storms have been
important element of the rainfall enhancement programs RAL conducts
throughout the world. Field programs in West Africa and in Saudi Arabia in 2007
have yielded important new insights into the effects of aerosols as agents of
significant climatic perturbations, particularly with respect to cloud microphysical
processes and precipitation. For more results, see the RAL Annual Report.
Scientists and support teams from EOL and other NCAR labs collaborated with
university investigators to plan and conduct the second Airborne Carbon in the
Mountains Experiment (ACME07) campaign using the University of Wyoming’s
King Air aircraft. ACME endeavors to shed insight on carbon dynamics in
mountain forest regions by developing new methods for estimating carbon
exchange at local to regional scales. This second campaign began in early spring
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and ran through the fall, focusing on Colorado and Wyoming.
EOL also collaborated with investigators from Harvard, NOAA, and Scripps
Institution of Oceanography, and ESSL’s The Institute for Integrative and
Multidisciplinary Earth Studies (TIIMES), to begin planning the HIPPO (HIAPER
Pole-to-Pole Observations) campaign, which will investigate the global carbon
cycle. Data collection will be done on the NSF-NCAR Gulfstream V (GV)–formerly
known as HIAPER (further project details are available in Goal 5, Priority 1). EOL
and TIIMES staff also continued operating the Regional Atmospheric Continuous
CO2 Network in the Rocky Mountains (Rocky RACCOON) network of CO2
analyzers, collaborating with University of Utah and University of Wisconsin to
investigate regional carbon cycling in the Rocky Mountains, this work will
continue in FY2008.
In April and May of 2007, EOL and ESSL/ACD scientists and support staff
became involved in studying the role of aerosols in climate and weather. EOL
deployed the GV in support of the PACific Dust EXperiment (PACDEX), which is
designed to provide insights on the dynamics of the Eurasian-Pacific-North
American dust plume. The dust plumes’ full effect has not been widely explored
because there has not been, until recently, an airborne platform capable of
sampling the plume throughout its evolution, in situ, as it moves across the
Pacific Ocean. The GV solves this problem.
The Bio-hydro-atmosphere interactions of Energy, Aerosols, Carbon, Water,
Organics and Nitrogen (BEACHON) program is providing a detailed, quantitative
characterization of biosphere-hydrosphere-atmosphere interactions. These
quantitative characterizations are being used to improve regional and global
models of the Earth system. Part of the BEACHON program, the Canopy
Horizontal Array Turbulence Study (CHATS) is a prototype “super site.” Located
in a relatively simple ecosystem–a walnut orchard–unmanned instrumentation
was used to observe effects of everyday turbulent flow over the orchard.
Microscale measurements of phenomena such as boundary layer depth and local
mesoscale circulations, atmospheric CO2 and water vapor, among other
characteristics, are being studied and will be put into context of the larger
atmospheric environment.

Click to enlarge. Effects of the hybrid parameterization applied in MM5 at 60
km grid spacing illustrated by the diurnal variability of precipitation over the
continental U.S. a) Betts-Miller convective parameterization. Precipitation is
under-predicted and the organized system travels too slowly, about 10 m/s
compared to the observed 17m/s. b) hybrid parameterization (i.e., Betts-Miller
coupled to a representation of mesoscale stratiform heating and the
mesoscale downdraft). c) As in b) except the explicit (‘grid-scale’) precipitation
is added. The mesoscale components augment the precipitation and increase
the propagation speed while it operates (curved line in top figure.) [From
Moncrieff and Liu ( 2006)].

In the realm of hydrology studies, scientists contributing to TIIMES’ Water Cycle
Program are striving to improve representation of the hydrologic cycle in climate
models. In FY2007, program focus was on improving representation of
convective precipitation downwind of major continental mountain ranges. Toward
this end, Mitch Moncrieff and Changhai Liu developed a new parameterization of
convection and looked at some of the key characteristics of these systems, for
example, organized, mesoscale transport of heat and momentum to larger
scales over the continental United States. Work done by Wojciech Grabowski on
the super-parameterization concept, provides an alternative approach to the
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convection question. Grabowski uses a full 2D, high-resolution cloud model at
each grid point to more accurately account for the shear impacts on clouds and
momentum transport. His efforts focused on improving the model’s
microphysical scheme, including the impact of aerosol particles. This approach to
modeling precipitation will become more attractive to climate models as
computer power increases.
During FY2007, RAL continued to provide hydrological modeling support for a
World Bank-funded project for the country of Romania. Working in collaboration
with scientists from Baron Advanced Meteorological Services we have completed
a suite of enhancements to the Noah-distributed hydrological model and
implemented and tested the new modeling system in several new river basins in
both the United States and in Romania. All components of the Noah-distributed
hydrological modeling system arebeing fully parallelized for use on NCAR
supercomputers.
A new project aimed at improving predictions of short term (hours to one day)
flash flooding events in the Colorado Front Range was initiated during FY2007.
This project deploys, in an unprecedented manner, the newly developed Noahdistributed hydrological modeling system over a large region in north-central
Colorado. During FY2007, the model domain was defined and attributed and
case study simulations were executed that focused on simulating the 1997 Ft.
Collins flash flood. Additionally, this model was coupled to the Advanced Weather
Research and Forecasting model for fully-coupled simulations of high-impact
hydrometeorological events. Results from an initial round of sensitivity studies
have been completed and were presented at the annual WRF User’s workshop in
late June.
RAL scientist, David Gochis, remained heavily involved in the NOAA-NSF-NASA
sponsored North American Monsoon Experiment (NAME), co-operating a regional
rain gauge network in western Mexico with collaborators at the University of
Sonora. The network is now entering its seventh year of operation and continues
to provide research quality data for warm season precipitation research in
western Mexico and to evaluate satellite-based estimates of precipitation.
Studies are now underway using parcel trajectory analysis tools to analyze the
transport of moisture, which drives monsoon rainfall.
While precipitation is a key component of the water system, surface and ground
water dynamics play similarly important roles. A TIIMES and University of
Arizona-run hydrometeorology workshop in November 2006 explored various
aspects of hydrology relevant to the proper simulation of the water cycle in
climate models, including the education of students in this important area.
During the past year, data from the NCAR C-130
aircraft from the Dynamics and Chemistry of
Marine Stratocumulus (DYCOMS-II) Experiment
were used to estimate the accuracy of
divergence and vorticity measurements from the
horizontal wind field in the atmospheric boundary
layer and to refine techniques used to obtain
these measurements. Results indicate that windfield measurements with minimal systematic
errors should provide estimates of mesoscale
divergence and vorticity with much greater
accuracy than is now possible with other existing
methods.

Click to enlarge. Analysis
of the vertical momentum
flux in the marine surface
layer for varying wave age
with winds following and
opposing surface water
waves. The vertical axis

Click to enlarge. Divergence
(left panel) and vorticity (right
panel) for 7 DYCOMS-II cases.
The thick vertical bar is one
standard deviation of the
estimated random error and
the thin vertical bar is one
standard deviation of the mean
calculated from the
measurements.

Other accomplishments in FY2007 focused on winds
and waves in marine boundary layers, which are
often in an unsettled state as fast-running swells
generated by distant storms propagate into local
regions and modify the overlying turbulent fields. A
large-eddy simulation (LES) model with the
capability to resolve a moving sinusoidal wave at its
lower boundary was used to investigate this lowwind/fast-wave regime. An analysis of the
momentum flux from recent field campaigns
Coupled Boundary Layers Air-Sea Transfer (CBLAST)
(see Figure 6 below) and the Ocean Horizontal Array
Turbulence Study (OHATS) validate the LES
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compares the momentum
flux generated by
atmospheric turbulence and
the surface wave field. As
the winds decrease or the
speed of the waves
increase, the momentum
transfer from the ocean to
the atmosphere becomes
larger. Observational results
are indicated by red dots
and by X. Results for flow
over a stationary land
surface (note wave age =
0) are indicated by an open
green square with an error
bar. LES results are
indicated by blue dots. The
vertical dotted line indicates
the speed (or wave age)
where the winds and waves
are in equilibrium with each
other.

predictions and illustrate that the wave field
modifies the drag of the ocean in fundamentally
different ways than a rough land surface. Read
more about this work and MMM’s efforts to nest a
finer-grid LES inside a coarser-grid LES, using the
WRF modeling system’s dynamic core in the ESSL
LAR.

SERE scientists also conduct research that seeks to
provide better understanding of the interactions
among long-term climate change, climate variability,
and weather extremes, while reducing societal
vulnerability to their impacts. Among SERE’s FY2007
efforts, planning for and conceptual development of
the Society-Water and Natural Systems (SWANS)
program began. The SWANS pilot project launched
in FY2007, focusing on the Colorado River Basin and
the effects of climate change on snow processes in
Colorado's mountains, and the resulting implications for water management and
policy. This project also involves RAL and ESSL scientists, and collaborators
from the University of Colorado and NOAA.
SERE’s efforts to understand changes in society-relevant extremes include
looking at how climate change can influence climate extremes–such as heat
waves, heavy rainfall, drought, etc.–not only in quantity, but also in intensity
and variability. During FY2007, researchers from SERE’s Institute for the Study
of Society and Environment (ISSE) continued comparing model simulations of
extremes to observed trends in order to validate climate model projections.

Click to enlarge.
Comparison of observational
data, NCEP reanalysis data,
NCEP-driven WRF data, and
NCEP-driven WRF data for
long-term average winter
(DJF)

ISSE scientists also spearheaded the North
American Climate Change Assessment Program
(NARCCAP) at NCAR. This international program
includes principal investigators from Canada and the
UK and aims to produce multiple high-resolution
climate change scenarios for most of North America.
The initial program phase of the program, which
entailed creating high-resolution, regional climate
model simulations using National Centers for
Environmental Prediction (NCEP) re-analyses
boundary conditions from 1979 to 2004, was
completed in FY2007.

FY2008 Plans for Strategic Priority 2
The role of natural versus external forcing in driving transitions and potential
predictability of climate- and weather-related events will continue. Among
NCAR’s plans to address these scientific questions in FY2008 are the following:
Analysis of sea ice projections from other (non-CCSM) models
included in the Fourth Assessment Report of the Intergovernmental
Panel on Climate Change (IPCC AR4). CGD scientist are analyzing
these models’ sea ice mass budget changes, the relationship to
changing surface heat budgets, and the impact on the timing and
transition to seasonally ice-free conditions. Implications for future
polar bear habitat loss are also being assessed.
A high-latitude terrestrial climate change feedback project has been
initiated to investigate how permafrost thaw will affect the Arctic’s
carbon balance. This interdisciplinary project aims to improve our
ability to simulate, understand, and predict high-latitude terrestrial
climate feedbacks in CCSM, with a particular goal to develop a version
of CCSM that can address the critical carbon issues in the Arctic
tundra.
In FY2008, MMM and CGD will generate a large-domain (about 500
km x 500 km x 20 km), high-resolution (a grid mesh about 100 m x
100 m x 20 m) LES of a tropical deep convection system in which
deep and shallow convection, as well as large turbulent eddies (inside
the PBL and inside the convection) are all resolved. MMM scientists
plan to use a new Vector Vorticity Model developed by CMMAP
scientists to perform such a LES. This will be the first attempt to
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simulate tropical deep convection with its associated shallow
convection and turbulence motions explicitly calculated as well.
Scientists in CGD’s Terrestrial Sciences Section have initiated a
project to merge the carbon and nitrogen cycling capability of the
CLM-CN model with a previously developed global dynamic vegetation
model (CLM-DGVM). ESSL scientists will also be exploring the
introduction of coupling between the carbon, nitrogen, and
phosphorus cycles.
MIRAGE data analysis and interpretation is still in its earliest stages,
and is expected to continue over the next several years. The FY2008
phase is expected to involve model simulation and evaluation (both
process-level, and 3D chemistry-transport models).
For the first time in a rainfall enhancement experiment, dualpolarization, dual-wavelength and advanced weather radars will all be
implemented in the field for a new RAL program in Queensland,
Australia. In combination with airborne measurements, these radar
systems will make it possible to trace the physical chain of events
from the natural or seeded small particles to droplet and ice crystal
growth, subsequent precipitation development in clouds, and
ultimately rain on the ground in both natural and seeding clouds.
Analysis of PACDEX data will be a priority for EOL and ACD scientists
in FY2008/2009.
In the upcoming year, ESSL/MMM scientists will continue analysis of
the CBLAST and OHATS databases, and extend these analyses to the
OBL. In the latter, focus will be on wave and current interactions
under high winds.
In late September 2007, a team of staff from EOL completed the site
survey for TiMREX, a joint U.S.-Taiwan multi-agency field program.
The field program will be conducted from 15 May to 30 June 2008 in
the northern South China Sea, western coastal plain and mountain
slope regions of southern Taiwan.
BEACHON will continue developing its observational infrastructure. In
FY2008, this work will include instrument acquisition and development
of a BEACHON super-site, which will be placed in a water-limited
region of Colorado. A BEACHON super-site workshop will be convened
to refine these plans with university partners, as well as scientists
from across NCAR.
During FY2008/2009, the Water Cycle Program will focus on
evaluating the Moncrieff/Liu convective scheme, as well as other
candidate schemes. Water Cycle Program researchers will also use
diagnostic studies to better understand linkages between soil
moisture and precipitation in climate models.
A new collaboration between RAL scientists and Dr. Enrique Vivoni of
New Mexico Tech will focus on observing and modeling
hydrometeorological processes in the North American monsoon
regions of northwest Mexico.
With baseline development and implementation of the Noahdistributed hydrological model for the Colorado Front Range nearing
completion, several additional efforts are being initiated. RAL
scientists will begin to develop new quantitative precipitation
forecasts, using RAL’s nowcasting systems and the Advanced Weather
Research and Forecasting (AWRF) model, for operational deployment
during the spring and summer of 2008.
New hydrometeorological model development is planned within RAL.
New forecast products along with the hydrological forecasts will be
shared with the Denver/Boulder National Weather Service office
through a new collaboration initiated in September 2007.
During FY2008, NCAR scientists will work toward establishing SWANS
as a multi-institutional collaborative effort. Diagnostic studies will be
used to explore implications for water management and policy, and
compare findings to IPCC AR4 diagnoses, and other regional
assessment models.
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Currently, the NARCCAP team is analyzing output from the NCEP
runs, and is archiving the data. In FY2008, SERE/ISSE will make
these data available to the broader climate community.
FY2008 work related to changes in society-relevant extremes will
include applying new methodology to extreme, high sea surface
temperatures in the tropics to ascertain whether increasing trends are
consistent with the thermostat hypothesis. This research will have
important implications for assessing potential impacts of global
warming on coral reefs.
In FY2008, SERE scientists will also initiate the RESUCCCITIES
(Initiative to Attain Resilient and Sustainable
Relationships among Carbon, Climate, and Cities) program to address three
major constraints affecting urban areas. These include:
1. the imminent peak in fossil-fuel production, particularly petroleum;
2. environmental injustice between developed and developing nations resulting
from unequal access to energy resources, and from the negative effects of
greenhouse gases–the preponderance of which developed nations generated–
that developing nations are less able to deal with effectively; and
3. climate forcing related to greenhouse gas emissions, which have increasingly
negative, and unequal impacts on cities. Further RESUCCCITIES details are
available in the SERE LAR.
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GOAL 1, PRIORITY 3: IMPROVING PREDICTION OF WEATHER,
CLIMATE, AND OTHER ATMOSPHERIC PHENOMENA
Understanding of the Earth system is a prerequisite to predicting its behavior,
the latter being, however, of a more direct use to many components of society.
In that context, for this priority, the key activities within NCAR’s laboratories
range from improving climate models, to exploring new approaches to prediction
across scales, and global and local weather prediction.
FY2007 Accomplishments

Archives and
Supplemental Info

Click to enlarge. Data is
being analyzed from the TAMMA project to investigate
and improve the
performance of the
driftsonde, shown above, as
a research tool. (Photo by
Terry Hock)

To a large degree, improving prediction of
atmospheric and related phenomena requires
improved understanding of the underlying process
drivers. Among the FY2007 highlights that address
these capabilities are analyses of data gathered
during the FY2006 THORPEX-African Monsoon
Multidisciplinary Analyses (T-AMMA) field campaign,
which investigated and improved the performance of
driftsondes as a research tool, and investigated
hurricane genesis and the genesis environment.

RAL continued to work with scientists from EOL in
analyzing data from the 2005/06 Refractivity
Experiment For H2O Research And Collaborative
operational Technology Transfer (REFRACTT). Considerable effort has been spent
on data quality control and re-calibration of the refractivity fields in preparation
for case study analysis of convection initiation and assimilation of the refractivity
data into a numerical model. Approximately six cases from REFRFACTT-2006
have been identified for detailed analysis on the variability of water vapor in the
near-surface boundary layer in the pre-storm environment and its role in the
initiation of new convection. One of the cases is highlighted in a paper on
REFRACTT-2006 that we are preparing for submission to the Bulletin of the
American Meteorological Society.
RAL, ESSL/MMM, and EOL conducted significant research within the NSFsponsored Short-Term Explicit Prediction (STEP) program. This work, aimed at
improving zero-to-six hour forecasts of high-impact weather provides funding to
a number of scientists working to improve forecasting of convective weather,
gain better understanding of the interaction of the land surface and the
atmosphere, improve microphysical parameterizations, and develop better tools
for evaluating weather forecasts.
A new bulk microphysical scheme for WRF has been developed at RAL,
incorporating a new snow particle size distribution scheme based on aircraft
observations that represents snow particles as a sum of exponential and gamma
distributions. RAL scientists also conducted a detailed microphysical study of two
winter storms occurring during the IMPROVE (Improvement of Microphysical
PaRameterization through Observational Verification Experiment) II field
program. An unexpected finding was that freezing drizzle formed outside
convective updrafts and ice crystals formed in convective cores. These
observations suggest that ice nuclei depletion and ice formation via
supersaturation need to be included in microphysical parameterizations in order
to properly simulate these types of storms.
NCAR’s dynamics and predictability work in FY2007
also focused on hurricanes with a special grant of
computer time on NCAR's blueice, enabling testing
of very high-resolution simulations of hurricanes
under idealized conditions. Initial results indicate
increasing simulated intensity with higher resolution.
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Click to enlarge. Very
high-resolution (150 meter)
simulations of hurricanes
under idealized conditions
were run on NCAR's
“blueice” computer. Initial
results indicate increasing
simulated intensity with
higher resolution. A second
important finding is that for
fixed external conditions
(under ambient
environment sea-surface
temperature, for example),
the simulated internal
variability of storm intensity
is relatively small. The
latter result gives rise to
the hope that hurricaneintensity changes may
result as a response to
changes in external
conditions, which are more
easily predictable.

A second important finding is that for fixed external
conditions (under ambient environment sea-surface
temperature, for example), the simulated internal
variability of storm intensity is relatively small
(Figure left below, blue curve), even though the
three-dimensionality of the flow is apparent (Figure
right, below). The latter result gives rise to the hope
that hurricane-intensity changes may result as a
response to changes in external conditions, which
are more easily predictable.

RAL scientist, Thomas Hopson, worked with Peter
Webster and colleagues at the Georgia Institute of
Technology, as well as with members of the Asian
Disaster Preparedness Center, in developing Climate
Forecasting Applications for Bangladesh. Using
European Centre for Medium Range Weather
Forecasts (ECMWF) forecast products and NASA and
View Animation
NOAA precipitation estimates, the group produced
short-range (1- to 10-day) and long-range (1- to
6-month) forecasts of upper catchment discharges from the Brahmaputra and
Ganges Rivers. Medium-range forecasts (20- to 25-day) were produced using a
statistical model to bridge the short and long-range time scales. The operational
flood forecasts they issued in July and August 2007, and disseminated through a
network of local and regional organizations, has been credited with saving tens
of thousands of lives.
A new Climatological Four Dimensional
Data Assimilation (C-FDDA) System has
been developed at RAL to facilitate climate
downscaling using the MM5 or WRF
Click to enlarge. Figure a shows the
models. In 2007, CFDDA was used to
average January precipitation amount
generate a climatography for a region of
based on MM5 simulations, for the
interest to the U.S. Department of
inner computational domain at 15 km
horizontal grid spacing. The rain gauge
Defense (DoD); typical boundary layer
data in Fig. b are consistent with the
conditions were used to define likely
MM5 estimates, and the coastal
directions and speeds of hazardousamounts of precipitation from the
satellite/gauge merged data set show
material transport for different seasons
a similar pattern (Fig. c). Visual
and times of day. C-FDDA is also being
comparison of the amount and
geographic distribution of monthly
used to create a global mosaic of
rainfall between model and the
moderate resolution (~40 km)
observations reveals considerable skill
climatographies for the 1979-2005 period. in the model simulation.
This database will be used by state, and
local emergency managers for predicting the effects of accidental or intentional
releases of hazardous material. And finally, C-FDDA is being used to study the
hydro-climatology of the eastern Mediterranean and the adjacent countries of
the Middle East, where the balance between water supply and demand could be
significantly altered by climate change.
Investigations on the impact of future climate and land cover on regional air
quality in the Pacific Northwest and north central U.S., performed by ESSL/ACD
scientists, as well as several university partners, and the U.S. Forest Service
also falls under this priority. Results indicate that U.S. regional air quality (e.g.,
ozone and particles) will degrade even if U.S. anthropogenic emissions remain
the same. See the ESSL LAR for more details on this research.
The Pentagon, and its 25,000+ occupants, represents a potential target for a
terrorist attack using chemical, biological, or radiological material released into
the atmosphere. In response to this concern, DoD has engaged RAL to develop a
building-protection system called Pentagon Shield (PS). The PS system
assimilates meteorological and contaminant observations from remote and insitu sensors into a complex linked system of models that operate together to
represent processes–from mesoscale to building scale. In the event of a
hazardous-material release, the system calculates the properties of the
contaminant source (e.g., location), the current characteristics of the
contaminant plume, and the future path of the plume. In 2007, the modeling
domain of the system was expanded to cover all of Arlington County, Virginia.
This new “Urban Shield” domain will support emergency response efforts in the
area.
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FY2008 Plans for Strategic Priority 3
NCAR’s labs have a variety of plans for improving prediction capabilities in
FY2008, including:
Scientists involved in the Short Term Explicit Prediction (STEP)
program will conduct an International H2O Project (IHOP)
retrospective study to evaluate and further develop NCAR's data
assimilation, nowcasting, and short-term forecasting systems for high
impact weather prediction. Some of these systems will be used and
evaluated in a real-time forecasting demonstration during the 2008
Beijing Summer Olympics.
ESSL/ACD scientists will continue field and laboratory studies of the
impact of climate change on regional air quality.
Lastly, improving short-term climate simulations at regional scales requires finer
(in both the horizontal and vertical) resolution models, and perhaps ultra-high
resolution modeling through two-way regional nesting. Opportunities in this area
in FY2008 and beyond include:
Simulations with and without data assimilation between about 1980
and 2005, which can be used to address predictability of the climate
system on decadal timescales.
Examining the implications for hydrology and water supplies that are
controlled by local mountainous topography (e.g., snowpack and
runoff in the West)
Developing better understanding of the likelihood of changes in
extremes, such as extended heat waves, floods, droughts, and
Atlantic hurricane frequency and intensity.
Initial results from RAL’s C-FDDA are a first step toward downscaling global
model simulations of future climates for that region. The preliminary simulation
will be repeated later without the use of observations but using “grid nudging”
toward the driving analysis to keep the model analysis from drifting. This
process of model verification and adaptation for the area will then be repeated
with WRF for the entire winter season, when most precipitation occurs. The
model that better represents the regional and local climate will be selected and
run for the same period using lateral-boundary conditions from a simulation of
the present global climate by the NCAR Community Atmospheric Model, driven
by observed sea-surface temperatures and land use. Lastly, the regional model
will be run with lateral-boundary conditions provided by future climate
simulations conducted for the Fourth IPCC assessment report with the coupled
ocean-land-atmosphere CCSM. This regional-model output will be compared
with regional-model simulations of present climate in order to assess the impact
of future climate forcing scenarios on the components of the water cycle in this
geographic area.
The Urban Shield system will be enhanced during FY2008 by upgrading the
transport and dispersion model to account for dense-gas effects and adding a
variety of release source models–including Terminal Doppler Weather Radar data
in the Variational Doppler Radar Assimilation Systems within Shield, and porting
the transport model to run on high-speed Graphics Processing Unit hardware.
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GOAL 1, PRIORITY 4: DEVELOPING COMMUNITY MODELS
Developing numerical models and making them available to the scientific
community is at the heart of NCAR's research and service to the community.
Key activities in this priority are creating and adding to community models,
research models, as well as progressing toward creation of an Earth system
model.
FY2007 Accomplishments
Discussion of some of the CCSM-related research has already been touched
upon, however, details on CCSM development–including development of
component models, and associated models of intermediate complexity–will be
covered here.

Click to enlarge. One
image from an animation
depicting global surface
warming as simulated by
the Community Climate
System Model (CCSM),
version three. It shows the
surface temperature
anomalies relative to an
1870-1899 average for each
month. Notice the greater
difference from average at
the poles. This is known as
“polar amplification“.
View Animation

FY2007, CCSM successes and development include
the extensive number of modeling experiments
designed to study the effects on various aspects of
the climate system, such as the impacts of releasing
varying amounts of chemicals into the atmosphere.
These experiments were included as part of the
IPCC AR4. Another significant accomplishment was
creation of a preliminary version of the nextgeneration CCSM, referred to as CCSM3.5, which
includes improved physics in all component models,
including:
Ocean: Moved to the POP 2 code-base,
incorporated a new advection scheme, a
revised horizontal viscosity that allows for the
correct amplitude of Tropical Instability Waves,
an improved mesoscale eddy parameterization,
and movement toward higher vertical
resolution

Sea Ice: Moved to the CICE 4 code base, incorporated a revised
ridging scheme, improved snow treatment, improved the shortwave
radiation scheme, improved boundary layer exchange, and developed
a new melt pond parameterization
Land: Created new surface datasets, incorporated an improved
canopy integration scheme and scaling of canopy interception,
implemented new surface and sub-surface runoff models, developed a
simple groundwater model, and new frozen soil scheme, improved the
description of soil water availability, introduced a resistance term to
reduce excessive soil evaporation, introduced nitrogen limitation on
plant productivity, and improved snow age calculations
Atmosphere: Adopted the finite volume core, incorporated
modifications to deep convective processes, started assessments of
new aerosol formulations, new microphysics, a new planetary
boundary layer, and shallow convection scheme and new deep
convection schemes, revised gravity wave and orographic wavebreaking formulations, hybrid isentropic coordinates, new radiation
packages, and horizontal and vertical resolution sensitivities
Biogeochemistry: Completed the land model intercomparison, which
resulted in adoption of CLM-CN (Community Land Model with Carbon
and Nitrogen cycles), a new ocean ecosystem component, and new
control simulations that demonstrate a stable, coupled carbon-climate
cycle in both ocean and land
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Software engineering: Made many improvements and progress (with
CISL) on the scaling of CCSM to massively parallel architectures
When coupled together, CCSM3.5 demonstrates significant improvement to
many of the system biases that plagued earlier model versions. Additionally, and
finally, it is worth noting that scientists from around the globe continue to
download CCSM data and the source code. Downloads of the CCSM3 source
code, for instance, are nearing 900.
ESSL/MMM’s Weather Research Forecasting (WRF) model is also community
built; the powerhouse in the suite of WRF models is the Advanced Research WRF
(ARW) system. ARW provides users with a data assimilation capability, a variety
of physics packages, and the WRF Software Environment, together with
variants, such as WRF-Chem (for atmospheric chemistry modeling). In FY2007,
ARW went from strength to strength, and is now the most popular (as defined
by registration numbers and use) mesoscale atmospheric model in the world. As
of July 2007, ARW had more than 5,300 registered users in more than 90
countries around the world, and is in operational use in approximately 20
locations. In 2007, the ARW was chosen as the basis for the new version of the
NCEP Rapid Refresh modeling system.
Issued to the community in December 2006, Version 2.2 is the most recent
major release of the ARW. In 2007, MMM conducted three tutorials for WRF
system users (two in Boulder, Colorado, one in Korea), and two major WRF
workshops. The team is currently looking at establishing an external advisory
board in order to provide community input on WRF code management and
community support activities.
The ARW continued to be updated and expanded in
capability throughout this past year. Its nesting
capability and adaptability have proven robust, with
up to five nests being run in applications, and with
the HYCOM (Hybrid Coordinate Ocean Model) being
coupled to the ARW. Both of these projects were
Click to enlarge. One
frame from an animation of
done in collaboration with the University of Miami’s
modeled precipitable water
Rosenstiel School of Marine and Atmospheric
-- day 10 of 50-km Global
ARW simulation, valid 1200 Science (RSMAS). In another collaborative project
UTC 22 July 2007.
involving CalTech, WRF was adapted for use as a
global model. This version is currently undergoing
View Animation
testing, but is projected to be included in the next
major community release, slated for March 2008. Please see the ESSL LAR for
further ARW and WRF highlights.
The Developmental Testbed Center (DTC), within RAL’s Joint Numerical Testbed,
is a national facility created in 2003 to facilitate interaction between the
operational and research communities in accelerating improvement of Numerical
Weather Prediction (NWP) for the U.S. In 2007 the DTC:
Conducted an extended Core Test
to determine whether the small
differences in forecast skill between
the two dynamic cores (AWR and
NMM) for 24-hour lead times also
pertained to longer lead times (i.e.,
60 hours). The actual runs are
underway, and results will be
available in early FY2008. The DTC
is also performing a platform
comparison to test whether
forecast skill is dependent on the
computing platform used to
generate the forecasts.

Click to enlarge. 3-h total
precipitation (shaded), mean sea
level pressure, and 1000-500 mb
thickness fields for 60-h forecasts
valid at 12 UTC on 3 May 2006.
Right panel shows the ARW
forecast and left panel shows the
NMM forecast. Both WRF
configurations used NAM initial and
lateral boundary conditions and the
same suite of physics
parameterizations. For this
particular forecast cycle, the ARW
and NMM forecasts show rather
different evolutions of the cyclone
for this extended lead time.

Continued to develop the concept
of Reference and Operational
Configurations for the community
by creating a written document
describing the process for designating these configurations, the
information and support that will be provided for these configurations,
and how decisions will be made with respect to retiring configurations.
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Brought a number of visitors to NCAR to provide support in the areas
of physics parameterizations, ensembles, verification techniques, and
idealized capability for the NMM dynamic core.
Conducted the first joint WRF Tutorial in July 2007, covering both the
NMM and ARW dynamic cores. These tutorials include lectures on the
pre-processor, model, and post-processing tools, as well as practical
sessions that allow the participants to gain hands-on experience
building and running each component of the end-to-end system.
Developed a state-of-the-art verification toolkit in collaboration with
the NWP community. A beta release of the new Meterorological
Evaluation Tools (MET) was made available in July 2007, along with a
website offering extensive information on how to setup and run the
package. MET uses components already present in verification
systems developed at NCEP, GSD, and AFWA, as well as new
components for the routine calculation of confidence intervals and
significance statistics and object-based verification methods.
The Data Assimilation Testbed Center, organized within RAL’s Joint Numerical
Testbed in 2006, provides a home for testing and evaluating new data
assimilation techniques, inputs, and strategies. In 2007 scientists:
Performed a month-long
evaluation of the impact of COSMIC
local refractivity observations on
Antarctic weather forecasts. The
study found a significant positive
impact of COSMIC refractivity
assimilation on wind forecasts,
tropospheric temperature and
surface pressure. This study
provided a rational and scientific
basis for the operational
implementation of COSMIC data in
AMPS and also indicated areas of the
attention.

Click to enlarge. 36hr WRF
forecast verification against
Antarctic sondes: Conventional
observations only (red),
conventional plus COSMIC (green),
and retuned conventional plus
COSMIC (blue).

WRF model that require further

Supported the Air Force Weather Agency’s anticipated worldwide
regional implementation of WRF-ARW and WRF-Var. Initial studies
are focused on optimal data assimilation/forecast configurations on a
South-West Asia regional domain. Currently, the data assimilation is
performed every six hours, with the cycle being broken every twelve
hours to blend back to NCEP’s global forecast system. The possibility
of full-cycling (i.e. continuously cycling WRF-Var and WRF-ARW
without reverting back to the global model data) has been tested in
DATC in 2007. Results indicate that both cycling permutations
produce superior forecasts to those run without regional data
assimilation, with update-cycling producing the most accurate
forecasts. These results provide a benchmark for further full-cycling
experiments to assess the impact of AMSU and AIRS radiances,
COSMIC, and tuned error covariance.

Click to enlarge. U-wind
analysis increment response
to a single temperature
observation at 50N, 150W
for both the “pure 3D-Var“
technique (left) and the
hybrid (right). Unlike the
3D-Var, the hybrid response
is flow-dependent.

Other progress made in FY2007 by ESSL/MMM
scientists and university collaborators included
developing efficient assimilation of radiances from
NOAA polar-orbiting satellites in WRF-Var, focused
initially on data from the Advanced Microwave
Sounding Unit (AMSU). In addition, development of
unified variational/ensemble data assimilation
capability for WRF was furthered by incorporating an
Ensemble Transform Kalman Filter (ETKF) and flowdependent forecast error covariances in WRF-Var.

A polar version of WRF is being implemented and
tested in the Antarctic Mesoscale Prediction System (AMPS), which is run by
ESSL/MMM in support of the U.S. Antarctic Program. The polar WRF
modifications were originally developed by MMM collaborator, The Ohio State
University, and the code reflects adaptations to better represent sea ice, and
features unique to extensive ice sheets. Results thus far, from real-time runs
over Antarctica, show improvement over the standard WRF.
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Hurricane investigation is a growing aspect of WRFsystem research and development. A new variant of
the ARW, the Advanced Hurricane WRF (AHW), was
further developed and tested throughout FY2007.
AHW includes specialized data assimilation
processes (including 3DVar and an ensemble
Kalman filter) and a mixed-layer oceanic model.
Current efforts are to run a reference forecast,
including the simple ocean model, and two
additional forecasts with experimental data
assimilation for the 2007 hurricane season, all in
near-real time.

Click to enlarge. Shown is
a 60 h forecast of Hurricane
Felix, predicted at Category
5 just prior to landfall. The
plot shows contours of
windspeed at 10 m
elevation along with wind
barb symbols every 40 km.
The observed Felix was also
Category 5 at this time,
making landfall about 80
km south of the predicted
location.

The incorporation of interactive chemistry capability
by ESSL/ACD scientists in the Community
Atmosphere Model has made considerable progress
over the last year, and now encompasses a variety
of options to accommodate the needs of the coupled
climate model. In particular, using the implemented
MOZART framework, CAM-Chem can now be
configured to combine prognostic and diagnostic variables. As a result, aerosols
can either be prescribed, simulated using simple input oxidant fields, or
simulated using the full MOZART-4 aerosol parameterization. More details and
further MOZART-3 and MOZART-4 accomplishments are available in the ESSL
LAR.
In FY2007, the upper boundary of the Whole Atmosphere Community Climate
Model (WACCM), another community-derived model, was extended upward to
about 500 km, which is also the upper boundary of the TIME-GCM. In the
process of achieving this upward extension, several modifications to the model
were made, including:
Implementation of modules to resolve the major species diffusion,
which becomes increasingly important above 110 km.
Implementation of modules and revision of codes to reflect the
constituent-dependency of the specific heats, gas constant, and mean
molecular weight.
Revision of the treatment of the vertical diffusion equations for minor
species and the heat conduction equation to a formulation appropriate
for the upper atmosphere.
Further WACCM and TIME-GCM details are available in the ESSL LAR.
NCAR continued hosting the IGBP’s Earth System modeling project, AIMES.
AIMES activities relevant to this priority include the Coupled Carbon CycleClimate Model Intercomparison Project (C4MIP), which investigates model
benchmark and evaluation exercises to explore mechanisms that influence the
response of the terrestrial carbon cycle including soil moisture and net primary
production, particularly in the tropics, effects of CO2 fertilization, and
disturbance and land cover. Find more details on AIMES in ESSL’s LAR.

Models, whether created by the community, individuals, or organizations, are
becoming computationally ever more complex. Running such models will require
petascale systems, which have between 100,000 and 1,000,000 processors.
Such systems are expected to be in production by the end of this decade. It is of
supreme strategic importance that the geosciences be positioned to use these
systems. For the application developer, the massive levels of parallelism
required to exploit these systems present daunting challenges at the algorithm
level to achieve scalability.
In FY2007, CISL continued to lead the effort to understand these trends,
prepared NCAR community models for the petascale, and also led the broader
geoscience community toward petascale computing. In particular:
CISL, the National Center for Supercomputing Applications (NCSA),
and the San Diego Supercomputing Center (SDSC) partnered to put
on the second Geosciences Application Requirements for Petascale
Architectures (GARPA-2) in San Diego, California in February 2007.
This meeting brought computer scientists, application experts, and
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vendors together for two days to report results and exchange ideas
and information.
John Dennis has continued work to further parallelize CCSM
components, including POP, CICE, and, in collaboration with Tony
Craig, CLM. John has demonstrated POP and CICE running on 30,000
processors, has created a prototype Parallel I/O (PIO) library for use
with these components, and won time on the IBM Blue Gene/L system
to do a global eddy-resolving ocean climate experiment with Frank
Bryan and others.
CISL continues to work with researchers from NCAR, University of
Colorado, and IBM to integrate the High Order Method Modeling
Environment (HOMME) with the Community Atmospheric Model.
Accomplishments in FY2007, which includes introducing hyperdiffusivity and local mass conservation to the model, as well as
completing preparations for aqua planet simulations.

Click to enlarge. Societal
Resilience System of
Systems (SRSS) diagram.

Lastly, because the interface between atmospheric
processes and human wellbeing is mediated through
a multifaceted array of natural and social systems, a
pressing need exists to develop a conceptual
framework that can guide analyses and case studies
of examples (as well as counter-examples) of
societal resilience. Toward this end, SERE staff are
developing a "societal resilience system of systems"
(SRSS) framework that will begin to unravel the
complex interactions among the myriad contributors
within and across the systems involved. This system
was conceptualized in FY2007.
FY2008 Plans for Strategic Priority 4

The current, long-term CCSM project plan is to develop and freeze the next
version of the model, CCSM4, by the end of 2008. In addition to CCSM3.5’s
improved physics, other component model improvements (e.g., introduction of
dynamic vegetation) likely will be included, and new components for the carbon
cycle and interactive atmospheric chemistry will be finalized. CCSM4 will be the
model used to contribute to the next IPCC report.
CISL plans to continue work on CCSM enhancements to include the flux coupler,
CAM, and input/output subsystem components. An important research and
development objective for the latter two efforts is integration of a scalable,
conservative discontinuous Galerkin-based HOMME dynamical core into CAM.
The PIO library will be ported/integrated with the Earth System Modeling
Framework (ESMF) to assist in the adoption of that framework in petaflops
projects in general, and NCAR community models in particular.
During FY2008, it is expected that the governing framework for SRSS will be
completed along with a minimum of four prototype case studies, including one
from the energy industry led by Plymouth State University, which demonstrates
the applicability and need for the SRSS network.
Other FY2008 plans include:
Analyzing initial NRCM data from–and continuing experiments using–
the NASA Columbia computer for another six years of climate
simulations (2000-2005). This effort will include taking the next
critical step of embedding ARW into CAM to undertake both current
and future climate simulations.
Quantifying the role of convective organization in the Madden-Julian
Oscillation (MJO) through dynamical and numerical modeling by:
Designing new mesoscale parameterizations for climate
models.
Multi-scale simulations of natural precipitating systems
observed by Tropical Rainfall Measuring Mission
(TRMM)/CloudSat.
Analysis of multi-scale convective organization in the
aforementioned tropical channel model.
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Having examined the historical record of tropical cyclones in the North
Atlantic to identify trends in frequency and long-period variability in
FY2007, this work will be extended to other ocean basins. NCAR
scientists will also utilize the new NCAR NRCM to examine
environmental changes associated with these observed trends and
variations of tropical cyclones.
A full trial of the AHW has been proposed to NOAA as a collaborative
effort between NCAR, NOAA, and RSMAS.
The range of instruments that can be used within WRF-Var will be
expanded to include the Advanced Infrared Spectroradiometer (AIRS)
and the Special Sensor Microwave Imager/Spectroradiometer
(SSMI/S). In addition, the hybrid approach for the
variational/ensemble data assimilation capability for WRF will be
tested in a variety of applications, including the full Ensemble Kalman
Filter (EnKF) within WRF-Var to create a unified variational/ensemble
data assimilation for WRF. And, to accommodate the growing user
community and its needs, WRF Users Workshops and tutorials will be
conducted in January and July 2008.
The DTC will plan and execute another Core Test comparing the
forecast skill of the two dynamic cores for higher resolution forecasts
(e.g., grid spacing on the order of one km); add data assimilation to
its end-to-end system for testing and evaluation. the DTC plans to
offer the first official release of MET to the community; and continue
to conduct tutorials as well as its visitor program.
Work will continue to extend the capabilities of MET to include a
broader spectrum of verification capabilities, development of an online
tutorial, and inclusion of MET in the WRF Tutorial in July 2008.
Members of the verification community will also be invited to join DTC
staff for a workshop to be held in spring 2008 to discuss new
capabilities for MET and the development of a verification system in
which MET could reside.
The DATC’s Antarctic, Korean, and Taiwanese WRF NWP testbeds will
be supplemented by the first reanalysis testbed, a 10-year Arctic
system reanalysis based on a 10-year (2000-2010) period and the
WRF-ARW enhanced with polar physics. The group will also begin to
test and support the JCSDA’s GSI algorithm in 2008; this s effort is
part of the larger plan to work with the JCSDA (including NASA, the
Navy, NOAA, and AFWA) in developing next-generation assimilation
algorithms suitable for both research and operational
communities.WACCM capabilities will be extended to include the top
of the thermosphere, and to implement additional thermospheric and
ionospheric processes in the model.
WACCM capabilities will be extended to include the top of the
thermosphere, and to implement additional thermospheric and
ionospheric processes in the model.
In anticipation of full incorporation of ionospheric processes into
WACCM, a community release of the TIE-GCM will be issued, and the
CMIT v. 2.0 will be transitioned to the Community Coordinated
Modeling Center (CCMC).
The massively parallel version of CMIT now in development–v. 2.5–
will be tested at the Space Weather Prediction Center and at Boston
University in partnership with the Center for Integrated Space
Weather Modeling. These activities will set the stage for coupling
space weather modeling elements into the ESM.
CAM-Chem plans include continued evaluation of the model
performance under the different options now available. Additional
work will include continued use of MOZART-4 for analysis of the
MIRAGE and NASA/INTEX-B field experiments, and MOZART-3 and
MOZART-4 data will be published and released to the public.

Science: Strategic Goal 1

http://www.nar.ucar.edu/2007/science/understanding/understanding_pr4_overview.php[7/6/2015 3:10:14 PM]

NCAR Annual Report: 2007
© 2007 UCAR | Privacy Policy | Terms of Use | Sponsored by NSF | Managed by UCAR | Webmaster | Provide Website Feedback
Postal Address: P.O. Box 3000, Boulder, CO 80307-3000 • Shipping Address: 1850 Table Mesa Drive, Boulder, CO 80305 • Contact

http://www.nar.ucar.edu/2007/science/understanding/understanding_pr4_overview.php[7/6/2015 3:10:14 PM]

NCAR Annual Report: 2007

Find People

NCAR Annual
UCAR
NCAR Report
UOP

CISL report

EOL report

ESSL report

RAL report

Contact/Visit

SERE report
Search NAR

Science: Strategic Goal 2
Director's Message
Table of Contents
About NCAR
Strategic Goals:
Science, Facilities &
Technology
Metrics
Conclusion/Lab Links
Archives and
Supplemental Info

The National Science Foundation supports the National Center for Atmospheric Research (NCAR) to advance basic research in
the United States in the atmospheric and related sciences in support of the university community. As a federally-funded
research and development center, NCAR is able to sustain a long-term commitment to this scientific enterprise. Our research
and understanding of the atmosphere, the Earth System, and the Sun and their environments is essential to fulfilling our other
strategic goals. We pursue this basic research to advance our knowledge. Concurrently, we also are able to improve the
modeling, computing, and observational facilities we provide; and, to transfer the results of our work to the public and private
sector.
Our research includes atmospheric chemistry; meteorology, solar physics, solar-terrestrial interactions, and the Earth's upper
atmosphere; climate research; societal impacts of climate change and severe weather; biogeochemistry; water cycle;
geophysical turbulence; and applied mathematics and statistical analysis. We conduct our research in close collaboration with
university partners; local, state and federal agencies; and with strategic international partners and private sector sponsors. Our
goal is also to make our research accessible and widely available.
NCAR addresses four broad priorities within this goal:
Priority 1: Investigating Weather and Climate Information Needs and Decision Making

While decision makers in virtually all sectors of the economy could benefit from improved weather and
climate information, they often have little idea of what data are currently available, and how they could
benefit from this information. At NCAR, we are committed to exploring "the art of the possible" with decision
makers, working with them to understand the nature of their work, how it is affected by weather and climate,
and how they use information to make decisions. Read more about this priority

Priority 2: Building Capacity for Coping with Weather and Climate Hazards

NCAR scientists work in partnership with stakeholder communities to research, build, and transfer state-ofthe-art decision support information, tools, and systems. This effort encompasses a broad continuum of
activities ranging from conducting workshops to developing operational systems and instruments.
Developing greater resilience to weather and climate not only involves improved understanding of
atmospheric processes, but better understanding of the decision-making process itself, and of the
importance of communicating relevant information between atmospheric scientists and decision makers. It is
clear that the connections between individual decision makers, as well as societies themselves, and the
environment must be better understood and appreciated.
As an NSF federally funded research and development laboratory, and, as stated in our Strategic Plan,
NCAR is devoted to applied research and technology transfer. While all of our programs have this
responsibility, the most significant effort to support this priority occurs through our Research and Applications
Laboratory. In this section, we also report on activities occurring in EOL and SERE. Read more about this
priority

Priority 3: Establishing New Connections with Researchers from Developing Nations

Many of the most interesting and important Earth system processes are global in scale and can only be
effectively pursued with cooperation among nations and collaborative research efforts among institutions from
many countries. Read more about this priority

Priority 4: Supporting and Conducting Regional-Scale Investigations of Climate and Weather

As climate change and societal vulnerability to severe weather become more apparent, decision makers
want to know what changes are likely to occur in particular places. Advances in computational power,
modeling and analysis techniques offer opportunities for regional-scale research in the atmospheric
sciences, and in the study of environmental and societal impacts. NCAR intends to move ahead rapidly in
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this area, conducting not only the important fundamental research that must be done but also applying that
work through creation of new decision support capabilities. Read more about this priority
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GOAL 2, PRIORITY 1: INVESTIGATING WEATHER AND
CLIMATE INFORMATION NEEDS AND DECISION MAKING
While decision makers in virtually all sectors of the economy could benefit from
improved weather and climate information, they often have little idea of what
data are currently available, and how they could benefit from this information. At
NCAR, we are committed to exploring "the art of the possible" with decision
makers, working with them to understand the nature of their work, how it is
affected by weather and climate, and how they use information to make
decisions.
FY2007 Accomplishments
One goal of SERE is to ensure that scientific
information effectively connects with the needs of
decision-makers. The Weather and Climate Impacts
Assessment Science Program (WCIASP) Climate
seeks to examine and enhance the processes and
methods for generating and communicating scientific
knowledge to improve decision-making. Run by
SERE/ISSE, the WCIASP focuses on critical gaps in
the weather and climate arenas that are particularly
challenging for decision-makers and scientists alike.
These areas can be encompassed in three
categories:

Click to enlarge.
Simulated hurricane
evacuation behavior in a
proof-of-principle model.

1. characterizing uncertainty;
2. extreme weather and climate events; and
3. the role of climate in human health.
SERE scientists are also researching the complex interactions between climate
processes, ecosystems, and human health in order to improve projections of
climate impacts on human health and the health of the planet. One project that
falls into this area is the “Health Risks from Climate Change and Variability in
Wisconsin.” Started in FY2006 and continuing in FY2007, this project looks at the
effect of extremes in temperature and precipitation on human health (morbidity)
in Wisconsin and Chicago.

Click to enlarge. The map
shows results from the
Societal Impacts Program’s
Overall US Sector
Sensitivity Assessment
which examined the
sensitivity and vulnerability
of state-level economic
productivity to weather.

The Societal Impacts Program (SIP), a joint
RAL/SERE program, aims to provide information that
decision makers require. In FY2007, SIP
accomplishments include completion of the Overall
U.S. Sector Sensitivity Assessment, an empirical
assessment of the vulnerability of the major U.S.
economic sectors to weather variability. This
assessment indicates that annual weather variability
causes approximately 3.4% or $260B variability in
annual gross domestic product. Building on this
work, SIP staff initiated work on sector-specific
studies with an emphasis on assessing the use and
value of current and improved weather forecasts in
addition to sectoral impact of weather. In 2007, this
work has been focused on the transportation sector.

In other research, an internet-based survey of 1520 U.S. households nationwide
was conducted to elicit information on people’s sources, perceptions, uses, and
values for weather forecasts. People’s understanding of, use of, and preferences
for weather forecast uncertainty information were also elicited in the survey.
Preliminary results indicate that the average household accesses weather
forecast information from various sources 115 times a month. Results also show
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that a majority of people are willing to receive forecasts that contain uncertainty
information and that people have preferences for how uncertainty information is
conveyed.
Funding from the U.S. Voluntary Cooperation Program Contribution managed by
NOAA’s NWS International Activities Office was used to develop the “Primer on
Economics for National Meteorological and Hydrological Services”. This primer is
primarily intended for members of the weather community with the goal of
increasing their understanding of economic methods and their applicability in
evaluating both the impacts of national meteorological and hydrological services
(NMHS) and the associated benefits and costs of those services.
SIP members continued to lead efforts to integrate social science research in the
weather community, supporting activities to develop a social science research
agenda on the hurricane warning and forecast system (leading to a special issue
of Natural Hazards Review published in July 2007). Members were also
instrumental in publication of the first quarterly issue of Weather and Society
Watch, a newsletter aimed at building a stronger, more informed societal
impacts community.
FY2008 Plans for Strategic Priority 1
To provide society, research organizations and decision makers with the
information andtools they need, NCAR will conduct the following activities in
FY08:
SERE will continue development of WCIASP projects. The integrated
uncertainty project will be expanded to include other water basins
throughout the western U.S.
SERE will also host the next biennial Health and Climate workshop,
which will focus on the combined effects of heat stress and air
pollution on human health.
RAL and SERE will continue to analyze and publish results from the
U.S. household survey on sources, uses and preferences for weather
forecasts and weather forecast uncertainty information.
Examination of the societal impacts and economic values for activities
of NOAA’s Hydrometeorological Testbed Center in the American River
area of California.
Assess the use and communication of extreme weather
warning information by forecasters, public officials, the
media, and members of the public with a focus on how
they receive, interpret, and use warning information
Conduct a preliminary assessment of the reliability,
accuracy, and consistency of extreme weather data.
Develop an overview of best practices for interacting
with users to introduce new decision support
technologies into their working environments.
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GOAL 2, PRIORITY 2: BUILDING CAPACITY FOR COPING WITH
WEATHER AND CLIMATE HAZARDS
NCAR scientists work in partnership with stakeholder communities to research,
build, and transfer state-of-the-art decision support information, tools, and
systems. This effort encompasses a broad continuum of activities ranging from
conducting workshops to developing operational systems and instruments.
Developing greater resilience to weather and climate not only involves improved
understanding of atmospheric processes, but better understanding of the
decision-making process itself, and of the importance of communicating relevant
information between atmospheric scientists and decision makers. It is clear that
the connections between individual decision makers, as well as societies
themselves, and the environment must be better understood and appreciated.
As an NSF federally funded research and development laboratory, and, as stated
in our Strategic Plan, NCAR is devoted to applied research and technology
transfer. While all of our programs have this responsibility, the most significant
effort to support this priority occurs through our Research and Applications
Laboratory. In this section, we also report on activities occurring in EOL and
SERE.
FY2007 Accomplishments

Click to enlarge. The MET
Analisys tool will provide
ways of aggregating and
producing graphics of teh
statistics produced by he
grid-to-point, grid-to-grid,
and MODE tools. Above is
an example of MODEidentified objects in the
forecast (bottom left) and
observation (bottom right)
fields. Corresponding raw
fields are shown in the top
panels.

RAL's work to build resilience to weather hazards
continues on a variety of fronts. The Aviation
Weather Research Program remains focused on
improved detection and forecasting of weather
hazards that significantly impact the safety,
efficiency, and capacity of the nation’s air
transportation system. FY2007 highlights include:
A collaboration with the helicopter emergency
medical services (HEMS) user community to
tailor a flight path tool to meet its needs for
weather information in a very narrow range of
altitudes and short distances.
Determination by the National Weather Service
that NCAR’s automated diagnosis and forecast
systems for ceiling and visibility are viable
technologies for the operational production of
data grids that will flow into the NWS forecast

process.
Successful evaluation of an upgraded version of NCAR’s Current Icing
Product (CIP) depicting icing severity.
Development and dissemination of a new turbulence detection and
on-board quality control algorithm to Southwest and Delta Airlines for
deployment on their fleets.
Development of a Liquid Water Equivalent (LWE) real-time system.
Definition and refinement of new concepts of how probabilistic
weather forecasts can be tailored for aviation needs and integrated
with automated decision support tools for improved air traffic
management.
RAL also continues to address weather hazards affecting the nation’s roads and
highways. Highlights in 2007 include:
Enhancement of the Maintenance Decision Support System (MDSS), a
unique system that provides real-time snow and ice control guidance
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for user-defined roadway segments.
Dissemination of MDSS system software to over 60 road weather
organizations (public and private), and successfully supported the
Federal Highway Administration’s (FHWA) annual MDSS stakeholder
meeting.
Real-time utilization of the prototype MDSS by the City and County of
Denver and the E-470 Public Highway Authority during the
particularly severe winter of 2006-2007. A commercial version of the
MDSS is being developed and demonstrated.
Preparation and delivery to FHWA of a major vision document titled,
“Weather Applications and Products Enabled Through Vehicle
Infrastructure Integration (VII).” This document discusses how probe
data from millions of vehicles could be used in the future to support
the diagnosis and short term prediction of weather.
And finally, a wealth of DoD research and development activities conducted by
RAL include:
Continued improvements in real-time four-dimensional data
assimilation (RTFDDA) capabilities. RTFDDA assimilates observations
from a variety of data feeds, preserving the data’s temporal
dimension during assimilation, and new analyses and forecasts are
made every one to three hours, depending on the test range,
providing the operational forecaster with timely information.
Evaluation of new 3-Dimensional Variational Data Assimilation
(3DVAR) techniques at the mesoscale. a number of non-standard
observations that cannot be included in RTFDDA's observationnudging scheme, such as satellite radiance, GPS, and radar, are being
incorporated. 3DVAR is currently being integrated into the RTFDDA
system, yielding a model-based solution that will account for all
available observations.
Successful testing of an operational ensemble of 4DWX forecasts in
support of the FUsing Sensor Information from Observing Networks
(FUSION) Field Trial. The ensemble system (called E-RTFDDA)
extends the pseudo-deterministic, single RTFDDA realizations by
running a suite of RTFDDA forecasts, all valid at the same place and
time. The ensemble comprises 30 members whose differences are
induced by varying initial conditions, boundary conditions, model
physics, and model cores.
Development of an operational algorithm that can both estimate an
unknown chemical, biological, radiological, nuclear, and explosive
(CBRNE) source and predict a refined downwind hazard from that
source. To support testing and evaluation of this product, RAL is
developing a virtual testing and evaluation environment (VTHREAT)
that will enable simulation of a realistic CBRNE release scenario,
placement of CBRNE and meteorological sensors, and extraction of
the resulting synthetic sensor readings.
In FY2007, ISSE’s Kathy Miller continued working with Robert McKelvey
(University of Montana) and Peter Golubtsov (Moscow State Lomonosov
University, Russia) on the development of game (wildlife) theoretic models,
which approximate the effects of climate impacts in competitive fisheries for
highly migratory fish stocks. In FY2008, the project team will incorporate results
from this work into a set of workshop talks and journal papers.
Miller also helped convene a workshop in April 2007,
the Challenge of Change: Managing for
Sustainability of Oceanic Top Predator Species,
as part of Climate Impacts on Oceanic Top Predators
(CLIOTOP). CLIOTOP is a broad international
scientific program that focuses on building an
understanding of how combined effects of
environmental changes and harvesting activities
affect the dynamics of tuna, sharks, billfish, and
other top ocean predator species.
EOL also contributed to this priority with the transfer
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and installation of NCAR’s CP-2 radar in to
Australia’s Brisebane-based Bureau of Meteorology (BOM), which will enable
long-term scientific collaboration in the areas of nowcasting, hydrology, and
weather modification. Brisbane is an excellent location for studying flash flood
producing rainstorms over moderate topography, as well as sub-tropical oceanic
systems. The BOM also has a first-class array of rain gauge and lightning
detection systems–ideal for long-term weather and climate research. More
information on this project is available in the EOL LAR.
And, last, but not least, in mid-2007, ESSL/HAO and NOAA’s Space Weather
Prediction Center (formerly the Space Environment Center) co-hosted a
successful summit meeting to identify areas for collaboration and support of
space weather prediction and mitigation activities.
FY2008 Plans for Strategic Priority 2
In the aviation arena, RAL plans include:
Further enhancements will be made to the HEMS tool: radar and
satellite data will be incorporated; user-specific data (e.g., location of
hospitals, helipads/bases, etc.); street-level maps will be made
available; and a search interface created.
Our Graphical Turbulence Guidance 2 (GTG2) product is expected to
become "operational" and available on the Aviation Digital Data
Service web site. This product produces forecasts of clear-air
turbulence sources out to 12 hours, updated hourly. Preliminary
testing of the next version, GTG3, will also commence; this version
will provide probabilistic forecasts, will use all available in situ reports,
and will include explicit mountain wave turbulence diagnostics
The LWE system will be demonstrated at four sites: Pittsburgh
International, Chicago O’Hare, Denver International, and
Minneapolis/St. Paul airports. Data from the LWE system will be
provided to airlines, pilots and deicing users via a web site and radio
broadcast. The FAA will evaluate the results of the demonstration and
provide final approval to use the system operationally.
New integration concepts developed during FY07 will be further
refined and feasibility analyses conducted. High-resolution ensemble
model simulations will be used to create probabilistic weather
forecasts with a specific tailoring from an aviation perspective.
In surface transportation, RAL plans include:
Continued development and validation of the MDSS using Colorado as
a test bed. Prototype MDSS products will be provided to the E-470
Public Road Authority and the City and County of Denver. We
anticipate that Denver International Airport may also participate in the
MDSS demonstration to evaluate the system’s capabilities for
supporting snow and ice control operations for ramp, runways, and
Pena Blvd.
Participation in the VII testbed near Detroit, Michigan to obtain data
from test vehicles and begin to analyze their characteristics (e.g.,
quality, density, and geographical and temporal distribution). RAL will
also begin the design and development of a Weather Data Translator
(WDT) that will be used to parse, ingest, process, quality control, and
generate advanced weather and road condition analyses utilizing
vehicle probe data.
In its real-time modeling and data assimilation efforts for the DoD, RAL plans
include:
Systematic evaluation of different model physics schemes available in
the WRF-RTFDDA model. An optimum suite of model physics options
will be determined for each existing and new operational RTFDDA
system according to the application’s geographic location and
dominant weather processes. Systematic errors in the final selected
physics suite will be identified and improvements to the relevant
model physics will be made.
Exploration of hybrid data assimilation development with a focus on
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assimilating satellite radiance and radar radial winds. Currently,
studies have been undertaken with the IHOP-2002 cases to tune up
the data assimilation parameters, and the implementation of the
hybrid scheme for RTFDDA operations is planned during late FY08. A
Variational Doppler Radar Analysis System (VDRAS) “observationnudging” hybrid approach will also be studied, using VDRAS as a
bridge for incorporating Doppler radar radial winds and reflectivity
measurements into high-resolution WRF-RTFDDA through the
“observation-nudging” mechanism.
Further development of the E-RTFDDA system. Specifically, work will
aim to: 1)develop and evaluate existing and new ensemble
perturbation schemes; 2) develop more experience and conduct
statistical verification relative to operational ensemble forecasting; 3)
generate re-forecasts for the last three years and develop ensemble
calibration algorithms; and 4) start to investigate a 4-D EnKF scheme
which makes use of “Kalman-Gain” to define the spatial weighting
factors of “observation-nudging” data assimilation.
Development of additional types of meteorological sensors (towers,
rawinsonde, and LIDAR) and the ability to dynamically place grids of
chemical sensors to enhance the functionality of VTHREAT. The
release of the first official version of the system is scheduled for early
FY09.
In FY2008, ESSL/HAO and the NOAA Space Weather Prediction Center (SWPC)
will continue to work together on areas of study including solar cycle variation,
coronal events, irradiance variation, magnetospheric and ionospheric coupling
and thermospheric density changes. ESSL/HAO will carry forward this work to
transition key space weather modeling elements for transition and testing at the
SWPC Rapid Prototyping Center. The goal of this exercise is to prioritize
activities with respect to threat level and the feasibility of fast transition of basic
research products. RAL is also involved in this work given the growing
importance of space weather to aviation. Of particular concern are the health of
flight crews repeatedly traveling over polar regions and the impact of space
weather interfering with vital communications.
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GOAL 2, PRIORITY 3: ESTABLISHING NEW CONNECTIONS
WITH RESEARCHERS FROM DEVELOPING NATIONS
Many of the most interesting and important Earth system processes are global
in scale and can only be effectively pursued with cooperation among nations and
collaborative research efforts among institutions from many countries.
FY2007 Accomplishments
NCAR has led and participated in a variety of initiatives aimed at establishing
connections in developing nations. Among these:
With funding from the Indo-U.S. Forum, staff from NCAR and the
National Centre for Medium Range Weather Forecasting in New Delhi
held a weeklong workshop in India in 2007, highlighting investigations
made possible through use of instrumented research aircraft. NCAR
staff advised Indian researchers on developing an airborne science
platform, and began planning for a Bay of Bengal tropical cyclone
experiment aimed at improving forecasts of cyclone intensity and
landfall. Additionally, EOL, ESSL/MMM and UOP/COMET
representatives attended discussions held to define tasks in the next
UCAR/NCAR MOU, which ranged from regionalizing WRF, to training
the Indian Meteorological Department in modern forecasting
techniques.
EOL scientists are also pursuing collaborations with scientists in Africa
to establish continuous CO2 analysis sites. Within the last year,
scientists have established CO2 sites to fill in the CO2 exchange data
gap in Africa, and to further understanding of Africa’s role in global
CO2 exchange. In FY2007, EOL scientists, in collaboration with local
scientists, and other international scientists, decided to install a CO2
analyzer at the Mt. Kenya Meteorological Observatory, a World
Meteorological Organization site. Pending research permits, EOL will
install the analyzer in November 2007 or early 2008.
A relatively new program, the Africa
Initiative (AI) is a coordinated effort
aimed at building sustainable partnership
between UCAR, NCAR, and UOP, and
African institutions to pursue research
and applications for the benefit of the
African people. The initiative is based on
four fundamental operating principles,
concisely summarized by the overall
philosophy of “enabling African solutions
to African needs.” A set of UCAR and
Click to enlarge. West
Africa Demonstration
NCAR co-founded pilot activities, chosen
Project 4DWX Home Page.
for their high probability of short-term
Real-Time FDDA Output
from 05 November 2007.
results and ability to set the stage for
longer-term collaboration, will focus on
short-term weather prediction, particularly in Western Africa. This
represents an intersection between needs identified by African
researchers and operational meteorologists, and the expertise of
UCAR, NCAR, and UOP programs.
RAL has led three recent projects focused on West Africa and the
Sahel:
1. improvement of a modest radar network and data-distribution
system within Burkina Faso and Mali;
2. development of a part¬nership among UCAR, the Ghana
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Meteorological Agency, and the Ghana university community to
develop an opera¬tional Weather Research and Forecasting
(WRF) model for West Africa; and
3. in partnership with members of the Africa Initiative, conduct of
a workshop in Ouagadougou, Burkina Faso from April 2-6,
2007, for which the theme was “Improving Lives by
Understanding Weather.” The workshop was attended by over
80 participants from 18 countries.
FY2008 Plans for Strategic Priority 3
CCB will continue to help with the development of Climate Affairs programs
through telementoring and travel. CCB project scientist Qian Ye will spend
considerable time and effort on this activity.
Scientists at the Mt. Kenya Meteorological Observatory in Africa have begun
long-term CO2 data collection. EOL scientists will begin analysis and
maintenance of these data in FY2008.
Outcomes from FY2007 AI efforts are currently being evaluated to identify next
steps for FY2008.
In 2007, RAL hosted a number of successful visits by delegations of African
scientists and government officials. Memoranda of Understanding have recently
been signed between UCAR and Burkina Faso, Mali, Ghana, and Senegal that
look to developing collaborative meteorological and hydrological activities in the
future. In addition, task order agreements are currently being negotiated with
both Burkina Faso and Senegal to begin small radar upgrade and training
programs. The long-range goal in numerical weather prediction is to develop
capacity in Africa, to ensure that WRF is running operationally in Africa, is
maintained by Africans, and is being adapted by Africans to meet their specific
needs.
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GOAL 2, PRIORITY 4: SUPPORTING AND CONDUCTING
REGIONAL-SCALE INVESTIGATIONS OF CLIMATE AND
WEATHER

Related Lab Annual Report Sections:
Goal 2, Priority 4
SERE Activities

As climate change and societal vulnerability to severe weather become more
apparent, decision makers want to know what changes are likely to occur in
particular places. Advances in computational power, modeling and analysis
techniques offer opportunities for regional-scale research in the atmospheric
sciences, and in the study of environmental and societal impacts. NCAR intends
to move ahead rapidly in this area, conducting not only the important
fundamental research that must be done but also applying that work through
creation of new decision support capabilities.
FY2007 Accomplishments

Click to enlarge. Quantifying
uncertainty. The left plot is the
.025 quantile of the posterior
distribution and could be used as a
lower bound for the 25-year return
level estimate. Similarly, the center
plot is the .975 quantile and can
be used as an upper bound. The
right plot is the difference of the
two, and thus shows the range of
the 95% credible interval. The
right panel also has black dots at
the locations of the stations
providing data for the analysis.
The units are centimeters of
precipitation per day (cm/day).

The output of multi-model climate
experiments such as those for the IPCC or
NARCCAP pose unique statistical challenges
for synthesizing results and quantifying
uncertainty. As a result, researchers from
IMAGe’s Geophysical Statistics Project (GSP)
and ISSE, in collaboration with university
researchers, are adapting new statistical
methodology for summarizing this unique kind
of data. Among the FY2007 achievements:
Regional climate advances in this area
included development of a multivariate
Markov random field approach to
compare differences in mean
temperature and precipitation across
different seasons, changes in extreme
precipitation, and temperature for
gridded regional model output.

Also, a functional ANOVA approach has been explored (using a
European Prediction of Regional scenarios and Uncertainties for
Defining European Climate change risks and Effects project subset) to
understand interactions and consistent effects from specific models.
To address climate model biases and uncertainty, the Bayesian
approach for interpreting multi-model ensembles was extended to
combine results across different regions, and also for a bivariate
response (temperature and precipitation).
Another project using spatial statistics models for processes on the
sphere analyzed the similarity of model biases for mean seasonal
temperature and temperature trend for the models submitted to the
IPCC archive. The models show substantial correlations indicating that
biases are not independent across the ensemble.
FY2008 Plans for Strategic Priority 4
FY2008 plans include extending the functional ANOVA approach for regional
model output to extreme statistics, including a quantification of how extremes
scale in space, from point locations to global model grid cells. The analysis of
model bias will be adapted to the NARCCAP experiments.
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Our nation is facing a significant challenge in educating the next generation of scientists. As an NSF strategic partner, NCAR
contributes to national efforts to improve science literacy, inspire students, educate teachers, inform policy makers, and build a
diverse workforce. At NCAR, we also recognize that the health of our institution depends on ensuring that those with aptitude
and determination have opportunities in the atmospheric sciences and that they are welcomed and nurtured, regardless of
gender, ethnic background, nationality, or physical ability.
NCAR addresses four broad priorities within this goal:
Priority 1: Engaging a Broader and More Diverse Community

At NCAR, we are committed to increasing the presence of underrepresented groups in our workforce, and to
creating an environment that welcomes a diversity of disciplines, ideas, scientific background, and
approaches to problem solving. With a rich array of disciplines and a broad outreach component that spans
all the laboratories, NCAR provides scientific information to stakeholders, policy makers, and the public.
Through international programs, convocations of physical and social scientists, educators, and a wide range
of disciplinary skills, NCAR demonstrates its commitment to engaging a broader community in the
atmospheric sciences. Read more about this priority

Priority 2: Enhancing Science Education

NCAR advances this priority through collaborations and relationships with visiting scientists, postdoctoral and
faculty fellowship appointments, and professional development programs. Read more about this priority

Priority 3: Improving Public Awareness and Understanding

This strategic priority and the previous one (enhancing formal science education) are not mutually exclusive;
indeed, they overlap in significant ways. Many NCAR conferences, colloquia, and workshops are advertised
and open to the public. These events enhance public awareness and understanding of the atmospheric
sciences by building human and institutional capacity to deal with climate issues. Read more about this
priority

Priority 4: Maintaining an Innovative and Creative Workplace

Our people are our most important asset, and we prize individual professional growth, effective teamwork,
and an organizational culture where all employees can realize their full potential and where achievements
are celebrated and rewarded. Read more about this priority
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GOAL 3, PRIORITY 1: ENGAGING A BROADER AND MORE
DIVERSE COMMUNITY
At NCAR, we are committed to increasing the presence of underrepresented
groups in our workforce, and to creating an environment that welcomes a
diversity of disciplines, ideas, scientific background, and approaches to problem
solving. With a rich array of disciplines and a broad outreach component that
spans all the laboratories, NCAR provides scientific information to stakeholders,
policy makers, and the public. Through international programs, convocations of
physical and social scientists, educators, and a wide range of disciplinary skills,
NCAR demonstrates its commitment to engaging a broader community in the
atmospheric sciences.
FY2007 Accomplishments
In Spring 2007, NCAR and the University of Colorado Diversity Initiative
collaborated on a workshop designed to engage graduate students in a series of
career planning activities for the express purpose of preparing them for
rewarding and productive postdoctoral opportunities in a broad spectrum of
science and engineering fields. The workshop was particularly aimed at engaging
participants from underrepresented groups in the geosciences. Fifteen graduate
students participated in the workshop, along with 15 presenters and panelists.
In addition to the above-mentioned effort, CCB has
continued to update its El Niño Web site, which
Click to enlarge. CCB has
ensures that the plethora of existing El Niño
continued to update its El
resources is put within easy reach of students,
Niño Web site, most
recently producing a
teachers, decision makers, etc. The updates include
Spanish version.
an extensive listing of links to El Niño information in
Spanish and, to a lesser extent, Portuguese, was
updated and expanded by CCB summer visitors, who coordinated biweekly
updates. Several PowerPoint presentations on such topics as El Niño Affairs and
Climate Affairs, created by CCB staff, were also translated into Spanish and
added to the site.
Also, a joint SERE/RAL program, the Weather and
Society * Integrated Studies (WAS*IS) continued in
FY2007. This program facilitates a grassroots
connection between meteorology and social science
through creation of an interdisciplinary community
of practitioners, researchers, and stakeholders who
are passionate about establishing this connection.
WAS*IS provides this community with opportunities
to learn and discuss related tools and concepts at
both national and international workshops–to date,
145 people have participated in these WAS*IS
forums.

Click to enlarge.Weather
and Society * Integrated
Studies (WAS*IS) continued
in FY2007. This program
facilitates a grassroots
connection between
meteorology and social
science.

With NCAR support, the UCAR Education and
Outreach (EO) office added new bilingual content (in English and Spanish) to its
educational site, Windows to the Universe. The Windows to the Universe
audience is now greater than 20 million users per year from around the world,
with about 25% of the users accessing Spanish-language sections of the Web
site. These resources were brought to the attention of bilingual science teachers
in workshops in the metro-Denver area, and at regional and national meetings
of science education organizations. And, as a result,
in November 2006, UCAR EO staff was invited to
present and share these bilingual educational
resources on at the Seventh Annual Convention of
Click to enlarge.The
Professors of the Natural Sciences in Puebla, Mexico.
“Windows to the Universe”
Also, a session at the Fall AGU meeting on
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website has added a large
amount of bilingual content.

Interhemispheric Collaboration on Geoscience
Education in Latin America was convened by the EO

team in early FY2006, and was followed by an AGU session at the Spring
meeting in Acapulco on Climate and Global Change Education and Capacity
Building in Latin America, co-convened by EO and IAI. Additionally, in June
2007, EO reps presented these resources to science educators in Santiago,
Chile, at the International Educared Conference, which was attended by
approximately 1,000 teachers from across Chile, and at a UNESCO science
education conference in Argentina, which included both a workshop and Sharea-Thon.

Click to enlarge.Twenty
NCAR female scientists
worked with 50 middle
school-aged Girl Scouts to
learn about science careers.

In September, the fourth annual workshop, Girl
Scouts at NCAR: Changing the Outlook on Science,
One Girl at a Time, brought 20 female scientists
together with 50 middle school girls. Co-organized
by NCAR’s Advanced Study Program (ASP) postdocs, NCAR scientists, and EO staff, the scouts had
a chance to explore science via hands-on activities,
links to World Wide Web resources on weather and
climate, and through stories about the scientists’
interests and careers in the atmospheric sciences.

EOL, HAO, and other NCAR staff participated once again in the Expanding Your
Horizons Conference at CU Boulder in February 2007. The annual conference
was held in the CU engineering center, with close to 200 girls in attendance
from schools along the Front Range. The Boulder Branch of the American
Association of University Women and the University of Colorado at Boulder
organize this event to encourage pre-teen and teenage girls to study math and
science, to increase their awareness of the options available in non-traditional
careers, and to meet women whose careers depend on math, science,
engineering, and technology.
NCAR scientists also participated in the Wonder of Science Saturday, an event
held at Boulder's 29th Street Mall, in September 2007. This event provided the
public with an opportunity to learn about different scientific organizations in the
area, and its primary focus was on science education of children and adults. EOL
performed a series of radiosonde weather balloon launches that gave people a
rare opportunity to learn first-hand about the technology used to capture
atmospheric profiles of pressure, temperature, relative humidity, and wind, and
view data collected in real-time.
Students at all levels are a critical audience that
NCAR serves. To the greatest degree possible, we
try to create opportunities for real-life work/learning
opportunities, particularly for students
underrepresented in the geosciences. As an
example, EOL saw fantastic response to its call for
applications to its Summer Undergraduate
Engineering program in FY2007. The lab received
almost 100 resumes from mechanical, electrical and
computer, aerospace, optical, environmental,
chemical, and industrial engineering students–15
from women, and six through the National Society
of Black Engineers. (The announcement was also
posted with the Society of Hispanic Professional
Engineers.) Four interns were hired, and worked
with EOL engineers in Summer 2007.
EOL also emphasizes inclusion of diversity in its
hiring practices and has instituted new internal
practices in FY2007 to ensure that a measurable and
fair process is followed for every new hire. Hiring
managers must complete a form outlining how and
where the job was advertised, what effort was made
to solicit applications from females and
underrepresented minorities, and justification for the
final interview pool and hire. Also, the EOL Women's
Group continues to bring together women at all
levels in the laboratory–mechanics, technicians,
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Click to enlarge.Public
outreach sometimes
happens in serendipitous
ways. Nick Potts, an EOL
Engineering Intern from the
University of Florida, stands
with John Handley, a train
conductor from Hickman,
Nebraska. Handley is
holding a dropsonde he
found hanging from a
telephone wire on his way
home from work one
morning in July. After taking
apart the dropsonde, which
was dropped from the
Driftsonde lauched in
Wyoming in preparation for
the T-AMMA field campaign,
he found the name of an
EOL Technician on some of
the components. A quick
web search and a phone
call later, and Nick Potts
headed off to Nebraska to
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administrators, scientists, data managers,
managers, etc., providing a forum in which women
can share experiences and discuss lab topics of
mutual interest.

meet with Handley and
retrieve the sonde. Later,
the sonde was found to
have critical data which
helped EOL engineers make
final adjustments for the
successful T-AMMA
campaign.

NCAR research and administrative staff again
supported the Significant Opportunities in
Atmospheric Research and Science (SOARS)
program, and other UCAR diversity activities. Twenty protégés from across the
United States and Puerto Rico completed the 2007 summer SOARS program.
Support for these new and returning protégés came from throughout NCAR, with
each of the five laboratories contributing at least one staff or scientist to serve
as a mentor. In total, 32 NCAR employees from nine different divisions
participated as research mentors, writing/communication mentors, or
community mentors.
During the past year, SOARS and CISL continued collaborating beyond the end
of the summer program, co-funding protégé Marcus Waldman to carry on work
with research mentor Siddhartha Gosh (CISL) during the academic year. This is
a promising model for establishing long-term relations between SOARS protégés
and NCAR laboratories.
The Societal Impacts Program (SIP), a joint RAL/SERE program aims to provide
information that decision makers require. In FY2007, SIP accomplishments
include completion of the Overall U.S. Sector Sensitivity Assessment, an
empirical assessment of the vulnerability of the major U.S. economic sectors to
weather variability. This assessment indicates that annual weather variability
causes approximately 3.4% or $260B variability in annual gross domestic
product. Building on this work, SIP staff initiated work on sector-specific studies
with an emphasis on assessing the use and value of current and improved
weather forecasts in addition to sectoral impact of weather. In 2007, this work
has been focused on the transportation sector.
In other research, an internet-based survey of 1520 U.S. households nationwide
was conducted to elicit information on people’s sources, perceptions, uses, and
values for weather forecasts. People’s understanding of, use of, and preferences
for weather forecast uncertainty information were also elicited in the survey.
Preliminary results indicate that the average household accesses weather
forecast information from various sources 115 times a month. Results also show
that a majority of people are willing to receive forecasts that contain uncertainty
information and that people have preferences for how uncertainty information is
conveyed.
Funding from the U.S. Voluntary Cooperation Program Contribution managed by
NOAA’s NWS International Activities Office was used to develop the “Primer on
Economics for National Meteorological and Hydrological Services”. This primer is
primarily intended for members of the weather community with the goal of
increasing their understanding of economic methods and their applicability in
evaluating both the impacts of national meteorological and hydrological services
(NMHS) and the associated benefits and costs of those services.
SIP members continued to lead efforts to integrate social science research in the
weather community, supporting activities to develop a social science research
agenda on the hurricane warning and forecast system (leading to a special issue
of Natural Hazards Review published in July 2007). Members were also
instrumental in publication of the first quarterly issue of Weather and Society
Watch, a newsletter aimed at building a stronger, more informed societal
impacts community.
FY2008 Plans for Strategic Priority 1
Among the FY2008 plans:
WAS*IS activities began FY2008 with a National Weather Service
(NWS) workshop in Kansas City, MO. This event brought together all
NWS employees who have gone through the WAS*IS workshop to
strategize ways to integrate social science into the NWS paradigm at
120+ weather forecast offices, as well as at the broader
organizational level. The SIP will also hold a WAS*IS workshop in
Boulder in Summer 2008, contingent upon funding. This workshop will
focus on building an interdisciplinary community of practitioners,
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researchers, and stakeholders, and include discussions of tools,
concepts, and methods related to integrating social science and
meteorology.
A proposal prepared for developing an El Niño Affairs program in
South America is being distributed to interested parties in the region,
in hopes of securing funds in FY2008.
In the coming year, EO will continue its efforts to promote use of its
educational resources by a diverse international community and by
individuals historically underrepresented in science. Toward this end,
EO will continue Spanish translation of educational resources EO Web
sites, including Windows to the Universe, and will continue to move
forward on collaborations with science education colleagues in Latin
America. In late 2007, EO will offer an expanded BSTARS program
with the support of the NSF Opportunities for Enhancing Diversity in
the Geosciences program. In addition to the one-day conference for
120 bilingual science educators, there will be a Saturday workshop
and distance learning course offered during winter and spring. This
year, additional program partners include the Colorado MESA (Math
and Science Excellence) program and Univision Colorado (Spanish
language News). If successful, this program should be scalable to the
national level through the national MESA program.
EO has also initiated a new Citizen Science program with support
from NCAR. One of our new Citizen Science campaigns, Measure Your
World, involves close collaboration with science educators in Chile and
Mexico to engage learners in three countries on a collaborative
project to estimate the Earth’s radius through international teams.
This campaign will began in late September 2007.
EO and ASP plan to continue to collaborate with the NCAR over the
coming year to implement the fifth year of the “Girl Scouts at NCAR”
program.
The new SOARS model of continuing interaction between science
students and mentors is a promising model for establishing long-term
relations between SOARS protégés and NCAR laboratories. SOARS has
set aside additional funds to co-fund other protégés to continue their
summer research with their host laboratory. Also, the NCAR Diversity
Committee is working in collaboration with UCAR to build upon the
success of the SOARS program to create NCAR opportunities for
graduate students and postgraduates from underrepresented groups.

Science: Strategic Goal 3
© 2007 UCAR | Privacy Policy | Terms of Use | Sponsored by NSF | Managed by UCAR | Webmaster | Provide Website Feedback
Postal Address: P.O. Box 3000, Boulder, CO 80307-3000 • Shipping Address: 1850 Table Mesa Drive, Boulder, CO 80305 • Contact

http://www.nar.ucar.edu/2007/science/cultivating/cultivating_pr1_overview.php[7/6/2015 3:10:35 PM]

NCAR Annual Report: 2007

Find People

NCAR Annual
UCAR
NCAR Report
UOP

CISL report

EOL report

ESSL report

RAL report

Contact/Visit

SERE report
Search NAR

Science: Strategic Goal 3
Director's Message
Table of Contents
About NCAR
Strategic Goals:
Science, Facilities &
Technology

GOAL 3, PRIORITY 2: ENHANCING SCIENCE EDUCATION
NCAR advances this priority through collaborations and relationships with visiting
scientists, postdoctoral and faculty fellowship appointments, and professional
development programs.
FY2007 Accomplishments
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Click to enlarge.The ASP
Summer Colloquium was
held 4-15 June 2007.
Morning lectures were
followed by afternoon
tutorials. Above, students
participate in a hands-on
computer tutorial.

The lynchpin in ensuring development of science
education opportunities at NCAR, for students and
scientists at the graduate level and above, SERE’s
Advanced Study Program sponsored 28 postdoctoral
fellows, providing each fellow with salary, travel and
relocation funds, benefits, and computer costs, as
well as administrative support. ASP also supported
nine graduate students through its NCAR Graduate
Fellowship (NGF) Program, Summer Colloquium
series and Graduate Visitor Program (GVP). NGFs
carry out their thesis research in full-time residence
at NCAR, while GVP fellows come to NCAR for visits
of three to 12 months in pursuit of their thesis
research.

For several decades now, SERE’s ASP has hosted at least one 2-week
colloquium every summer on an emerging science topic of interest to the NCAR
community. Designed for graduate students in a new or rapidly developing area
of research for which good course materials may not yet be available, the
colloquia have both a lecture component and a hands-on tutorial component.
This year’s colloquium, entitled “Regional Biogeochemistry: Needs and
Methodologies”, was hosted by an ASP postdoctoral Fellow, and included 50
graduate student attendees, and 41 presenters.
Beginning in 2003, ASP and the Early Career
Scientist Assembly (ECSA) began hosting an annual
Junior Faculty Forum at NCAR on future scientific
directions. The Forum targets two to three specific
topics of interest based on feedback from early
career staff from NCAR and the university
community. In FY2007, topics included: 1)
Geophysical and statistical challenges in
detection/attribution of regional climate change, and
2) Coupling terrestrial and atmospheric water
dynamics to improve predictability in a changing
environment. A total of 27 participants came to
NCAR to meet with ECSA staff, and to discuss and
to write papers on these topics.

Click to enlarge.The ASP
and Early Career Scientist
Assembly (ECSA) host an
annual forum on future
scientific directions at
NCAR. The objective of this
forum is to bring together
junior faculty and members
of NCAR's ECSA to discuss
selected topics in the
geosciences. Above are the
participants of the 2007
Junior Faculty Forum at
NCAR, held 9-11 July 2007.

During FY2007, NCAR also supported professional
development workshops offered by EO at venues
across the country, with an emphasis on the
National Science Teachers Association’s (NSTA) national and regional
conferences, and state-based professional development opportunities. These
venues allow large numbers of teachers to be reached at low cost, providing a
cost-effective approach to professional development. NCAR reached out to more
than 2,700 teachers through this program in FY2007.

NCAR also provides support for the office of the National Earth Science Teachers
Association (NESTA), a nonprofit educational organization of approximately
1,000 members (more than 90% are K-12 geoscience teachers) that works to
advance and improve Earth science education at all levels. NCAR support is
critical, as NESTA moves to provide services to existing members, as well as the
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broader Earth and Space Science education community.
Support from NCAR over the past year has also enabled EO to continue
development of the NCAR Online Education program, with an initial focus on
climate and global change through the Climate Discovery online course
sequence: “Introduction to Earth's Climate,” “Earth System Science: A Climate
Change Perspective,” and “Understanding Climate” (due Winter 2008). And, with
completion of the Sixth NCAR Undergraduate Leadership, which had just over 20
competitively chosen participants attending, more than 120 undergraduate
students have participated in this program since its founding.
CISL’s Summer Internships in Parallel Computational
Science (SIParCS) Program is a prototype
partnership between NCAR’s supercomputing center
and selected universities. It offers a significant
opportunity to make a positive impact on the quality
and diversity of the workforce needed to use and
operate 21st century supercomputers.
SIParCS targets students with a background in
computational science, applied mathematics,
computer science, or the computational geosciences.
The program endeavors to provide opportunities for
these exceptional students to gain practical
experience with a wide variety of parallel
computational science problems by working with the
high performance computing systems and
applications related to NCAR’s Earth System science
mission. Ultimately, SIParCS aspires to help address
shortages of trained scientists and engineers
capable of maintaining and using these high-end
systems to achieve the goals of 21st century
computational geoscience research. The internships
are 10-12 weeks in duration.

Click to enlarge.These
interns worked at NCAR in
the mutually beneficial
SIParCS program. The
CISL-based SIParCS
program challenges
students in applied
mathematics and
computational science to
help solve real-world
problems associated with
CISL's mission to support
the atmospheric and related
sciences. The students gain
valuable work experience,
and CISL is cultivating a
skilled workforce for future
supercomputing centers.

As is true for NCAR’s other labs, EOL is strongly engaged in science education at
all levels. EOL conducted a small pilot program that exposes local high school
students of high academic caliber to various EOL activities and specialized
projects. In FY2007, EOL hired a Boulder High School senior to work with data
collected from the driftsonde during the T-AMMA campaign in Africa last year.
In addition to our efforts with students of all ages, NCAR hosts numerous
national and international workshops and colloquia. Among them is Institute for
Mathematics Applied to Geosciences’ (IMAGe) Theme-of-the-Year (TOY), which
focuses on a particular area of the geosciences or applied mathematics that
impact NCAR’s scientific mission. The FY 2007 TOY focused on Statistics for
Numerical Models. Numerical models are vital to simulate geophysical, chemical,
and ecological processes and to understand the relationship among components
in the Earth system. As models have become larger and more complex, their
construction, validation, and analysis are no longer amenable to simple
approaches and statistical summaries. Statistical science has advanced in the
past 20 years to handle the interpretation of complicated multivariate, spatial,
and temporal data sets, and it is well suited to tackle the massive outputs from
numerical experiments that are now the norm in the geosciences. The goals of
this TOY are to match cutting-edge statistical methods to the needs of
geophysical model development and to make statistical scientists aware of the
particular scientific issues and research in the geophysical modeling community.

Click to enlarge.This
excerpt from an image of
total integrated global water
vapor was produced from
data generated by the
CCSM CAM3 model and
shows a well-developed
tropical cyclone over the

Additionally, many of CISL’s outreach efforts are
conducted through its Visualization Lab, a visual
supercomputing facility that supports collaborative
technologies, data analysis and visualization, and
theater-style presentations in wide-format, highresolution, stereo 3D. In FY2007, the Visualization
Lab staff continued its successful partnership with
NCAR’s Public Visitor Program and supported
approximately 180 presentations, AccessGrid
sessions, and general meetings involving over 2,100
participants (a 25% increase from last year). These
events included presentations to K-12 audiences,
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Indian Ocean. Animations
produced from images like
this are used in
presentations and other
education and outreach
efforts to help foster public
awareness and
understanding of the
atmospheric and related
sciences.

scientific and corporate visitors, and government
officials including VIP visitors from the National

Science Foundation, the Office of Management and
Budget, NOAA, the British Foreign Consulate, and
the Chinese Government, to name a few. The CISL
Visualization Lab also continued its important role as
an outreach liaison with film and television
organizations by providing a venue for television
interviews with NCAR staff and by developing digital
media that was used in productions by the Weather Channel, Seoul Broadcasting
System, NBC WeatherPlus, and the Discovery Channel, among others.
The last highlight for this priority is to note that at the first NSF Facilities Users’
workshop occurred in late September 2007 at NCAR (see Goal 5, priority 1 for
additional workshop details), as an education and outreach component, EOL
presented tutorials for students and early-career scientists on our facility request
process.

FY2008 Plans for Strategic Priority 2
Among the FY2008 plans:
In FY2008, ASP will make eight to 15 Graduate Visitor Program appointments,
will develop and host another summer colloquium and the annual Junior Faculty
Forum of Future Scientific Directions. ASP support will also be provided to the
AIMES Young Scholars Network (YSN). SERE/ASP plan to pursue joint projects
with the University of Colorado Diversity Initiative in areas of Postdoctoral
Preparation Workshops, and SERE will continue supporting the ECSA, as well as
individual early career scientists through administration of travel and visitor
programs. In addition, SERE/CCB will develop and expand research and
educational programs on climate and ethics by convening a high-level workshop
with Minority Serving Institutions in partnership with Dillard University located in
New Orleans, LA, and organize and convene a workshop designed to enhance
diversity in the geosciences.
CISL places a high priority on its SIParCS program, and will continue its
development in FY2008/2009. CISL plans to further broaden the candidate pool
by running an open solicitation for all positions. In FY2008, our budget for the
visitor program will increase to maintain eight to 10 summer intern positions
across CISL, and it also plans to further integrate visitor activities by including
travel support for a carefully chosen number of visiting scientists.
Based on the advice of the IMAGe advisory board and the support of NCAR’s
scientific community in the turbulence program, the next TOY will be titled
Geophysical Turbulent Phenomena. This program is co-directed by Annick
Pouquet and Professor Keith Julien (University of Colorado, Applied Mathematics
Department). In this effort, IMAGe will also partner with the Institute for Pure
and Applied Mathematics, an NSF Mathematics Institute. Planned 2008
workshops include:
Observation and Experimentation
Theoretical Methodology and Modeling
Computational Methods, Scientific Computing and Visualization
Turbulence Summer School for cross-disciplinary training in
mathematical, computational, atmospheric and ocean sciences
EOL’s pilot high school internship effort will, pending evaluation, also continue.
ESSL will begin two activities in FY2008, breakfast meetings between the lab
Director and young scientists will take place on a monthly basis; and, a targeted
program to get post-doctoral fellows acquainted at depth with large modeling
activities at NCAR will be the second focus. This latter will be progressively put in
place in conjunction with the NCAR directorate. This new program will initiate
momentum for the Earth System Model development and will be carried forward
for years to come.
Support from NCAR in FY2008 for education and outreach activities offered by
UCAR EO will support ongoing successful programs, as well as new initiatives
begun in 2007. The NCAR Undergraduate Leadership Workshop–the seventh in
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the series–is planned for June 16-20. NCAR will also continue to support the
NESTA office and journal. During 2008, the NCAR Online Education Climate
Discovery course sequence will be completed and offered in its entirety at least
once over the course of the fiscal year, and perhaps more frequently if staffing
and demand allows.
UCAR EO also continues to be committed to professional development
workshops for teachers across the country at NSTA meetings in Detroit
(October), Denver (November), Birmingham (December), and Boston (March),
as well as organizing and offering the AGU GIFT workshop for teachers in San
Francisco. These workshops will highlight our extensive resources in climate and
global change education, and International Polar Year-related resources, which
have been developed with NCAR’s support. Additional opportunities to offer
professional development workshops will arise over the course of the year, and
we will participate if staffing and funding allow.
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GOAL 3, PRIORITY 3: IMPROVING PUBLIC AWARENESS AND
UNDERSTANDING
This strategic priority and the previous one (enhancing formal science
education) are not mutually exclusive; indeed, they overlap in significant ways.
Many NCAR conferences, colloquia, and workshops are advertised and open to
the public. These events enhance public awareness and understanding of the
atmospheric sciences by building human and institutional capacity to deal with
climate issues.
FY2007 Accomplishments

Click to enlarge.The
Contribution of Working
Group I to the Fourth
Assessment Report of the
Intergovernmental Panel on
Climate Change is now
available for purchase from
the Cambridge University
Press.

Perhaps most notable of the FY2007
accomplishments under this priority is wide public
recognition of climate change as an issue, and the
publication of the AR4 report. In addition to the
CCSM, NCAR and our colleagues played significant
roles in generating this report. Our researchers
served as convening lead authors, lead authors, and
contributing authors. They reviewed various
chapters of the report and contributed to the
Technical Summary and Summary for Policy Makers
for the IPCC’s Working Groups 1 and 2. NCAR and
community research featured prominently
throughout the report, which garnered a huge
amount of media attention, and also led NCAR
researchers providing expert testimony to U.S.
Congressional committees, as well as briefings to
individual politicians.

Outside of the AR4 excitement, NCAR continued its
many efforts to raise public awareness of scientific
questions and techniques. For example, CISL
provided training workshops in NCL (NCAR Command Language), our open
source visualization software, running four workshops in FY2007: one at the Asia
Pacific Economic Cooperation Climate Center (APCC) in Bussan, South Korea,
and three at NCAR.
Many public visitors to NCAR come through our websites. With support from
NCAR and NSF Division of Atmospheric Sciences, new development efforts to the
Windows to the Universe Web site focused on the International Polar Year (IPY),
including a new “Earth’s Polar Regions” section that provides information about
the Earth’s poles, polar weather, and its association with Earth’s climate.
Additionally, “Postcards from the Field,” which provide reports from field studies
in near-real time (in English and Spanish) was expanded in FY2007.
During 2007, NCAR and its laboratories developed a
new website devoted to promoting its mission, the
work of its scientists, its many facilities and models,
collaboration and career opportunities, and the daily
offering of scientific events, seminars, and outreach
activities - to name just a cross-section of the
content. The NCAR website navigates seamlessly
with its laboratory websites, and allows visitors to
'drill down' for greater levels of detail within a
related family of websites.

Click to enlarge.The new
NCAR website promotes
NCAR's mission and
identity.

NCAR support also enabled development of a new
Citizen Science emphasis in EO during 2007. With
emphasis on youth and families, the public is encouraged to observe aspects of
their environment and share their results with others around the country to gain
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a better understanding of a scientific problem while becoming more engaged in
the natural world. The past year saw development of both Measure Your World
(mentioned above) and the Great World Wide Star Count (GWWSC). This latter
campaign, which began October 1, 2007, engages the global public in
observations of the night sky, and builds their understanding of the impact of
the built environment on star visibility.
FY2008 Plans for Strategic Priority 3
CISL staff expect to hear the outcome of an internal proposal to offer
one free yearly NCL workshop at qualifying UCAR member
universities, starting in FY2008. CISL staff also plan to offer two to
three local workshops, and have been invited to present one at the
Eurasia Institute of Earth Sciences in Istanbul, Turkey. Research will
be conducted to determine the feasibility of offering similar training
courses for PyNGL and PyNIO; this would most likely involve a
collaborative effort with experts from the University of Colorado who
already offer a Python scientific training course. It is important to
note that our community contribution in this area is not simply
training on the NCL tool: it is fundamental training in the important
practice of Earth system data analysis.
CCB’s Climate Affairs program continues to expand and be included in
educational activities around the world. Attempts to serve as a
catalyst to the development of climate, water, and/or weather
programs will be continued during FY2008 and FY2009. Also, as a first
step in building interest in the ECNU’s Coastal Affairs Center, ECNU
and NCAR will co-sponsor a conference in July 2008, bringing
undergraduates from universities around the world together to share
discussions, hear keynote speeches, and attend symposia on the
science, technology, and education issues that surround climate,
water, and weather.
During 2008, EO will continue its emphasis on informal science
education, leveraging the content and audience of the Windows to the
Universe site, and expanding its Citizen Science efforts. IPY Web
content, as well as climate and global change topics will be expanded,
and scientist use of the Postcards from the Field interface will be
promoted, so as to share more effectively the excitement of work in
the field with the public.
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GOAL 3, PRIORITY 4: MAINTAINING AN INNOVATIVE AND
CREATIVE WORKPLACE

Related Lab Annual Report Sections:
Goal 3, Priority 4
CISL Activities

Our people are our most important asset, and we prize individual professional
growth, effective teamwork, and an organizational culture where all employees
can realize their full potential and where achievements are celebrated and
rewarded.
FY2007 Accomplishments
In addition to broadening NCAR’s career development and leadership training
during the past year, FY2007 brought an even more expanded variety of training
programs to all staff. Additionally, the “Communicating Science” collaboration
within the institution continues to identify courses, workshops, and resources
that can help staff members to hone the oral, writing, and presentation skills
they require to clearly and engagingly explain their research and its value to
society to a broad range of audiences. A Communicating Science Journal Club,
which formed in Fall 2006, draws staff to bi-monthly meetings to discuss new
publications and reports that bridge science and education, pedagogy, public
outreach, and new communication technologies.
EOL is instituting an internal sabbatical for ladder-track scientific and
engineering staff, which is intended to increase their productivity through
uninterrupted research or laboratory work.
Sabbatical will allow researchers to pursue research
leading to publication, publication writing,
instrument development, development of major
science plans, and participation as scientists in a
field project. EOL staff might also use this time to
write, for example, one or more chapters of a thesis
or dissertation, depending on circumstances.

Click to enlarge. These
images show the extent to
which ambient light can
affect our views of the
nighttime sky. In the
Magnitude 1 chart, the
constellation Cygnus is
almost completely
obscured. In the Magnitude
7 chart, however, numerous
stars are clearly visible.
(Images courtesy UCAR
Office of Education and
Outreach.)

NCAR support also enabled development of a new
Citizen Science emphasis in EO during 2007. With
emphasis on youth and families, the public is
encouraged to observe aspects of their environment
and share their results with others around the
country to gain a better understanding of a scientific
problem while becoming more engaged in the
natural world. The past year saw development of
both Measure Your World (mentioned above) and
the Great World Wide Star Count (GWWSC). This
latter campaign, which began October 1, 2007,
engages the global public in observations of the
night sky, and builds their understanding of the
impact of the built environment on star visibility.

FY2008 Plans for Strategic Priority 4
NCAR will continue expanding its training and educational options to staff, and
the Communicating Science will build on its existing success. EOL will evaluate
its sabbatical plans, and share any insights gained with our Human Resources
department and the other NCAR labs.
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NCAR’s scientific research programs work to provide more accurate advance warning of extreme weather, more skillful
prediction of space weather events, and making better projections about regional impacts of global climate change. Toward this
end, NCAR provisions, operates, and maintains supercomputing facilities and cyberinfrastructure to advance our understanding
of the atmospheric and related sciences. Meeting the challenge of providing facilities sufficient for this research is fundamental
to NCAR's fourth strategic goal.
NCAR designs, develops, and maintains community models, modeling frameworks, and data analysis and visualization tools that
are openly available to the community. In addition, NCAR collaborates with the community on research activities in
computational science, applied mathematics, and geostatistics. These efforts are pursued with the aim of developing novel,
improved techniques for attacking key scientific problems and providing meaningful results for society.
NCAR's Computational and Information Systems Laboratory is a world leader in supercomputing and cyberinfrastructure,
providing services to more than 60 UCAR member universities, as well as NCAR and the larger geosciences community. CISL
also performs basic and applied research in IT, computational science, and mathematics.
NCAR addresses four broad priorities within this goal:
Priority 1: Enhancing Capability and Capacity of NCAR Supercomputing

The hallmark of supercomputing at NCAR has been provision of robust, reliable, effective, and efficient
production computing with state-of-the-art storage, data analysis, data visualization services and tools for
the user community. CISL increases the computational capacity available to our scientific community on a
regular basis. Peripheral resources that complement and supplement the high-end computing environment
are upgraded and enhanced as appropriate to match the growth in compute capacity. Read more about this
priority

Priority 2: Developing and Providing Advanced Services and Tools

For nearly 50 years, NCAR has provided a computational environment to satisfy the institution's overall
mission of providing robust, reliable, accessible, innovative, and advanced services to the university
community and the broader scientific community. NCAR also advances atmospheric science by creating
integrated software and data system services that are at the heart of today's state-of-the-art observing
systems. We provide classic computational services through our high performance computing production
environment with mass storage, network connectivity, data analysis, visualization, research data stewardship,
and data distribution services. In addition, NCAR continually evaluates opportunities to provide services
designed to enable Earth System science for the entire community of users such as TeraGrid integration,
experimental computing systems, and an Earth system knowledge environment. NCAR continually improves
its observational data products and services to increase overall functionality, accessibility, reliability, and
ease of maintenance. This work often has broad community impacts when the technologies are shared and
distributed to outside users and agencies. Read more about this priority

Priority 3: Conducting Research in Computer Science, Applied Mathematics, Statistics, and Numerical Methods

The research activity within CISL enhances the computational infrastructure at NCAR and supports more
efficient scientific computation and simulation. This research is necessary to maintain an innovative
computational facility and to lead the geophysics community in incorporating new numerical methods and
models. Given this broad priority, the research in CISL must span several disciplines and address
computational science at many levels. Integrated with the computational science are areas of applied
mathematics that include data analysis, models for multiscale processes, and techniques for assimilating
data into numerical models. Because these different elements are coordinated through a single Lab, there is
an easy transfer of technology and ideas from prototypes and theoretical results in IMAGe to implementation
and workflow issues in CISL, and finally into tools and models for the communities served by CISL. There is
also a valuable reverse transfer whereby emerging computational capability and data storage concepts spur
particular research that takes advantage of these features. Read more about this priority
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Priority 4: Creating an Earth System Knowledge Environment

NCAR continues to develop an Earth System Knowledge Environment (ESKE), new cyberinfrastructure that
combines models, data, experiments, collaborative tools, and information resources in a way that fosters
knowledge sharing and accelerates scientific workflow. NCAR is creating integrated, collaborative problemsolving environments that advance the community's ability to engage in research and scientific discovery.
Efforts span modeling frameworks, data and knowledge management and access, collaboration, and
analysis and visualization. Read more about this priority
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GOAL 4, PRIORITY 1: ENHANCING CAPABILITY AND CAPACITY
OF NCAR SUPERCOMPUTING
The hallmark of supercomputing at NCAR has been provision of robust, reliable,
effective, and efficient production computing with state-of-the-art storage, data
analysis, data visualization services and tools for the user community. CISL
increases the computational capacity available to our scientific community on a
regular basis. Peripheral resources that complement and supplement the highend computing environment are upgraded and enhanced as appropriate to
match the growth in compute capacity.
FY2007 Accomplishments
In January 2007, NCAR selected the University of Wyoming and the State of
Wyoming as foundational partners for creation of the expanded NCAR
Supercomputing Center (NSC). Leading up to this event, CISL managed all
aspects of the project discovery phase and prepared the broader community to
support a management decision to re-establish the NSC in a new location. In
particular, CISL facilitated the process of exploring partnerships to enable
construction of an expanded NCAR supercomputing facility by conducting
discussions with potential facility partners, performing technical and financial
feasibility studies of partner proposals, and supporting NCAR and UCAR
management in discussions of the project with members of the community, the
UCAR Board of Trustees, and NSF.

Click to enlarge. This is a
visualization of a coronal
mass ejection impacting the
Earth's magnetosphere.
These phenomena can have
significant impacts on
satellites, astronauts, and
systems ranging from GPS
to power grids. Significant
challenges in this field that
will benefit from petascale
computing include firstprinciples modeling of solar
convection and its
contribution to the 22-year
solar cycle, and crucially,
modeling the emergence of
magnetic flux from the solar
convection zone and the
conditions that lead to solar
flares and coronal mass
ejections. (Image courtesy
of Michael Wiltberger, NCAR
HAO.)

Subsequent to hosting the NSF-funded High
Performance Computing in the Geosciences
Workshop at NCAR in September 2006, CISL
provided geosciences researchers with an additional
interactive forum to discuss and debate community
high-performance computing requirements during a
Town Hall session at the Fall 2006 AGU meeting.
CISL personnel also presented their ideas and plans
to University Corporation for Atmospheric Research
members–which include representatives from each
of UCAR’s member universities–and its Board of
Trustees, to inform and get input from both groups.
CISL staff also assisted various University of
Wyoming and state officials with the preparation of
support materials and conducting the question-andanswer sessions with Wyoming legislators–required
for passage of the project-funding legislation. An
NSC Project Office was created within CISL, and the
staff assigned to this office is working with
University of Wyoming personnel on a joint proposal
to NSF to construct and operate the NSC.

Supercomputers–and supercomputing centers–are
required to investigate fully today’s complex
geoscience questions. Maximizing the efficiency of
these centers requires developing the concept of a
Grid that can federate computational resources,
data, and skill sets, forming a whole that is greater than the sum of its parts.
Because of the strategic importance of grid technology, NSF persuaded NCAR to
join the TeraGrid in FY2006.
As of FY2007, deployment of the NCAR TeraGrid node is complete, and focus
has shifted to preparing NCAR for its role as a TeraGrid resource provider.
NCAR’s TeraGrid node consists of the IBM Blue Gene/L supercomputer, a 100-TB
storage cluster, an Earth System Grid data server, and a visualization node, all
connected to a 10-Gbps hub switch that is connected to the TeraGrid wide area
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network.
In FY2007, CISL deployed the first phase of the
Integrated Computing Environment for Scientific
Simulation (ICESS), in which the IBM POWER4
computer was replaced by an IBM POWER5+
system. This increased the total computing capacity
at NCAR by more than a factor of two beyond
FY2006 levels. The increased computing capacity
has also increased the average rate at which data
are archived on the Mass Storage System (MSS),
from 50 to 75 TB/month. Associated data analysis
services are being upgraded to create a
comprehensive environment capable of supporting
low-end data processing through high-end
visualization. A high-bandwidth, high-capacity
shared file system has been installed to provide
users with a large local storage area that can be
used for advanced analysis and visualization needs.

Click to enlarge. Frost is
the 2,048-processor IBM
Blue Gene/L system at
NCAR. One quarter of this
resource has been allocated
to the TeraGrid, amounting
to 4.5 million CPU hours of
computer time annually.
The system has been in
production as a TeraGird
resource since August 1,
2007. Frost is attached to a
storage cluster, a
visualization node, and has
access to the multipetabyte NCAR Mass
Storage System. As a
TeraGrid Resource Provider,
NCAR is committed to
offering a network of
computational, data, and
knowledge resources to
multidisciplinary groups of
researchers, students,
educators, policy makers,
and impact and assessment
communities around the
world.

CISL staff organized and hosted the eighth biennial
session of Computing in Atmospheric Sciences
(CAS2K7). Computer experts, scientists, and
industry leaders gathered in Annecy, France during
September 9-13, 2007, to discuss the status and
future of high-performance computing for weather
prediction and climate modeling. The conference
provides the opportunity for supercomputing
industry leaders to hear about their customers’
needs and present their product roadmaps, for
scientists to exchange ideas and share experiences
about computing resources and applications, and for
data experts to discuss innovative methods for accessing, distributing, and
archiving data.

Click to enlarge. MMM's
Hurricane WRF model
output in netCDF format in
ArcMap overlaid with
demographic and
infrastructure data.

Also, a GIS Strategic Initiative, led by ISSE project
scientist Olga Wilhelmi, is an interdisciplinary effort
that integrates Earth system, environmental and
social sciences through spatial analysis and
interoperability of georeferenced information. The
initiative promotes and supports the use of GIS as
both an analysis and an infrastructure tool in
atmospheric research and to address broader issues
of geoinformatics and spatial data management. In
FY2007, the GIS Initiative staff worked toward
interoperability between weather and climate
models and GIS analysis tools.

FY2008 Plans for Strategic Priority 1
During FY2008, the IBM POWER5+ system will be replaced by an IBM POWER6
system that is expected to provide at least a 2.5-fold increase over FY2007
performance levels. This will keep CISL at or above the compute capacity goal
outlined its Strategic Plan. However, when installation of the POWER6 is
complete, the NCAR Mesa Lab machine room will be within 10 percent of its
operational power and cooling limits.
The increased computational capacity at NCAR, as well as the demand from
NCAR scientists to import data from external computational facilities and/or
observational field projects creates an increase in the demand for archival
storage. Detailed plans will be made to carefully map the MSS needs and costs
through the transition to the NSC. CISL plans to carefully examine MSS user
policies and requirements, and then engage storage vendors to propose an
overall solution to the MSS growth issues for 2008-2012 and perhaps beyond.
At a minimum, another library must be added to the MSS during both FY2008
and FY2009 to increase the total archival storage capacity available at NCAR.
Finally, CISL will deploy a large storage area network within the supercomputing
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environment to provide users with the most effective and efficient methods of
data management across the machines.
An allocation model for TeraGrid users–with quotas–has been established for the
NCAR MSS. CISL’s TeraGrid supercomputing resource, the Blue Gene/L, was
acquired with a Major Research Infrastructure (MRI) grant from the NSF in
spring 2005, and will be three years old in April 2008. It has been used to scale
models up to high levels of parallelism, but as Blue Gene/L ages, a replacement
system needs to be acquired to maintain a credible supercomputing presence on
the TeraGrid. CISL is therefore planning to acquire a follow-on system in the
FY2008 timeframe. This will allow CISL to better serve the supercomputing
needs of UCAR, the TeraGrid, and partner institutions in the proposed Wyomingbased NSC.
In FY2008, the GIS Initiative will continue to work on improving compatibility,
accessibility and accuracy of weather (i.e., WRF) models with GIS environment.
We plan to investigate conversion mechanisms between sphere-based models
and ellipsoid-based GIS data. Through participation in “The Potentials of and
Limits to Adaptation in Norway” (PLAN) project, we will work on integrating
quantitative and qualitative information in a GIS environment and, thus,
improving methodologies for assessing societal vulnerability and adaptive
capacity to climate change.
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GOAL 4, PRIORITY 2: DEVELOPING AND PROVIDING
ADVANCED SERVICES AND TOOLS
For nearly 50 years, NCAR has provided a computational environment to satisfy
the institution's overall mission of providing robust, reliable, accessible,
innovative, and advanced services to the university community and the broader
scientific community. NCAR also advances atmospheric science by creating
integrated software and data system services that are at the heart of today's
state-of-the-art observing systems. We provide classic computational services
through our high performance computing production environment with mass
storage, network connectivity, data analysis, visualization, research data
stewardship, and data distribution services. In addition, NCAR continually
evaluates opportunities to provide services designed to enable Earth System
science for the entire community of users such as TeraGrid integration,
experimental computing systems, and an Earth system knowledge environment.
NCAR continually improves its observational data products and services to
increase overall functionality, accessibility, reliability, and ease of maintenance.
This work often has broad community impacts when the technologies are shared
and distributed to outside users and agencies.
FY2007 Accomplishments
NCAR’s TeraGrid activities in FY2007 have already
resulted in a number of new and interesting
technical and scientific collaborations. NCAR
demonstrated co-scheduling of Blue Gene/L systems
with SDSC at Supercomputing 2006 in Tampa,
Florida. CISL’s TeraGrid system administration staff
has conducted tests of GPFS-WAN filesystem
performance with SDSC, and has set up a Storage
Resource Broker (SRB) instance with SDSC that
enabled the first cross archiving of data between
SDSC and NCAR to provide a semblance of disasterrecovery capability. This is being applied first to
CISL’s research datasets. This activity is also helping
to prototype Chronopolis, a strategic collaboration in
long-term digital preservation between NCAR,
SDSC, and others.
NCAR also continued to develop the next-generation
user interface for its new metadata database tool
and enhance its links to the Community Data Portal.
For more information on this effort, see Priority 4
below.

Click to enlarge. Blueice is
a supercomputer based on
the IBM POWER5+
processor and the High
Performance Switch
communication technology.
When it was installed, it
effectively doubled the highend computing resources
available at NCAR. CISL
bears the ongoing
responsibility to provide the
numerical simulation
community with resources
that offer the optimal
combination of
computational capability
and capacity that can be
used effectively. This facility
supports the NCAR strategic
priority of "Enhancing
capability and capacity of
NCAR supercomputing.

Data Assimilation (DA) refers to combining
observations with a numerical model to give an
improved estimate of a process or physical variable. NCAR has a large number
of researchers for whom DA is an essential part of their ongoing or planned
research. IMAGe’s goal is to develop general methods and software to improve
the DA usability for researchers. A centerpiece of this effort is the Data
Assimilation Research Testbed (DART), a software system that allows a scientist
to rapidly incorporate new models or new kinds of observations for assimilation.

An important activity is applying DART to specific science problems. During
FY2007, work continued on assimilating GPS occultation observations (COSMIC
program) and the application to the WRF single-column model. A highlight is the
successful assimilation of MOPITT instrument radiance observations using the
NCAR Community Atmosphere Model. The most important aspect of this
accomplishment is integration of the tracer transport within the model so the
advection is consistent with the model winds. Also, assimilation is directly based
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on a version of the satellite radiances, not on retrieved CO concentrations.
The NCAR Command Language (NCL) is a free, interpreted language designed
specifically for scientific data processing and visualization. NCL has robust file
input and output. It can ingest data in netCDF, HDF4, HDF4-EOS, GRIB1, GRIB2,
binary, and ASCII formats. The world-class graphical outputs are highly
customizable.
CISL officially released version 4.3.0 of NCL, and it is now available for download
from the Earth System Grid (ESG). The GRIB2 reader is the significant new
feature in this release. In addition, there are 14 new functions, 12 new color
tables, updates to 15 functions, four new resources, and many bug fixes. NCL is
a data processing and visualization tool of global importance to our user
community. For example, the NCL team recently trained NOAA staff on its use,
and just received an all-expenses-paid request to train scientific users in
Istanbul, Turkey.
Like CISL, EOL provides the university research community with many tools and
services it might not otherwise be able to afford or find. In 2007, development
continued on the EOL Metadata Database and Cyber Infrastructure (EMDAC). A
next-generation user interface has been created, which enhances links between
EMDAC and the UCAR Community Data Portal (CDP). EOL has also developed
tools to make it easier for EOL facilities users to manage their datasets via
EMDAC. EOL also provides users with information on using these tools. To
improve its efficiency, stability, and ease of use, EOL’s Mass Store Retrieval tool
will be incorporated into EMDAC.
Among other upgrades, EOL installed a Satcom system onboard the GV that
provides a new paradigm for operating and communicating with research
aircraft. The installation of the new Satcom system on the GV underscored the
importance of such communications capabilities on the C-130, which currently is
involved in the majority of field research requiring aircraft. We were recently
able to install a state-of-the-art Inmarsat Satcom system on the C-130, which
creates a bandwidth comparable to the GV.

Click to enlarge. Concept
drawing of the COSMO 1.5meter coronagraph and
dome. The telescope is a
simple tube structure on an
equatorial mount. The
diameter of the dome is
12.2 meters.

In FY2007, the ESSL/HAO Community Spectropolarimetric Analysis Center (CSAC) completed
development of the GRID Milne-Eddinton inversion
code (MERLIN), and the development and
implementation of data calibration/conditioning
software for the Diffraction Limited Spectropolarimeter (DLSP), the SST Spectro-polarimeter,
and the Hinode Spectro-polarimeter. These efforts
will provide data services – including data reduction,
inversions, and data visualization – to those
involved in the measurement and interpretation of
solar vector magnetic fields, a rapidly growing
community.

This year also saw improvements to the data
services offered through the ESSL/HAO to the
Mauna Loa Solar Observatory (MLSO). Observing
and processing software was modified to take high time-resolution (10 seconds)
of Mauna Loa Halpha images to meet the needs of a community joint-observing
campaign with Hinode, STEREO and other NASA missions. All of the Solar
Maximum Mission (SMM) coronagraph data were made available online, and
Mauna Loa observations were also added to community-based software
packages including SolarSoft, Solar Weather Browser and FESTIVAL, and the
community-based Virtual Observatory known as AstroGrid.
FY2008 Plans for Strategic Priority 2
CISL views its TeraGrid-related activities as strategic areas of development.
Testing and deployment of wide area, global parallel file systems will continue
using the storage cluster in NCAR’s TeraGrid node. Funding for the Visualization
and Analysis Platform for Ocean, Atmosphere, and Solar Researchers (VAPOR)
project runs out at the end of FY2008. Since VAPOR is considered strategic to a
petascale supercomputing environment that will produce multi-terabyte history
files, CISL is working to broaden the utility and appeal of VAPOR to new
communities, and we have included some support for VAPOR in the NSF Track-1
proposal. We will continue to pursue other proposal opportunities with the
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VAPOR team.
The application of DART to estimating concentrations of atmospheric
constituents will be expanded to the radiances measured by the MOPITT
instrument. This is the first step in DART becoming the data analysis core for a
satellite simulation facility, which will be pursued in collaboration with ESSL’s
Atmospheric Chemistry Division.
Plans for NCL and Python software development and support are largely based
on continuing dialogs with the scientific community and on results from a survey
conducted in FY2006. FY2008 goals are to release NCL, PyNGL, and PyNIO under
an open source license, release new features and science enablers, and continue
to provide high-quality consulting support and training services for the user
community.
In FY2008 and 2009, EOL will solicit feedback from the community to continue
evolving EMDAC to meet user requirements, and will enhance current
infrastructure to streamline overall internal data management activities. EOL will
also continue developing a single, integrated codebase for the Field Catalog,
which provides a secure and robust platform from which to plan future projects.
In the coming year the HAO CSAC will:
Begin the Milne-Eddington inversion of Hinode Data, including
implementing the genetic algorithm initialization for MERLIN, and the
GUI, as well as integrating the HINODE database
Implement LILIA (LTE Inversion based on the Lorien Iterative
Algorithm) detailed inversion
Generalize AZAM (azimuth ambiguity) to accept data from any data
source
Implement simulated annealing azimuth ambiguity resolution for
automatic processing
Host a community workshop to address community needs
Sponsor graduate student visits
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GOAL 4, PRIORITY 3: CONDUCTING RESEARCH IN COMPUTER
SCIENCE, APPLIED MATHEMATICS, STATISTICS, AND
NUMERICAL METHODS
The research activity within CISL enhances the computational infrastructure at
NCAR and supports more efficient scientific computation and simulation. This
research is necessary to maintain an innovative computational facility and to
lead the geophysics community in incorporating new numerical methods and
models. Given this broad priority, the research in CISL must span several
disciplines and address computational science at many levels. Integrated with
the computational science are areas of applied mathematics that include data
analysis, models for multiscale processes, and techniques for assimilating data
into numerical models. Because these different elements are coordinated through
a single Lab, there is an easy transfer of technology and ideas from prototypes
and theoretical results in IMAGe to implementation and workflow issues in CISL,
and finally into tools and models for the communities served by CISL. There is
also a valuable reverse transfer whereby emerging computational capability and
data storage concepts spur particular research that takes advantage of these
features.
RAL also makes significant contributions to this priority area through the work of
its Verification Group, led by Barbara Brown. In an effort to address the
limitations of traditional, relatively simple performance metrics, RAL has
developed new verification approaches and tools that provide more meaningful
and relevant information about forecast performance. The focus of this effort is
on diagnostic, statistically valid approaches, including object-based evaluation of
precipitation and convective forecasts and other approaches (e.g., distributionbased) that can provide more useful information about forecast performance.
Development and dissemination of new forecast verification approaches requires
research and application in several areas, including statistical methods,
exploratory data analysis, statistical inference, pattern recognition, and
evaluation of user needs.
FY2007 Accomplishments
RAL scientists are working to understand weather extremes, particularly with
regard to convection. Initial work in this area has focused on identification of
useful measures of large-scale environments that are relevant for severe
thunderstorm formation based on NCAR global model reanalysis data. These
data have been used to investigate trends in the large-scale environmental
characteristics, as well as spatial and extreme value distribution attributes. This
work has led to the identification of several statistical challenges/new areas for
research with regard to modeling extreme values in a spatial context;
addressing the issue of multiple comparisons inherent in working with gridded
data; and making inferences about changes in distribution parameters.
A more recent area of inquiry within RAL has been fueled by the U.S. Joint
Planning and Development Office’s mandate to transform use of the nation’s
airspace by 2025. Inherent in this charge is a rethinking of how weather data is
acquired, stored, and disseminated to the aviation community. While graphical
presentations of weather data are useful to human users, there is also a need
for machine-to-machine data dissemination to provide data to decision support
tools and systems that manage air traffic. The challenge is to provide fourdimensional weather data using standard formats for the request and delivery.
To address this problem, NCAR-RAL has teamed with MIT-Lincoln Labs and
NOAA-Global Systems Division to explore standards-based, net-centric data
access. The goal of this research is to create a virtual weather database
spanning more than one physical location, organization, and data system.
For the past decade, NCAR’s Geophysical Statistics Project (GSP) has led training
and research efforts that emphasize the synergy between the geosciences and
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the statistical sciences. Aside from basic methodological and theoretical
statistical research, GSP has had a strong training component, supporting from
four to six postdoctoral visiting scientists. In FY2007, a project reconstructing
Northern Hemisphere temperatures was completed based on the original proxies
of Mann Bradley Hughes. Uncertainty in the reconstruction is quantified using a
statistical ensemble that facilitates drawing complex inferences about decadal
maxima of the reconstructed series.
In another area, Space-Time Modeling of
Atmospheric Carbon Monoxide, a simple dynamical
model with stochastic components has successfully
assimilated carbon monoxide (CO) satellite retrievals
from the MOPITT instrument. This project is an
alternative to using more complex atmospheric
transport models, and it includes statistical standard
errors for the estimated concentrations.
The Method for Object-based Diagnostic Evaluation
(MODE), developed by RAL and ESSL/MMM provides
a new approach for diagnostic evaluation of spatial
forecasts that directly measures the performance of
the forecasts in terms of specific attributes – spatial
displacement, intensity, storm size, and so on – and
attributes may be designed to represent the use of
the forecast for specific applications. In 2007 MODE
was implemented as a tool in the DTC’s Model
Evaluation Tools (MET) and has been disseminated to

Click to enlarge.
Comparison of MOPITT
sensitivity to CO at the
surface and at 700 hPa.

the NWP community.

The RAL Verification Group has also organized and coordinated an
intercomparison project (ICP) for spatial forecast verification methods, involving
scientists from around the world who are developing new methods for evaluation
of spatial forecasts. The project will include applications of all of the methods to
the same real and idealized datasets, and comparisons of the capabilities of the
various methods, with a goal of determining which methods should be applied to
achieve different goals, and to identify the kinds of information that each
method can provide.
The NCAR reanalysis dataset has been analyzed to include two important severe
weather indicators, Convective Available Potential Energy (CAPE) and vertical
shear. Analyses of trends in CAPE, Shear, and functions of these variables, such
as CAPE x Shear, were applied to the global set of gridpoints included in this
dataset. The focus of this work has begun to shift to consider the evaluation of
convective extremes in projections of a changed climate. Output of the NCAR
Community Climate System Model (CCSM3), AB1 scenario, are being used to
represent the current climate and will be used to compare to results associated
with the reanalysis data. These analyses are being done in collaboration with H.
Brooks at the NOAA National Severe Storms Laboratory and P. Marsh at the
University of Oklahoma.
RAL engineers have instantiated a gridded weather products server using a Web
Coverage Service (WCS). Using the WCS specification, NCAR-RAL now
distributes a variety of three-dimensional gridded weather products including
analyses and forecasts of icing, turbulence, winds, and temperatures.
Additionally, the data available through the WCS services were exposed in a
catalog as an Open Geospatial Consortium Catalogue Service which allows the
automated discovery of data as it comes in and provides information about the
data that may be accessed through the WCS services. This includes information
such as the quality of the data, the organization that originally created or
gathered it, the data format in which it is available, and its geographic extent.
FY2008 Plans for Strategic Priority 3
FY2008 will see the analysis of computer models expanded to validation of the
Thermosphere Ionosphere Electrodynamic General Circulation Model climatology
with observations, and the functional data approach developed in combination
with the analysis of regional climate fields. The paleoclimate reconstruction
problem will be cast as a hierarchical model and estimated using Monte
Carlo/ensemble methods in the DART framework. The assimilation of CO with a
statistical model and parameter will also be integrated into DART and tested
using a long period of MOPITT retrievals and aircraft observations.
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MODE will be applied to additional datasets and types of forecasts. An initial
effort will be made to examine ensemble forecasts of precipitation from an
object perspective. MODE will also be applied to convective and precipitation
forecasts as part of NCAR’s program on Short Term Explicit Prediction. The
concept of user-focused verification will be further developed and presented to
the forecasting and verification communities. And a workshop will be held in the
spring for participants in the intercomparison project to begin discussion of
project results.
Techniques developed with the reanalysis data will be applied to output of the
CCSM3 to determine whether the characteristics of CAPE and Shear based on
GCM output for an unchanged climate are consistent with the characteristics of
these parameters in the reanalysis data. Subsequently (assuming consistency is
found), the parameters will be analyzed using CCSM3 output for changed climate
scenarios to study how the frequency and intensity of environments conducive
to severe weather activity can be expected to change under a future climate
scenario. The aim of this work is to determine the current distributions of
environments conducive to severe weather, and study how these environments
are changing.
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GOAL 4, PRIORITY 4: CREATING AN EARTH SYSTEM
KNOWLEDGE ENVIRONMENT
NCAR continues to develop an Earth System Knowledge Environment (ESKE),
new cyberinfrastructure that combines models, data, experiments, collaborative
tools, and information resources in a way that fosters knowledge sharing and
accelerates scientific workflow. NCAR is creating integrated, collaborative
problem-solving environments that advance the community's ability to engage
in research and scientific discovery. Efforts span modeling frameworks, data and
knowledge management and access, collaboration, and analysis and
visualization.
FY2007 Accomplishments

Click to enlarge. This is a
snapshot of the new
Community Data Portal
(CDP) homepage, which
now reflects a more
thematic interface to our
broad digital asset holdings.
We are currently developing
a next-generation Semantic
Web-based system, and
this thematic approach is
one step along that path.
The CDP has now grown
into what is commonly
referred to as a "science
gateway," where data,
models, tools, and
knowledge are managed
and made available for
community access. The CDP
serves as a primary
foundation for our
development of an Earth
System Knowledge
Environment (ESKE).

The Community Data Portal serves as our premier
institutional repository for data, models,
frameworks, IPCC analyses, and more. This portal is
cyberinfrastructure—a core capability on which the
whole institution relies. It provides sustainability by
allowing individual groups to publish and manage
their holdings while reducing redundant data service
development efforts across our organization. At the
recent CISL Strategic Retreat, we identified the CDP
as a core foundation framework for the ESKE.
The CDP currently hosts a number of models,
datasets, frameworks, analyses, and other scientific
holdings such as Daymet, ESMF, Megan, Mozart,
Rose, Socrates, TUV, the Earth System Curator, and
WACCM. In FY2007, we expanded CDP capabilities
so it now supports remote data upload/management
for field projects, and it has been used to good
effect in MILAGRO (Megacity Initiative: Local and
Global Observations), with ACME coming up soon.
The Cyberinfrastructure Strategic Initiative (CSI)
funding has served as either a strategic core or a
contributing element of CISL’s part in various funded
and unfunded CDP projects, including the:
Earth System Grid (DOE, climate data, IPCC)
Virtual Solar Terrestrial Observatory (NSF,
solar-terrestrial)

Cooperative Arctic Data and Information Service (NSF, polar data)
Global WMO Information System (WIS)
THORPEX Interactive Grand Global Ensemble (TIGGE)
GIS IPCC Portal
GoogleEarth/CDP Opportunity Fund project (CISL+ACD)
The CDP is an important part of outstanding proposals as well, such as the
Virtual Operations Center (NSF) and Chronopolis (NSF).

Click to enlarge. Concept
drawing of the COSMO 1.5-

The Earth System Modeling Framework collaboration
is building high-performance, flexible software
infrastructure to increase ease of use, performance
portability, interoperability, and reuse in climate,
numerical weather prediction, data assimilation, and
other Earth science applications. The ESMF defines
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meter coronagraph and
dome. The telescope is a
simple tube structure on an
equatorial mount. The
diameter of the dome is
12.2 meters.

an architecture for composing complex, coupled
modeling systems, and includes data structures and
utilities for developing individual models.

Led by ESSL/HAO computer scientist Peter Fox, the
Virtual Solar Terrestrial Observatory and Data
Systems and Solar-Terrestrial Informatics efforts are an integrative activity that
supports solar, solar-terrestrial, and space physics science carried out by HAO
and its communities. To date, emphasis has been placed on providing virtual
observatory access to HAO and community data holdings including data
integration, robust and high-performance web services for data query and
access, and re-use of existing underlying data infrastructures.
The Earth System Curator will be a set of tools, based on this extended ESMF
schema that allows modelers to archive and query models, experiments, model
components, and model output to test the technical compatibility of model
components, and to assemble and run multi-component models.
During FY2007, the ESMF and Earth System Curator efforts focused on secondround ESMF goals, on developing a system architecture, and on supporting
collaborations for the Earth System Curator. In particular:
ESMF build rework and performance optimization was completed to
satisfy the CCSM Stage 1 evaluation plan: quantitative criteria were
met.
National Unified Operational Prediction Capability (NUOPC) operational
partnership identified ESMF as the basis for the next global numerical
weather prediction system, target 2015.
The MAPL software toolkit, a usability layer for ESMF developed at
NASA, was used to couple GEOS-5, Modular Ocean Model 4 (MOM4),
and the MIT General Circulation Model (MITgcm).
The Earth System Curator project defines a distributed architecture
based on the Geophysical Fluid Dynamics Laboratory (GFDL) Runtime Environment, plus the NCAR CDP. The Curator project and the
Numerical Model Metadata (NMM) group at the University of Reading
collaborate to extend the NMM schema for the ESMF hierarchical
architecture.

The Earth System Grid (ESG) integrates
large-scale data and analysis servers located
at numerous national labs and research
centers to create a powerful environment for
next-generation climate research.
The ESG enterprise now:
Supports more than 6,000 registered
users from around the globe
Manages more than 180 TB of data,
models, and tools
Has delivered more than 300 TB of data

Click to enlarge. This map shows
the geographic locations of the
sites that use the Earth System
Grid (ESG) to acquire climate
simulation data, IPCC coupled
model results, the CCSM climate
model, and an array of analysis
and visualization tools. ESG
provides services to over 6,000
registered users around the world.

ESG is a source for the CCSM source code
distribution and for analysis and visualization tools. Both the ESG and CDP have
been refactored to leverage Java frameworks such as Spring and Hibernate,
which will provide significant improvements in maintainability and extensibility.
More importantly, ESG represents an opportunity. It is NCAR’s first service to
the TeraGrid: a Science Gateway. Leveraging the TeraGrid, we hope to expand
the community of users to include the Purdue Climate Change Research Center.
FY2008 Plans for Strategic Priority 2
CISL intends to leverage the CDP institutional repository to continue pursuing
and supporting various strategic endeavors such as WMO Information System
(WIS), THORPEX Interactive Grand Global Ensemble (TIGGE), and national
digital preservation efforts. We will continue to unify the cyberinfrastucture base
where we can harmonize technology across many different labs, projects, and
agencies to avoid stovepiping and redundant efforts. CDP is a cornerstone of our
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ESKE effort, and it will be used in the definition and development of that
unifying vision.
The collaboration between CDP and the Earth System Curator is mutually
beneficial, and is laying the architectural groundwork for a future Earth System
Knowledge Environment.
The ESG project will continue, thanks to a recently funded DOE SciDAC-2
proposal. The follow-on project, called ESG Center for Enabling Technologies
(ESG-CET), is an aggressive thrust that expands the original ESG to a global
scale, encompasses computation, and includes NOAA as a collaborating partner.
Throughout 2008, the ESSL/HAO Virtual VSTO project will continue to develop
and implement modern computer science and software engineering approaches.
These include, for example, rapid prototyping, agile development and design
iteration, extensive partnering with scientists, computer scientists, and
community developers, open-source development, publication, and
dissemination of current efforts, and best practices in solar-terrestrial research
and data sharing.
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Observations of our atmosphere, Earth system, and Sun are the basis for many scientific discoveries. The ability to make these
observations is fundamental to meeting the science goals of NCAR and the community we serve.
On behalf of NSF, NCAR develops and deploys world-class ground, airborne, and spaceborne observational facilities and services
that range from providing technical assistance on instrument deployment, to the organization of field campaigns with hundreds
of participants and multiple locations.
NCAR addresses three broad priorities within this goal:
Priority 1: Enabling Innovative Field Experiments and Measurement Campaigns

The accuracy, robustness, and performance of weather, climate, and chemistry models depend on sound
theory and accurate measurements. NCAR leadership in the area of field program planning and
implementation provides a critical service to the community, and we are proud of our achievements in this
area. The Earth Observing Laboratory maintains a large suite of NSF-funded state-of-the-art Lower
Atmospheric Observing Facilities to collect data that will advance understanding of atmospheric and Earth
processes in support of community research.
Maintaining flexibility and responsiveness, NCAR serves as the coordination point for scientific field
campaigns, offering services ranging from advice and consultation during the initial stages of planning to
field design and project implementation plans, tailored and specialized logistics support, the fielding,
operation, and maintenance of scientific instrumentation, real-time data communication, organizational and
operational management, and the coordination of educational activities. Read more about this priority

Priority 2: Developing New Instrumentation

Advances in research on weather, climate, the water cycle, chemistry and dynamics of the upper
troposphere/lower stratosphere, space weather and solar physics, and biogeosciences all require capabilities
that stretch beyond those provided by EOL’s current suite of airborne and ground-based instruments. NCAR
is tasked with developing a new generation of robust, inexpensive, easily deployable, and versatile
instrument systems to address the university community’s need for these instruments, which facilitate their
research efforts. Our extensive and talented scientific and engineering staff continually creates and test new
instrumentation for studying the links between atmospheric composition and the biogeosciences, with
systems for quantifying the surface-atmosphere exchange of gases and aerosols on whole-plant, wholecanopy, and regional scales using mobile laboratories and research aircraft. Read more about this priority

Priority 3: Installing Initial Instrument Suite and Beginning Operations of the NSF/NCAR Gulfstream V (GV)
Aircraft

FY2006 heralded the debut of the nation's most advanced research aircraft, the NSF/NCAR Gulfstream V (or
GV, formerly referred to as HIAPER). In FY2007, the GV began flying, performing its mission of serving the
National Science Foundation’s and our university community’s environmental research needs for the next
several decades. Read more about this priority
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GOAL 5, PRIORITY 1: ENABLING INNOVATIVE FIELD
EXPERIMENTS AND MEASUREMENT CAMPAIGNS
The accuracy, robustness, and performance of weather, climate, and chemistry
models depend on sound theory and accurate measurements. NCAR leadership
in the area of field program planning and implementation provides a critical
service to the community, and we are proud of our achievements in this area.
The Earth Observing Laboratory maintains a large suite of NSF-funded state-ofthe-art Lower Atmospheric Observing Facilities to collect data that will advance
understanding of atmospheric and Earth processes in support of community
research.
Maintaining flexibility and responsiveness, NCAR serves as the coordination point
for scientific field campaigns, offering services ranging from advice and
consultation during the initial stages of planning to field design and project
implementation plans, tailored and specialized logistics support, the fielding,
operation, and maintenance of scientific instrumentation, real-time data
communication, organizational and operational management, and the
coordination of educational activities.
FY2007 Accomplishments
In the early part of FY2007, the NSF/NCAR Facilities Assessment Team
developed an interactive database that will be populated with descriptions of
systems, platforms, networks, and emerging technologies that are provided by
community experts. Supported on a Web site, the database will provide
descriptive information on atmospheric science facilities and instrumentation in a
consistent, easy-to-read format as a resource for the broad atmospheric science
and related communities.

Click to enlarge. EOL
scientist Bill Brown does a
last minute check of
atmospheric conditions
before he launches a
sounding balloon off the
R/V Knorr during CLIMODE,
an experiment which
studied the loss of heat
from the North Atlantic sea
into the atmosphere.

EOL revised and updated its Virtual Operations
Center (VOC) proposal based on feedback from
reviewers and a Town Hall Meeting that occurred at
the annual American Meteorological Society meeting
in January 2007. In the summer of 2007, the NSF
modified the direction and scope for the VOC
proposal, recommending that it be a part of the MidSized Infrastructure (MSI) proposal process.
Preliminary MSI proposals will be solicited in the fall
of this year and the highest priority subset will be
asked to submit a full proposal in the spring of
2008, with awards expected by October 2008. We
intend to submit a revised VOC proposal under
these new guidelines and timeline.

Twice a year, EOL hosts
the Observing Facilities
Assessment Panel and coordinates among panel
members, PIs, facility providers, EOL staff, and NSF
to assess the feasibility and cost of NSF-funded field
projects. The OFAP is an NCAR-driven community
process that provides technical and operational
assessment of requests associated with the use of
NSF’s Lower Atmospheric Observing Facilities in the
field. The panel, which is composed of a diverse pool
of scientists with broad experience in observational
studies of Earth system sciences, meets at NCAR to
provide valuable feedback and evaluation to facility
managers and the user community concerning
experiment design, data management issues and
the appropriate and efficient use of NSF resources
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as related to a specific field campaign. OFAP
meetings occurred per usual in 2007.
Among the 2007 field programs that NCAR participated in are:
The Meteor Crater Experiment (METCRAX) program, which is
investigating the structure and evolution of temperature inversions or cold-air pools - that form on a daily basis in topographic basins
and valleys. As part of this research, a one-month-long field
experiment was conducted in October 2006 in Arizona's Meteor
Crater, a simple near-ideal topographic basin formed by the impact of
a meteor. In this basin, the physical processes leading to the buildup
and breakdown of temperature inversions and the formation of
atmospheric seiches (atmospheric oscillations in the basin caused by
wind disturbances at the basin crest) can be studied without the
difficulties introduced by more complex topography. In support of the
METCRAX experiment, EOL provided an integrated sounding system
(ISS) – a self-contained meteorological observing system – and seven
integrated surface flux facilities (ISFF).
Inhibition of Snowfall by Pollution Aerosols (ISPA 2006) – ISPA studies
the link between pollution aerosols and snowfall rates in the Mount
Werner area near Steamboat Springs, Colorado. EOL provided the
ISS-Multiple Antenna Profiler (MAPR) facility in early 2007 to obtain
temperature and humidity profiles with altitude, cloud top height and
temperature, depths of the snow layer, crystal fall speed and riming
extent. Data gathered from the experiment will be checked for quality
control and offered to the research community as a data product in
FY2008.
EOL supported CHATS (see project description under Goal 1, Priority
2), deploying an ISFF and the Raman-shifted, Eye-safe Aerosol Lidar
(REAL) in a walnut grove in Dixon, California during March and April
2007. Data gathered from the experiment was checked for quality in
FY2007 and will be offered to the research community as a data
product in FY2008.
The CLIvar MOde water Dynamics Experiment (CLIMODE)–The
CLIMODE project is another CLIVAR-related oceanographic project
that intends to clarify the effect of dynamics of 18-degree water
(EDW) by describing the formation, evolution, storage, dispersal and
large-scale consequences of EDW. The expected end result is a better
understanding of air-sea fluxes in high exchange regions of the ocean
and improved ocean physics parameters for inclusion into climate
models. In February and March of 2007, EOL deployed a shipborne
ISS to contribute to these measurements by providing basic wind and
thermodynamic profiles for the boundary layer by providing
measurements of vertical wind and Doppler spectra continuously
within over the oceans surface. Data will be made available in
FY2008.
The Pacific Atmospheric Sulfur
Experiment (PASE) took place in August
and September of 2007. EOL provided the
C-130 research aircraft to PASE
researchers, who are taking a
comprehensive look at sulfur chemistry in
a pristine marine trade wind system. The
base of operations for this experiment is
Christmas Island, Kiribati, a remote area
that offers a highly stable trade wind
inversion with little chance of
precipitation, high solar intensity and
horizontal winds constant in direction and
speed over several days.

Click to enlarge. The
NSF/NCAR C-130 flies by a
beach on Christmas Island
during the PASE project in
August, 2007.

In FY2007 ESSL/HAO continued to support development and operation of
community instruments in collaboration with the National Solar Observatory
(NSO), including spectro-polarmetric post-focus instrumentation at the NSO
Dunn Telescope at Sacramento Peak Observatory at Sunspot, NM. These
instruments provide detailed information on atmospheric and solar phenomena,
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which scientists use to improve their understand of space weather, as well as
the Earth and Sun system interactions. Details on the many exciting instruments
supported by HAO are available in the ESSL LAR.
FY2008 Plans for Strategic Priority 1
EOL is developing a strategic partnership with Colorado State University to
create a national radar facility. Both institutions support 10-cm, multiparameter
Doppler radars that will be jointly operated in this new partnership. A key
objective is to create a national test bed that other institutes and agencies can
use for research and education. The radars will be in continuous operation, and
university students will be encouraged to propose small (less than 20-hour)
projects for collecting thesis-related research data. In FY2008, the two institutes
will formalize plans.
EOL’s Facilities Assessment Team has begun asking community members to
submit information on instruments and facilities, and is asking them submit
revisions to resources already included in the database. Seven subcommittees
met separately in May to review the information submitted thus far. In late
September 2007, a larger community workshop followed the planned NSF
Facilities Users' Workshop to gain input on database and capabilities gaps. EOL
will continue to support maintenance of this Web site in FY2008/2009, and
thereafter.
The HIPPO study will measure cross sections of concentrations of atmospheric
and greenhouse gases approximately pole-to-pole, from the surface to the
tropopause, four to six times, during different seasons, over a 2.5- to 3-year
period beginning in 2008. The scientific questions motivating HIPPO focus on
understanding global sources and sinks for CO2, CH4, and other carbon cycle
gases, and more broadly determining large-scale rates of tracer transport in the
atmosphere. This experiment would not be feasible without the GV, and will
establish a new paradigm for facility allocation. It is the first time that NSF has
approved a multi-year allocation of an observational platform. Such allocations
may become more common with the GV.
EOL will provide driftsonde support for the proposed THORPEX Pacific Asian
Regional Campaign experiment in September of 2008. T-PARC is a multinational field campaign that addresses the shorter-range dynamics and forecast
skill over one region (Eastern Asia and the western North Pacific), and the
downstream impact on medium-range dynamics and forecast skill of another
region (in particular, the eastern North Pacific and North America). The
driftsonde and ELectra DOppler Radar (ELDORA) are two primary platforms that
have been requested for this experiment.
The Ice In Clouds Experiment (ICE-L) will begin in November 2007. The
objective of the ICE-L experiment is to show that, under given conditions, direct
ice nucleation measurement(s), or other specific measurable characteristics of
the aerosol, can be used to predict the number of ice particles forming by
nucleation mechanisms in selected clouds. The PIs also seek improved
quantitative understanding of the roles of thermodynamic pathway, location
within the cloud, and temporal dependency. The project, led by Andy Heymsfield
(NCAR), will be based at the Rocky Mountain Municipal Airport in Broomfield
Colorado. The NSF/NCAR C-130 and the Wyoming Cloud Radar will support the
project during November and December 2007.
In FY2008 Hector Socas-Navarro and the ESSL/HAO instrumentation group will
complete the Spectro-Polarimeter for Infrared and Optical Regions (SPINOR)
instrument in partnership with NSO, mating it to the new adaptive optics system
at the NSO Dunn Telescope at Sacremento Peak Observatory at Sunspot, NM.
SPINOR will allow researchers to make observations combining simultaneous
visible and IR spectro-polarimetry of the magnetic fields in the solar
photosphere and chromosphere, offering substantial scientific advantage over
the visible for studies of solar magnetism.
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GOAL 5, PRIORITY 2: DEVELOPING NEW INSTRUMENTATION
Advances in research on weather, climate, the water cycle, chemistry and
dynamics of the upper troposphere/lower stratosphere, space weather and solar
physics, and biogeosciences all require capabilities that stretch beyond those
provided by EOL’s current suite of airborne and ground-based instruments.
NCAR is tasked with developing a new generation of robust, inexpensive, easily
deployable, and versatile instrument systems to address the university
community’s need for these instruments, which facilitate their research efforts.
Our extensive and talented scientific and engineering staff continually creates
and test new instrumentation for studying the links between atmospheric
composition and the biogeosciences, with systems for quantifying the surfaceatmosphere exchange of gases and aerosols on whole-plant, whole-canopy, and
regional scales using mobile laboratories and research aircraft.
FY2007 Accomplishments
NCAR has completed a sophisticated gondola that
will be carried approximately 25 miles into the
atmosphere by a giant balloon and will support a 1meter solar telescope that will capture images of the
Sun's outer surface at a higher resolution than ever
before. The first flight, scheduled for October of this
year, will test the entire system including the
complex pointing control. Closer to Earth, NCAR's
adaptive sensor array wireless mesh network
communication system will allow deployment of
numerous low-power instruments in a variety of
complex environments.
In FY2007, an important milestone in the Sunrise
balloon-borne solar telescope project was reached
Click to enlarge. Secure
with completion of balloon gondola construction at
within its gondola, the
NCAR. This design and fabrication effort was a joint
Sunrise telescope hangs
suspended from its craneundertaking of ESSL's HAO and EOL. In October
like launch vehicle at dawn.
2007, the sophisticated gondola carried a 1-m(Photo by Carlye Calvin)
aperture telescope to stratospheric altitudes, where
it acquired the highest spatial resolution solar
observations ever obtained. Science flights of the full instrumentation are
scheduled to commence in 2009 in Kiruna, Sweden. This project is an
international collaboration with the Max-Planck-Institut fur
Sonnensystemforschung (Germany), the Kiepenheuer-Institut fur Sonnenphysik,
(Germany), the Instituto de Astrofisica de Canarias (Spain), the University of
Utrecht (The Netherlands), the Lockheed Martin Solar & Astrophysics Laboratory
(USA), and the University of Chicago.
Recently, HAO’s Coronal Multi-channel Polarimeter
(CoMP) instrument enabled a scientific breakthrough
by imaging, for the first time, Alfvén waves in the
solar corona. These waves were found in
observations of the Doppler shift of coronal plasma
in the coronal emission line at 1,074.7 nm. These
waves are important in that they may transport
energy from the turbulent photosphere and into the
solar corona and it could explain why the solar
corona is heated to a temperature of 1 million
degrees.
In FY2007, NCAR and our user community
collaborated to move the Community Airborne
Platform Remote-Sensing Interdisciplinary Suite
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(CAPRIS) development forward. CAPRIS will be a
new system within NSF/LAOF to serve observational

as Alfvén waves, by
tracking the motions of
coronal plasma (charged
particles and gas) around
the entire edge of the Sun.
In this series of images and
animations, NCAR's Coronal
Multi-channel Polarimeter
instrument, or CoMP,
captured the intensity of the
light emitted from the solar
corona (upper left), the line
width or spectral extent
over which the light is
emitted (upper right), and
the velocity (lower left). The
oscillations of the plasma
velocity are made clearer by
filtering the velocity data to
show only oscillations that
recur periodically every five
minutes. (lower right).
(Image courtesy Steve
Tomczyk and Scott
McIntosh, NCAR.)

needs of the climate, atmospheric chemistry, and
meteorology communities by providing an
unprecedented combination of coincident
observations of precipitation, winds, cloud
microphysics, water vapor, ozone, and aerosol at a
wide range of temporal and spatial scales. The suite
will work in conjunction with existing in-situ sensors
on NSF/NCAR C-130 and NSF/NCAR GV aircraft in
providing these observations. EOL has relied on
community involvement via seminars and town
meetings at various venues to seek community input
on the design and capabilities of CAPRIS. In January
2008, EOL will submit a pre-proposal for CAPRIS in
response to the midsize infrastructure solicitation
ESSL/ACD scientists are also involved in many of the
efforts described above to develop, improve,
operate, and maintain a large number of
instruments designed to measure trace gases, radicals, optical properties, and
aerosols in the atmosphere, including ground-based, aircraft, and satellite
instruments. Additionally, ACD scientists to improve and refine HIRDLS’
correction algorithms, making them more robust, and if possible developing a

physical basis for them that would assure that they would work under all
conditions. (When HIRDLS was launched on the Aura spacecraft in July 2004, a
thin plastic film from inside HIRDLS came loose and obstructed most of the
instrument's aperture, limiting the view to the atmosphere to a small fraction of
the width of the optical beam.) More information on HIRDLS effort is available in
the ESSL LAR.
In a significant move, The Advanced Technology Solar Telescope (ATST)
received the go-ahead from the National Science Board in FY2007. The ATST is
a large-aperture solar telescope project with a 4-meter diameter primary mirror
that will have a collecting area 16 times larger than the largest existing solar
telescope and will be able to operate at the diffraction limit thanks to an
advanced adaptive optics system. This project has been ranked by the Decadal
Survey of Astronomy and Astrophysics as the most important ground-based
initiative for the next decade. In FY2008, Michael Knolker and Hector SocasNavarro of ESSL/HAO will begin to support the construction phase of this major
telescope in partnership with the NSO.
Over the past several years RAL scientists and engineers have developed the
NEXRAD Turbulence Detection Algorithm (NTDA), a new approach to processing
data from the National Weather Service’s network of Next Generation Radars
(NEXRADs). By directly measuring the in-cloud turbulence intensity, the NTDA
will provide airline dispatchers, air traffic managers, and pilots an important new
source of information for tactical turbulence avoidance. In 2007, NTDA won final
approval from the NEXRAD Technical Advisory Committee (TAC) and the
NEXRAD Software Recommendation and Evaluation Committee, and the software
package has now been delivered to the NEXRAD Radar Operations Center.
FY2008 Plans for Strategic Priority 2
Now under way, a new NCAR Program in Atmospheric Composition Remote
Sensing and Prediction (ACRESP) will build on current ESSL/ACD-led satellite
missions and expertise in satellite remote sensing science, Earth System
modeling, and data assimilation. The first stage of the ACRESP Program will to
develop the Satellite Observation Simulator and Assimilation System (SOSAS)
capability in modeling and measurement of air quality. Parallel and related
efforts on air quality satellite instrument Observation System Simulation
Experiments, and chemical weather forecasts using existing satellite
observations. Work in these areas will continue into FY2008.
The Prominence Magnetometer (ProMag), currently under construction at HAO, is
an instrument specifically designed to perform high-precision spectropolarimetry of prominences and filaments. The instrument design was supported
by NCAR Opportunity Funds, and will observe in the HeI lines at 587.6 and 1,083
nm. We will install this instrument in 2008 at the prime focus of the 40-cm
aperture Evans coronagraph at NSO’s Sacramento Peak Observatory.
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Space limitations do not permit an extensive discussion of NCAR’s other
development efforts. However, the following projects are moving forward at a
minimum level:
Wind lidar
Compact Atmospheric Multi-species Spectrometer (CAMS) for the GV
NO/NOy for the GV
SATCOM products for the GV
High-precision carbon dioxide ratio instrument
High efficiency waveguide Difference Frequency Generation (DFG)
instrument
A water reference sounding system.
See http://www.eol.ucar.edu/development/current-developmentprojects for more detailed information.
Final testing and deployment of NTDA is expected to occur in Summer 2008. A
pilot program with United Airlines to test the uplink of the NTDA to the cockpit is
expected to be expanded.
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GOAL 5, PRIORITY 3: INSTALLING INITIAL INSTRUMENT
SUITE AND BEGINNING OPERATIONS OF THE NSF/NCAR
GULFSTREAM V (GV) AIRCRAFT
FY2006 heralded the debut of the nation's most advanced research aircraft, the
NSF/NCAR Gulfstream V (or GV, formerly referred to as HIAPER). In FY2007, the
GV began flying, performing its mission of serving the National Science
Foundation’s and our university community’s environmental research needs for
the next several decades.
FY2007 Accomplishments
PACific Dust EXperiment (PACDEX) – PACDEX represents the first true
deployment of the GV as originally envisioned. See Goal 1, Priority 1 for more
information on this project.
HAIS Instrumentation - In FY2007,
HIAPER Airborne Instrumentation
Solicitation (or HAIS) instruments
started to arrive for installation and
testing on the GV. The first of these
instruments (Small Ice Detector,
Click to enlarge. Stith, a principal
version 2 (SID-2H), HIAPER Airborne
investigator on the Pacific Dust Experiment
Radiation Package (HARP), and a
(PACDEX), was featured in a number of
interviews discussing how dust and pollutants Vertical Cavity Surface Emitting Laser
can interact with clouds. (Photo by Carlye
Hygrometer (VCSEL)) are operating in
Calvin)
PACDEX and making important
contributions to that project. In
addition to PACDEX instrumentation, Advanced Whole Air Sampler (AWAS), Fast
Ozone, Microwave Temperature Profiler (MTP), Ozone Photometer were delivered
in FY2007.
Cloud Radar - The GV cloud radar is an airborne millimeter-wavelength radar
that will serve the atmospheric science community by providing remote sensing
capabilities to the GV aircraft. During FY2007, we expect to complete the
detailed design of the receiver, begin the design of the data system and procure
a transmitter.
Laser Air Motion Sensor (LAMS) - EOL scientists and engineers have been
developing a new, high-accuracy, state-of-the-art wind velocity instrument for
the GV over the past year. This instrument utilizes measurements of Doppler
shifts in backscattered, near-IR laser radiation caused by the 3D wind field. It
will improve upon the accuracy of airborne wind velocity measurements over
current technology based upon differential gust probes. The accuracy for the
latter, which is severely compromised by aircraft flow perturbations, becomes a
particular problem on the GV. The new instrument solves this problem by
remotely detecting the wind fields well in front of the airplane, resulting in
anticipated flow velocity accuracies around 0.1 m/sec. In FY2007, EOL
anticipates completion of the single channel demonstration phase, including
airborne testing, of this new instrument on the GV.
The Microwave Temperature Profiler (MTP) – The Jet Propulsion Laboratory
(JPL) has been tasked with building a customized MTP for theGV. Julie Haggerty,
EOL/RAL, is working with JPL investigators to certify and install the sensor. The
MTP measures brightness temperature at multiple frequencies and elevation
angles; retrieval algorithms applied to the measurements yield temperature
profiles above and below the aircraft.
FY2008 Plans for Strategic Priority 3
EOL scientists are working with Gulfstream to develop four pylons similar to the
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two installed for PACDEX. Plans are to install these pylons in January 2008. EOL
also expects to add the large pods in 2008, but funds are unsecured.
Initial reports from PACDEX indicate that the plane is staying cooler than
expected, so the cooling system upgrade will be postponed until FY2009.
Development of optical ports is intended to be complete in FY2008, and EOL
plans include testing the instrumentation and infrastructure upgrades. One test
run occurred July 2007; the other is planned for February 2008. Further testing
of GV instrumentation will occur in 2008 after the quantum cascade lasers
(QCLs), chemical ionization mass spectrometer (CIMS), High Spectral Resolution
Lidar (HSRL), three-view cloud particle imager (3V-CPI), and GPS are delivered.
The Tropical Ocean Global Atmosphere (TOGA), and Time-of-Flight Aerosol Mass
Spectrometer (ToF-AMS) are scheduled to be delivered in FY2009, which means
an additional test period will likely be needed in late 2008 or early 2009.
EOL anticipates completion of the remaining electronic design, mechanical
design, fabrication and subsystem testing of the GV Cloud Radar in FY2008.
System integration will start in FY2008 and culminate in FY2009, with flight
testing to be completed in April 2009.
Upon completion of the Laser Air Motion Sensor single channel demonstration
and testing phase, EOL anticipates embarking on full development of a threechannel system for measurements of all three wind velocity components.
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NCAR publication & citation statistics. Click thumbnails for full-sized view.

Chart showing the highly
collaborative output of refereed
publications (source: NCAR data)."

Citation rankings for publications in
the Geosciences (source: ISI Web
of Knowledge, The Thompson
Scientific Corporation).

NCAR citation graphs for 5-year
intervals in the Geosciences
(source: ISI Web of Knowledge,
The Thompson Scientific
Corporation).

NCAR Refereed Publications for Fiscal Year 2007 (alpha. by title) top
522 Publication(s) for the time period 2006-10-01 to 2007-09-30
Group(s): CISL, SERE, RAL, EOL, ESSL
Class: Refereed
Status: Published; (alphabetical by title, NCAR Annual Report format)
Author Collaborations Summary:
UCAR Only: 120
UCAR & University: 116
UCAR & Other: 116
UCAR, University, & Other: 170

Legend:
1 = UCAR Only Collaboration, 2 = UCAR & University Collaboration, 3 = UCAR & Other Collaboration, 4 = UCAR, University, & Other Collaboration

Teng, H., W. M. Washington, G. A. Meehl, L. E. Buja, G. W. Strand, 2006: 21st century arctic climate change in the CCSM3 IPCC
scenario simulations. Climate Dynamics, doi: 10.1007/s00382-005-099-z.1
Chen, Q., J. Laminie, A. Rousseau, R. Temam, J. Tribbia, 2007: A 2.5 model for the equations of the ocean and the atmosphere.
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Message from CISL Director Al Kellie
I am proud to present the FY2007 Annual Report of NCAR's Computational and
Information Systems Laboratory (CISL). As you will find in this report, CISL has
completed another productive year and is well prepared to continue its research
and service mission to the atmospheric and related sciences. Our plans for the
future are organized by these five broad initiatives:
Replace NCAR's computing facilities to advance the leading edge of
geosciences simulation
Procure, secure, and deploy robust and highly capable cyberinfrastructure
that can support such advances
Strengthen and extend our research arm that enables geoscientists to
accomplish more
Develop and improve tools and research environments that extend the reach
of our communities of researchers
Ensure that our work remains meaningful to others in academia,
government, industry, and the general public
Specifically, our top priorities for FY2008 include:
Pursuing the expansion of the geosciences computing facility with our partners in Wyoming
Increasing our support of science with Breakthrough Computational Campaigns and TeraGrid-enabled applications
Stimulating rising talent in the computer sciences, applied mathematics, and statistics communities with research challenges in
geosciences simulation
Releasing and improving powerful new knowledge-based tools for production use by our constituents
Increasing the relevance of our work to science communities and society
The following overview points to highlights of CISL's 2007 report via links from the images.
Ready to break ground for the NCAR
Supercomputing Center:
CISL, with the support of the geosciences
modeling community, various advisory bodies,
and the NSF, has established a partnership
with the University of Wyoming, the State of
Wyoming, and Wyoming businesses to
develop a modern, energy-efficient NCAR
Supercomputing Center (NSC) in Cheyenne,
Wyoming.
This vision for the NSC is well aligned with the
NSF strategic plan and the NSF vision for
cyberinfrastructure. For example, CISL has
been prototyping future NSC operations
through our TeraGrid integration work. The
NSC project is driven by science and is being
proposed in direct response to the exploding
demand for both capability and capacity HPC
resources needed by Earth system science
researchers. Regional climate simulations of
the future with resolutions approaching 10-20
kilometers will require scaling up to petascale
resources.
Breakthrough Science initiative:
NCAR and NSF created a new level of
supercomputing resource allocation early in
FY2007. Before NCAR's newest and most
capable supercomputer was released for
production use, NSF program managers in
OCE and EAR, and the CISL HPC Advisory
Panel (CHAP) invited a small number of
researchers with successful records for using
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One of the many science drivers for NCAR's discipline-specific petascale supercomputing
center, this visualization of a coronal mass ejection impacting the Earth's
magnetosphere represents some of the significant challenges in this field that will
benefit from petascale computing capability. These include first-principles modeling of
solar convection and its contribution to the 22-year solar cycle, and crucially, modeling
the emergence of magnetic flux from the solar convection zone and the conditions that
lead to solar flares and coronal mass ejections. (Image courtesy of Michael Wiltberger,
NCAR HAO.)
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large amounts of processor hours to run very
large simulations. Because of its potential for
discoveries through simulation, this initiative
is named Breakthrough Science (BTS).
Six of the eight projects successfully used
their large allocations, consuming almost 3
million processor hours on blueice. At endFY2007, two of the six projects had submitted
papers for publication, and three others have
multiple papers in progress. Because of the
BTS successes, the NCAR Executive
Committee and CHAP both decided to
continue this practice of allocating large
amounts of computer time to a single project
at a time.
This is significant because it shows that CISL
can provide the necessary resources and that
university researchers are ready and able to
effectively use very large allocations for their
geosciences research.

Visualizations from a large-scale simulation conducted as part of the Breakthrough
Science initiative. Shown here are double diffusive convective motions organized by
ambient shear into alternating planar regions of rising and sinking fluid that contain
opposed horizontal flow patterns. This process depends heavily on the vast difference
between the molecular diffusivities of heat and salt in water, which renders the
simulation a computational grand challenge. Using 320,000 processor hours on blueice,
these simulations were the first to take full account of that difference and evolve to a
fully turbulent state. It is therefore the first simulation of the important and largely
unexplored natural phenomenon of saltwater turbulence. (Image courtesy W.D. Smyth,
Oregon State University.)

TeraGrid computing resources enter
production phase:
NCAR's IBM Blue Gene/L (BG/L)
supercomputer, named frost, became an
operational TeraGrid resource on August 1,
2007, and it is expected to provide 4.5 million
CPU hours annually to the TeraGrid research
community. In addition to the computational
resources, NCAR is also testing experimental
systems and services on the TeraGrid. These
include the wide-area versions of parallel file
systems from IBM and Cluster File Systems,
as well as a remote data visualization
capability based on the VAPOR tool, an open
source application developed by NCAR, the
University of California at Davis, and Ohio
State University under the sponsorship of the
National Science Foundation.
The NCAR TeraGrid integration effort in
FY2007 shifted from the equipment
acquisition and deployment phase that
dominated FY2006 to a new phase
characterized by security-hardening TeraGrid
components, CTSS software deployment,
testing, and migration, and integration of
accounting software. During this period,
testing of the storage cluster capabilities
expanded to experimentation with the
capabilities of grid technologies to support
wide-area parallel file systems and distributed
scientific visualization workflows. The effort
culminated on August 1, 2007 with the
successful deployment of the frost resource on
the TeraGrid.
Integrating math, statistics, and
geosciences:
IMAGe, the math institute housed within
CISL, strives to bring mathematical models
and tools to bear on fundamental problems in
the geosciences, and to be a center of activity
for the mathematical and geophysical
communities. Each year, IMAGe focuses on a
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The cover of the 2007 TeraGrid Science Highlights brochure showcases a visualization of
giant cell convection patterns beneath the surface of the sun. These processes, revealed
by a recently developed model that allows scientists to examine inner workings of the
sun that are hidden from any current observational technique, are being explored by
researchers at the University of Colorado and NCAR using terabytes of data that reside
at the Pittsburgh Supercomputing Center and the San Diego Supercomputer Center.
Using NCAR's TeraGrid network node and VAPOR software, this new ability to explore
remote data via the TeraGrid holds potential to significantly advance U.S. scientists'
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particular area of the geosciences or applied
mathematics that has an impact on NCAR's

ability to rapidly pursue research questions that demand large-scale resources. (Image
courtesy of Mark Miesch, NCAR HAO.)

scientific mission and develops a series of
workshops plus a summer school to that
theme. In FY2007, the Theme-of-the-Year
focused on statistics for numerical models.
This theme was undertaken with the goal of
matching cutting-edge statistical methods to
the needs of geophysical model development
and to make statistical scientists aware of the
particular scientific issues and research in the
geophysical modeling community.
In collaboration with the Statistical and
Applied Mathematical Sciences Institute
(SAMSI) and the Mathematical Sciences
Research Institute (MSRI), four modeling
groups at NCAR were engaged to present
their models and highlight potential statistical
connections at the first workshop. Several
collaborations between NCAR scientists and
statisticians at SAMSI and the broader
statistical community were begun, and the
results of these efforts were presented at the
second workshop. The next workshop focused
on random matrices. Finally, a summer school
program on the Carbon Cycle was hosted at
NCAR. These kinds of coordinated activities
have the potential to significantly increase the
multidisciplinary training of young scientists.
This also brings new mathematical
approaches to challenging geophysical
problems.
Frameworks to standardize large-scale
modeling efforts:
Again in FY2007, The Earth System Modeling
Framework (ESMF) has made significant
strides in helping researchers manage the
growing complexity of developing Earth
system models. Disparate model components
representing physical domains and processes
—for example, atmosphere, ocean, and sea
ice—are coupled into integrated systems to
create realistic simulations. These models are
computationally intensive and must run on a
variety of parallel-processor supercomputing
platforms. ESMF defines a set of standard
software interfaces and a set of highperformance tools for common functions.
Now in its fifth year, ESMF has transitioned
from NASA funding to multi-agency support
and is the technical basis for the DoD
Battlespace Environments Institute, the NASA
Modeling Analysis and Prediction Program,
and a host of smaller projects. The number of
ESMF science components in the community is
an important metric, since more standard
components mean more options for
researchers creating coupled systems. The
adoption of ESMF grew steadily this year, with
the number of available science components
growing from 36 at end FY2006 to 58 at end
FY2007.
Initiating the next generation of
computational scientists:
A formalization of CISL's summer internship
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Generated as part of research being conducted in IMAGe, this figure displays contours
of the posterior distribution of optimal calibration parameter values for the LFM model of
the magnetosphere for a 1997 geomagnetic storm. A space-filling statistical design was
used to choose a collection of values of the parameters (blue dots), and the resulting
model runs were used to fit a statistical model to the surface representing the
discrepancy between the LFM model output and satellite data from the date of the
storm. The goal of this research is not only to improve the model and our
understanding of the magnetosphere, but also to do so in a manner that uses
computational resources most efficiently.

This image shows some of the first ultra-high-resolution results (2/3-degree longitude
by 1/2-degree latitude) from the GEOS-5 atmospheric general circulation model coupled
via ESMF to a sophisticated NASA stratospheric chemistry package (STRAT-CHEM). The
GEOS-5 modeling and data assimilation system developed at NASA's Global Modeling
and Assimilation Office consists of over 24 ESMF gridded components that can be
coupled through the framework for a variety of applications, from atmospheric
reanalysis and weather prediction to coupled climate modeling. The coupling of GEOS-5
and STRAT-CHEM enables scientists to perform calculations with a variety of
interactions between the chemistry and the atmospheric radiation, large-scale dynamics,
and sub-grid parameterizations.
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efforts, the Summer Internships in Parallel
Computational Science (SIParCS) program is
a prototype partnership between CISL and
selected universities. SIParCS is sponsored
and administered by CISL to provide
opportunities for exceptional students with
backgrounds in computational science, applied
mathematics, computer science, or the
computational geosciences.

These interns worked at NCAR in the mutually beneficial SIParCS program. The CISLbased SIParCS program challenges students in applied mathematics and computational
science to help solve real-world problems associated with CISL's mission to support the
atmospheric and related sciences. The students gain valuable work experience, and
CISL is cultivating a skilled workforce for future supercomputing centers.

This new program offers a significant opportunity to make a positive impact on the quality and diversity of the workforce needed to
use and operate 21st century supercomputers. Ultimately, SIParCS aspires to help address shortages of trained scientists and
engineers capable of using and maintaining high-end computer and data systems—people desperately needed to achieve the goals of
future computational geoscience research.
In return, SIParCS provides a framework for interns to gain practical experience with a wide variety of parallel computational science
problems by working under the guidance of CISL mentors on HPC systems and applications relevant to NCAR's Earth System science
mission.
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Plan to expand the NCAR Supercomputing Facility (NSC) with Wyoming partners
In partnership with the University of
Wyoming, the State of Wyoming, and the
NSF, NCAR proposes to develop an expanded
NCAR Supercomputing Center (NSC) in
Cheyenne, Wyoming. The shared vision for
this project is summarized by the following
points:
The primary purpose of the NSC is to
enable Earth System science
discoveries.
The facility should be dedicated to
Earth system science problems.
Because environmental problems know
no boundaries, the NSC should serve to
broaden participation in this
geoscientific enterprise.
The facility should be world class and
built to last.
The NSC facility should be efficient and
as green to build and operate as
practicable.
Time is of the essence: many questions
have huge societal impacts and won't
wait.
This vision for the NSC project is well aligned
with the NSF strategic plan and the NSF
vision for cyberinfrastructure. The project is
driven by science and is being proposed in
direct response to the exploding demand for
both capability and capacity HPC resources
needed by Earth System science researchers.
Whether because of a need for greater model
resolution, increased model complexity,
better statistics, more predictive power,
longer simulation times, or a combination of
these factors, geosciences investigators are
clamoring for petascale computing, data
analysis, and visualization resources and
exascale data management capabilities.
Technology trends dictate that such
capabilities require the availability of a largescale computing center capable of handling
the multi-megawatt heat loads of future
systems. The size and infrastructure
requirements for the NSC have been
determined with these technology trends in
mind, and the conceptual design for the
facility will support the supercomputing needs
of Earth System science researchers for the
next two to three decades.
The NSC is designed to fit in with NSF's
larger CI vision and will help foster the
creation of a national petascale
cyberinfrastructure. The proposed facility is
sized to be a peer with other NSF Track-2
facilities and will thus be well positioned to
serve as a "geosciences stepping stone" to
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This is a visualization of a coronal mass ejection impacting the Earth's magnetosphere.
These phenomena can have significant impacts on satellites, astronauts, and systems
ranging from GPS to power grids. Significant challenges in this field that will benefit
from petascale computing include first-principles modeling of solar convection and its
contribution to the 22-year solar cycle, and crucially, modeling the emergence of
magnetic flux from the solar convection zone and the conditions that lead to solar flares
and coronal mass ejections. (Image courtesy of Michael Wiltberger, NCAR HAO.)

Hypoxia conditions off the Southern New Jersey Coast are set up by a combination of
topography and upwelling factors. This process illustrates the intimate connection
between biological, chemical, and physical processes in the ocean. (Image courtesy of
Dale Haidvogel, Rutgers University.) The coastal oceans are also challenging to
understand, being both complicated and complex not only physically, but also
chemically and biologically. An important computing goal for the future will be to
simulate regional oceanic ecosystem dynamics within the context of a unified Earth
system climate model. Future progress will depend on petascale computing and
associated technologies in the area of coastal ocean modeling and prediction.
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the NSF's multi-disciplinary, one-petaflopsustained Track-1 facility.

NSC partner selection
background
During FY2006 and early FY2007, NCAR and
UCAR personnel undertook an in-depth
analysis of all possible options for securing a
replacement facility for the aging NCAR ML
machine room. This rigorous review process
involved discussions with members of the
community, various institutional governance
and advisory bodies, NSF personnel, and
subject matter experts. It was determined
that pursuing new facility construction with a
partner is the most cost-effective solution for
meeting the ongoing high-performance
computing needs of the atmospheric and
related sciences.

(a) This 500,000-cell grid was derived from a fully heterogenous geological model
containing 2,388,015 hexahedral cells. It was developed for studying permeability
heterogeneity in sedimentary aquifers. (b) A region of the grid reveals details near two
passive wells. High-fidelity geological reservoir simulation tools improve our ability to
investigate longstanding problems in soil permeability. This model can be applied to
studies of enhanced oil recovery techniques and CO 2 injection. Underground CO 2
sequestration based on recaptured utility emissions is increasingly being advocated as a
viable approach for mitigating global climate change. This work indicates the crossdisciplinary synergy that can arise within a petascale computing facility dedicated to
Earth system science problems. (Image courtesy of Ye Zhang, University of Wyoming.)

Correspondingly, NCAR and UCAR initiated an effort to identify and explore possible facility construction partners, a process that
involved conducting each of the following:
Initial discussions with potential partners to outline the vision of the project and to determine initial interest in pursuing a
partnership arrangement
Technical feasibility studies of each potential partner institution to determine if a proposed partnership arrangement would
meet the project technical requirements outlined in the facility conceptual design plan
Financial feasibility studies of the offering made by each proposed facility partner that met the identified technical
requirements
The initial list of possible facility partners included:
Colorado School of Mines (CSM; Golden, Colorado)
Colorado State University (CSU; Fort Collins, Colorado)
IBM (Boulder, Colorado campus)
Sun Microsystems/Storage Tek (Louisville, Colorado campus)
University of Colorado at Boulder (CU; Boulder, Colorado)
During the initial discussions phase, most of these institutions expressed significant interest in at least hosting a facility. Some also
expressed interest in forming full partnerships with NCAR, involving not only intellectual collaborations but also providing financial
backing to the supercomputing facility construction effort. Sun Microsystems/Storage Tek declined to participate in further discussions,
and IBM was eventually removed from consideration when the company elected not to respond to the technical feasibility
questionnaire. While initial discussions were taking place with these five potential partners, a delegation from the State of Wyoming
contacted NCAR and UCAR representatives and expressed strong interest in the proposed supercomputing facility construction project.
After an initial meeting with NCAR and UCAR representatives to discuss the project, the Wyoming team was added to the list of
potential project partners.

Detailed FY2007 accomplishments
During FY2007, the Colorado School of Mines, Colorado State University, the University of Colorado at Boulder, and the University of
Wyoming and partners in the State of Wyoming all provided plans for a strategic partnership. All four institutions presented proposals
with compelling intellectual and research agendas. After reviewing the technical and financial feasibility responses received from CSM,
CSU, CU, and Wyoming, NCAR and UCAR determined that CU and the University of Wyoming were offering facility partnership
proposals with the greatest potential benefit to NCAR, UCAR, NSF, and the broader community. Over the course of a roughly two-tothree-month negotiating process, NCAR and UCAR staff reached agreement with both CU and the Wyoming team regarding the
financial and technical terms of the facility partnership offers being made. Regular briefings with NSF/ATM management and the UCAR
Board of Trustees were conducted during this same time to ensure that all entities remained fully apprised. In January 2007, NCAR
formally announced the selection of the University of Wyoming and the State of Wyoming as partners for construction of the NSC. The
Wyoming proposal was deemed to provide the best path forward for the community to gain access to the greatest amount of
computing at the earliest possible time. The proposed site for the facility is in the Front Range Business Park on the west side of
Cheyenne, Wyoming.
Throughout the remainder of FY2007, NCAR and Wyoming personnel held a series of formal and informal meetings to further discuss
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and develop ideas regarding the partnership plan. In April 2007, a retreat was held involving NCAR and University of Wyoming
personnel to engage in dialogue regarding the intellectual components of the partnership. NCAR and Wyoming personnel also met in
Cheyenne to begin discussing some of the technical aspects of the NSC construction process. During FY2007, NCAR project personnel
worked on developing construction cost estimates and analyzing impacts on the construction budget that may be caused by ongoing
volatility in materials and labor costs for commercial construction projects. In addition, the NCAR project team worked with the
University of Wyoming to assemble a comprehensive project proposal detailing the scientific and technical drivers for the project, the
partner selection process, and a comprehensive project management plan and budget for the NSC construction effort. NCAR personnel
are also developing requirements and a draft statement of work (SOW) to be released as part of the RFP for NSC architecture and
engineering services.

Impacts
The impacts of this project have broad significance. As envisioned, the NSC will be a key component of provisioning HPC resources for
Earth System sciences research well into the future. This large, complex project has involved five years of effort on the part of NCAR
personnel to arrive at this point and will require nearly four more years of work before NSC supercomputing resources will be available
for community use. NCAR plans to fully integrate the NSC into the NSF TeraGrid, and the project will be carried out within the
guidelines of the NSF Strategic Plan and the NSF cyberinfrastructure vision. The challenges presented to researchers to effectively
utilize petascale systems are immense, and the availabity of large-scale parallel systems to be provided by the NSC—coupled with
access to software engineering and parallel algorithm research expertise—are needed to ensure that investigators can prepare their
codes and simulations to run effectively on NSF Track-1 computing resources.
This work is supported by NSF Core funding.
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CISL Accomplishments in FY2007 and plans for FY2008
Strategic priority: Expand the capability and capacity of NCAR supercomputing facilities
Supporting projects:
Highlight project: Plan to expand new NCAR supercomputing facility with Wyoming partners
Reintroduction of liquid cooling for high performance computing
Followup reports on FY2006 facilities plans that are not featured this year:
Workshop on High Performance Computing for Geosciences Research
Workshop on Geoscience Application Requirements for Petascale Systems
Data center expansion advanced conceptual design
Chilled water system upgrade

Strategic priority: Cyberinfrastructure procurement and deployment
Supporting projects:
Production supercomputing
Supercomputer status
Production deployment of blueice supercomputer
Supercomputer special campaigns
Supporting supercomputer users
Highlight project: Breakthrough Science using blueice
Cybersecurity enhancement
Mass Storage System (MSS) improvement
Network engineering and telecommunications
UCAR Point of Presence (UPoP)
10 Gbps end-to-end technology implemented at NCAR
Mesa Lab and Foothills Lab WAN wireless upgrade
LAN wireless upgrade
Data analysis and visualization advancements
Highlight project: TeraGrid integration
TeraGrid accounting connector code
Experimental computing systems: Blue Gene/L
Followup reports on FY2006 cyberinfrastructure plans that are not featured this year:
Antarctic Mesoscale Prediction System (AMPS) on pegasus
LSF deployment
Fiber installation along bike path between two campuses
Cabling Foothills Lab Building 0
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Storage Area Network (SAN) deployment for CDP/ESG
CISL Portal

Strategic priority: Research in computational science and math for geophysics: TDD and
IMAGe
Supporting projects:
IMAGe research: New algorithms, tools, and geophysical models
Data assimilation research
Geophysical statistics project
Geophysical turbulence program
GTP contributions by visiting collaborators
Turbulence science: Numerical algorithms and code development
Highlight project: IMAGe theme for 2007: Statistics for numerical models
Numerical methods: Application of radial basis functions to modeling
Adaptive-mesh grid techniques for climate modeling on millennial time scales
Scalable numerical methods for partial differential equations
CISL research: Computational science
Numerical methods: HOMME
Improving scalability of CCSM components
Networking research projects and technology tracking
Layer 2 networking for researchers
Network Path and Applications Diagnosis (NPAD)
Scientific data compression research
Followup reports on FY2006 research plans that are not featured this year:
Numerical turbulence algorithms and code development
10G networking technology implemented at NCAR

Strategic priority: Toward an Earth system knowledge environment
Supporting projects:
The Earth System Grid Center for Enabling Technologies (ESG-CET)
The Virtual Solar Terrestrial Observatory (VSTO)
The Cooperative Arctic Data and Information Service (CADIS)
Highlight project: Earth System Modeling Framework (ESMF) and ESMF-based initiatives
The Earth System Curator
Research Data Archive
The Cyberinfrastructure Strategic Initiative and the Community Data Portal
The North American Regional Climate Change Assessment Program
Bringing new functionality to data visualization using Google Earth
Chronopolis: Federated digital preservation across space and time
Community tools and frameworks for geoscientific analysis and visualization
Visualization and Analysis Platform for Ocean, Atmosphere, and Solar Research (VAPOR)
Followup reports on FY2006 Earth System Knowledge Environment plans that are not featured this year:
SCD Portal (now CISL portal)
Grid-BGC
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Strategic priority: Cultivating a scientifically engaged citizenry: Education and outreach
Supporting projects:
Summer Internships in Parallel Computational Science (SIParCS) program
IMAGe Theme of the Year education and outreach
Computing in Atmospheric Sciences workshop
Vislab outreach program
Training in geoscientific tools
Conference outreach
Security administrators training
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NCAR strategic goals
CISL focuses on two of NCAR's five strategic goals:
1. Understanding the Earth and Sun System
2. Resilience to Weather, Climate, and Atmospheric Hazards

Strategic goals:
science, facilities
and technology

3. Cultivating a Scientifically Engaged Citizenry

CISL research catalog

5. Providing World-Class Observational Facilities

4. Providing Innovative Information Services

Download the NCAR Strategic Plan (1.2 MB pdf file)
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Research catalog
This is an archive of research conducted by CISL staff in
FY2007.
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Fournier, Aimé. Development of spectral-element and other

CISL research catalog

Graham, Jonathan Pietarila. Regularization modeling of

higher-order methods for atmospheric dynamics

turbulent flows
Mininni, Pablo. Energy transfer in hydrodynamics and
magnetohydrodynamics
Mininni, Pablo. Neutral and conducting flows inside a rotating
sphere
Pouquet, Annick and Pablo Mininni. Breakthrough
Simulations of Magnetohydrodynamics
Rosenberg, Duane. GASpAR development

Visualization of a bubble of hot air evolving as it rises through a
cooler medium. The computation that produced this image uses highly
accurate numerical methods and can be implemented on large,
massively parallel supercomputers.
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Breakthrough Science using blueice
In fall 2006, NCAR and NSF took an
opportunity to provide very large allocations
of computational resources to a small number
of geoscience researchers prior to the full
allocation of blueice, NCAR's newest and most
capable supercomputer. Proposals that could
use very large amounts of computer time
were solicited for computing allocations
available during February, March, and April
2007.
NSF program managers in OCE and EAR were
invited to nominate projects for their NSFsponsored research, including researchers
who may not have used NCAR
supercomputing resources in the past. The
CISL HPC Advisory Panel (CHAP) invited
researchers who had a successful record of
requesting and using large amounts of
processor hours. NCAR solicited proposals
from NCAR researchers who could use this
opportunity to move their science forward.
CISL reviewed all submissions for readiness
to use a very large allocation on the IBM
POWER5+ system. NSF selected five
university proposals, the CHAP selected one
university proposal, and NCAR selected two
proposals.

Visualizations from a large-scale simulation in which double diffusive convective motions
are organized by ambient shear into "salt sheets"—alternating planar regions of rising
and sinking fluid that contain opposed horizontal flow patterns parallel to the sheets.
(Also see 26 MB video in .mov format.) This process depends heavily on the vast
difference between the molecular diffusivities of heat and salt in water, which renders
the simulation a computational grand challenge. Using 320,000 processor hours on
blueice, these simulations were the first to take full account of that difference and
evolve to a fully turbulent state. It is therefore the first simulation of the important and
largely unexplored natural phenomenon of saltwater turbulence. (Image produced using
VAPOR, a visual data discovery environment developed at NCAR for very large data
sets. Image courtesy W.D. Smyth, Oregon State University.)

This initiative supports NCAR's strategic goal
to "Provide robust, accessible, and innovative
information services and tools" to the
university and NCAR communities. In
addition, the research performed supports
NCAR's strategic goal to "Improve
understanding of the atmosphere, the Earth
System, and the Sun."
Because of its potential for discoveries
through simulation, this initiative is named
Breakthrough Science (BTS).

Outcomes

This chart shows how blueice resources were used during the Breakthrough Science
initiative, by NSF program and NCAR.

Six of the eight projects successfully used their large allocations from February 2007 through May 2007, an extension of one additional
month. Three university projects requested additional resources to continue their computations in June and July. By the end of the BTS
initiative, six projects had consumed 2.6 million GAUs or almost 3 million processor hours on blueice. As shown in the pie chart,
university research sponsored by ATM and OCE programs consumed 23% of the resources, while EAR-sponsored research consumed
17%. A total of 63% of the BTS computational resources were delivered to NSF-supported university research.
Two of the six projects had submitted papers for publication by the end of FY2007, and three others have multiple papers in progress.
The sixth project is continuring to analyze the massive amounts of data they generated during BTS in preparation for publication.
University researchers are reporting that their use of these very large allocations is changing their expectations for the pace of
scientific progress that can be made through numerical simulations.
Among NCAR scientists the allocation of very large computational resources to a few research projects created a lot of interest. As a
result, in April 2007 the NCAR Executive Committee decided to devote 6% of NCAR's supercomputer resources (out of NCAR's
allocation) to one computational project at a time, usually for 4-5 months.
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Also because of the BTS successes, the university panel (CHAP) began a pilot experiment of allocating a large number of GAUs to a
single project at a time in April 2007.
CHAP will review the accomplishments of the BTS university projects when it meets in October 2007 and will evaluate the possibility of
continuing these very large allocations to university geoscience researchers who are performing NSF-supported research.
The BTS initiative has shown:
1. CISL can effectively provide very large amounts of computer time to individual projects while continuing to serve its diverse
research community.
2. University researchers are ready and able to effectively use very large allocations in the geosciences.
3. Invitations to participate in the BTS encouraged university geoscience researchers to think "big" in their simulations and
propose computational experiments that take five to ten times more computational resources.
4. BTS researchers generated large amounts of data and needed CISL's mass storage and visualization resources to analyze
and manage the output of their simulations.

Project plan for FY2008-09
In FY2008 and FY2009, CISL will again offer a few very large allocations for accelerated scientific discovery on its next installed
supercomputer. This program will be offered to university and NCAR scientists under the program name "Breakthrough Computations"
(BTC). Some of the key parameters of the BTC program for FY2008-09 include:
1. The next CISL supercomputer will be an IBM POWER6 computer named bluefire. The BTC initiative will run from September
through November 2008.
2. The BTC computational resources will be split between university and NCAR researchers in the atmospheric and closely
related sciences. The CISL HPC Advisory Panel (CHAP) will review the university requests and select the top proposals.
NCAR management will select the NCAR projects. The evaluation criteria will include computational efficiency and readiness.
3. Researchers will be given two to three months' advance notice so they can prepare and tune their models. Researchers will
be expected to benchmark their models on the IBM POWER5+, blueice, in the spring and on the new IBM POWER6 as soon
as it is available. CISL's Consulting Support Group will assign individual consultants to each selected project. This support
model worked well in FY2007.
4. At the conclusion of the BTC initiative, researchers will be expected to provide detailed progress reports on their scientific
accomplishments and publications that are being prepared. CISL will follow up with projects later in the year on the specific
papers that were published. These progress reports, publications, and other outcomes will be included in future annual
reports.

Sponsorship
The Breakthrough Science initiative was sponsored the National Science Foundation through the provision of computational and support
resources. The university researchers who used these resources were funded by NSF awards from ATM, OCE, and EAR. NCAR
researchers utilizing the BTS computational resources were also sponsored by the NSF.
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TeraGrid integration
The National Center for Atmospheric
Research (NCAR) has deployed a portion of
its IBM Blue Gene/L (BG/L) supercomputer,
named frost, on the TeraGrid. Frost has been
an operational TeraGrid resource since August
1, 2007, and is expected to provide 4.5
million CPU hours annually to the TeraGrid
research community.
The operational integration of the BG/L
system frost with the TeraGrid involved
extensive work by CISL. CISL engineers
deployed frost outside the UCAR security
perimeter after implementing extensive
security measures, installing TeraGrid
software, and automating the exchange of
accounting data between NCAR's accounting
system and the TeraGrid's.
In addition to the computational resources,
NCAR is also testing experimental systems
and services on the TeraGrid. These include
the wide-area versions of parallel file systems
from IBM and Cluster File Systems, as well as
a remote data visualization capability based
on the VAPOR tool, an open source
application developed by NCAR, the
University of California at Davis, and Ohio
State University under the sponsorship of the
National Science Foundation.
Operated in partnership with the University of
Colorado, frost is the second BG/L system on
the TeraGrid, joining the San Diego
Supercomputer Center's 6,144-processor
system. The NSF TeraGrid uses highperformance networks to integrate
supercomputers, data archives, and data
analysis facilities around the country. Its
coordinated work environment enables
researchers throughout the United States to
collaborate on especially challenging scientific
questions, and to process vast amounts of
data that would not be manageable on
smaller or isolated computing systems.
This effort supports NCAR's strategic
priorities of "Developing and providing
advanced services and tools" and "Engaging
a broader and more diverse community."
NCAR's participation in the TeraGrid is
supported through NSF Core funds and UCAR
Communications Pool indirect funds.

TeraGrid 2007 detailed
accomplishments
The NCAR TeraGrid integration effort in
FY2007 shifted from the equipment
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The cover of the 2007 TeraGrid Science Highlights brochure showcases a visualization of
giant cell convection patterns beneath the surface of the sun. These processes, revealed
by a recently developed model that allows scientists to examine inner workings of the
sun that are hidden from any current observational technique, are being explored by
researchers at the University of Colorado and NCAR using terabytes of data that reside
at the Pittsburgh Supercomputing Center and the San Diego Supercomputer Center.
Using NCAR's TeraGrid network node and VAPOR software, this new ability to explore
remote data via the TeraGrid holds potential to significantly advance U.S. scientists'
ability to rapidly pursue research questions that demand large-scale resources. (Image
by Mark Miesch, NCAR.)
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acquisition and deployment phase that
dominated FY2006 to a new phase
characterized by security-hardening TeraGrid
components, CTSS software deployment,
testing, and migration, and integration of
accounting software. During this period,
testing of the storage cluster capabilities
expanded to experimentation with the
capabilities of grid technologies to support
wide-area parallel file systems and
distributed scientific visualization workflows.
The effort culminated on August 1, 2007 with
the successful deployment of 25% of the
frost resource on the TeraGrid.

Frost is the 2,048-processor IBM Blue Gene/L system at NCAR. One quarter of this
resource has been allocated to the TeraGrid, amounting to 4.5 million CPU hours of
computer time annually. The system has been in production as a TeraGird resource
since August 1, 2007. Frost is attached to a storage cluster, a visualization node, and
has access to the multi-petabyte NCAR Mass Storage System. As a TeraGrid Resource
Provider, NCAR is committed to offering a network of computational, data, and
knowledge resources to multidisciplinary groups of researchers, students, educators,
policy makers, and impact and assessment communities around the world.

TeraGrid security
On October 22, 2006 frost was moved outside the UCAR security perimeter. Before this move could be contemplated, the operating
system on the frost front-end login and service nodes had to be hardened, or configured to minimize computer security vulnerabilities
to hacker exploits. Staff in CISL's Research Systems Evaluation Team (ReSET) also acquired equipment for setting up an intrusiondetection system.

TeraGrid user support
The CISL Consulting Services Group integrated its NCAR-based trouble ticket system with the TeraGrid Ticket system. As early as May
11, 2007, NCAR began receiving and responding to user support requests. In FY2007 NCAR also integrated its documentation of the
frost system with the overall TeraGrid documentation system.

TeraGrid CTSS software
The integration of the Cobalt scheduler on frost with the GRAM resource management system was completed by March 2007. By April
2007 the NCAR TeraGrid team had completed the initial installation of all the most important CTSS-3 TeraGrid software stack
components and began testing them. John White at SDSC was of great assistance installing and testing the INCA grid monitoring
package. This CTSS installation and testing phase was complicated by the migration of CTSS-3 to CTSS-4 during the summer of 2007.
CISL installed numerous CTSS independent subcomponents (kits), including Remote Login, Remote Compute, Data Transfer (e.g.
gridftp), Data Management, Wide Area Parallel Filesystem (e.g. GPFS-WAN), Application Development and Runtime Support, and
Science Workflow Support. The Parallel Application Support (e.g. MPI, MPICH-G2) kit was not supported because inherent limitations of
the BG/L system precluded it.

Integration of NCAR and TeraGrid accounting systems
Integration with the TeraGrid accounting system is a key requirement. The TeraGrid Connector Code (TGCC), a Java-based software
application developed by CISL, integrates NCAR's allocation accounting database with the TeraGrid Central Database. TGCC has
enabled NCAR to provide accounting information to the TeraGrid from its BG/L supercomputer and Mass Storage System.
TGCC accepts incoming packets from the TeraGrid that describe project and account requests and updates. TGCC then synchronizes
these with NCAR's accounting database and relays the resulting data to frost and the MSS. This mechanism provides access to the
system for authenticated TeraGrid users. The result is a virtually seamless ability for TeraGrid users to request NCAR's frost resource
via the centralized TeraGrid User Portal and allocation panel, then be automatically set up with access. Their usage is reported back to
the TeraGrid Central Database, which they can view on the TeraGrid User Portal.

Visualization node deployment
The NCAR TeraGrid visualization resource named "twister" was procured, security hardened, and deployed in February 2007. Twister
was used to provide VAPOR-based visualization services collaboration with researchers at the University of Colorado. Studies of the
solar interior were run at SDSC. Hundreds of gigabytes of data were created there by CU astrophysicists running the Anelastic
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Spherical Harmonic (ASH) model. These data were mounted at NCAR using GPFS-WAN and processed into a hierarchical storage
format by VAPOR software running on twister. Data in this form could then be visually explored by CU astrophysicists using a simple
laptop computer.

Other infrastructure improvements
In late FY2007, CISL made infrastructure improvements to ensure enhanced security, redundancy, and fault tolerance in our TeraGrid
cyberinfrastructure. These improvements include a 10 Gbps intrusion-detection system, additional disk to mirror critical system
components, and redundant power supply systems.

SRB connection and cross-archiving of priceless datasets
With the assistance of SDSC staff, NCAR installed the Storage Resource Broker (SRB) software necessary to begin backing up files to
the SDSC mass storage file system. The archiving of a portion of NCAR's Research Data Archive began in April 2007. The average file
size in these collections was just over 200 MB. To date 288,484 files have been transferred, amounting to 59.5 TB of valuable NCAR
data now duplicated at SDSC.

TeraGrid background
TeraGrid is an NSF-funded national facility that integrates computational and data resources and security, accounting, documentation,
and educational outreach services from resource providers (RPs) to serve the nation's science and engineering community. Common
services and integration processes and components are provided by, or in some cases coordinated by, the Grid Infrastructure Group
(GIG). The GIG is responsible for architecture, planning, managing, and enhancing the TeraGrid facility, providing a core set of
services, and coordinating RP staff through distributed service teams ranging from user support to security to education, outreach, and
training.
The objective of the RPs and GIG is to enable scientific discovery by providing integrated access to the highest-performance resources
available, integrated as a coordinated system that supports various use cases ranging from exploiting a single TeraGrid resource to
combining resources in specialized workflow or cooperative computing modes. Resource integration and enhancement efforts are
ranked through user input and evaluations of TeraGrid services as measured by operational, system, or service use metrics.
The set of long-term TeraGrid objectives toward providing cyberinfrastructure to national science and engineering researchers can be
expressed in three interdependent sets of activities.
TeraGrid DEEP encompasses a set of initiatives aimed at fully exploiting the integrated capabilities of the TeraGrid facility to support
scientific discovery that would not otherwise be possible. The GIG coordinates user support staff to provide both traditional user
consulting support and a program called Advanced Support for TeraGrid Applications (ASTA). ASTA assigns user support staff to
dedicate 25% of their time for 6-12 months assisting a science group to enable them to fully harness TeraGrid services and resources
as an integrated facility.
TeraGrid WIDE recognizes that, traditionally, NSF's high-performance computing infrastructure has focused primarily on only a small
fraction of the national science and engineering community. Thus, in addition to supporting a current and growing user community, the
aim is to provide TeraGrid services to many more scientists and engineers over the coming years. Such scaling requires a new model
for interacting with the community and for provisioning cyberinfrastructure: the creation of science gateways.
TeraGrid's broad-impact goals also extend to students and educators. TeraGrid's Education, Outreach, and Training (EOT) program is a
coordinated effort to raise the awareness of the benefits of TeraGrid within research and education communities across all disciplines
and all learning levels. The EOT team works closely with the science gateways to engage significantly larger numbers of scientists,
educators, and students, with an emphasis on reaching out to under-represented groups.
TeraGrid OPEN involves the provision of a persistent, reliable national cyberinfrastructure. The TeraGrid facility is architected as a set
of integrated services based on open standards wherever possible and embracing the heterogeneity represented by nearly 20 unique
major resources operated by TeraGrid RPs. OPEN also describes the approach to presenting TeraGrid to NSF and the community as a
truly extensible and adaptable facility.

Strategic overview
Continued operation of TeraGrid cyberinfrastructure is a strategic and ongoing activity for CISL. Subsequent out-year upgrades of the
TeraGrid infrastructure will be accomplished with CISL's research equipment budget. While modest, this investment should enable CISL
and NCAR to continue deploying resources of a scale sufficient to develop Grid expertise and learn vital lessons about providing
domain-specific Grid services to NCAR's scientific community.
In particular, plans are already in place to run a procurement process for a BG/L replacement system in FY2008. The procurement will
be a two-stage process. In the first stage, an RFI will be run to establish the feasibility of a procurement of this size with the
constraints on power, space, and cooling that will be available at NCAR's Mesa Lab facility after the deployment of the IBM POWER-6
system during the second phase of the ICESS procurement. Based on the information gathered in the RFI, the BG/L replacement RFP
is scheduled to be run in spring 2008.
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As new scientific collaborations and new services emerge on the TeraGrid, CISL will adapt the NCAR TeraGrid appropriately. A collateral
goal will be to develop a cadre of NCAR users willing and able to use the TeraGrid, then to use their experiences to guide the
development of both the NCAR node and the TeraGrid as a whole.

Project plan evaluation measures
In FY2008, NCAR intends to continue to operate the NCAR TeraGrid resource, offering 4.5 million CPU hours to TeraGrid users during
the year—25% of the resource. Accounting for these CPU hours is made in Service Units (SU) that are allocated by three committees:
the Large Resource Allocations Committee (LRAC) makes awards larger than 500,000 SUs, the Medium Resource Allocations
Committee (MRAC) makes awards of 0-500,000 SUs, and the Development Allocations Committee (DAC) makes awards of 0-30,000
SUs for new users and users investigating new architectures. NCAR's allocation plan for its BG/L during FY2008 is:
LRAC: 2M SU/year, 1M SU/meeting x 2 times/year
MRAC: 2M SU/year, 0.5M SU/meeting x 4 times/year
DAC: 0.5M SU/year
Building a TeraGrid user base for the BG/L system at NCAR while procuring a replacement system for it will be CISL's primary goals for
the TeraGrid activity in FY2008. Existing NCAR and University of Colorado users of the BG/L system will be encouraged to use it as
TeraGrid users. We expect that additional allocation cycles will lead to new external users with large allocations. In FY2008 the
following specific milestones will be met:
CISL will resolve the incompatibilities between the UCAR and TeraGrid security models that have prevented TeraGrid access
to the ESG data holding at NCAR.
NCAR accounting services will implement support for a new storage accounting model currently being developed by
TeraGrid working groups.
ReSET will complete the integration of a TeraGrid queue wait time prediction system.
Also in FY2008, NCAR will continue to develop a portfolio of TeraGrid-based scientific and technical partnerships. In particular, NCAR
has established partnerships with ORNL, PSC, and the University of Indiana for conducting Lustre-WAN testing with these TeraGrid
resource providers. This testing and development is expected to continue. A similar working relationship exists with SDSC regarding
GPFS-WAN and experimental pNFS filesystem deployment, development, and use.
NCAR will continue collaborating with SCEC and CU to leverage useful properties of VAPOR software. Once the security issues are
resolved—allowing ESG transfers over the TeraGrid's 10 Gbps fabric—CISL will continue with its ESG-over-TeraGrid federation
activities with ORNL, and will approach Purdue's Climate Center to develop new areas of collaboration in science gateway development.
NCAR will also pursue the development of a new science gateway in astroseismology in collaboration with NCAR's High Altitude
Observatory Division.

Impacts
The impacts of integrating with the TeraGrid are already occurring. In particular:
So far, both NCAR and the TeraGrid have learned from each other. For example, NCAR has provided important guidance for
how to integrate new resources. The TeraGrid has introduced NCAR to wide-area parallel filesystems such as GPFS-WAN.
Integration with TeraGrid has created new, and in many cases, unexpected opportunities for scientific collaboration. For
example, current collaborations with SCEC and CU would not have happened.
Domain-specific and multidisciplinary computing models can complement each other. This is illustrated through science
gateways activities such as the Earth System Grid.
The sum appears to be greater than the individual parts.
NCAR's access to and integration with TeraGrid resources will help ensure the consistency and integration of the NSF's
cyberinfrastructure plans, particularly between the Office of Cyberinfrastructure (OCI) and the Geoscience Directorate. The connection
itself is expected to increase the ability of NCAR scientists and geoscientists to collaborate using TeraGrid resources. The resulting
collaborations will likely center around data exchanges at first, but will inevitably expand into other aspects of scientific workflows such
as the sharing or coscheduling of HPC resources, like those demonstrated at SC06 in Tampa, Florida.

Sponsorship
TeraGrid activities at NCAR are supported by NSF Core funding.
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IMAGe theme for 2007: Statistics for numerical models
IMAGe's vision is to bring mathematical
models and tools to bear on fundamental
problems in the geosciences, and be a center
of activity for the mathematical and
geophysical communities. A central activity in
IMAGe is the Theme-of-the-Year (TOY)—an
annual focus on a particular area of the
geosciences or applied mathematics—that
has an impact on NCAR's scientific mission.
In FY2007, the TOY focused on statistics for
numerical models. Statistical science in the
past 20 years has advanced to handle the
interpretation of complicated multivariate,
spatial and temporal data sets, and it is well
suited to tackle the massive outputs from
numerical experiments that are now the norm
in the geosciences. The FY2007 theme was
undertaken with the goal of matching cuttingedge statistical methods to the needs of
geophysical model development and to make
statistical scientists aware of the particular
scientific issues and research in the
geophysical modeling community.
This effort supports the NCAR strategic
priority of "Engaging a broader and more
diverse community in the atmospheric and
geosciences," and it leverages three others
being advanced by IMAGe: "Improving
prediction of weather, climate, and other
atmospheric phenomena," "Conducting
computer science, computational science,
applied mathematics, statistics, and
numerical methods R&D," and "Developing
and providing advanced services and tools."
In cooperation and collaboration with the
Statistical and Applied Mathematical Sciences
Institute (SAMSI) and the Mathematical
Sciences Research Institute (MSRI), the main
activities of the 2007 TOY were a series of
three workshops and a summer graduate
workshop, all held at NCAR. These TOY
workshops dovetailed with SAMSI programs
on random matrices and computer models
and with the MSRI summer school program.
Four modeling groups at NCAR were engaged
to present their models and highlight
potential statistical connections at the scoping
workshop in November 2006. From that
starting point, several collaborations between
NCAR scientists and statisticians at SAMSI
and the broader statistical community were
begun, and the results of these efforts were
presented at a follow-up workshop in May
2007. In addition, there was a workshop in
May 2007 that focused on random matrices.
Finally, a summer school program on the
Carbon Cycle was hosted at NCAR during July
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This figure displays contours of the posterior distribution of optimal calibration
parameter values (alpha, beta, R) for the LFM model of the magnetosphere for a
geomagnetic storm that occurred on January 10, 1997. A space-filling statistical design
was used to choose a collection of values of the parameters (blue dots), and the
resulting model runs were used to fit a statistical model to the surface representing the
discrepancy between the LFM model output and satellite data from the date of the
storm. The distribution of optimal calibration parameters in the figure was determined
from this statistical representation of the discrepancy. The goal of this research is not
only to improve the model and our understanding of the magnetosphere, but also to do
so in a manner that uses computational resources most efficiently.
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2007.
For FY2008, the TOY will focus on geophysical
turbulence. Understanding turbulent
processes at a fundamental level is essential
to understanding the dynamics of the
atmosphere, the oceans, the planetary
boundary layer, and of the sun and solarterrestrial interactions. The 2008 TOY will
emphasize the fundamental aspects of
turbulence, but also team with the
experimental/observational and
numerical/modeling communities. A series of
three workshops and a summer school are
planned that will serve to promote synergy
and interaction between the different
communities involved.
This project is made possible through NSF
Core funding. Additional funds for FY2007
were supplied by NSF's Statistical and
Applied Mathematical Sciences Institute
(SAMSI).

This figure displays the response of the Thermosphere-Ionosphere Electrodynamics
General Circulation Model (TIE-GCM) to three parameters that describe atmospheric
tides at the lower boundary (AMP and PHZ) and variations of night-time ionization rates
(EDN). These figures were produced using a statistical emulator of the model,
constructed from an ensemble of only 30 model evaluations. This analysis has allowed
scientists working with TIE-GCM to verify the underlying code and to quantify the
effects of these three parameters on the model output, and, again, to do so in a
manner that uses computational resources efficiently.

These figures show the results of using statistical models to capture the stochastic
nature of cloud observations and to create a forcing time series to be used with a
single column model (SCM) focusing on the planetary boundary layer (PBL). The figures
show that the variability in wind speed (10 m above ground) and long-wave radiation
emitted from the surface, as a function of time, are similar to the variability from
observed clouds (solid curve). Several different statistical models are compared (colored
markers). The results are also compared with the observations when very cloudy days
are removed from the sample (dashed curve) showing the importance of outliers. This
research is allowing scientists at NCAR to study the nature of the PBL response to
clouds.
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Earth System Modeling Framework (ESMF) and ESMF-based initiatives
The Earth System Modeling Framework (ESMF) was motivated by the growing complexity of developing Earth system models. These
are constructed of separate software components representing physical domains and processes; for example, atmosphere, ocean, and
sea ice. The components, which are often developed at separate sites, are coupled into integrated systems to create realistic
simulations. An additional complication is that the models are computationally intensive and must be designed to run on
supercomputers with parallel processors. ESMF defines a set of standard software interfaces and a set of high-performance tools for
common functions, such as grid interpolation. Now in its fifth year, it has transitioned from NASA funding to multi-agency support and
is the technical basis for the DoD Battlespace Environments Institute, the NASA Modeling Analysis and Prediction Program, and a host
of smaller projects. More information appears on the ESMF website.
By creating a common
modeling infrastructure that
serves the climate and
weather domains and enables
the integration of Earth
systems with space weather
models, hydrological
components, and other related
domains, ESMF is a full
realization of the NCAR
strategic priority of
"Developing community
models for weather, climate,
atmospheric chemistry, and
solar-terrestrial research." As
it moves toward integrating
This image shows some of the first ultra-high-resolution results (2/3-degree longitude by 1/2-degree
the suite of scientific software
latitude) from the GEOS-5 atmospheric general circulation model coupled via ESMF to a sophisticated
at NCAR to better support
NASA stratospheric chemistry package (STRAT-CHEM). The GEOS-5 modeling and data assimilation
science workflows, ESMF is
system developed at NASA's Global Modeling and Assimilation Office consists of over two dozen ESMF
gridded components that can be coupled through the framework for a variety of applications, from
fulfilling the NCAR strategic
atmospheric reanalysis and weather prediction to coupled climate modeling. The coupling of GEOS-5 and
priority of "Creating an Earth
STRAT-CHEM enables scientists to perform calculations with a variety of interactions between the
system knowledge
chemistry and the atmospheric radiation, large-scale dynamics, and sub-grid parameterizations. (Image
courtesy of the GEOS-5 team at the NASA Global Modeling and Assimilation Office.)
environment." Looking beyond
NCAR, ESMF is a realization of
the goals expressed by the broader community to develop cross-institutional and cross-agency infrastructure that enables them to
collectively reuse software and exchange components.

Project description
ESMF components are arranged in a hierarchical structure to form applications. Exchanges are facilitated both for large, composite
components, such as an atmospheric model, and for smaller components such as particular physics parameterizations.
The current ESMF distribution contains:
Tools for building scientific components and couplers, and a set of low-level utilities for common modeling functions such as
calendar management and data redistribution
Concurrent or sequential execution, single or multiple executable modes
Support for configuring ensemble members sequentially or concurrently
Fortran interfaces and complete documentation, some C++ interfaces
ESMF supports IBM, Cray X1, SGI, Linux, Mac, and other platforms.

Timeframe for the project
ESMF is now in its fifth year and has started its second funding cycle under NOAA, NASA, DoD, and NSF sponsors. In the next three
years, the ESMF group anticipates two major release increments: ESMF 4, focusing on rework and extensions to the grid representation
and regridding software, and ESMF 5, focusing on consistency and standardization of interfaces.

Accomplishments in brief for FY2007
The number of ESMF science components in the community is an important metric, since more standard components mean more
options for researchers creating coupled systems. The adoption of ESMF grew steadily this year, with the number of available science
components growing from 36 at end FY2006 to 58 at end FY2007.
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One of the major accomplishments of the year was successful completion of a beta test of a coupled, ESMF-based COAMPS-NCOM
application. The atmospheric portion of COAMPS (Coupled Ocean Atmosphere Mesoscale Prediction System) is in operational use at the
Navy Fleet Numerical Meteorology and Oceanography Center (FNMOC) and Regional Centers. Coupling it to NCOM (NRL Coastal Ocean
Model) improves the predictive capability of the system at high resolution. The coupling was accomplished within the ESMF component
architecture, using the ESMF sparse matrix multiply for regridding. It is anticipated that the coupled system will be transitioned to
FNMOC beginning in FY2008.
Another application milestone for FY2007 was that ESMF successfully passed Stage 1 of its Community Climate System Model (CCSM)
evaluation in May 2007, demonstrating minimal component changes relative to the base code, less than 5% overhead in time to
solution, and comparable memory usage for standard configurations. The Stage 2 plan was approved by the CCSM Scientific Steering
Committee in Septemmber 2007.
An initial implementation of a more general Grid class, capable of representing curvilinear and (with effort) multi-tile grids, was
included in ESMF beta version 3.0.3, released in July 2007. Designs for unstructured grids and a generalized regrid operation have
been through their first reviews and have been successfully prototyped. Many elements across the framework were standardized,
including treatment of datatypes, aspects of error handling, and initializations. The team removed extraneous files and documentation
files from the distribution, which made it significantly more compact (about 1/10 its previous size).
On the programmatic front, NOAA joined NASA, DoD, and NSF as a sponsor of the ESMF Core Team. A proposal funding a NOAA ESMFbased Modeling Architecture (NEMA), with support for both development and applications, was awarded in June 2007 with $600K over
three years for the development team. The DoD High Performance Computing Modernization Office, sponsors of the Battlespace
Environments Institute (BEI), has provided $1.5M in additional funding over the next three years for the ESMF team through BEI.
Efforts will initially focus on developing C interfaces and integrating newly redesigned, more general grid and array classes with higherlevel classes in the framework.

Plans in brief for FY2008
ESMF will continue to track adoption efforts carefully and will put user surveys online so information can be easily and regularly
collected from customers. Progress is expected on the CCSM Stage 2 evaluation plan, but it is unlikely to be completed during FY2008.
The ESMF team will focus on completing the implementation of structured grids, releasing a general, parallel, online regridding
capability, and delivering software for the representation of unstructured grids. The location stream (observational data stream)
software contributed by NASA Goddard will be integrated into the new ESMF grid software. Usability goals include decreasing the
number of open bugs by half and developing C interfaces.

Detailed accomplishments for FY2007
During FY2007, the ESMF team made significant advances in community adoption; training, support, and outreach; software
development; and organizational maturity.

Advance community adoption
Means, strategies, and actions:
Assist in the development of new, coupled ESMF applications and the transition of these applications to routine use and operations.
Measures of success:
Number of ESMF components available.
Number of ESMF applications in routine use or operations.
Actual performance, outputs, and outcomes:
There are now more than 58 ESMF components available, a significant increase over the 36 available at last reporting. Components
are listed on the ESMF website at ESMF components.
There are now four major coupled codes that have put ESMF into extensive and routine use:
The NASA GEOS-5 atmospheric general circulation model based on ESMF has been in production since FY2005, and it has
added numerous components including a set of chemistry package options.
The NCEP Global Forecasting System using ESMF was put into operation on August 22, 2006.
The coupled HYCOM and CICE model using ESMF is now in routine use at the Naval Research Laboratory.
The coupled COAMPS and NCOM application using ESMF components and coupling passed its beta test in September 2007
(identified as an adoption goal last year).
ESMF passed the CCSM Stage 1 Evaluation Plan in May 2007, identified as a goal last year. Relative to the base code, the evaluation
demonstrated minimal component changes, less than 5% overhead in time to solution, and comparable memory usage for standard
configurations. The Stage 2 plan was approved by the CCSM Scientific Steering Committee in September 2007.
Progress was made on a coupled ADCIRC-pWASH123 application, but an alpha test was not completed. It is expected to be completed
in 1Q FY2008. A coupled SWAN-ADCIRC application identified as a goal last year was replaced by a different application and shifted to
a later delivery date.

Provide ESMF training and support
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Means, strategies, and actions:
Continue development of ESMF tutorials and documentation. Improve presentation of introductory and "big-picture" concepts in the
ESMF documentation. Develop system tests and/or demos showing a variety of configurations of ESMF applications, including
ensembles and alternative methods of time management and sequencing. Update the ESMF Developer's Guide, which outlines
conventions and processes used in framework development. It was initially written when ESMF was a NASA project, and parts of it still
treat ESMF as a single-sponsor, milestone-driven activity.
Measures of success:
Number of training classes.
Number of individuals trained.
Actual performance, outputs, and outcomes:
The ESMF Core Team presented one framework training classes during FY2007: NCAR, June 1, 2007, Boulder, Colorado. This class
contained about 30 students. A total of about 160 students have been trained since project inception.
The ESMF website was thoroughly reworked and now includes additional introductory material, including a Frequently Asked Questions
section useful for beginners. New big-picture sections include project vision, feature overview, metrics, and science impacts. An
ensemble system test was started but is not yet complete; it is expected to be in an early FY2008 release. The team did not complete
examples showing alternative methods of time sequencing. The Developer's Guide was updated to reflect the current status of the
project.

Software development
Goal: Further implementation of data structures that represent unstructured grids, grids with curvilinear coordinates, and
observational data streams.
Means, strategies, and actions:
Complete the implementation of classes that represent data blocks and their distribution (array and distributed grid classes). These
classes were redesigned in FY2006 to support unstructured grids, multi-patch curvilinear coordinate grids, and observational data
streams. Methods to be implemented include additional communication operations. Rework the grid and field classes to provide better
support for the representation and manipulation of these more complex grids. Key abilities to be developed are the ability to read in a
grid specification from a file and to generate interpolation weights for regridding within ESMF. ESMF can currently only generate
interpolation weights internally for single-patch rectilinear grids.
Measures of success:
Delivery of an ESMF release with a full implementation of the data block and distribution class interface, the ability to read in grid
specifications for unstructured and multi-patch curvilinear coordinate grids, and the ability to generate interpolation weights for
regridding such grids.
Actual performance, outputs and outcomes:
Most methods for data block and distribution classes were completed. A completely redesigned grid class capable of representing
curvilinear grids and, in index space, multi-patch grids, was released in July 2007. Work began on integrating these new capabilities
into fields, bundles of fields, and components, and the first release with this improvement is expected in November 2007. No file
specification capability was completed, since users indicated that they preferred an argument list interface for grid creation to a grid
specification from file. A design for the comprehensive support of unstructured grids began review, and a prototype was completed.
Code for the representation and manipulation of observational data streams was contributed by staff at NASA GMAO.
Methods were added and extended to provide better support for regridding unstructured grids with arbitrary distributions in index
space. Optimizations for memory and performance of the array sparse matrix multiply used in these operations were introduced.
A general regridding strategy for the internal generation of regridding weights, in 2D and 3D, based on a parallel rendezvous method,
was successfully prototyped. These results were presented at the ESMF Annual Community Meeting on May 30-31, 2007 and at the
CCSM Annual Workshop on June 19-21, 2007. A release is expected in FY2008.
Goal: Improve usability.
Means, strategies, and actions:
ESMF has many unaddressed bug reports and feature requests, gaps in testing, and inconsistencies in interface and implementation.
These issues make it harder for users to adopt the framework, and can hinder and confuse developers. In FY2007 the ESMF team
worked to address these concerns.
Measures of success:
Substantial reduction in the number of open bug reports, support requests, and untested interfaces and features. Delivery of a release
that includes improvements in consistency in the treatment of basic data types, method argument conventions, and inter-language
interfaces.
Actual performance, outputs, and outcomes:
The ESMF team achieved a substantial reduction in the number of open bug reports and support requests. As of September 2007,
about 30% of open bug reports were closed, from a high of 229 down to 169. More than half of the open support requests were
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closed, from a high of 62 to 15. Resolving these issues represents a substantial increase in the robustness of the ESMF software and
the ability of users to make progress.
The ESMF team did not reduce the number of feature requests—these continued to come in faster than they can be resolved. The
number of open feature requests stands at 86.
To improve usability, this year the ESMF team also improved consistency across the framework by implementing the following:
Standard treatment of real and integer data types in framework internal code and in method arguments
A policy and standard to address auto-promotion of data types via compiler directives
Standard code for initialization of variables across the framework, for consistent behavior across platforms that do/do not
support automatic initialization
Standard error handling across the framework (partly complete)
A convention for standard treatment of optional arguments in the C interface, contributed by NRL Stennis
New standards were documented in the ESMF Developer's Guide. The first four of these standards were included in FY2007 releases.
The last requires significant development effort to propagate C interfaces across the whole framework.
Goal: Development of frequently used utilities.
Means, strategies, and actions:
The implementation of more complex grids will require improvements to or replacement of the current I/O system. This was scheduled
for FY2006 and not delivered. It was rescheduled for FY2007. Ongoing improvements are expected in low-level utilities such as the
time manager, configuration attributes, and message logging.
Measures of success:
Delivery of an I/O system to support complex grid implementation.
Delivery of a public ESMF release that includes new features for existing utilities. These will be prioritized in response to user input.
Actual performance, outputs, and outcomes:
An I/O system was not delivered this year. The ESMF Change Review Board, which sets project priorities, did not allocate resources for
this, and instead channeled available resources to grid development and addressing usability issues. The rationale was that I/O
capabilities are secondary in importance to the central concerns of grids and user progress.
Several utilities in the framework, including LogErr and Config, had minor new features implemented (ability to mask specific errors;
ability to turn off Log completely at the ESMF Initialization call; addition of a Config Set method). There was substantial makefile
rework this year to improve ease of compiling and linking the ESMF software.
Goal: Framework optimization and porting.
Means, strategies, and actions:
Benchmark component overhead, regridding methods, redistribution, and middle- and low-level communications on a number of
platforms. Include some evaluations at high processor counts (1,000-5,000 processors).
Measures of success:
Minimal performance burden for working code. (Target <5% overhead in component overhead and regridding methods.)
Actual performance, outputs, and outcomes:
The ESMF team benchmarked framework component overhead and its redistribution method on large processor counts. Performance
results are posted on the ESMF website under the Metrics tab. Component overhead was shown to be small even for high processor
counts ( 30 microseconds at 2,000 processors on a Cray XT3). Redistribution results for up to 256 processors showed comparable
performance (<5%) between ESMF and a native package (from the Community Climate System Model) on an IBM POWER5 and a Cray
X1. At larger processor counts the results for redistribution are still ambiguous. The XT3 that was used to time performance overhead
on 2,000 processors was upgraded to an XT3/4. Multiple processors with different speeds on that machine and hardware instability
have led to a wide range of measurements for time to solution for the same configuration. ESMF staff will continue to try to obtain
conclusive measurements.

Organizational maturity
Means, strategies, and actions:
Continue to monitor processes and effectiveness of the Change Review Board and other project bodies. Establish a mechanism for
tracking and reporting sponsorship and progress of application projects adopting ESMF. The number of these has multiplied quickly,
and they have proven difficult to track.
Promote a paradigm for community development in which stakeholders have direct input into priorities and schedules.
Measures of success:
Broad sponsorship.
Broad representation.
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Continuity and regular project meetings.
Actual performance, outputs, and outcomes:
NOAA became a new sponsor of ESMF during FY2007, with the initiation of the NOAA ESMF-Based Modeling Architecture (NEMA) and a
$600K three-year award. ESMF also received a $1.5M, three-year supplement from DoD in FY2007 to its Battlespace Environments
Institute effort. The ESMF Change Review Board, the multi-agency group that sets priorities and schedules, has met regularly with full
or close-to-full attendance. New members have been added to the ESMF Boards representing COLA, the Air Force Weather Agency,
the NASA Land Information System project, and NCAR. ESMF held a well-attended annual meeting at NCAR in May-June 2007. A
database for tracking ESMF sponsorship, application projects, and level of adoption was established and customers are being surveyed
about their level of framework use (through email contact) twice yearly, with results entered into the database.

Project plan evaluation measures for FY2008
Advance community adoption
Means, strategies, and actions:
Continue to focus on development of new, coupled ESMF applications and the transition of these applications to routine use and
operations.
Measures of success:
Number of ESMF components available.
Number of ESMF applications in routine use or operations.

Provide ESMF training and support
Means, strategies, and actions:
Continue development of ESMF tutorials and documentation. Bring ESMF documentation up to date with new grid development.
Improve presentation of code examples and demos in the ESMF written documentation and the website. Develop system tests and/or
demos showing a variety of configurations of ESMF applications, including ensembles and alternative methods of time management and
sequencing. Develop an online survey to assess, on an ongoing basis, user satisfaction with the ESMF software, documentation, and
instructional materials. Submit a journal paper on the ESMF design or processes.
Measures of success:
Number of training classes. (Goal is two for FY2008.)
Number of individuals trained.
User comments, surveys, and/or evaluations showing that ESMF customers are satisfied with support, training, and documentation.
Produce a journal paper on ESMF.

Software development
Goal: Further implementation of data structures that represent unstructured grids, grids with curvilinear coordinates, and
observational data streams.
Means, strategies, and actions:
Continue rework of structured grids and development of unstructured grids. The goal for this year, carried over from last year, is to
enable users to represent single and multi-patch structured grids, to generate regridding weights internally, and to perform regridding
operations using those weights. In addition, the ESMF team plans to provide a natural representation of unstructured grids using ESMF
data structures. NASA-contributed code that supports manipulation of observational data streams will be updated so that it works with
the new grid software.
Measures of success:
Delivery of an ESMF release with the capability to represent and regrid structured grids, to represent unstructured grids, and to
support the manipulation of observational data streams.
Goal: Improve usability.
Means, strategies, and actions:
Reduce the number of outstanding bug reports by half, and achieve 100% test coverage of public interfaces. The standardization work
that began in FY2007 will continue. Anticipated work will address internal inter-language interfaces, error handling, public C/C++
interfaces, and logical data types.
Measures of success:
Reduction by half of outstanding bug reports.
Delivery of a release that further improves consistency of behavior and interfaces.
Development of C interfaces.
Goal: Develop frequently used utilities.
Means, strategies, and actions:
Delivery of a public ESMF release that includes new features for existing utilities. These will be prioritized in response to user input and
grid development requirements.
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Measures of success:
Ongoing improvements are expected in low-level utilities such as the time manager, configuration attributes, and message logging. I/O
capabilities will be developed as they are required to support grid development.
Goal: Framework optimization and porting.
Means, strategies, and actions:
Benchmark regridding methods for a range of processor counts (1,000-5,000 processors). Ensure that continued framework
development does not degrade redistribution performance or increase component overhead.
Measures of success:
Minimal performance burden for working code. (Target <5% overhead for regridding methods vs native packages.)

Organizational maturity
Means, strategies, and actions:
Establish consistency and routine in the management structures and administration of the ESMF project throughout rapid growth
periods. Work with the operational community to help establish effective communications among their members and effective
communications between their community and others who are working with and are invested in ESMF.
Measures of success:
Broad sponsorship.
Broad representation and participation in project bodies.
Continuity and regular project meetings.

Impact of the project
Widespread use of ESMF indicates a paradigm shift in the way weather and climate models are constructed. ESMF is beginning to make
model development easier through building model codes using components, increased code interoperability, community building, and
standard tools. This approach is also facilitating new, multi-agency science collaborations.
This is producing an Earth science community better equipped to explore basic research issues and to answer questions about the
impacts of Earth science on society.

Sponsors
Core ESMF development is sponsored by the National Science Foundation, the National Aeronautics and Space Agency, the National
Oceanic and Atmospheric Administration, and the Department of Defense. In addition, a variety of ESMF-based application adoption
projects have been sponsored by NASA, NOAA, the U.S. Geological Survey/Department of the Interior, and other agencies and
institutions.
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Summer Internships in Parallel Computational Science (SIParCS) program
The Summer Internships in Parallel Computational Science
(SIParCS) program is a prototype partnership between NCAR's
Computational and Information Systems Laboratory (CISL) and
selected universities. SIParCS is sponsored and administered by
CISL to provide opportunities for exceptional students with
backgrounds in computational science, applied mathematics,
computer science, or the computational geosciences. SIParCS is
designed to broaden their experience by working on projects
with mentors from CISL's staff.
The program represents a formalization of CISL's summer
internship efforts, and it offers a significant opportunity to make
a positive impact on the quality and diversity of the workforce
needed to use and operate 21st century supercomputers.
Ultimately, SIParCS aspires to help address shortages of trained
scientists and engineers capable of using and maintaining highend computer and data systems—people desperately needed to
achieve the goals of future computational geoscience research.
In return, SIParCS provides a framework for interns to gain
practical experience with a wide variety of parallel
computational science problems by working with the HPC
systems and applications relevant to NCAR's Earth System
science mission.
SIParCS supports NCAR's strategic priorities of "Supporting and
enhancing formal science education," "Maintaining an innovative
and creative workplace," and "Conducting computer science,
computational science, applied mathematics, statistics, and
numerical methods R&D."

These interns worked at NCAR in the mutually beneficial SIParCS
program. The CISL-based SIParCS program challenges students in
applied mathematics and computational science to help solve realworld problems associated with CISL's mission to support the
atmospheric and related sciences. The students gain valuable work
experience, and CISL is cultivating a skilled workforce for future
supercomputing centers.
From left to right are Ryan O. Kuinghttons, Colorado School of
Mines; Victor Snyder, Colorado School of Mines; Kenny Gruchalla,
University of Colorado; Michael Levy, University of Colorado;
Arunasalam Rahuynanthan, University of Wyoming; Matthew
Norman, North Carolina State University; Robert House, University
of Colorado.

In 2007, seven interns were invited based on recommendations from selected academic advisors. The students come from the
University of Colorado, Colorado School of Mines, the University of Wyoming, and North Carolina State University. Each student's skill
set was matched with an appropriate project within the lab. During the summer, the students worked one-on-one with volunteer
mentors from across CISL, including the Operations and Services Division, Technology Development Division, and the Institute for
Mathematics Applied to Geosciences (IMAGe). One student was mentored by a scientist in NCAR's Climate and Global Dynamics
Division.
The summer program lasted for 10 to 12 weeks. The internship includes a stipend, and out-of-state interns receive travel and housing
assistance as well.
CISL places a high priority on these summer internships and will continue to develop the program in coming years. In 2008, CISL plans
to further broaden the candidate pool by running an open solicitation for all positions.
SIParCS is made possible by NSF Core funding.
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Expand the capability and capacity of NCAR supercomputing facilities
Identified by CISL staff nearly
five years ago, the trend of
dramatic increases in power and
cooling requirements for
replacement computing systems
garnered industry-wide attention
in 2007. In response to research
by Dr. John Koomey at Lawrence
Berkley National Labs, Congress
directed the EPA to study data
center efficiency. The study
recommends three sets of
guidelines for computing facilities
to implement: "improved," "best
practice," and "state of the art."
CISL continues to be actively
engaged with the management of
high-end facilities and has
implemented many of the
recommendations from all three
categories in the Mesa Lab
computer room. CISL is planning
a new supercomputing facility
that will fully meet "state of the
art" specifications.

These scenarios show annual savings of approximately 23 to 74 billion kilowatt-hours in 2011
compared to current electricity efficiency trends in U.S. data centers. These savings reduce the peak
load from data centers by the equivalent of up to 15 new power plants and reduce annual electricity
costs by $1.6 billion to $5.1 billion. The projected savings in electricity usage correspond to
reductions in nationwide carbon dioxide (CO 2) emissions of 15 to 47 million metric tons (MMT) in
2011. The best-practice scenario shows that electricity use in servers and data centers can be
reduced below its 2006 level during the next five years rather than almost doubling, which would
result if current efficiency trends continue.

Providing computing facilities to
meet NCAR's needs is fundamental to NCAR's strategic goal to "Provide robust, accessible, and innovative information services and
tools," and to the related strategic priority of "Enhancing capability and capacity of NCAR supercomputing." We continue a twopronged approach to meeting this challenge.
First, we have solidified and prepared the NCAR Mesa Lab computing facility infrastructure to operate at or near capacity for the next
three years. With the installation of the POWER5+ system blueice, the Mesa Lab computing facility operated successfully at nearly
100% capacity for over four months. Blueice also represented the return of liquid-based cooling, one of the EPA's "state of the art"
recommendations. Preparation is also underway to utilize more aggressive direct water cooling methods for the installation the
POWER6 system, which is the second phase of NCAR's ICESS supercomputing procurement. The Mesa Lab facility will then be run at
full capacity until a new facility goes into operation.
Having already implemented many of the EPA recommendations and still seeing significant constraints on both electrical and cooling
capacity, CISL continues planning the construction of a new facility. A partner selection process was completed, and an announcement
was made in January 2007 that the University of Wyoming was selected and that a site was identified in Cheyenne, Wyoming. Over
the spring and summer of 2007, NCAR and Wyoming further developed the proposed partnership and are working with NSF toward
final approval. Upon approval, the full design of the facility is scheduled for 2008.
This work is supported by NSF Core funding.
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Reintroduction of liquid cooling for high performance computing
With the installation of the IBM POWER5+ computer, the
technology of cooling supercomputer-class systems comes full
circle. Just under one decade ago the last liquid-cooled Cray
system was decommissioned and removed from the Mesa Lab
computing facility. During FY2007, CISL staff and members of
UCAR Physical Plant Services planned and installed water cooling
infrastructure to cool blueice, the first phase of the ICESS
procurement.
The blueice system utilizes IBM's "coolblue" technology. This
system captures the hot air expelled from the back of the
computer and directs it across a large coil built into the rear door
of each computer cabinet. This system captures nearly 60% of
the waste heat before it enters the air in the computer room and
transfers it into the chilled water system. Water cooling is
significantly more efficient and is identified as a state-of-the-art
practice by the recently published EPA guidelines for data centers.
There is a certain amount of irony in this guideline given the
lengthy history of liquid-cooled systems at the Mesa Lab.
While the system is much more efficient, water cooling does
present certain challenges. Clearly, top-quality installations must
be followed as water is moving much closer to the computers,
and leaks are a risk that must be rigorously controlled. CISL has
been very successful using in-house expertise to perform this
rigorous level of installation. One additional risk is introduced with
this technology specifically because it is more efficient. Because
heat is captured directly, there is less time for staff to react to a
failure of the cooling system. Chillers, pumps, and other
mechanical devices take some time to restart after even
momentary power anomalies. This issue becomes even more
critical as we prepare to install the IBM POWER6 system for the
second phase of the ICESS procurement. This system uses direct
methods of heat transfer and further reduces the reaction time for
cooling systems. Planning is already underway to add thermal
storage to the Mesa Lab systems.

Piping, hoses, connectors, valves, temperature sensors, and a
heat-exchange system are necessary to capture the waste heat
from blueice. Chilled water flows from the insulated white piping
to the heat exchanger where warm water is transferred back to
the large-scale chilled water system. The manifold directs cool
water to the rear doors of the computer cabinets on the left. This
cooling technology increases the complexity of the facility required
to operate increasingly high-performance supercomputers. CISL is
developing valuable experience with this technology that will be
critical for managing future supercomputing facilities.

The concept of thermal storage is analogous to Uninterruptible
Power Supplies (UPS) for the electrical systems. For mechanical
systems, a reservoir of water, ice, or other liquid is stored in the system and works just like the batteries in a UPS system.

This advancement in computing facility technology fulfills NCAR's strategic goal to "Provide robust, accessible, and innovative
information services and tools," and the related strategic priority of "Enhancing capability and capacity of NCAR supercomputing." This
work is supported by NSF Core funding.
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For several years, NCAR has been contributing to efforts to define the future requirements for both the science and the
cyberinfrastructure of the geosciences. The findings of the High Performance Computing in the Geosciences workshop are published in
the report issued in FY2007. Its recommendations included:

CISL research catalog

In general, there was consensus across the various disciplines that the geosciences community as a whole has problems
suitable for petascale computing resources and that a need exists for access to large-scale computing resources.
Many of the discipline areas cited a need for the collaboratory to provide access to a spectrum of small- to large-scale
computing facilities to handle a broad range of computations.
A number of the disciplinary breakout groups emphasized the need for both end-to-end community models and community
data sets to be made available within the geosciences collaboratory.
The need for the collaboratory to provide end-to-end HPC research support was emphasized by the majority of workshop
participants.
CISL's work on this effort aligns with NCAR's strategic goal to "Provide robust, accessible, and innovative information services and
tools." This workshop series was based on work supported by the National Science Foundation under grant number 0631272.

Workshop on Geoscience Application Requirements for Petascale Architectures
The second and final workshop on Geoscience Applications Requirements for Petascale Architectures was held in San Diego, California
on February 21-22, 2007 at the San Diego Supercomputing Center in La Jolla, California. This NSF-funded workshop brought together
35 computer scientists, application experts, and vendors to discuss a broad set of problems related to tackling petascale geoscience
problems on the NSF's Track-1 and Track-2 systems.
The workshop series was centered around these broad questions:
1. What are examples of important questions and conceptual challenges in the geosciences that illustrate the potential impact
of access to a petascale computational facility?
2. What strategies will ensure that the geoscience community is in position to take advantage of petascale computational
capabilities?
3. What resources are needed to get teams of geoscientists and computer scientists working together on petascale
applications development, with the goal of having operational packages ready by 2011 when petascale resources will come
on line?

The workshop series resulted in a final report with two general recommendations:
1. A portfolio of candidate petascale applications should be established, and development funding should be provided for
collaborative teams of geoscientists and computer scientists to prepare calculations that can both advance scientific
discovery and run at petascale.
Specifically, the following five application areas were identified at the workshop as candidates for that petascale applications
portfolio:
Mantle dynamics (for example earthquake ground motion prediction using PetaShake at 25 meter, 2 Hz)
Climate (for example hemispheric "nature" runs to study energy spectrum in the atmosphere at the k -3 to k -5/3
kinetic energy spectral transitions)
Coupled ocean and weather (for example a hurricane eyewall calculation with turbulence and mixing at sub-10-
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meter resolution)
Space weather (for example a full-hemisphere coronal model to resolve and improve understanding of loop
structure in a constrained coronal heating with loop structures model)
Ecological component of earth system modeling (for example adding plant cover to climate models)
2. Suitable selection criteria should be applied to choose which specific calculations and teams from the above areas to invest
effort and money into for the purpose of enabling viable petascale applications (via several years of effort starting as soon
as possible).
The following selection criteria were proposed in the workshop report:
Science impact
Strength and interdisciplinary nature of proposed team
Demonstrated plausibility for petascale
Needed investment in algorithms and model development
Risk of failure
CISL's work on this effort aligns with NCAR's strategic goal to "Provide robust, accessible, and innovative information services and
tools." Funding was provided by NSF-ATM award 0540688 received through subcontract 2005-006559-01 with the University of
Illinois.

Data center expansion advanced conceptual design
Two further revisions to the conceptual design were completed in FY2007. A warehouse facility located in Longmont, Colorado was
further analyzed, and the base concept design was modified to fit this existing facility. The total cost of modifying an existing facility
was found to have so many constraints that it was likely to cost more than constructing a new facility. In addition, a study was
completed to compare the original site identified in the conceptual design with sites at the University of Colorado and at the Front
Range Business Park in Cheyenne, Wyoming. The study found all three sites to be suitable from a technical perspective. The Wyoming
site offered some additional flexibility.
The conceptual studies are complete, and NCAR is preparing to start detailed construction design work when approval is received from
NSF. The conceptual design work was made possible through NSF Core funding.

Chilled water system upgrade
The chilled water system installation and testing have been completed, and it is now serving the blueice supercomputer in production
usage. Water-cooled supercomputers are becoming necessary because of rapidly advancing transistor densities and processor speeds.
Controlling ongoing increases in supercomputer heat output continues to challenge the chilled water system at NCAR's Mesa Lab
facility.
This facility upgrade was made possible through NSF Core funding.
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Cyberinfrastructure procurement and deployment
Historically, NCAR has provided a
computational environment to satisfy the
center's strategic goal to "Provide robust,
accessible, and innovative information
services and tools" to universities and the
broader scientific community. CISL fulfills this
responsibility within the context of the NCAR
Strategic Plan, and it continues to provide
robust computational and scientific data
services including:
High performance computing production
environment
Mass storage
Network connectivity
Data analysis and visualization
Cultivation of the research data archive
Data distribution
Further, CISL continually evaluates
opportunities to provide advanced services
and tools designed to enable Earth system
science for the entire community of users:

Blueice is a supercomputer based on the IBM POWER5+ processor and the High
Performance Switch communication technology. When it was installed, it effectively
doubled the high-end computing resources available at NCAR. CISL bears the ongoing
responsibility to provide the numerical simulation community with resources that offer
the optimal combination of computational capability and capacity that can be used
effectively. This facility supports the NCAR strategic priority of "Enhancing capability and
capacity of NCAR supercomputing."

TeraGrid integration
Experimental computing systems
Earth System Knowledge Environment
The deployment during FY2007 of the IBM POWER5+ supercomputer blueice was the next step in CISL's five-year strategic plan goal
to provide a 25-fold increase in sustained computing capacity (over 2004 levels) by 2009. The introduction of blueice represented the
first-phase deployment of the Integrated Computing Environment for Scientific Simulation (ICESS) contract with IBM, and more than
doubled, over FY2006 levels, the compute capacity available to scientists. During FY2008 the second phase of the ICESS procurement,
an IBM POWER6, will be installed and available to the user community. The computing capacity at NCAR will again increase by at least
two-fold, and will keep CISL in alignment with its strategic goals.
NCAR's supercomputers are managed by CISL under the UCAR/NSF Cooperative Agreement and are supported by NSF Core funds
including CSL funding.
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Production supercomputing
To fulfill its mission, CISL provides robust,
reliable, effective, and efficient production
supercomputing, coupled with state-of-theart storage, data analysis, and data
visualization services and tools for its
community of users.

CISL research catalog

CISL's goals are to provide equitable access
to reliable computing resources with minimal
user wait times, while maximizing resource
utilization. These goals are achieved by
balancing the allocation and scheduling of
resources with a well-tuned queue structure
and prescribing single-job resource limits.
CISL works to increase the computational
capacity available to the community on a
regular basis. Deploying the IBM POWER5+
system blueice during FY2007 is another
example of such an increase. Peripheral
resources, which complement and
supplement the high-end computing
environment, are upgraded and enhanced as
appropriate to match the growth in compute
capacity.

Estimated sustained computing capacity (in teraflops) available to the NCAR community
over the past 10 years. On average CISL provides substantial capacity increases every
16 months to meet the scientific research demands of the community.

In FY2008, CISL will install an IBM POWER6
system as the second phase of the ICESS
procurement. The power and cooling
demands of this new system will require the
removal of both the POWER5 system
bluevista and the POWER5+ system blueice.
Despite the removal of these two large
systems, both computational capacity and
capability available to users will increase
significantly.
This work fulfills NCAR's strategic priority of
"Enhancing capability and capacity of NCAR
supercomputing" and is supported by NSF
Core funds, including CSL funding.

Average utilization (defined as the percent of compute nodes assigned to users at any
one time) of the production computing platforms provided by CISL. During the time
period shown, the major IBM systems (blackforest, bluesky, bluevista, and blueice)
were delivered on time and reached nearly 90% utilization within a few months.
Keeping scientific production at a high level meets NCAR's goal of providing reliable and
robust computational services to the community.
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Supercomputer status
During the first quarter of FY2007, CISL
deployed the first phase of hardware of the
Integrated Computing Environment for
Scientific Simulation (ICESS) contract with
IBM. The new supercomputer blueice is based
on the IBM POWER5+ dual-core processor
and the High Performance Switch
communication technology. It offers over
twice the computing capacity as NCAR's IBM
POWER5 system bluevista.
The deployment of blueice more than doubled
the high-end computing resources available
at NCAR. The IBM POWER4 system bluesky,
which had been in operation since early
FY2003, was decommissioned in March 2007.
The deployment of blueice is consistent with
CISL's strategic plan to significantly enhance
the high-end computational environment at
NCAR during FY2007, and it upgraded the
production cyberinfrastructure available to
the university, NCAR, and Climate Systems
Laboratory (CSL) communities served by
CISL.
During the first four months of blueice
availability, CISL provided priority access to

The computing capability at NCAR, as shown by recent increases in the center's peak
capability (in teraflops), allows NCAR scientists to develop, test, and release updated
versions of the WRF and CCSM models. CCSM version 3 was used to provide climate
simulations to the IPCC AR4, which was awarded the Nobel Peace Prize in October
2007. With anticipated increases in computational capability at NCAR, activities are
under way to build and test CCSM version 4 for participation in the 2010-2011 IPCC
AR5.

eight Breakthrough Science projects that required large numbers of processors and long periods of computational residency time to
satisfy ambitious scientific goals. A large portion of blueice (1,200 processors) was reserved for four months to provide this opportunity
to projects selected from the NSF GEO/ATM community and the overall NSF GEO community. Access to this amount of computing
capability and capacity devoted to several grand challenge problems was unprecedented and allowed scientists to simulate and analyze
problems never before addressed.
In June 2007, blueice was made available to the general user communities. Utilization of the resources provided by both bluevista and
blueice then reached saturation quickly.
The second phase of ICESS hardware is scheduled to be delivered in April 2008. An IBM POWER6 supercomputer, to be named
bluefire, will increase the computational capacity available to users by yet another significant factor. Due to electrical power constraints
within the NCAR computing facility, both blueice and bluevista will be removed to provide the physical infrastructure headroom needed
for the powerful IBM POWER6. This second phase of ICESS is designed to meet the continuing needs and requirements of the scientific
community for computationally expensive endeavors, such as preparation for the IPCC AR-5 climate simulations with the Community
Climate System Model Version 4 (CCSM4), which is currently under development.
This work aligns with the NCAR strategic priority of "Enhancing capability and capacity of NCAR supercomputing" and is supported by
NSF Core funds, including CSL funding."
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Production deployment of blueice supercomputer
The blueice cluster represents the first phase
of the Integrated Computing Environment for
Scientific Simulation (ICESS) procurement. It
is a 112-node IBM POWER5+ Cluster 1600
with a peak speed of 12 teraflops. The
system successfully completed its Acceptance
Test Phase at 11:00 am on December 15,
2006. From that time through January, the
system was dedicated to code qualification
for the Breakthrough Science special
computing campaign and some miscellaneous
benchmark runs. It began full production on
February 1, 2007.
The ICESS project in general and blueice in
particular advance NCAR's strategic goal to
"Provide robust, accessible, and innovative
information services and tools" and NCAR's
strategic priority of "Enhancing capability and
capacity of NCAR supercomputing." Notably,
blueice expands and extends the CISLdeveloped on-demand capability computing
model that enables the entire cluster or
portions of it to support dedicated or shared
special computing campaigns, such as the
Breakthrough Science campaign or this year's
High Resolution Hurricane Simulation Special
Computing Campaign.

The 112-node IBM POWER5+ supercomputer blueice provides the scientific community
with additional computation resources for both capacity and on-demand capability
computing. The blueice cluster provides the platform for scientists to scale their codes
into larger problem sizes and to increase the complexity of the physics within their
simulations.

Since entering production, the blueice cluster has serviced over 210,000 jobs, a 91% utilization rate, and a sustained rate of just over
600 gigaflops (four times that of the previous bluesky system). Of the approximately 210,000 jobs, just over 5% represent capability
and/or special-campaign runs, with the other 95% representing capacity runs split in the ratio of 20/60/20 between the economy,
regular, and premium classes of service.
In late FY2008, blueice will be phased out to make room for bluefire, the ICESS Phase 2 system. The bluefire cluster will be an IBM
POWER6 Cluster 1600, and it will continue to provide capacity and on-demand capability to the scientific community for even larger
and more complex simulations.
This project is made possible through NSF Core funds, including CSL funding.
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Supercomputer special campaigns
This year, CISL supported four major and
several minor on-demand computing
campaigns on the production supercomputer
clusters, in addition to the eight Breakthrough
Science projects that were hosted on the new
IBM POWER5+ system blueice. These
campaigns, and the provision of special
queues and pre-emptive scheduling to
support on-demand and real-time computing,
are a regular feature of the services provided
by CISL to the NCAR, university, and CSL
scientific user communities. Some
computational campaigns recur annually, such
as the WRF hurricane real-time forecasts,
while others are either a one-time event or
are accommodated on an as-needed basis. A
common CISL-developed Special Campaign
Software Tool Suite is used to manage the
computer systems and the scheduling of
special campaign job runs.

This chart tracks the usage of NCAR computational resources by special computing
campaigns (on-demand and Breakthrough Science) during FY2007. This shows the
significant increase in support for special campaigns made possible by blueice, the first
computer acquired through the ICESS procurement. Outcomes from work accomplished
with the significantly larger computing resources available to special campaigns are
changing researchers' expectations for the pace of scientific progress that can be made
through numerical simulations. (See larger image.)

While the NCAR production supercomputing
environment provides capacity computing to
the scientific end-user community, the special
campaign mechanism supports ongoing
computational projects and campaigns and
on-demand capability computing for the scientific end-user community. CISL software engineers and system administrators have
tuned and enhanced Platform Computing, Inc.'s LSF-HPC job scheduler to manage the supercomputer workload to accommodate these
diverse needs, while continuing to maintain high system utilization and short wait times for jobs submitted for production computing.
CISL staff will continue to provide full 24x7 support for the special campaigns and on-demand, real-time computing during FY2008.
Additionally, CISL software engineers and administrators will continue to enhance the CISL-developed Special Campaign Software Tool
Suite and tune LSF-HPC to maximize system resource utilization, minimize job wait times, and to facilitate the use of NCAR
computational resources.
The special computing campaigns and provision of on-demand and real-time computing support the NCAR strategic priority of
"Developing and providing advanced services and tools." This work is made possible through NSF Core funds, including CSL funding.
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Supporting supercomputer users
In today's challenging computational
environment, excellent customer support is
essential to making progress in computational
and scientific research. That support begins
the moment an investigator decides to use
NCAR resources, and the collaboration may
continue over months or years until results
are achieved. This work supports NCAR's
strategic goal to "Provide robust, accessible,
and innovative information services and
tools" to our customers. CISL provides endto-end service using the full capability of the
divisional staff.
In FY2007, CISL further enhanced a new
tiered customer support system. The key to
making this project succeed was expansion of
the consulting service to include other groups
within CISL who could provide frontline
assistance as well as in-depth expertise.
Contacts are tracked using an ExtraView
HelpDesk trouble ticket system.
A benefit of tiered customer support has been
greater efficiency, freeing CISL staff to begin
supplying customized, one-on-one service for
special projects such as 2007's innovative

These graphs show CISL support statistics from a new tiered customer support system.
Blue bars show frontline customer support, while red indicates advanced consulting.
Frontline support resolved 1,692 tickets between September 2006 and August 2007. In
that same time, advanced support resolved an additional 968 contacts, for a total of
2,660.

Breakthrough Science program, which
provided opportunities for capability
computing projects requiring hundreds of
thousands of processor hours. We also began
preparing consulting and documentation
support for users joining the TeraGrid via
NCAR.
In FY2008, we anticipate further growth in
this type of scientific support and plan to
begin logging these using ExtraView.
This ongoing service is supported by NSF
Core funds, including CSL funding.
The average number of log entries per ticket was 4.9; communication was highest with
users on complex cases.

http://www.cisl.ucar.edu/nar/2007/ci/10support.jsp[7/6/2015 3:13:28 PM]

CISL Annual Report 2007: Supporting supercomputer users

Average response time for frontline support was about 70 minutes, while a longer
average response time of about 3.3 hours was required for more complex issues.
Unusually long frontline response times seen in July-August were due to a larger-thanusual number of tickets for which resolution stalled.

The average number of staff who worked on tickets was 1.81, demonstrating crossteam cooperation in resolving issues. Use of tiered consulting has made 24x7 customer
response feasible, while a tracking system has made it easier to route questions and
deal with them efficiently.
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Cybersecurity enhancement
UCAR manages and maintains a large and diverse set of compute, data, data storage, email, web, and network servers that form the
core information technology within the institution. Not only are these systems valuable monetarily, they comprise vital scientific
research tools and business continuation systems used by the UCAR organization and university communities. To pursue the scientific
mission of the organization in an unobstructed manner, CISL is committed to maintaining a security posture that represents an
enterprise to the community and adheres to NSF security best practices and recommendations.
Providing secure information technology systems within CISL and across UCAR supports the NCAR strategic priority of "Developing and
providing advanced services and tools." It is vital to the organization that we protect systems, data, and intellectual property at the
highest level possible that keeps usability and security in balance. This work is supported by UCAR Communications Pool indirect funds.
During FY2007, these factors are vital to the continued security of IT systems at UCAR:
Coordinated consistent security policies and procedures across UCAR by the Computer Security Advisory Committee
(CSAC), with a goal of achieving the appropriate balance between reasonable protection and pursuit of the scientific
mission of the institution
Staff participation in the community-wide, NSF-sponsored Cybersecurity Summit 2006 held in December 2006
Initiating a redesign of the UCAR-wide token authentication service
Placing increased importance on computer and network security when acquiring and configuring new equipment
(computers, storage, network routers, etc.)
Coordinating security training for system administrators throughout UCAR
To maintain a meaningful security posture and to fulfill the near-term security objectives of CISL, the following plans for FY2008 are in
place:
Produce a UCAR/NCAR Cybersecurity Strategic Plan for 2007-2012
Perform in a leadership role at the NSF-sponsored Cybersecurity Summit 2007
Complete implementating one-time password (OTP) technology across UCAR
Upgrade our aggressive network and host monitoring tools; augment current intrusion detection system (IDS) software
Engage in collaborative efforts with peer and TeraGrid centers to share cybersecurity information, best practices, and
incident notification
Optimize our central logging system to incorporate all of UCAR
Cybersecurity at NCAR is supported by a combination of NSF Core funding and UCAR Communications Pool indirect funds.
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Mass Storage System (MSS) improvement
The NCAR Mass Storage System (MSS) has
been a high performance, reliable, and
scalable system over the past 20 years. It
has demonstrated high availability and
accessibility and proven its cost effectiveness.
The MSS in many ways has been what has
distinguished computing at NCAR from
computing elsewhere, and the system
continues to be highly regarded by users and
by peers at other centers. MSS maintenance
and development supports the NCAR
strategic priority of "Enhancing capability and
capacity of NCAR supercomputing."
Today, the NCAR MSS remains one of the
most capacious archives. In June 2007 the
NCAR MSS surpassed its fourth petabyte of
data. At the end of FY2007, it stores more
than 4.5 petabytes (PB) of total data (2.7 PB
of unique data), transfers more than 10
terabytes (TB) of data per day in response to
user requests, and transfers another 6.7 TB
of data per day for internal data migration
and data movement to new media. The MSS
is growing at a net rate of more than 100 TB
per month.

The growth of the NCAR MSS continues to follow an exponential curve. The MSS has
successfully scaled up for decades. CISL continues to make system enhancements and
deploy state-of-the-art storage solutions to maintain the NCAR MSS' leadership position
in high-volume data management technology.

Traditionally, MSS users access MSS data
within the confines of the NCAR computer
room where the highest possible data
performance, reliability, and availability are
provided. However, the computing
environment is shifting from the traditional
"glass house" paradigm, where the end user
comes to a central site via remote data
access interfaces, to a Grid-based
infrastructure that supports more
sophisticated work and data flows. The NCAR
MSS is adapting to these changes.
The first step in adapting to this emerging
landscape occurred in FY2007 when CISL
joined the NSF TeraGrid and offered the
NCAR MSS as an available resource. The
These are the storage technologies tested and used in the MSS since 1964. The NCAR
NCAR MSS also embarked on a collaborative
MSS Group has evaluated and deployed many cutting-edge storage technologies during
the life of the MSS. These carefully chosen solutions have enabled and enhanced MSS
effort with the San Diego Supercomputing
scalability, reliability, and availability at affordable levels throughout the life of the
Center (SDSC) to provide mutual dark
system.
storage for disaster recovery, wherein each
site serves as a remote backup site for the
other. The NCAR MSS must continue to adapt to the evolving needs of the TeraGrid, including accommodating new areas of science
and new classes of scientific users, while maintaining the high-performance characteristics of the glass house environment to
traditional users.
The future development and deployment of the NCAR Mass Storage System is
traditional file storage and access to Mass Storage services in the context of a
new roles as an integrated component of larger UCAR-wide data management
reliably preserve UCAR, NCAR, and university community data while serving a

constrained by both the need to continue providing
full 7 by 24 production environment, as well as adopting
efforts. The MSS's traditional role will continue: to
wide client base on multiple levels.

The MSS must scale up to meet an ever-growing demand for secure, reliable data storage and high-performance access. This requires
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the constant evaluation and periodic deployment of the latest, highest-performance, and most cost-effective hardware and software
technologies available. Plans for FY2008 include upgrading the current MSS tape subsystem midyear and launching a project to
prepare for replacing the tape library technology within the next few years. The NCAR MSS must also be ready to handle the
anticipated increase in traffic from the ICESS computing upgrade in FY2008.
The NCAR MSS is managed by CISL under the UCAR/NSF Cooperative Agreement and is supported by NSF Core funds including CSL
funding.
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Network engineering and telecommunications
The Network Engineering and Telecommunications Section (NETS) is responsible for the planning, engineering, installation, operation,
maintenance, strategy, and research regarding the state-of-the-art data networking and telecommunications facilities for NCAR/UCAR.
NETS provides a vital service to the atmospheric and oceanographic research communities by ensuring supercomputing resources are
linked to scientists at NCAR and throughout the university research community. These activities are essential to the effective use of
NCAR/UCAR's scientific resources, and they foster the overall advancement of scientific inquiry. This work supports NCAR's strategic
priority of "Developing and providing advanced services and tools."

CISL research catalog

NETS pursued these LAN projects in FY2007:
UCAR network infrastructure recabling
Network monitoring
Multicast support activities
UPS, grounding, wireless networking, Voice over IP
SCD LAN projects
NETS pursued these MAN projects in FY2007:
Boulder Point-Of-Presence (BPOP)
Boulder Research and Administration Network (BRAN)
Remote-working and home-access
NETS pursued these WAN projects in FY2007:
Front Range GigaPOP (FRGP)
UCAR Point of Presence (UPoP)
National LambdaRail (NLR)
Internet2/Abilene
Bi-State Optical Network (BiSON)
TeraGrid
In FY2008, NETS will continue to provide support and enhancements for these essential networking services.
NETS activities are supported through UCAR Communications Pool indirect funds.
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UCAR Point of Presence (UPoP)
NETS undertook the development and
construction of a new entity called the UCAR
Point of Presence (UPoP). The UPoP is a
consortium of universities, K-20s, non-profit
corporations, and government agencies that
cooperate in an aggregation point (the UPoP)
to share Wide Area Networking (WAN)
services, access to the commodity Internet,
access to the Abilene (I2) research network,
and access to the National LambdaRail (NLR).
The current members include:
Auraria Higher Education Center (AHEC)
Boulder Valley School District (BVSD)
Centennial Board of Cooperative
Educational Services (CBOCES)
City of Boulder
City and County of Denver
Colorado Alliance of Research Libraries
(CARL)
Colorado Mountain College (CMC)
Deproduction
Denver Health and Hospital Authority
(DHHA)
Educational Support Services (ESS)
San Luis

This diagram shows the current network configuration of the UPoP. This is a multifaceted facility that integrates many networking technologies to serve a broad research
and education community.

Montrose-AHEC
Greeley-AHEC
Western-AHEC
Craig Memorial-AHEC
SW Health Hospital
Pueblo CC
Metropolitan State College of Denver (MSCD)
St. Mary's Academy
Pending members at end-FY2007 include:
Regis High School
Colorado Springs K-12s
Continuing expansion of CBOCES
This project required the vision to see a role for UCAR, the approval of UCAR to proceed, the development of policies, procedures,
agreements, invoicing techniques, then undertaking the education of the users as well as encouraging their commitment to the new
enterprise.
There are a number of advantages gained by sharing services through such a consortium. Costs for WAN services are reduced for each
partner, expertise among partners can be shared, a higher level of services can be purchased than individual institutions could afford,
there is more buying power among a consortium, and there are great economies of scale. All of this leads to much better wide area
networking than what individual members could provide to their users on their own. NCAR/UCAR has agreed to provide the
engineering, administrative, and NOC support for the UPoP. The service costs incurred by NCAR/UCAR are shared by all members.
NETS believes that the greater service and bandwidth provided through the UPoP are important enough for NCAR/UCAR to both
participate and provide the engineering, administrative, and NOC services.
From the early stages of planning the UPoP, the administrative team has been involved in determining the appropriateness of
NCAR/UCAR's involvement in administering this effort. Once it was deemed appropriate for NCAR/UCAR to administer the UPoP, it
required many hours of meetings with the UPoP members to finalize the agreement details, and still more hours settling the financial
specifics. Setting up the agreements, the financial spreadsheets, and the accounting system were all major efforts that required
extensive time, commitment, and expertise.

http://www.cisl.ucar.edu/nar/2007/ci/15upop.jsp[7/6/2015 3:13:36 PM]

CISL Annual Report 2007: UCAR Point of Presence (UPoP)

The UPoP is expected to continue to grow with new members in FY2008. NETS also plans to reconfigure the hardware to more current
equipment.
The shared funding arrangement for the UPoP is indicated above and is managed through the UCAR Communications Pool indirect
funds. This work supports NCAR's strategic priority of "Developing and providing advanced services and tools."
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10 Gbps end-to-end technology implemented at NCAR
NETS has achieved its goal to complete the
configuration of 10 Gbps network service
from UCARnet to the wide area. This goal
was accomplished in FY2007 with the
reconfiguration of the routers at the
Telecommunications Building on the CUBoulder campus (T-COM). They now route all
traffic through our 10 Gbps-capable Cisco
router. This has improved and will continue
to improve network service including data
transport, especially to the Internet2 and NLR
research networks.
This work addresses NCAR's strategic priority
of "Developing and providing advanced
services and tools" and is supported through
UCAR Communications Pool indirect funds.

The final configuration of the Boulder Point of Presence wide area router that enables 10
Gbps end-to-end from UCARnet to the wide area including Internet2 and National
LambdaRail (NLR). This has improved and will continue to improve network service
including data transport, especially to the Internet2 and NLR research networks.
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ML/FL WAN wireless upgrade
NETS initiated a project this year to replace
the unlicensed Proxim wireless system that
operated between the Mesa Lab and Foothills
Lab. This system was experiencing
interference that affected its performance
with a licensed wireless system. A NETS team
performed extensive research on options,
presented a solution, then installed,
deployed, and tested the system. This new
licensed-spectrum 1-Gbps BridgeWave
wireless system has now been formally
accepted.
The goal of this system is to provide backup
should the fiber optic system be damaged
between the Mesa Lab and Foothills. It will
ensure that network and phone service
remains operational while the fiber is
repaired. This project is part of NETS ongoing
business continuity efforts. The Mesa Lab is
at particular risk of a fiber cut since we are
on a BRAN fiber spur from the University of
Colorado to the Mesa Lab.

This diagram illustrates the new licensed-spectrum 1-Gbps BridgeWave wireless system
that was installed at NCAR/UCAR during FY2007. This system backs up our fiber optic
facilities in Boulder. This alternate-technology system provides a new level of highavailability network service for NCAR/UCAR staff.

Providing robust networking services is
critical to NCAR's strategic priority of "Developing and providing advanced services and tools." This work is supported by UCAR
Communications Pool indirect funds.
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LAN wireless upgrade
NETS initiated a project in FY2007 to upgrade NCAR/UCAR's
local area network wireless system. We resurveyed the
wireless coverage in all NCAR/UCAR facilities and decided on
the best way to improve this service. We upgraded 123
wireless access points over seven months using IEEE
802.11g technology.

CISL research catalog

The new access points provide broader coverage and IEEEstandard 802.11g service that provides more than five times
the bandwidth available before. The new system operates at
a shared 54 Mbps versus the previous shared 10 Mbps.
Providing robust networking services addresses NCAR's
strategic priority of "Developing and providing advanced
services and tools." This work is supported by UCAR
Communications Pool indirect funds.

Bryan Anderson, a Network Technician with NETS, installs and
configures one of the Cisco wireless access points to upgrade the Local
Area Wireless (LAN) system for all UCAR campuses. This upgrade gives
NCAR/UCAR staff broader, faster, and more reliable wireless
connectivity to local networks and the internet.
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Data analysis and visualization
The Data Analysis and Visualization Lab
enhances scientific workflow by providing
UCAR's research community with a highly
advanced computing environment tailored for
the specialized needs of interactive data postprocessing, analysis, and visualization. This
evolving environment provides a unified
state-of-the-art computing environment
comprised of powerful, closely coupled,
interactive processing and visualization
engines and large-capacity high-performance
global file systems. We provide direct support
to the research community by developing
algorithms for relevant visualization and
analysis methods and by producing
animations and imagery on behalf of the
scientific staff.
The goals of this effort are focused on
addressing the growing sizes and complexity
of scientific problems being researched at
UCAR. We have seen a significant increase in
resolution and data set sizes that require not
only the enhancement of NCAR computational
resource capability and capacity, but that also
challenge us to provide advanced services
and tools. The Data Analysis Services Group
works not only to provide a suitable
computational environment but also works
directly with users to help develop new
techniques and algorithms that allow scientists to
"Developing and providing advanced services and

Generated by Bill Smyth, University of Oregon, as part of CISL's Breakthrough Science
(BTS) campaign. The image, which depicts the turbulent mixing of fresh water and
seawater, was produced with VAPOR utilizing DASG's new remote visualization service,
HPRGS. The CISL Data Analysis and Visualization Lab provides computing resources and
consulting expertise to meet the interactive data exploration needs of the entire
NCAR/UCAR scientific community. CISL's state-of-the-art data analysis capabilities play
an integral role in the scientific discovery process for groundbreaking research in the
geosciences.

push the boundaries of discovery. This work supports NCAR's strategic priorities of
tools" and "Maintaining an innovative and creative workplace."

The evolution of this facility from a collection of dedicated standalone resources into a tightly coupled unified computing environment is
a multi-year process. In FY2007 we made great strides in acquiring and integrating a large-scale shared storage solution and powerful
computational and graphics resources. We have enhanced the visualization capabilites through the use of remote desktop graphics
software and powerful servers capable of handling today's large data sets. The completion of this integration with an additional
computational and visualization enhancement in FY2008 will offer the data post-processing, analysis, and visualization community an
entirely new and well-designed facility to tackle today's larger challenges. FY2008 will see additional research into higher-performance
storage and file system solutions that are more tightly coupled with UCAR's supercomputing resources.
This ongoing service is supported by NSF Core funds including CSL funding.
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TeraGrid Connector Code (TGCC)
TeraGrid Connector Code (TGCC) is a Javabased software application that was
developed by CISL in FY2007 to integrate
NCAR's allocation accounting database with
the TeraGrid Central Database. This has
enabled NCAR to provide its IBM Blue Gene/L
supercomputer (frost) and Mass Storage
System (MSS) as TeraGrid resources.
TGCC accepts incoming TeraGrid packets that
describe project and account requests and
updates. TGCC then synchronizes these with
NCAR's accounting database and relays the
resulting data to frost and the MSS. This
mechanism provides access to the system for
authenticated TeraGrid users. The result is a
virtually seamless ability for TeraGrid users
to request NCAR's frost resource via the
centralized TeraGrid User Portal and
allocation panel, then be automatically set up
with access. Their usage is reported back to
the TeraGrid Central Database, which they
can view on the TeraGrid User Portal.
In 2008, NCAR will implement support for the
storage accounting model currently being
developed by TeraGrid working groups.

This diagram of NCAR's overall TeraGrid server architecture shows how the TeraGrid
Connector Code (TGCC) is a key link in synchronizing TeraGrid project, user, and
account information in the AMIEdb with NCAR's ACC8 accounting database. All account
and supercomputing usage data flows through TGCC, effectively integrating the TeraGrid
Central Database with NCAR's accounting database.

This work supports NCAR's strategic priority
of "Developing and providing advanced services and tools." TGCC is supported by NSF Core funds.
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Experimental computing systems: Blue Gene/L
In March 2005, NCAR became one of the first
sites in the world to receive an IBM Blue
Gene/L (BG/L) supercomputing system. The
system, named frost, consists of a single
BG/L rack (2,048 compute processors, 64 I/O
processors, 5.73 teraflops peak) and
appeared as the 61st fastest computer in the
world in the 25th Top500 List (released in
June 2005). Frost was an experimental
system to support researchers from NCAR,
the University of Colorado at Boulder, and the
University of Colorado at Denver who are
investigating and addressing the technical
obstacles to achieving practical petascale
computing in geoscience, aerospace
engineering, and mathematical applications.
The opportunity to experiment with systems
like BG/L is absolutely essential for NCAR to
maintain its ability to provide capability and
capacity supercomputing to the community.
Moreover, low-power systems like BG/L (only
25 KW for 5.73 teraflops) offer the promise
of significantly reducing the strain on the
NCAR Mesa Lab's computing facility.
To consolidate experimental coumputer
system research in CISL, the Research
Systems Evaluation Team (ReSET) was
formed in late 2005. The mission of ReSET is
to administer and evaluate strategically
selected experimental systems for CISL to
gain maximum knowledge of and impact from
emerging technologies. ReSET is housed in
CISL's Computer Science Section, but it
collaborates with staff members from other
sections and groups across CISL to
accomplish its mission. In mid-November
2005, frost became the first experimental
system managed by ReSET.

The IBM Blue Gene/L computer "frost" at NCAR was innovative in more ways than just
the shape of its cabinet when it was installed in 2005. Its high-performance, low-powerconsumption design had great potential, but the system required R&D to become a
useful tool for geosciences research. That work has been very successful, and frost is
now performing at a high level in multiple roles for universities, NCAR, and the
TeraGrid.

During FY2007, members of ReSET continued
working with the frost user community to
significantly increase both the number and
breadth of applications that can be run on
frost. One example of this effort's impact is the development of a version of CCSM capable of exploiting massively parallel computing
platforms like BG/L. While frost was an experimental system, ReSET's success in expanding the user and application code base
produced system usage levels that are similar to those of the production supercomputing systems managed by CISL.
In addition to providing user support, the ReSET team continues to work through the Blue Gene consortium and SP-XXL to improve
the BG/L system software stack and influence development of the software stack for the follow-on system, Blue Gene/P. One example
of this effort is the collaboration with Argonne National Laboratory to further develop Cobalt, the queuing system currently being used
on frost, by incorporating alternate scheduling strategies and interfacing it with the Coordinated TeraGrid Software and Services
software stack.
Frost became a production TeraGrid resource on August 1, 2007: 25% of its cycles are devoted to supporting NSF TeraGrid science
activities. In FY2008, frost will continue to be used both as an experimental research system for university and NCAR users and as a
production computing resource on the TeraGrid.
The role frost plays for the research commmunity now addresses three of NCAR's strategic priorities: "Conducting computer science,
computational science, applied mathematics, statistics, and numerical methods R&D," "Developing and providing advanced services
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and tools," and "Enhancing capability and capacity of NCAR supercomputing." This work is made possible through NSF MRI Grants
CNS-0421498, CNS-0420873, and CNS-0420985, and through the IBM Shared University Research (SUR) program with the University
of Colorado. NSF Core funding also supports this system.
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In FY2007, CISL successfully negotiated with IBM to extend the support contracts for its two Linux cluster systems pegasus and
lightning (lightning provides warm failover for pegasus) through the end of FY2008. The pegasus cluster runs two mesoscale forecast
models in the Antarctic Mesoscale Prediction System (AMPS)—MM5 and WRF—as well as testing a polar version of WRF. The latter,
Polar WRF, contains modifications to better represent conditions over the high latitudes and extensive ice sheets, and testing on
pegasus has shown it to be an improvement over the regular WRF in Antarctica. Over the past year, Polar WRF has been implemented
in AMPS.
CISL staff will continue to operate pegasus in normal operational mode through the end of FY2008.
This project is made possible through funding from the NSF Office of Polar Programs in collaboration with the Byrd Polar Research
Center of the Ohio State University.

LSF deployment
In FY2007, CISL staff completed work on the new batch system accounting database. This centralized MySQL database provides a
consolidated repository of all production supercomputer batch system accounting data generated by Platform Computing's Load
Sharing Facility (LSF). In addition to designing and creating the new database, CISL software engineers developed new tools and
processes to automatically clean and load the accounting data into the database at multiple intervals throughout the day.
During this year's blueice Breakthrough Science (BTS) campaign, CISL staff mined the database to produce daily usage reports. These
reports were then used to identify and provide assistance to the scientific researchers who were having difficulty getting their code to
run properly on the new supercomputer. Also in FY2007, CISL has also configured a direct interface from the statistical package R to
the database to further facilitate complex problem resolution, scheduler optimization, and data analysis.
In FY2008, CISL will deploy LSF on bluefire, the new IBM POWER6 cluster, and integrate its data into the consolidated system
accounting database.
This project is made possible through NSF Core funding.

Fiber installation along bike path between two campuses
This project was successfully completed and is fully operational. Networking projects are supported by UCAR Communications Pool
indirect funds.

Cabling Foothills Lab Building 0
This project was successfully completed and is fully operational. Networking projects are supported by UCAR Communications Pool
indirect funds.

Storage Area Network (SAN) deployment for CDP/ESG
In FY2007, DSG plans to make data available on our SAN to TeraGrid users via a web interface for downloading datasets formatted
specifically for popular models used today. Changes in our existing infrastructure will make these data available to a broader user
community at much higher transfer speeds.
The SAN is supported by NSF Core funding.

CISL portal
The CISL portal was enhanced in FY2007 to report additional accounting information. This portal has achieved production status and is
now fully operational. For FY2008, the CISL portal will be maintained but not upgraded. Future development will occur as needs arise,
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most likely in the areas of reporting, supercomputer status, and data entry delegation.
The CISL portal is supported by NSF Core funding.
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Research in computational science and math for geophysics: TDD and IMAGe
The research activities within CISL's
Technology Development Division (TDD) and
Institute for Mathematics Applied to
Geosciences (IMAGe) support scientific
computation, numerical modeling, and the
statistical analysis of geophysical data and
model experiments. This research is
important to maintain an innovative
computational and modeling facility at NCAR,
and more broadly, to lead the geophysics
community in adopting new computational
and mathematical approches that enhance
scientific research. This mission is aligned
with NCAR's strategic priority of "Conducting
computer science, computational science,
applied mathematics, statistics, and
numerical methods R&D."
Given this broad priority, the research in CISL
must span several disciplines and address
computational science at many levels. These
include improvements to network flow and
scalability of existing codes to different
numerical methods for simulating the flow of
geophysical fluids. Integrated with the
computational science are areas of applied
mathematics that include data analysis,
models for multiscale processes, and
techniques for assimilating data into
numerical models. Because these different
elements are coordinated through a single
lab, there is an easy transfer of technology
and ideas from prototypes and theoretical
results in IMAGe, to issues of implementation
and workflow in TDD, and finally into
incorporation as tools and models for the
communities served by CISL. There is also a
valuable reverse transfer whereby emerging
computational capability and data storage
spur particular research that takes advantage
of these features.

Institute for Mathematics Applied
to Geosciences (IMAGe)
For FY2007, the IMAGe program on statistics
and numerical models provided a focus for
statisticians to build collaborations with
geophysical modeling groups, and for
modelers to be aquainted with statistical
methods for more efficient design and
analysis of numerical model experiments.
Other important accomplishments are
advances in data assimilation and high-order
numerical methods. During this period
several large numerical experiments of flows
with and without magnetic fields were
conducted to test aspects of turbulence
theory. In addition, a new research direction
was taken in reconstructing paleoclimate.
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IMAGe plans for FY2008 are continuations of
these activities. Some important milestones
are incorporating higher-order numerics and
conservation into a dynamical core for the
NCAR global atmosphere model, combining
several different climate proxies into a
climate reconstruction, and numerical
experiments of turbulent flows for spherical
geometry. In the coming year, we will focus
on the applications of RBFs to unsteady fluid
flows based on incorporating both local node
refinement and filtering. The IMAGe Themeof-the-Year program for FY2008 will be on
Geophysical Turbulence Phenomena. Its goal
is to synthesize theory, observations, and
computation to advance the understanding of
turbulence.

This is a detailed simulation of a rising bubble of hot air and is similar to the small-scale
motion of the atmosphere expressed by nonhydrostatic physical equations. This
computation is significant because it is found using highly accurate numerical methods
and can be implemented on large, massively parallel supercomputers. As models for the
Earth's climate increase in spatial resolution, it will be necessary to simulate the
complex motions of the atmosphere using nonhydrostatic fluid equations to accurately
represent processes such as thunderstorms or the effect of mountainous terrain.

Technology development
TDD researchers developed scalable versions
of POP and CICE as well as a sequential
CCSM coupler that currently runs on the IBM
Blue Gene/L (BG/L) system at production
resolutions. This is a significant simplification
in design and opens the door to ultra-highresolution coupled climate simulations using
very large numbers of processors.
FY2008 plans are continuations of existing
work. Some important milestones include
deploying a new computer to support our
experimental systems research and TeraGrid
activities, and developing a service oriented
architecture for the geosciences. Further,
development will proceed on an ultra-highresolution configuration of CCSM that is
suitable for execution on 10,000 to 30,000
processors.

Earth system modeling
infrastructure
One of the major accomplishments of FY2007
was the successful completion of a beta test
of a coupled, ESMF-based COAMPS-NCOM
application. The atmospheric portion of
COAMPS (Coupled Ocean Atmosphere
Mesoscale Prediction System) is in operational
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This figure reports the results from testing a Bayesian statistical method to reconstruct
past Northern Hemisphere temperatures based on tree rings and other proxy
information. For this test case, the true temperature series has been obtained from a
numerical experiment with the NCAR paleoclimate model. Figure (a) depicts some
synthetic annual data (green) that is similar in quality from a network of tree ring
chronologies and derived from the model temperatures, the radiative input to the
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use at the Navy Fleet Numerical Meteorology
and Oceanography Center (FNMOC). Coupling
it to NCOM (NRL Coastal Ocean Model)
improves the predictive capability of the
system at high resolution. The coupling was
accomplished within the ESMF component
architecture using the ESMF sparse matrix
multiply for regridding. The coupled system is
expected to be transitioned to FNMOC
operations beginning in FY2008.

atomosphere at a global scale (red) and the model temperature over the period of
instrumental temperature records. Figures (b) and (c) are reconstructions (red) of the
past tempertures using a Bayesian hierarchical statistical model, and can be compared
to the true model temperatures. The reconstruction in (b) also uses the radiation series
in a simple statistical form and provides a more accurate estimate of temperature than
when the tree ring information is used alone (Figure c). Reconstructing past climate
using single types of climate proxies may not reproduce behavior at all time scales, such
as the results in (c). This example is important for demonstrating the value of including
additional covariate information, such as radiation input, when reconstucting past
climate. The statistical framework used to solve this problem faciliates incorporating
important physical information and can aid in capturing the patterns and cycles of
climate over longer periods.

In FY2008, the ESMF team will publicly release a version of the framework (v3.1.0) that contains wholly redesigned data structures for
the representation of grids and fields. These structures allow for the representation and manipulation of rectilinear and curvilinear grids
and to a limited extent, multi-patch grids. This release will also enable users to represent a wide variety of grids in index space, and to
perform highly scalable redistribution and sparse matrix multiply operations using them.

Visualization and enabling technologies
Scaffolding upon knowledge gained in the VSTO project, we began to investigate emerging ontology-based semantic systems as a core
foundation for several activities. Our experiments spanned the Earth System Grid, the Community Data Portal, the Earth System
Curator, and CADIS, and the results were very promising, particularly as they relate to the potential for improved human-computer
interfaces.
We will continue this R&D work into FY2008, and plan to deliver an initial production release of powerful new knowledge-based tools
during the year. In FY2008 we also plan to investigate scalability and performance strategies in the context of our community analysis
and visualization tools. This work will span the intertwined areas of data models, aggregation schemes, complex grid topologies, and
display models.

Computational science
The Computational Science Section developed a High-Throughput Computing (HTC) service for BG/L. Designed as a high-performance
computing platform for large parallel jobs, BG/L previously allocated resources in 64-CPU partitions. HTC allows each of the 2,048
processors in BG/L to run independent programs, making BG/L a candidate platform for more diverse Grid-enabled workflows in use at
NCAR. In FY2007, we developed a Grid-enabled interface supporting HTC on BG/L. This new interface accepts single-processor tasks
using the Globus Resource Allocation Manager (GRAM), aggregates HTC tasks into BG/L partitions, and requests partition execution
using the underlying system scheduler. By separating HTC task aggregation from scheduling, we provide the ability for workflows
constructed using standard Grid middleware to run both parallel and serial jobs on BG/L.

Support
Support by funding agencies other than the NSF is indicated in the individual reports in this section of the CISL annual report.
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IMAGe research: New algorithms, tools, and geophysical models
The power of mathematical science is that
similar methods and models can be used to
solve problems in very different contexts. The
Institute of Mathematics Applied to
Geosciences (IMAGe) was formed in October
2004 to develop tools, methods, and models
that can address some of NCAR's
fundemental science problems. IMAGe is also
actively introducing the mathematics
community to new problems that are posed
by geophysical processes and observations.
Two important vehicles that support this
interdisciplinary activity are the Theme of the
Year workshops and publically available
software for numerical and statistical
methods. IMAGe contributes to the NCAR
strategic priorities of "Conducting research in
computer science, applied mathematics,
statistics, and numerical methods" and
"Engaging a broader and more diverse
community."
Some accomplishments during FY2007
include multi-scale models for the complex
structures produced by fluid flow, statistical
models for analyzing regional climate model
output, and developing methods to match
parameters in large geophysical models to
observations. Each of these projects is
complemented by publically available
software that makes these advances
accessible to the research community. The
FY2007 Theme of the Year (TOY) was a
successful series of three workshops on
statistics and numerical models that brought
together students, faculty, modelers, and
statisticians. This TOY featured a summer
school that established connections between
students from a diverse range of backgrounds
as they learned about models and methods
for understanding the Earth's carbon cycle.
In FY2008, IMAGe will develop:
Extensions to adaptive alogrithms for
simulating magnetohydrodynamical flow
New numerical methods that are
conservative, high order, and scale to
large numbers of processors
Methods for synthesizing different kinds
of climate proxy data to estimate past
climate and for summarizing multimodel regional climate experiments
Data assimiliation methods for tracing
sources and sinks of atmospheric
constituents
The 2008 TOY will bring modelers together
with mathematicians and statisticians to
study geophysical turbulence phenomena.
This effort recognizes NCAR's longstanding
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A precipitation atlas overlaid with scenes from the July 1997 Fort Collins, Colorado flood
where 10 inches of rain fell on the city in 6 hours. Despite common descriptions of
future climate change as "global warming," extreme precipitation events driven by
climate change also have large economic and ecological impacts. Statistical methods
being developed in IMAGe are allowing modelers to refine the accuracy of their
estimates of past climate and enhance their ability to project future weather and climate
events. (Photos by John Weaver.)
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interest in turbulence as a foundation for
understanding the dynamics of the
atmosphere and ocean. It will be codirected
by Keith Julien (Applied Mathematics CU) and
is in partnership with the Institute for Pure
and Applied Mathematics at UCLA. This
thematic program will consist of three
workshops that span turbulence theory,
observations, and computation. A summer
school will revisit these three lines of research
from the workshops, bring new talent into
this field, and foster multi-disciplinary
perspectives.

A newer type of precipitation atlas is overlaid on an exaggerated topographical
isosurface of the Colorado Front Range showing Fort Collins at the top. The data for this
figure is based on extrapolating daily precipitation data from the weather stations
located at the black and gray markers. Elevation is shown using perspective and
shading, and the different colors represent an extreme amount of precipitation expected
to occur in a 24-hour period on average once every 20 years. For example, the red
color around Fort Collins correlates to a value of less than 2.5, indicating an extreme
rainfall event of approximately 2.5 inches in a 24-hour period about every 20 years. This
can also be interpreted as a 5 percent chance per year that Fort Collins will receive 2.5
inches of rain in 24 hours. This kind of information is important for flood planning and
designing roads and other permanent structures.
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Data assimilation research
Data assimilation is the process of merging
data from observations with computer
models. It can transform diverse and
incomplete observations to gridded estimates
that can be easily used and interpreted. The
assimilation process also produces
quantitative information on model error,
forecast skill, and observational errors, all of
which allows us to improve the models. Data
assimilation is providing rapid advances in
geophysical studies. The Data Assimilation
Research Section (DAReS) of IMAGe
performs fundamental research on ensemble
data assimilation methodologies for
application across a wide range of
geophysical problems. DAReS develops and
maintains the Data Assimilation Research
Testbed (DART), a software facility for doing
ensemble data assimilation. DAReS also
provides support to a growing community of
NCAR, university, and government laboratory
collaborators who are interested in applying
ensemble data assimilation methods.
DAReS supports three of NCAR's strategic
priorities: "Developing community models,"
"Developing and providing advanced services
and tools," and "Enhancing science
education." The DART user community
includes members from many NCAR
divisions, more than a dozen universities,
and several government labs. Within NCAR:
Researchers in CGD are using
DART/CAM (Community Atmosphere
Model) to validate and improve climate
models
MMM is using DART/WRF (Weather
Research and Forecasting Model) to
assimilate radar observations for
convective-scale and hurricane
prediction research
ACD will use DART as a central piece of
a new satellite observing system
testbed
COSMIC is using DART/WRF to
assimilate GPS radio occultation
observations

These two plots show 700 hPa concentration of CO from a DART/CAM assimilation using
all standard observations for numerical weather prediction (top) and from a DART/CAM
assimilation that included CO observations from the MOPITT instrument on the EOS
Terra spacecraft (bottom). Comparison with aircraft observations (not shown) indicates
that assimilating the MOPITT observations improves the analysis. These results,
produced by Ave Arellano of ACD, demonstrate DART's abilities to facilitate innovative
research involving assimilation of novel observations.

RAL is using DART/WRF to study
boundary layer assimilation and modeling
HAO is exploring using DART for space weather and solar dynamo prediction
University groups are using both DART/WRF and DART/CAM, and several researchers have incorporated their own models including
hydrological models, small-scale tracer transport models, and ocean/atmosphere GCMs. A DART/WRF system was tested during the
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NOAA/NSSL Spring Program to make predictions of severe weather over the central U.S. Researchers at the California Institute of
Technology are preparing to use a DART/WRF system to assimilate observations of the Martian atmosphere. DAReS provides support
for all these activities and uses feedback from users to develop more powerful and generic assimilation tools. DART has also been used
to support graduate data assimilation classes at several universities. In July 2007, DART was used to provide six afternoons of
computer exercises supporting an IMAGe workshop on assimilation of carbon dioxide observations.
The Jamaica release of DART was made available to the community in April using CISL's new subversion facility. Jamaica contains a
number of enhanced assimilation algorithms and new parallel implementations that allow DART to run efficiently on a variety of
parallel computing platforms.
Fundamental data assimilation research focuses on advancing ensemble methods to make them more powerful and generic, capable of
being effectively applied to many problems as nearly "black-box" algorithms. Assimilation research will continue to focus on improving
methods for dealing with sampling error (a major concern for generic filtering algorithms). New non-Gaussian ensemble filtering
algorithms have been developed in the past year. These algorithms should facilitate the assimilation of discrete structures like
thunderstorms and allow the use of observations with complex error characteristics. These algorithms will be tested in DART/WRF in
FY2008.
This is the main page for DAReS and the DART facility.
The Data Assimilation Research Section is supported by NSF Core funding.
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Geophysical Statistics Project
For the past decade, the Geophysical
Statistics Project (GSP) has been a leader in
training and research emphasizing the
synergy between the geosciences and the
statistical sciences. Aside from basic
methodological and theoretical statistical
research, GSP has had a strong training
component supporting from four to six
postdoctoral visiting scientists. The postdocs
are immersed in research activities that not
only focus their skills as applied statisticians
but also expose them to important
applications in the geosciences.
In addition to these core activities, GSP also
has an active visitor program providing
research opportunities for visiting graduate
students and junior and senior faculty
members from across the nation and abroad.
As with the postdoctoral training program,
the goal of these programs is to foster
collaboration between graduate students,
postdocs, the permanent and visiting
statistical staff, and the NCAR scientists.
These programs, as well as the research and
training aspects of GSP that emphasize the
interaction between statistics and the
geosciences, embody the tenets of
integration, innovation, and community
building within the NCAR strategic plan.
Specifically, this program supports the NCAR
strategic priorities of "Conducting computer
science, computational science, applied
mathematics, statistics, and numerical
methods R&D," "Supporting and enhancing
formal science education at all levels," and
"Engaging a broader and more diverse
community in the atmospheric and
geosciences."
During FY2007, GSP researchers have been
involved in numerous important projects,
including:

This figure shows the uncertainty of decadal average (blue line with gray band) and the
uncertainty of decadal maxima (purple dots and box plots), accompanied by
instrumented decadal temperature (red). It is widely acknowledged that past
temperature reconstructions may contain substantial uncertainty that is difficult to
quantify in its full complexity, and this blurs our understanding of the temperature
evolution and the significance of the recent warming. This figure results from a
statistical method to reconstruct past temperatures together with their confidence
ranges by keeping track of different sources of uncertainties. This method offers, for the
first time, an explicit answer to questions about decadal average temperatures because
we now have the ability to account for the serial correlation of uncertainty.

This figure shows the decomposition of the output of a particular run of a simplified
regional climate model (RCM) experiment. The 30-year average summer temperature
for a control run is organized into effects that can be attributed to the particular global
climate model (GCM) that was used as forcing for the RCM, the particular RCM, as well
as the interaction associated with the particular GCM/RCM pair. This analysis of variance
(ANOVA) approach incorporates a linear combination of Gaussian processes and
represents a novel statistical technique for analyzing such experiments. Further, it helps
climate model researchers understand model biases and sources of variation in the
model output, and it leads to improved projections of climate change that are based on
multi-model ensembles.

Design and analysis of computer
experiments, in particular focusing on regional climate models and models of the upper atmosphere and the magnetosphere
Developing methodology for analyzing extremes of weather and climate
Stochastic weather generators
Carbon transport
Modeling uncertainty in climate reconstruction
Impacts of climate and climate change on public health
GSP continues to develop methodology for analyzing spatial data, including nonstationary covariance models, models for spatial lattice
data, multivariate spatial observations, spatial-temporal models, as well as general methodology for computational statistics and
Bayesian hierarchical models.
In FY2008, the scientific focus on computer models will continue, in particular through GSP scientists being involved in such NCAR
programs as the North American Regional Climate Model Assessment Program (NARCCAP) as well as in collaborations with other
computer modeling groups across NCAR. Beyond computer models, GSP scientists will continue to assess the impacts of climate and
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climate change on public health, to develop methodology for analyzing extremes, to develop methodology for quantifying the
uncertainty in climate reconstructions, and to develop statistical methodology for the analysis of complex, spatial and spatial-temporal
data.
This project is made possible through NSF Core funding, as well as grants through NSF's Division of Mathematical Sciences and NSF's
Collaboration in Mathematical Geosciences.
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Geophysical Turbulence Program
Research on turbulence has been a significant part of the NCAR
scientific program since its beginning in the early 1960s. The original
scientific leaders of NCAR recognized that to understand the dynamics
of the atmosphere, the oceans, the climate, the sun, and solar-terretrial
interactions, it would be essential to understand the relevant turbulent
processes. A number of scientific appointmens in the first 10-15 years
of NCAR's existence reflected this view and provided an in-house base
from which to productively interact and collaborate with the world
turbulence community. From these beginnings has emerged a sustained
emphasis on geophysical turbulence at NCAR in research, visitors,
seminars, and workshops that continues to this day. This emphasis can
be found today in the Geophysical Turbulence Program (GTP).
GTP is by construction an interdiscplinary group of about 40 members
that spans many divisions and laboratories at NCAR with a few external
affiliates. It encompasses research at NCAR on multiscale nonlinear
processes with an array of applications in a broad variety of areas. GTP
is also the outreach arm of this research.
In FY2007, GTP sponsored 13 seminars and hosted 7 long-term visitors
(with an average stay of 25 days) and a one-year visitor. The topics
covered in collaboration with NCAR staff represent a broad variety of
interests: studies of semi-Lagrangian fluid numerics, collision

This image shows a snapshot of the temperature field in a
direct numerical simulation of penetrative convection. This
figure reveals effects of molecular diffusion that may act to
alter the widely accepted convective entrainment law. This
result is part of a program of investigation to understand
the convective atmospheric boundary layer. (Figure
courtesy of Peter Sullivan (NCAR/MMM) and H. Jonker
(Delft University, Netherlands).

coalescence of cloud droplets, the entrainment law of the atmospheric boundary layer, spectral element methods for turbulence,
turbulence in a rotating sphere with global spectral models, magnetospheric and space physics, and fundamental turbulence scaling
laws. A collection of these collaboration summaries appears at GTP contributions by visiting collaborators.
GTP activities advance NCAR's strategic priorities of "Conducting computer science, computational science, applied mathematics,
statistics, and numerical methods R&D" and "Engaging a broader and more diverse community in the atmospheric and geosciences."
This work is supported by NSF Core funding.
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GTP contributions by visiting collaborators
This is a collection of summaries of the work conducted by some of the visitors to the Geophysical Turbulence Program in FY2007:
Brachet, Marc summary of collaboration with Annick Pouquet (NCAR), Duane Rosenberg (NCAR), and Pablo D. Mininni
(NCAR).
Cossette, Jean Francois summary of collaboration with Piotr Smolarkiewicz and Paul Charbonneau (Universit\351 de
Montr\351al).
Jonker, H. summary of collaboration with Peter Sullivan (NCAR).
Montgomery, David summary of collaboration with Pablo Mininni (NCAR), Annick Pouquet (NCAR), and Leaf Turner
(Cornell Univeristy).
Wang, Lian-Ping summary of collaboration with Wojciech Grabowski (NCAR).
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Numerical turbulence algorithms and code development
The Turbulence Numerics Team
(TNT) staff includes Aimé Fournier
(Project Scientist), Jonathan Graham
(Graduate Student in Applied
Mathematics, CU, supported by an
NSF-CMG grant), Ed Lee (Graduate
Student in Applied Mathematics,
Columbia University), Pablo Mininni
(Senior Postdoc, supported by an
NSF-CMG grant), Annick Pouquet
(Senior Scientist and Section Head),
Duane Rosenberg (Software
Engineer). Details about the general
report below appear in the CISL
Research Catalog organized by the
last names of the research team
members.

Turbulence science
We have pursued investigations of
homogeneous and isotropic
turbulence and turbulent structures
at high Reynolds numbers,
incorporating a broad variety of
phenomena. For neutral fluids, we
have run high Reynolds number (Rλ
800) simulations in an effort to
study energy transfer between
scales. We find that 20% of the
energy flux in the small scales is due

Three-dimensional rendering of regions of strong vorticity in a 2,0483 hydrodynamic simulation.
From left to right and top to bottom, successive zooms into the structures are shown. Note the
small-scale vortex filaments and the development of clusters of vortex tubes at intermediate
scales. As a reference in the last zoom (right), velocity field lines are shown in red. These figures
show the complex flow structures that develop at very high Reynolds number (Rλ 1,300), and
they provide an excellent test case for the study of turbulence as it appears in nature, the
intricate dynamics of which lead to complex behavior and modified transport properties.

to interactions with the large-scale flow. A recent high-resolution (2,048 3 ) hydrodynamic allowed for a more refined analysis at still
higher Reynolds number (Rλ

1,300) showing that convergence to the asymptotic turbulence regime appears to be slow; that even

though the nonlocal interactions diminish with Reynolds number, they are measureable with the highest resolution data we can
currently afford.
This year has seen significant progress on applying and understanding regularizations as subgrid scale (SGS) models in the study of
the Navier-Stokes equations. We find that certain regularizations may be useful as a model of unresolved scales, as they are able to
reproduce the Navier-Stokes energy spectrum, and may offer a significant, though suboptimal (independent of Reynolds number)
computational savings. Other regularizations are found to reproduce intermittency properties of these flows.
Using our recently developed spectral method for studying neutral and conducting incompressible fluids inside a rigid, "hard" spherical
boundary, we have added the ability to study a richer set of physical effects that can more faithfully treat aspects of atmospheric flows
and planetary and solar dynamos.
For conducting magnetohydrodynamic (MHD) flows, we have extended our previous results to show that the nonlocal behavior of the
energy transfer in MHD is the result of a correlation between the velocity and magnetic fields. These MHD studies raise a number of
interesting questions concerning the role of magnetic helicity, possible implications for dynamos, and fundamental aspects of
universality in MHD.
In an important new development, we have carried out late-time analysis of a breakthrough MHD simulation at the unprecendented
resolution of 1536 3 , and find that the energy spectrum is composed of two contributions, each moderately resolved. The appearance of
this spectrum with two small-scale inertial ranges has never been observed before, and it corresponds to the interplay between Alfvén
waves and turbulent eddies. It may be interpreted as a partial breakdown of universality in MHD.
Finally, we continue to investigate the ability of adaptive mesh refinement (AMR; see also below) to accurately model turbulent
phenomena, partly to determine how well AMR can accelerate long time integration simulations, and also to establish a formal direct
link between the AMR and the multi-resolution analysis of the flow and its structures.
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Numerical turbulence algorithms and code development
The IMAGe Turbulence Numerics Team (TNT) develops both
tools and models that enhance our capability to investigate
geophysical turbulence, and it applies these capabilities to
fundamental scientific objectives. This program complements
the Geophysical Turbulence Program and focuses on the
accurate simulation and understanding of fluid turbulence, as
found in the atmosphere and for charged flows in the presence
of magnetic fields. TNT research emphasizes simplified
physical systems that still reproduce the complexity and multiscale properties associated with turbulent flows but that allow
for the highest possible Reynolds number. The code
development and applications pertain directly to the NCAR
strategic priorities of "Conducting computer science,
computational science, applied mathematics, statistics, and
numerical methods R&D" and "Developing and providing
advanced services and tools."
TNT members have broad experience in developing a variety
of algorithms for studying turbulence. Our highly scalable
codes include a 2D and 3D pseudo-spectral hydro- and
magnetohydrodynamics (MHD) code that may include a Hall
current. These codes are proven to scale up to several
thousand processors. These codes have also been modified to
include a Lagrangian-averaged ("alpha") model that smooths
the velocity locally and has proved useful for studies using
very high Reynolds numbers. We also have a new (strictly)
spectral method to solve the equations of hydrodynamics and
MHD in a sphere, with which studies can be made of fluid
turbulence (with rotation) at moderate Reynolds numbers with
a variety of boundary conditions.

Contour plot of current density in an adaptive simulation of the
Orszag-Tang vortex configuration. Red is high current, blue is low
current, and the equivalent resolution is 5122. Note the strong, thin
current sheet at the center. This simluation demonstrates the ability
of an explicit adaptive MHD spectral element solver to accurately
capture small-scale structure in a flow that exhibits complex nonlinear
behavior including intermittent magnetic reconnection.

We have significantly modified the pseudo-spectral codes to make the addition of new physics easier, and to simplify the maintenance
of the code as the number of users increases. Support for FFTW 3.x and new options for POSIX and MPI I/O were added. Now the
pseudospectral code has a dynamical core, and the different solvers are picked at compile time by the user. A solver for rotating flows
has already been written and tested, and simulations up to 5,123 grid points and Rossby numbers down to 0.05 were done. We are
currently analyzing these results. Options for a solver for stratified flows are already in place, and our next task is to implement and
test such a solver.
TNT continues work its high-order adaptive mesh refinement code, GASpAR. This year's activities have focused on developing an
explicit incompressible MHD solver to extend the existing Burgers and Navier-Stokes solver capabilities. This new solver has been
applied to a challenging turbulent MHD problem in the literature, and it was found to produce excellent agreement with established
results. We also continue work on preconditioning in collaboration with IMAGe/CMG and have obtained preliminary results from an
optimized additive Schwarz preconditioner that, in its first stage, will be applied to our iterative Krylov methods used with conforming
elements. We have made a strategic decision to postpone adding modeling (e.g., so-called 'alpha' models) this year, and have instead
made strides toward a full three-dimensional solver capability that we will pursue as well in FY2008.
We continue to develop new aspects of exploration and applicability for spectral elements, and to apply our extpertise in the area of
spectral elements and numerical methods to areas of investigation that are of traditional interest to NCAR.
Finally, in collaboration with our visitor Marc Brachet, we have begun to develop and test a newly developed parallel version of a
symmetric FFT algorithm for use in pseudo-spectral studies of problems that have the same symmetries as the so-called Taylor-Green
vortices. We will continue our work on this project in FY2008 because it may enable us to achieve resolutions up to four times that of a
standard pseudo-spectral code, and hence, to probe significantly higher Reynolds number flows.
TNT research is supported by NSF Core funding and partially by NSF grant CMG-0327888.
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Numerical methods: Application of radial basis functions to modeling
While computer technology has advanced
dramatically in recent years, numerical
schemes currently used for climate and solar
modeling fall drastically short of scientists'
expectations. Spherical harmonics require
large grids to resolve small features, and this
is computationally impractical. Spectral
element methods can resolve small features,
but they require higher resolution near
artificial boundaries to achieve high accuracy.
Both methods involve high algorithmic
complexity and are impossible or awkward to
apply to irregular geometries. As a result,
geoscientists and computational
mathematicians are searching for new
options. Radial basis functions (RBFs) offer
the geosciences community a new and
efficient numerical approach for solving timedependent partial differential equations
(PDEs).

RBFs were used to produce this 23-day simulation of a steadily translating low pressure
system, mode led by the forced nonlinear shallow water equations. This simulation used
simple algoritms on 3,136 nodes with a time step of 10 minutes. This result
demonstrates that RBFs can be applied to geophysical models, and that this approach
shows promise for efficiently using thousands of processors to produce highly accurate
Earth system simulations. (See 8 MB animation.)

Building on the accomplishments of FY2006,
the IMAGe Computational Mathematics Group
together with the University of Utah,
University of Colorado-Boulder, University Of Michigan-Ann Arbor, Arizona State University, and Uppsala University, Sweden continue
research in the developing area of RBFs for climate and solar modeling.
Results from the deformational flow test case reported in FY2006 are compared to a discontinuous Galerkin spectral element scheme
(DGSE) in the table that follows. Because this test case has just been developed, comparison is limited to this method since it is the
only one for which results are available in the literature. The table shows that to achieve a given accuracy for this test case, the RBF
method needs a much lower resolution while being able to take much larger time steps than the DGSE method.
Method
RBF
DGSE

N
4096
55296

L2 error

Time step

1e-5 600 minutes
1e-5

6 minutes

In 2007, our efforts furthered the topic by concentrating on solving the shallow water wave equations on the sphere using RBFs. This
research concentrates on the performance of RBFs for three test cases of the shallow water equations with known solutions. The first
test case is a steady-state solution for global nonlinear zonal geostrophic flow. The second is similar to the first except that the wind
field is compactly supported (i.e. nonzero in a limited band region), emitting a more complex solution. The last is a forced nonlinear
system with a translating low pressure center in the Northern Hemisphere that is superimposed on a westerly jet stream.
RBFs numerically solved the first test case trivially. The solution is second-order spherical harmonics that RBFs can reproduce exactly
with just nine nodes on the sphere. We could stably integrate at machine precision for decades. For the second test case, the solution
is not an exact spherical harmonic expansion, and the errors compare well against other spectral methods as shown in the table. For
the third test case, the comparision analysis to other spectral methods is currently being performed. However, the RBF solution can be
seen in the animation above.
The following table summarizes the results for the second test case to compare the performance of RBFs with spherical harmonics
(SH), double Fourier series (DF), and spectral elements on a cube (SE). It shows that the RBF method achieves superior accuracy with
significantly fewer processors.
Method

N

L2 error Time step

RBF

1849

1e-8

10 minutes

SH

2048

2e-6

6 minutes

DF

2048

2e-6

6 minutes
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SE

6144

8e-7 1.5 minutes

In the coming year, we will focus on applying RBFs to unsteady fluid flows. This will require mathematical breakthroughs in the areas of
local node refinement and filtering for RBFs.
This work advances NCAR's strategic priority of "Conducting computer science, computational science, applied mathematics, statistics,
and numerical methods R&D" and is supported by NSF grant ATM-0620100.
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Adaptive-mesh grid techniques for climate modeling on millennial time scales
To provide a just comparison between nonconforming adaptive techniques in climate
modeling, more testing was performed during
FY2007. Two defects of the spectral element
approach were pointed out by the new tests:
The cubed sphere mesh introduces a RossbyHaurwitz number 4 wave into the simulation
at low resolution.
Oscillations can drive a physically positive
constant quantity to a negative value during
the course of a simulation (the Gibb's
phenomena).
In the second case, the error norms between the
two techniques are comparable, but the lowerorder method may have a more physically valid
distribution of the error. When more grid points
are added, the non-physical wave present for the
cubed sphere mesh disappears, but no Fourier
analysis was performed to demonstrate this. On
the positive side, for the flow over a mountain test,
the spectral element approach was doing much
better than the finite-volumes method in terms of
error norms. To demonstrate this, the highresolution reference solution of the Deutscher
Wetterdienst center was employed instead of the
one from NCAR.
In FY2008, the combination of a more advanced
time-stepping procedure will be studied for its
suitability with AMR simulations to accelerate the
time to solution.
This effort upholds NCAR's strategic priorities of
"Conducting research in computer science, applied
mathematics, statistics, and numerical methods,"
"Developing community models," and "Improving
prediction of weather, climate, and other
atmospheric phenomena." It will yield more
efficient and accurate models, help reinforce
NCAR's image as a leader in cutting-edge
numerical methods, and may set the standard for
next-generation climate and weather models. This
project exploring adaptive-mesh grid techniques in
spectral-element dynamical cores is supported by
the NSF with awards 0222282, 0530845, and Core
funding.
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Advection of a slotted cylinder with rotation angle α=30 and three refinement
levels (0.625° x 0.625°) in the models SEM (left column) and FV (right column).
The height field with h≥0.5 m is shaded in gray. (a,e) Initial height field (h=1000
m). (b,f) height field at day 6 (half a revolution). (c,g) day 9. (d,h) Cross section
of h along the equator at day 12 (full revolution). The adapted spectral elements
(SEM) and blocks (FV) are overlaid.

CISL Annual Report 2007: Adaptive-mesh grid techniques for climate modeling on millennial time scales

Barotropic wave at day 6 in the models SEM (left column) and FV (right column)
with uniform (non-adapted) grids at increasing resolutions as indicated above. The
relative vorticity field ζ in the Northern Hemisphere is shown.

Evolution of a growing barotropic wave in SEM (left column) and FV (right
column) with four refinement levels (finest resolution is 0.3125° x 0.3125°).
Snapshots of the relative vorticity field ζ at (a,e) day 3; (b,f) day 4; (c,g) day 5;
and (d,h) day 6. The refinement criterion is |ζ|≥3x10E-5 s-1, the adapted spectral
elements (SEM) and blocks (FV) are overlaid.
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Time traces of the normalized l2 geopotential height error norms for the flow over
a mountain (test case 5). The adaptive simulations with three refinement levels
(0.625° x 0.625° at the finest level) and several uniform-resolution runs are
compared to a T426 spectral transform reference solution.
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Scalable numerical methods for partial differential equations
In FY2007, work focused on the
GASpAR geophysical and astrophysical
spectral element adaptive code. Major
code updates needed to be performed
to support the special communication
necessary in Schwarz and optimized
Schwarz methods. This was completed
and tested during FY2007. Also, since
the optimized Schwarz preconditioning
is a non-symmetric method, a new
Krylov subspace method was required.
The BiCGStab method was chosen
because it produced satisfactory results
for the HOMME model and the
optimized Schwarz technique. Also
accomplished in FY2007 is the inclusion
of standard Schwarz preconditioning to
test the new features of the code. It is
based on the work of Fisher in 1997. A
low-order Q1 finite element is
constructed on an overlapping grid.
Our intent for FY2008 is to complete
the optimized Schwarz work for
incompressible MHD equations with a
An overlapping domain, on which the partial differential equation is discretized using a lowprecision method, is built on top of the high-order element of the GASpAR code. The special
special coarse solver based on radial
boundary conditions applied to this overlapping element will reduce the overall time to solution
basis functions that seem to offer
of the solver.
flexibility in an adapted mesh
environment. The work for the POP
ocean model will be postponed until the technology is sufficiently mature in the GASpAR code.
This project supports NCAR's strategic priorities of "Conducting research in computer science, applied mathematics, statistics, and
numerical methods," "Developing community models," and "Improving prediction of weather, climate, and other atmospheric
phenomena." It is made possible through NSF Core funding.
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CISL research: Computational science
The CISL Computer Science Section is responsible for tracking and evaluating new computing technologies, making early adoption
decisions, and performing systems research. Section members are actively pursuing research in the following areas:

Strategic goals:
science, facilities
and technology

High-performance computing

CISL research catalog

Linux clusters

Grid computing
Experimental systems
Experimental networking and evaluation of high-performance interconnects
System and network performance analysis
High-performance file systems and archival storage systems
Parallel Algorithms and Architectures
Model development
Research results from the past year include our successes in model development through numerical methods and scaling techniques,
networking advancements through collaborations, dedicated networks, and innovative diagnostics, and visualization research yielding
high-fidelity data compression applications.
In the area of archival storage, we are continuing to develop a reliable and high-performance file system for archival storage using
low-density parity check codes (LDPC). The advantage of moving to an LDPC scheme based on an open software infrastructure is that
it allows us to leverage emerging storage solutions. Our system also promises significantly increased fault tolerance.
These efforts support NCAR's strategic priorities of "Providing capability and capacity supercomputing to the community," "Developing
and providing advanced services and tools," and "Creating an Earth system knowledge environment." These CISL research projects
and programs are supported by NSF Core funding, with other support as indicated by the individual reports in this section.
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Numerical methods: High-Order Method Modeling Environment (HOMME)
The future evolution of the Community
Climate System Model (CCSM) into an
Earth System model will require a highly
scalable and accurate flux-form
formulation of atmospheric dynamics.
Flux form is required to conserve longlived trace species in the stratosphere.
Accurate numerical schemes are
essential to ensure high-fidelity
simulations capable of capturing the
convective dynamics in the atmosphere
and their contribution to the global
hydrological cycle. Scalable performance
is necessary to exploit the massively
parallel petascale systems that will
dominate high-performance computing
(HPC) for the foreseeable future. This
activity directly supports NCAR's
strategic goal of "Developing community
models for weather, climate,
atmospheric chemistry, and solarterrestrial research."

These images show the evolution of temperature (left panel) and surface pressure
disturbances (central panel) simulated by the discontinuous Galerkin (DG) dynamical core in
HOMME. The object of this test is to assess the evolution of an idealized baroclinic wave in
the northern hemisphere. When compared to the NCAR global spectral model (right panel),
the DG simulation is smooth and free from "spectral ringing" (spurious oscillations). Having a
dynamical core that is accurate, scalable, and conservative is essential for climate science
simulation.

The High-Order Method Modeling Environment (HOMME), developed by CISL's Computer Science Section, is a vehicle to investigate
using high-order-element-based methods to build conservative and accurate dynamical cores. Currently, HOMME employs the DG and
spectral element methods on a cubed-sphere tiled with quadrilateral elements. HOMME can be configured to solve the shallow water or
the dry/moist primitive equations, and has been shown to efficiently scale to 32,768 processors of an IBM BlueGene/L (BG/L).
The objective of this project is to extend HOMME to a framework capable of providing the atmospheric science community with a new
generation of atmospheric general circulation models (AGCMs) for CCSM based on high-order numerical methods on the cubed-sphere
that efficiently scale to hundreds of thousands of processors, achieve scientifically useful integration rates, provide monotonic and
mass-conserving transport of multiple species, and easily couple to community physics packages such as Community Atmosphere
Model (CAM) physics. Achieving these objectives will allow climate scientists to take full advantage of the extraordinary petascale
computing capabilities being deployed by NSF in the next five years, and will lead to dramatic increases in climate science productivity.
The development timeline is such that the proposed technology will be freely available to the community for the Intergovernmental
Panel on Climate Change (IPCC) fifth assessment science runs, currently scheduled to begin in April 2010. To achieve this requires
work in four areas: physics, validation and verification, time integration, and scalability.
In FY2007 we have integrated CAM physics into HOMME and developed conservative baroclinic models in both the DG and spectral
element branches of the HOMME framework. The DG approach is a high-order and inherently conservative method, and it employs
flux-form primitive equations on the cubed-sphere. Initial validation results using Held-Suarez, baroclinic instability, and aqua-planet
tests are promising. In addition, some of the scalability lessons learned during the development of HOMME have been transferred to
the components of CCSM (e.g., POP).
This research and development effort supports NCAR's strategic priorities of "Developing and providing advanced services and tools"
and "Creating an Earth system knowledge environment." In addition to NSF Core funding support, two Department of Energy
programs sponsor this research: the Climate Change Prediction Program (CCPP) and the Scientific Discovery through Advanced
Computing (SciDAC) program.
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Improving scalability of CCSM components
The recent re-emergence of highly parallel
systems has placed a premium on code
scalability. In particular, NSF plans to deploy
a petascale sustained system in the 2010
timeframe has accelerated our need to
significantly increase the number of
processors on which application codes can
run efficiently. In its standard configuration,
one of NCAR's flagship applications—the
Community Climate System Model (CCSM)—
only utilizes approximately 200 processors.
Clearly, the scalability of the CCSM model
must be significantly increased to successfully
utilize compute cycles on the upcoming
100,000 to 500,000-processor petascale
systems. Currently the systems providing the
largest scale parallelism are the IBM Blue
Gene and Cray XT4 systems. These prototype
petascale systems provide the opportunity to
examine and improve the scalability of CCSM
component models on large processor counts
in preparation for the upcoming NSF
petascale system.

A plot of the simulation rates of 0.1-degree Parallel Ocean Program (POP) benchmark on
the Earth Simulator (ES), Cray RedStorm XT3 (RS/XT3) and XT4 (RS/XT4), and Blue
Gene Watson (BGW) supercomputers. This plot shows that several code modifications
can double the POP benchmark's simulation rate compared to the best performance
achieved in its standard form. The RS and BGW systems can sustain a simulation rate
greater than five years per wall-clock day; this rate will allow long-timeframe climate
simulations to be completed within usefully short times.

We initially examined the ability of the Blue
Gene/L system to perform high-resolution
ocean modeling using the Parallel Ocean
Program (POP). We used the POP 0.1-degree
benchmark to gauge the impact of several
code modifications designed to increase simulation rate. The code modifications involve: a) redesigning data structures in the POP, and
b) adding a partitioning algorithm based on space-filling curves. Both modifications reduce POP's compute resource requirements,
which allows for more efficient utilization of systems with large processor counts and limited memory bandwidth.
The figure shows the simulation rates for the POP 0.1-degree benchmark using the original and modified configurations on the Earth
Simulator, IBM Blue Gene/L, and Cray RedStorm supercomputers. Note that the combination of the 1D-data-structure-based solver
and space-filling curve partitioning increases the simulation rate on 30,000 IBM Blue Gene/L processors from 4.0 to 7.9 simulated
years per wall-clock day. Our techniques also improved the simulation rate on 7,600 Cray RedStorm processors from 6.3 to 8.1
simulated years per wall-clock day. Based on our success with POP, we have used space-filling curves to increase the simulation rate
of the Community Ice CodE (CICE) at 0.1 degrees by 33%.
In FY2007, the success with POP and CICE has spurred the development of a sequential CCSM coupler, a significant simplification in
design versus the current design. The creation of the sequential coupler, improvements in the memory footprint of the Community
Land Model (CLM) at large processor counts, and the improvements in the scalability of the Community Atmosphere Model (CAM) by
our Department of Energy collaborators, has enabled the creation of a sequential CCSM capable of executing in low-memory
environments. A development version of CCSM, based on the sequential coupler, currently runs on Blue Gene at production resolutions.
In FY2008, development will proceed on an ultra-high-resolution configuration that is suitable for execution on 10,000 to 30,000
processors.
This work advances NCAR's strategic priority of "Conducting research in computer science, applied mathematics, statistics, and
numerical methods." It is supported by NSF Core funding, as well as the Department of Energy CCPP program grant DE-FC0397ER62402 and DE-PS02-07ER07-06.
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Networking research projects and technology tracking
NETS is a principal collaborator in number of
nationally recognized networking and data
communications research and development
projects. NETS hosts and presents at national
and regional meetings on a variety of
networking projects. NETS continued work on
an NSF STI award for the Network Path and
Applications Diagnosis (NPAD) project, and
NETS contributed to the NIH BRIN (National
Institutes of Health) (Biomedical Research
Infrastructure Network) Lariat project.
NETS staff serve on the board and the
executive committee of the National
LambdaRail, Inc. (NLR), a consortium of
leading U.S. research universities and
private-sector technology companies building
and operating a network infrastructure for
new forms and methods for research in
science, engineering, health care, and
education as well as for research and
development of new Internet technologies,
protocols, applications, and services. NETS
has continued to manage network
connections between the NCAR computing
facility and the TeraGrid, an open scientific
discovery infrastructure combining
leadership-class resources at partner sites to
create an integrated, persistent
computational resource.

Del Harris, a Network Engineer with NETS, works on a wireless networking antenna
linking NCAR/UCAR campuses. NETS is constantly tracking, testing, and deploying new
technology as appropriate to provide UCAR users with state-of-the-art networking
service. As business continuity has become a higher priority for the organization, NETS
has broadened their deployment of MAN wireless technology to provide backup services
between all campuses as a disaster recovery measure.

NETS staff serve in a number of leadership
roles in the Quilt, including the Quilt, Inc. Board of Directors, Steering Committee, Executive Committee, the Peering Committee, the
Commodity Internet Services Committee, and the Regional Optical Network Committee. The Quilt's specific purposes and objectives
are to promote the delivery and geographical aggregation of advanced network services to the broadest possible research and
educational community; promote end-to-end continuity, consistency, reliability, interoperability, efficiency, and cost-effectiveness in
the development and delivery of advanced network services that reflect the diversity of its participants and foster innovation; and
represent the participants' common interests to national advanced research and educational networking organizations, backbone
network service providers, industry, government, standard-setting organizations, and other organizations involved in or influencing the
development and delivery of advanced network services. Through NETS involvement in the Quilt, we are able to effect and track
technology trends in networking equipment, fiber optic technologies and implementation methods, regulation, and commodity Internet
services and technologies.
NETS will continue their leadership roles in these areas in FY2008 and use the experience and knowledge gained to advance UCAR, the
FRGP, and the UPoP networking technology and infrastructure.
NETS' research activities support NCAR's strategic priority of "Developing and providing advanced services and tools." This work has
many funding sources: NSF Core funds, FRGP, and UCAR Communications Pool indirect funds.
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Layer 2 networking for researchers
NETS worked with Front Range GigaPoP
(FRGP) and UCAR users to utilize new Layer 2
networking capabilities available on National
LambdaRail (NLR) to provide high-speed,
dedicated networks between specific
locations. In particular, we have worked with
NOAA-Boulder on multiple projects. One
project provides a persistent highperformance lightpath (1 Gbps) directly
between two science centers, one in Moscow
and one in Boulder, Colorado, bypassing the
much slower rates of the standard Internet.
This high-speed service is already
transferring extremely large scientific data
files between two major science centers, the
Geophysical Center and Space Research
Institute, Russian Academy of Science (GC
and IKI RAS) in Moscow and the National
Geophysics Data Center (NGDC), National
Oceanographic and Atmospheric Agency
(NOAA) in Boulder, Colorado. Another path is
planned to be installed in November 2007
between NOAA-Boulder and NOAA-DC, and
another between NOAA-Boulder and NOAAOklahoma in Spring 2008.

NLR provides a Layer 2 service called FrameNet. This service provides dedicated and
non-dedicated Layer 2 waves. Dynamic wave testing is in progress. This service has
proved to be far more popular than expected, usage is growing rapidly, in part due to
the ease, flexibility, and low cost of setting up. This provides users, including UCAR and
the FRGP, with a low-cost technology for testing dedicated bandwidth for scientific
applications.

The ease and flexibility of this technology is proving very valuable to researchers, and NETS expects to see the use of this service grow
with time.
NETS' research activities support NCAR's strategic priority of "Developing and providing advanced services and tools." This work has
many funding sources: FRGP, U.S. Department of Commerce, and UCAR Communications Pool indirect funds.
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Network Path and Applications Diagnosis (NPAD)
The primary goal for the Network Path and
Applications Diagnostics (NPAD) project was
to develop network diagnostic techniques that
address the effects of path delay inherent in
transmitting data across wide area networks.
This effort investigated an unexplored area of
the Internet end-to-end performance
problem.
During the final year of this project, we have
further refined the prototype diagnostic tool
(pathdiag) and successfully deployed it at
multiple sites across the United States:
Pittsburgh Supercomputing Center and Three
Rivers Optical Exchange, National Center for
Atmospheric Research and the Front Range
GigaPoP, Internet 2 in Ann Arbor, Michigan,
Duke University, and Lawrence Berkeley
National Laboratory. This project will be
completed by November 30, 2007.
We have prepared and submitted a technical
paper that summarizes the project for
publication.

This slide from one of the NPAD presentations notes that nearly all network problems
are affected by Round Trip Time (RTT). NPAD attempts to address diagnosing network
problems taking into account path delay.

NETS' research activities support NCAR's strategic priority of "Developing and providing advanced services and tools." This work is
supported by NSF award 0334061 through subaward 1120444-145302 with the Pittsburgh Supercomputing Center.

© 2007 UCAR | Privacy Policy | Terms of Use | Sponsored by NSF | Managed by UCAR | Webmaster
Postal address: P.O. Box 3000, Boulder, CO 80307-3000 • Shipping address: 1850 Table Mesa Drive, Boulder, CO 80305 • Contact

http://www.cisl.ucar.edu/nar/2007/research/38npad.jsp[7/6/2015 3:14:21 PM]

CISL Annual Report 2007: Scientific data compression research

Find People

NCAR Annual
UCAR
NCAR Report
UOP

CISL report

EOL report

ESSL report

RAL report

Contact/Visit

SERE report

Search

CISL Director's
message
CISL annual report
Table of contents
Strategic goals:
science, facilities
and technology
CISL research catalog

Scientific data compression research
The Scientific Data Compression Research project began in FY2006. Building on the success of CISL's VAPOR work that employs
wavelet-based progressive data access to permit the exploration of terascale data sets, CISL began investigating the application of
wavelet-based lossy data compression techniques applied to a variety of model simulation outputs. The methods employed are similar
to those now widely used in the compression of digital media. The goals of this work are to:
Determine whether, and to what degree, scientific data sets can tolerate information loss
Investigate a variety of compression methods and determine which may be most appropriate for geoscience data
If successful, develop user tools for data compression

Exponential growth in transistor density in computers is producing ongoing increases in computer processing power. These increases enable computational
scientists to create numerical simulations
of physical phenomena at unprecedented
scales, and this generates extraordinary
amounts of data. For example, the recent
IPCC work yielded over 100 terabytes of
climate model data. While microprocessor
performance continues to double roughly
every 18 months, other computing
technologies are improving at much more
modest rates. In particular, storage and
networking bandwidths have lagged
behind. As a result, the challenge of
storing, analyzing, managing, and
sharing large simulation data sets is
becoming increasingly problematic and
hampers scientific productivity. Lossy
signal compression techniques, such as
those ubiquitously used for digital media
and now being investigated by CISL, may

Using temperature data from the 1/10-degree POP ocean model, shown from left to right are the

provide relief for researchers drowning in

original data, a 64:1 compression, and a 512:1 compression. Image quality remains high even at high

data.

compression rates. This work holds potential to significantly improve our ability to store and visualize

While extending integer, digital-media,

the data produced by high performance computers.

lossy compression techniques to floatingpoint scientific data is relatively
straightforward, the scale of the data and the desire to preserve essential data properties (such as smooth derivatives) introduces many subtle challenges.
In FY2007, CISL continued working with a number of domain scientists to identify promising wavelet decompositions for maintaining essential data
properties while applying high compression rates. Progress was also made in developing computationally efficient algorithms for handling very large data
sets. CISL collaborated with three CGD groups at NCAR and one external group: the Southern California Earthquake Center (SCEC). Experiments with the
CGD groups achieved varying degrees of success: the degree of compression that could be tolerated was found to be highly sensitive to the type of
operation to be subsequently performed. In some cases, data could be aggressively compressed while in others only minimal compression was possible.
More promising results were achieved with SCEC, where the set of data operators is small, known in advance, and preliminary work suggests that fairly
aggressive compression can be tolerated.
All of these efforts are works in progress. In FY2008 we will continue experiments with various groups, in particular the SCEC seismic simulation data. We
will also explore parallelization of our algorithms to prepare for petascale computing, and we will continue to investigate more efficient algorithms (both
computationally and in storage requirements) for encoding compressed data.
This research supports NCAR's strategic priorities of "Developing and providing advanced services and tools" and "Conducting research in computer science,
applied mathematics, statistics, and numerical methods." This work is made possible by NSF Core funding.
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This section has been incorporated into Turbulence science: Numerical algorithms and code development

10G networking technology implemented at NCAR
This project is no longer classified as research. The report appears in this year's cyberinfrastructure section as 10 Gbps end-to-end
technology implemented at NCAR.
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Toward an Earth system knowledge environment
The development of an Earth System Knowledge Environment (ESKE) is a cornerstone of NCAR's and CISL's strategic plans. Our goal
is to continually develop new cyberinfrastructure that may be integrated into powerful, collaborative problem-solving environments.
These environments are developed to accelerate the community's ability to engage in research and scientific discovery and construct
complex workflows. Our efforts span modeling frameworks, critical scientific data archives, federated data and knowledge systems,
digital preservation, collaboration, and analysis and visualization environments.
In many cases our efforts are tied to major interagency, national, and international initiatives, including the World Meteorological
Organization (WMO), the Intergovernmental Panel on Climate Change (IPCC), the International Polar Year (IPY), the National Digital
Information and Infrastructure Preservation Program (NDIIPP), and the THORPEX Interactive Grand Global Ensemble (TIGGE).
Our strategy is to cultivate opportunities to:
Advance the state of the art through R&D grants complemented by NSF Core funding
Transition the most promising and effective results into production capabilities that we support and distribute
Integrate across capabilities to amplify our investments
This section describes CISL's activities and plans that contribute to the realization of the ESKE.
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The Earth System Grid Center for Enabling Technologies (ESG-CET)
The Earth System Grid Center for Enabling
Technologies (ESG-CET) is a five-year project
funded by the U.S. Department of Energy
(DOE) SciDAC-2 program to develop and
deploy an international virtual facility for
climate and related impacts research. A
follow-on to our earlier ESG project, the effort
has grown into a large-scale collaboration
among NCAR (CISL, CGD, and HAO), Argonne
National Laboratory (ANL), Oak Ridge
National Laboratory (ORNL), Lawrence
Livermore National Laboratory Program for
Climate Model Diagnosis and Interpretation
(LLNL/PCMDI), NOAA's Pacific Marine
Environmental Laboratory (NOAA/PMEL), the
University of Southern California Information
Sciences Institute (USC/ISI), Lawrence
Berkeley National Laboratory (LBNL), and Los
Alamos National Laboratory (LANL).

This map shows the geographic locations of the sites that use the Earth System Grid
(ESG) to acquire climate simulation data, IPCC coupled model results, the CCSM climate
model, and an array of analysis and visualization tools. ESG provides services to over
6,000 registered users around the world. (See larger image.)

ESG currently provides a production service for most of the joint NSF/DOE climate change simulations conducted over the last six
years as well as the IPCC Fourth Assessment Report data holdings. Access is provided through a combination of a web portal plus
desktop applications that mediate large-scale transfers to the user. ESG currently has over 6,000 registered users worldwide, manages
over 180 TB of data in archives distributed around the nation, and has delivered over 300 TB of data to its constituents. From this past
year alone, more than 300 scientific journal articles have been published from analyses of data delivered by the ESG. ESG thus plays
an important role in advancing NCAR's strategic plan including "Developing and providing advanced services and tools," "Engaging a
broader and more diverse community in the atmospheric and geosciences," "Creating an Earth system knowledge environment."
This effort intends to advance the global community's ability to improve climate research. It is also an excellent example of crossagency collaboration to advance science. Details are available at the ESG website.
During FY2007 we continued to operate our production systems and grow our data offerings as new climate data products have
become available. We have also developed and delivered a new multi-file download capability that makes it much easier for our users
to acquire large sets of climate simulation results. Our primary focus this year has been to:
Develop new requirements for our internationally federated system
Research and create prototypes of new technology components
Forge relationships and plans with collaborators at international climate research and data centers
We have begun to work with the CCSM development group to identify next-generation strategies and processing capabilities to more
strongly match the production model runs with ESG systems. One of the highlights of our work this year has been research and
development work in using Semantic Web technologies to support a discovery and selection process that encompasses a broad range
of digital assets (e.g. models, visualization tools, datasets, analyses, etc.). This reflects a scaffolding activity whereby we are
leveraging some of the knowledge and experience gained in the Virtual Solar Terrestrial Observatory (VSTO) project. While we had
intended to integrate ESG as a TeraGrid Science Gateway in FY2007, security challenges delayed completion of this step. We have also
begun refactoring and engineering a new, shared framework that will serve as a foundation for the new system.
In FY2008 we plan to develop and release a beta version of the new ESG environment, featuring semantically enabled user interfaces
and discovery tools, international system federation, and a virtual organization infrastructure that links multiple "gateways" into a
powerful community resource. Having now developed strategies for bridging across NCAR and TeraGrid security domains, we will
establish ESG as a TeraGrid Science Gateway in FY2008 as well.
Primary support for this project is from DOE's Scientific Discovery Through Advanced Computing program contract DE-FC0206ER25772 with additional support from NSF via NCAR's Cyberinfrastructure Strategic Initiative and NSF Core funding.
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The Virtual Solar Terrestrial Observatory (VSTO)
The Virtual Solar Terrestrial Observatory
(VSTO) is an NSF-funded collaboration of the
NCAR High Altitude Observatory (HAO),
NCAR's Computational and Information
Systems Laboratory (CISL), and McGuinness
& Associates. The goal of the project is to
research and develop a next-generation
knowledge environment that will allow
seamless integration and data access in the
areas of Solar, Solar-Terrestrial, and Space
Physics (SSTSP). By providing a higher-level
semantic layer on top of the current array of
data formats, services, and repositories, the
project is aimed at facilitating and
empowering data providers, scientists,
researchers, and educators across all these
domains. The goal of the three-year project,
which ends in 2007, is to deliver a fully
functional prototype allowing virtual access to
selected services comprising observational
and model data, different data formats, and
different data archives.
The image above is a snapshot of the VSTO portal's data search and query interface,

Semantic data integration is an increasingly
which exposes an ontology-based instrument selection capability. The Virtual SolarTerrestrial Observatory (VSTO) is a production semantic web data framework providing
important area across all of our areas of
access to observational datasets from fields spanning upper atmospheric terrestrial
science and technology, especially as we
physics to solar physics. The observatory allows virtual access to a highly distributed
strive to provide capabilities that bridge
and heterogeneous set of data that appears as if all resources are organized, stored,
across domains and disciplines. VSTO thus
and retrieved/used in a common way. (See larger image.)
occupies an important strategic position in
NCAR's and CISL's cyberinfrastructure R&D portfolio. The same technologies, design patterns, and interfaces that are being developed
for VSTO have substantial promise for other scientific disciplines including climate, weather and forecast, and later for the
biogeosciences, geochemistry, and water cycles, and carbon cycles. VSTO primarily addresses two NCAR strategic goals: "Improve
Understanding of the Atmosphere, the Earth System, and the Sun" and "Provide robust, accessible, and innovative information services
and tools."
In FY2007 a primary project milestone was achieved: releasing a production VSTO system, which is depicted in the image above. Along
the way, we completed development of integrated workflows for instruments, dates, and parameters according to a suite of key use
cases developed primarily in the earlier phases of the project. VSTO now effectively integrates the holdings of the Mauna Loa Solar
Observatory (MLSO) and the CEDAR databases, and it represents a first example of broad semantic integration in its field.
In addition to the operational portal, we also began the process of exposing semantic web services to VSTO's capabilities. Our first
thrust in this area was to design, develop, and release a service interface for a sister project: VITMO, A Virtual Observatory for the
Ionosphere-Thermosphere-Mesosphere community. As VSTO and other projects like it release such services, we contribute to building
the Semantic Web and future Knowledge Networks.
Further, the project team authored several papers and posters, providing excellent visibility for VSTO at conferences, workshops, and
in the published literature. Funding support for VSTO will end in 2007, so this phase of the project is now coming to a successful close.
The team is now exploring options for broadening our disciplinary focus and complementing other initiatives planned or already
underway.
VSTO is primarily supported through a grant from the National Science Foundation, along with NSF Core funding for NCAR.
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The Cooperative Arctic Data and Information Service (CADIS)
Arctic science in the U.S. lacks a single
coordinated force setting a data management
direction. This needs to change to:
Address the challenges of data
management for Arctic-wide observing
systems
Meet scientists' growing expectations
for sharing and working with data
across diverse disciplines and in the
broad Pan-Arctic geographic domain
Encourage the international exchange
of data
Reduce overlap and wasted effort spent
developing data management solutions
for small numbers of users
The Arctic Observing Network (AON) is
supported by the National Science Foundation
and consists of more than 30 land,
atmosphere, and ocean observation
programs, some existing and some as new
observing capabilities. This International Polar
Year (IPY) initiative will succeed in supporting
the science envisioned by its planners only if
it functions as a system and not as a
collection of independent observation
programs. AON planners envision a data
management system through which:

The image above shows a prototype MapServer-based interface to Arctic Observing
Network (AON) research efforts. One of the project's challenges will be to integrate data
management and access capabilities with powerful geographic information systems and
related interfaces. CADIS provides an opportunity to deliver a broad and diverse
collection of research datasets to a multidisciplinary community in support of the
International Polar Year (IPY).

Scientists can find all data relevant to a location or process
All data have browse imagery and complete documentation
Time series or fields can be plotted online
All metadata are in a relational database so that multiple data sets and sources can be queried
The Cooperative Arctic Data and Information Service (CADIS) is a joint effort of the University Corporation for Atmospheric Research
(UCAR), the National Snow and Ice Data Center (NSIDC), and the National Center for Atmospheric Research (NCAR) in Boulder,
Colorado. Working with NCAR's Earth Observing Laboratory and UCAR Unidata partners, CISL's contributions to CADIS include the
application, integration, and enhancement of Community Data Portal (CDP) infrastructure to support the needs of the Arctic research
community. CADIS addresses several NCAR strategic priorities including "Exploring atmospheric, Earth System, and solar processes,
variability, and change," "Developing and providing advanced services and tools," and "Creating an Earth system knowledge
environment."
CADIS began in mid-FY2007, and our efforts in this early phase of the project have been focused on designing high-level architecture
for the system, developing data and metadata standards that align with international standards, extending the CDP infrastructure to
accommodate CADIS datasets, designing metadata authoring and publishing systems, and prototyping new web-based visualization
tools for some of the data sources that we will need to address in CADIS.
In FY2008 we will develop and release our first evaluation capabilities with a primary focus on physical and chemical systems. Building
on community feedback, we will refine and evolve our requirements and continue to advance our CDP technology base in support of
CADIS.
More information on CADIS is available at the project website.
CADIS is supported via a combination of NSF special support and NSF Core funding.
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The Earth System Curator
The Earth System Curator project is creating a software environment for assembling, running, and
archiving information about climate models. The intent is to make it easier for scientists to perform
modeling experiments and to coordinate with each other on efforts such as Model Intercomparison
Projects and Intergovernmental Panel on Climate Change (IPCC) assessments. The Curator project
will enable groups to prepare data for submission to the Program for Climate Model Diagnosis and
Intercomparison (PCMDI) for IPCC analysis. Curator partners include NCAR (the Earth System Grid
and Earth System Modeling Framework projects), the Geophysical Fluid Dynamics Laboratory, MIT,
and the Georgia Institute of Technology.
One of the first goals of the Curator project is to help supplement and refine metadata schemata such as the Numerical Model
Metadata (NMM) conventions so that they better serve model analysis projects, and so that they are complete and precise enough to
serve as the foundation for software tools that can automate workflow tasks. The Curator team will define an extended schema that
utilizes CF and NMM conventions.
The Curator itself will be a distributed environment, based on this extended schema, that allows modelers to:
Archive and query models, experiments, model components, and model output
Test the technical compatibility of model components
Assemble and run multi-component models
The proposed Curator architecture includes:
1. A central CDP-Curator Portal that provides access to Earth system model component software, output datasets, and
metadata describing these. The CDP-Curator portal will utilize the Community Data Portal (CDP) developed at NCAR.
2. Satellite sites that can assemble and run models, and archive experiments and data. The prototype for the Curator satellite
site is the Flexible Modeling System Run-time Environment (FRE) and associated database at GFDL.
3. A lightweight interface that enables model components to be described and archived by groups that don't have a Curator
software installation. Provider sites will use a schema based on Curator extensions to NMM.

By creating a common modeling infrastructure that serves the climate domain, the Earth System Curator supports the NCAR strategic
priority of "Developing community models for weather, climate, atmospheric chemistry, and solar-terrestrial research." It also fulfills
NCAR's strategic priority of "Creating an Earth system knowledge environment" by serving as a key element of this effort to integrate
the suite of scientific software at NCAR and improve the support of science workflows.
During FY2007, the Curator team continued to develop metadata standards in concert with a broad set of U.S. and European
collaborators, focusing on techniques for combining multiple schemata into specific use profiles. Curator staff applied the schema to
three interacting components of the GEOS-5 atmospheric GCM as a test case. These components were then used to define the
requirements and prototype a component compatibility check capability. Use cases, schemata, and other materials are available on the
Earth System Curator website.
In FY2008 the ESMF team will continue to work on schema development, focusing on the capabilities needed for compatibility check
and auto-generation, and will complete a prototype of the end-to-end system.
Earth System Curator is supported by a grant from the National Science Foundation Science Engineering Information Integration and
Informatics program.
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part of the NCAR strategic priority of
"Creating an Earth system knowledge
environment" because it provides an
information resource through a large
collection of datasets that support scientific
studies in climate, weather, earth systems
modeling, and increasingly other related
geosciences. The RDA activities can be
viewed from two different perspectives: user
data services and archive content
development.
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The Research Data Archive (RDA) is a key

In FY2007, about 5,400 unique users were
provided 140 TB of data through various
primary access pathways: the NCAR MSS,
public servers on the web, one-time special
requests prepared for individuals, and the
TIGGE (THORPEX (THe Observing system
Research and Predictability Experiment)
Interactive Grand Global Ensemble) archive
(see charts a and b). The largest user group
is associated with the web access pathway
(4,700) in contrast with the largest amount
of data being distributed via the MSS access
pathway (83 TB). This indicates the RDA is
known as a world data resource, and when it
comes to accessing large significant reference
datasets, working directly on CISL
computational resources is more effective.
A simple measure of data content
development is archive growth. The RDA
expanded by nearly a factor of two in
FY2007, from 74 to 159 TB (see chart c).
TIGGE is part of the RDA, but is shown
separately because it alone added 66 TB.
Although this factor somewhat overshadows
the 19 TB growth in the remaining part of the
RDA, this is also large when contrasted to the
6 TB growth in FY2006 (chart c). The mostdemanded datasets from the RDA are
available online through publicly available
web servers. The current online data is 19 TB
(chart d). Again, TIGGE is shown separately
and does not change between FY2006 and
FY2007, because it is a capped rolling 3week archive with only the most current data.
Older data are copied to the MSS and
managed so they are directly available to
NCAR computational facilities and upon
request as a special order to the broader
public.

These charts show the service and growth metrics for the Research Data Archive (RDA)
during FY2006 and FY2007. a) The number of unique users specified by access
pathway: the NCAR MSS, publicly available web servers, one-time special requests
prepared for individual users, and TIGGE. b) The amount of data delivered to
customers, by access pathway. c) The amount of data in the MSS archive, showing
annual growth. d) The amount of data on public servers (a high-demand subset of the
RDA archive), showing annual growth. Charts a) and b) indicate the RDA's great
significance to the community, and charts c) and d) show the annual progress toward
building more valued content into the RDA.

As a whole, the RDA is constantly changing, curation extends and adds to existing datasets, stewardship improves the documentation,
creates systematic organization, applies data quality assurance and verification, and develops access for the users. Many routine tasks
and background infrastructure developments are necessary to maintain the RDA. Some major activities for FY2008 will be:
Continued enhancement of the TIGGE archive. Ensemble weather forecast data from five NWP centers will be added to the
archive, bringing the total to 10 centers, and a data rate of 300 GB/day in several million 2D gridded fields. Significantly
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more web and software engineering is required to improve user access through the TIGGE portal hosted by the Community
Data Portal. Users need the capability to acquire multi-center temporal-spatial-parameter data subsets on selected uniform
horizontal grids.
Continued frequent updates for NCEP model and observational outputs that are available online. The global final analysis
model output and supporting conventional observations account for over 33 TB annually downloaded from the RDA web
server. These data are particularly popular for research that requires initial conditions to run regional models for many
global locations, e.g. WRF.
Fully develop and deploy services for the Japanese 25-Year Reanalysis (JRA-25). We have received an extensive agreement
with the JMA to partner with them in the distribution of all JRA-25 data products. All data are at NCAR, and significant
effort is required to organize, document, and build user access interfaces.
World-class data resources are built through collaborations, a few projects underway include:
Integrated Surface Dataset (ISD): NOAA/NCDC and CISL have compared and assessed each other's surface
data holdings and are collaborating to create a "best" merged collection.
CISL is hosting, in the RDA, the first international Observing System Simulation Experiment (OSSE) validation
dataset. This NCAR outlet will primarily serve the university community; other U.S. and international agencies
will serve their own communities.
The RDA will receive and maintain a copy of the 20th Century Global Reanalysis being run by NOAA/ESRL at
NERSC. Early demonstration computations have shown this reanalysis method capable of defining most major
storms and weather events back into the 1800s, which is much earlier than any previous reanalysis.
Steady progress will continue for the International Comprehensive Ocean-Atmosphere Data Set (ICOADS), a
longstanding collaboration (20+ years) between NOAA and NCAR/CISL. A new release was accomplished late in
FY2007, and another release is planned for FY2008.
The RDA maintenance and development within CISL is supported entirely by NSF Core funding.
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The Cyberinfrastructure Strategic Initiative and the Community Data Portal
The NCAR Cyberinfrastructure Strategic
Initiative (CSI) was originally proposed as a
collection of strategic activities that spanned
data and knowledge management,
collaboration environments, and advancing
our web presence. Having accomplished our
goals and realizing production capabilities in
the latter two, our primary focus is now on
advancing data and knowledge environments
and aggressively developing our opportunity
space in this and related areas.
The CSI effort currently funds our core
foundational thrust, the Community Data
Portal (CDP) along with a collection of related
strategic priorities and opportunity
development. Our overarching goals are to
build the cyberinfrastructure, integrate and
extend the Information Technology, develop
the critical relationships and projects with
scientific and educational projects, and foster
the development of human resources and
culture such that we can effectively develop
our ESKE.
This is a snapshot of the new Community Data Portal (CDP) homepage, which now
The CDP is aimed at developing and
reflects a more thematic interface to our broad digital asset holdings. We are currently
delivering innovative cyberinfrastructure that
developing a next-generation Semantic Web-based system, and this thematic approach
provides a shared technology base and
is one step along that path. The CDP has now grown into what is commonly referred to
as a "science gateway," where data, models, tools, and knowledge are managed and
facility for data and knowledge management
made available for community access. The CDP serves as a primary foundation for our
for a broad set of digital holdings across
development of an Earth System Knowledge Environment (ESKE).
UCAR, NCAR, and UOP. The basic idea is to
develop and deliver the foundations for
building science gateways and knowledge environments, including a broad spectrum of functionality spanning data search and
discovery, semantic organization, catalogs and metadata browsing, support for virtual organizations, data download and upload,
publishing, digital preservation, and analysis and visualization services.

The CSI thus plays an important role in supporting NCAR's strategic priorities of "Engaging a broader and more diverse community in
the atmospheric and geosciences," "Developing and providing advanced services and tools," and "Creating an Earth system knowledge
environment."
The more significant FY2007 highlights include:
Data, modeling, and technology project support:
In FY2007, we continued to support the spectrum of existing projects and began work on a number of new ones. This
included IPCC, the THORPEX Interactive Grand Global Ensemble (TIGGE), the NCAR GIS Strategic Initiative, HAO's TGCM
project, the MILAGRO field project, ACME-07, the Cooperative Arctic Data and Information Service (CADIS), the CGD Celtic
Niwot Ridge effort, the Earth System Modeling Framework (ESMF), the NSF Earth System Curator (ESC) project, the
IHOPE/ARCHEOMEDES project, TOPSE, and the Google Earth Opportunity Fund effort.
Technology base advancement:
In addition to all of the ongoing and new specific-project work, we also engaged in R&D in semantic interfaces, developed a
new thematic interface to our CDP holdings, held meetings with our most active users, upgraded our access control systems
to accommodate ESMF requirements, collaborated with Unidata in integrating security systems with Unidata software, and
developed new web-based visualization capabilities that have been deployed (initially) for the TGCM project.
World Meteorological Organization Information System (WMO-WIS) support:
In FY2007 the CSI also supported collaborative efforts to develop the World Meteorological Organization (WMO) Information
System (WIS), with CISL staff serving on several WMO committees and expert teams, including the WIS metadata group
(IPET-MI), the WIS data and codes group (ET-CTS), the WIS global federation group (ET-WISC), and the WMO
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Intercommission Coordination Group (ICG-WIS). We provided technology, support, federation, and coordination in support
of a successful WMO WIS conference and demonstration in Seoul, Korea in November 2006. WMO-WIS is slated to be a
major contributor to the Global Earth Observing System of Systems (GEOSS) effort.
THORPEX Interactive Grand Global Ensemble (TIGGE) support:
CSI-supported staff engaged in the design, software engineering, and deployment of core TIGGE systems that are based in
large part on underlying CDP technology.
Opportunity development:
The CSI successfully developed funding opportunities for the Chronopolis effort (funded by the U.S. Library of Congress)
and the CADIS project (NSF funded). We continued to work with EOL and other partners to develop support for the Virtual
Operations Center (VOC) effort as well.
Overall, the CSI has impact ranging from local to global, with a solid track record of building important new collaborations. In FY2008
we will continue to pursue opportunity development in the areas of science gateway and portal development, semantic and knowledge
systems, integrated data management, analysis, and visualization environments, and digital preservation initiatives. The initiative now
has a large operational responsibility, and we will continue to work with a large number of projects and customers to continue good
service, learn from it, and evolve our capabilities accordingly. From a technology standpoint, we will deploy a major upgrade of the
overall software base that will include advanced virtual organization capabilities, new semantic interfaces, enhanced metrics reporting
tools and infrastructure, and features for persistence and disaster recovery. We will continue our contributions to the WMO-WIS effort,
working with international partners to realize our vision of globally federated data and knowledge environments. Overall, an
overarching theme in the upcoming year is one of cross-project integration in the ESKE context—with an emphasis on establishing
ESKE support foundations.
This project is supported through NCAR Strategic Initiative funding and NSF Core funding.
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The North American Regional Climate Assessment Program (NARCCAP)
NARCCAP is an international
program that will serve the
climate scenario needs of both the
United States and Canada. We are
systematically investigating the
uncertainties in regional scale
projections of future climate and
producing high-resolution climate
change scenarios using multiple
regional climate models (RCMs)
and multiple global model
responses to future emissions
scenarios. The technique involves
nesting the RCMs within multiple
atmosphere-ocean general
circulation models (AOGCMs)
forced with the A2 and A1B SRES
scenarios over a domain covering
the conterminous U.S. and most
of Canada. The plan also includes
a validation aspect through
nesting the participating RCMs
within reanalyses.
CISL's contribution to this project
is primarily in the area of
providing data management and
community access for NARCCAPproduced datasets. This aspect of
the work is a collaborative effort
with NCAR/SERE, Lawrence
Livermore National Laboratory,
and the Iowa State University.
NARCCAP plans to heavily
leverage existing Earth System
Grid (ESG) infrastructure as well
as established data management
practices developed for the Fourth
Assessment Report of the
Intergovernmental Panel on
Climate Change (IPCC).
NARCCAP is aligned with several
This is a new web-based visualization capability that we are developing for use in NARCCAP and
NCAR strategic priorities. Relative
other projects. Integrating elements of the Earth System Grid, NOAA's Live Access Server, and
to core science as well as societal
Google Maps, it allows a user to flexibly visualize and download subsets of online scientific data.
impacts, it contributes to
This tool will allow NARCCAP users to easily access and obtain regional climate modeling data.
"Developing community models
for weather, climate, atmospheric
chemistry, and solar-terrestrial research," "Improving prediction of weather, climate, and other atmospheric phenomena," and
"Supporting and conducting integrated regional-scale investigations of climate and weather impacts." Further, CISL's contributions
align with NCAR's strategic priorities of "Developing and providing advanced services and tools" and "Creating an Earth system
knowledge environment."
A primary accomplishment in FY2007 was completing the NARCCAP Operational Data Management Plan, the implementation face of the
general plan that we presented in our original proposal. Building on the Earth System Grid (ESG) as a core technology foundation, the
plan had to address new project requirements in the area of effectively integrating NCAR and LLNL storage and computational
resources. We acquired, integrated, and deployed a new Nexsan 21-TB RAID unit on our Data Storage Area Network. To execute the
planned leveraging of the ESG infrastructure, we developed NARCCAP requirements specifications, extended the ESG registration and
authorization system, developed new data publishing systems, published test NARCCAP datasets, and began the process of integrating
the distributed infrastructure between NCAR and LLNL/PCMDI. We have already tested large-scale Grid-based data movement tools
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between our sites, and at this point our baseline data management system is very nearly in place.
In FY2008 we will run the production process of validating datasets, shipping storage arrays, receiving data, quality-controlling it, and
publishing online and archival versions of approximately 70 terabytes of data for the general NARCCAP community. As the production
process goes into full operation, we will continue to develop and deploy new data delivery services such as subsetting, enhanced
queries, and web-based visualization capabilities such as the one depicted in the image above.
More information on the NARCCAP project is provided on the NARCCAP web site.
NSF, DOE, NOAA, and OURANOS are providing initial funding for the program.
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Bringing new functionality to data visualization using Google Earth
We are developing a set of tools that will
exploit the capabilities of commercial "virtual
globes" software, in particular the Google
Earth product (which is freely available to
anyone). Using a variety of information types
(gridded three-dimensional model results,
surface observations, and aircraft-based
observations), we are writing software to
provide scientists with additional information
about the overall structure of the chemical
conditions at the time and location of the
observations. Our goal is to explore the
feasibility and usefulness of this approach for
helping scientists refine their models. The tool
will be extended to provide visualizations in a
3D regime, such as comparing the predictions
of model outputs to an aircraft track or a
dropsonde.
Because these visualizations use readily
available commercial tools, they can be easily
distributed to scientific colleagues,
educational institutions, and the public. We
anticipate that schools will be interested in
downloading these files with an easy interface
and useful information about scientifically
stimulating data.

This image shows preliminary comparisons of WRF-CHEM model outputs to station
measurements of O 3 near Mexico City, Mexico. This image allows a researcher or
student to visually compare concentrations of a pollutant to the values produced by a
model, and to track this comparison over time. Metadata that describes the station
measurement and other station information can be accessed by clicking on the station
marker. This visualization technique is significant because it easily allows visual
comparisons of scientific datasets to be made in a rich geographic context. (See larger
image.)

This project supports NCAR's strategic plan in several respects. It is "Developing and providing advanced services and tools" and
"Creating an Earth system knowledge environment" while "Engaging a broader and more diverse community in the atmospheric and
geosciences" and "Supporting and enhancing formal science education at all levels."
In FY2007, we began leveraging an existing NCAR visualization tool, the NCAR Command Language (NCL), to create the visualizations.
Existing scientific codes that perform complex operations on data are being leveraged to create visualizations that are then placed in
the Google Earth context. NCL also can be used to perform data extraction and color mapping so that the tools we are building will
also be able to access and visualize a wide range of information available from the NCAR Community Data Portal in a more generalized
fashion.
In FY2008, this project will complete the study of use cases by finalizing software that supports automated extraction of data,
visualizations, and XML descriptions that will interface to Google Earth software. We anticipate iterations with scientists to refine the
products. These products will be distributed via the Community Data Portal to interested parties. We will also provide an assessment of
the scientific usefulness for the evaluation of models. If time permits, this functionality will be extended into a more generalized web
interface.
This work, performed in collaboration with scientists from NCAR's Atmospheric Chemistry Division, is being funded under the FY2007
NCAR Director's Opportunity fund, which is derived from NSF Core funds.
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Chronopolis: Federated digital preservation across space and time
There is a critical and growing need to
organize, preserve, and make accessible the
increasing number of digital holdings that
represent vital intellectual capital, much of
which is precious and irreplaceable.
Chronopolis is a strategic collaboration among
the San Diego Supercomputing Center (SDSC,
lead organization), NCAR/CISL, the University
of California Library System, and the
University of Maryland. It is aimed at
developing national-scale digital preservation
infrastructure that has the potential to
broadly serve any community with digital
assets—science, engineering, humanities, and
more.
This new effort encompasses studying viable
models and effective systems that facilitate
establishing standard reference datasets,
preserving collections that evolve over time,
and establishing preservation resources "of
last resort" for digital assets that might
become lost. Digital collections that must
persist for 100 or more years are one
important focus of this activity. Approaching
this problem requires a special synthesis of
relationships and capabilities: scientists,
librarians, curators, computer scientists, and
long-term distributed cyberinfrastructure.

This image represents a conceptual architecture for the Chronopolis Digital Preservation
Environment. Through a combination of advanced data management technologies,
geographic replication, and policy instruments, Chronopolis is aimed at providing
cyberinfrastructure for national-scale digital information preservation.

The problem spans the gamut of academic scientific disciplines, historical collections, and digital library content. Though broadly useful,
new capabilities developed in Chronopolis are expected to be powerful services that we can potentially offer to the Earth System
sciences community through, for example, our Community Data Portal (CDP). This activity addresses NCAR's strategic goal to "Provide
robust, accessible, and innovative information services and tools."
In FY2007, we deployed additional core Chronopolis infrastructure on our computational systems and on the TeraGrid, integrating and
testing end-to-end capabilities that include archival functions on the NCAR MSS. Under the terms of last year's Memo of Understanding
with SDSC, we began the process of replicating some of our unique observational and reanalysis datasets, and these activities have
made good use of our new TeraGrid connections.
We also received a positive response from The National Digital Information Infrastructure and Preservation Program (NDIIPP)
regarding our expressed interest in developing an NDIIPP-supported Chronopolis pilot project. We are in the final phases of
establishing a 1-1.5-year contract with NDIIPP where NCAR will co-develop core preservation infrastructure for the effort. Our pilot
project is framed initially as an R&D activity aimed at prototyping a preservation environment for the California Digital Library's (CDL)
Web-at-Risk project and the Interuniversity Consortium for Political and Social Research's (ICPSR) data archive.
In FY2008 we expect to begin our Chronopolis pilot project, and the first steps will include building and integrating the preservation
system. Once we have the prototype system populated and operating, we will simulate a "disaster" and investigate the performance
and effectiveness of resurrecting a lost, multi-terabyte data resource. We will also continue our efforts to broaden our support base
and associated scope in the upcoming year.
CISL is engaging in Chronopolis as an important strategic thrust, supporting it through a combination of NSF Core funding and NCAR's
Cyberinfrastructure Strategic Initiative (CSI).
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Community tools and frameworks for geoscientific analysis and visualization: NCL,
PyNGL, and PyNIO
The NCAR Command Language (NCL) is a
data analysis and visualization environment
developed primarily at NCAR/CISL with deep
collaboration with a number of core scientific
groups. NCL enables scientists to easily and
effectively read, analyze, and visualize their
geoscientific data on platforms ranging from
personal systems to high performance
computers. PyNGL and PyNIO are software
components that provide Python interfaces to
NCL's file input/output and visualization
capabilities, thereby enabling NCL's software
frameworks to be exposed to a wider and
more mainstream user base. The NCL and
Python tools have been embraced broadly
across an international Earth system sciences
community spanning research, education,
military, government, and commercial
organizations. They are used by thousands of
people in 74 countries.
Our efforts here support the NCAR strategic
priorites of "Exploring atmospheric, Earth
System, and solar processes, variability, and
change" along with "Developing and providing
advanced tools and services," and "Creating
an Earth system knowledge environment."
A top priority for FY2007 was to add support
for more scientific data formats. We
accomplished this by releasing versions of
NCL and PyNIO that:

This NCL visualization shows a grand ensemble average calculated by averaging the
ensemble averages from each of the five modeling centers participating in the TIGGE
project. TIGGE (THORPEX Interactive Grand Global Ensemble) is a key component of
THORPEX, a World Weather Research Programme to accelerate the improvements in the
accuracy of 1-day to 2-week high-impact weather forecasts for the benefit of humanity.
Centralized archives of ensemble model forecast data from many international centers
are used to enable extensive data sharing and research. TIGGE data is stored in the
new GRIB2 data format.

Read GRIB2, a second-generation data format standard developed by the World Meteorological Organization for distributing
gridded data
Read/write classic netCDF-4 files, enabling users to access significant data compression capabilities
Provide better support for HDF-EOS swath and grid data
A second top priority was to collaborate with WRF scientists and software engineers to significantly upgrade the NCL post-processing
capabilities for the rapidly growing WRF community. This effort resulted in several analysis and visualization functions being
incorporated into NCL, specific to analyzing WRF-ARW data; the August 2007 release of NCL contained these new capabilities.
Finally, our Python efforts were ramped up in FY2007. We released two versions containing several new analysis and visualization
functions, new examples, and support for a widely popular array processing package. We also continued to explore options for
integrating exploratory and quantitative 3D capabilities via the Python framework.
Future plans for NCL and Python software development and support are largely based on continuous dialogs with the scientific
community and on results conducted from a survey in FY2006. Goals for FY2008 include:
Release NCL, PyNGL, and PyNIO under an open source license
Research the scalability of NCL to address issues pertaining to large files, data aggregation, and 64-bit machine addressing
Research the display model on which the visualiation tools are built and address future enhancements required
Add full support for more data formats
Integrate interfaces for generating vectors and streamlines on non-uniform grids to the NCL/PyNGL level
Improve NCL's suite of interpolation routines by adding an interface to SCRIP
Enhance the Python suite of analysis functions and continue to investigate the integration of 3D tools
Continue providing high-quality consulting support and training services for the user community
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The integration of NCL and its Python counterparts continues to be a core activity of our Earth System Grid Center for Enabling
Technologies (ESG-CET) project. ESG will provide support for the integration of our tools as core client applications of ESG, and
potentially as server-side capabilities as well.
Our development and deployment of community tools and frameworks for geoscientific analysis and visualization is supported by NSF
Core funding.
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Visualization and Analysis Platform for Ocean, Atmosphere, and Solar Research
(VAPOR)
The VAPOR project is an Open Source
software development effort to improve the
ability of Earth sciences researchers to
analyze and interpret results from some of
largest numerical simulation outputs in the
geosciences. VAPOR is one component of a
larger NSF-ITR-funded research and
development project to study time-varying
data whose collaborators include NCAR, the
University of California at Davis, and the Ohio
State University. With NCAR leading software
development and our university collaborators
taking the lead on research, a mutually
beneficial relationship has been established.
NCAR provides a steady supply of interesting
research challenges to our university partners
who help provide solutions to some of our
most difficult visualization and data analysis
problems. Development of VAPOR is closely
guided by a steering committee comprised of
turbulence researchers from around the
world. This panel of experts sets development
priorities, dictates software requirements,
and serves as friendly users for testing and
evaluating new software features.

This is a visualization of the dynamics of the solar interior. (Image courtesy of Geoff
Vasil, University of Colorado.) VAPOR provides a desktop environment for the
quantitative and qualitative analysis of high-resolution numerical simulations of
turbulence. VAPOR facilitates human understanding of complex geosciences phenomena
by allowing researchers to analyze high-resolution data at locations remote from the
supercomputing facilities where it is generated.

Decades of continual advancements in
microprocessor technologies have led to
numerical simulations of earth sciences
phenomena computed at unprecedented scales. These simulations generate extraordinary amounts of data. But our ability to manage,
analyze, and gain insights from these data has not kept pace with our ability to generate them. For many numerical modelers, the
greatest challenge in the discovery process begins after the simulation has completed when the analysis process begins. The VAPOR
project focuses on the problem of large-data exploration with an intelligent approach: by exploiting multiresolution data representation
coupled with advanced interactive visualization and quantitative analysis capabilities, VAPOR provides a comprehensive desktop
environment suitable for exploring terascale-size data sets.
VAPOR supports two of NCAR's strategic priorities: "Developing and providing advanced services and tools" and "Creating an Earth
system knowledge environment."
Noteworthy events in FY2007 include:
Two new major versions of the software were completed and released.
Over 2,000 copies of VAPOR have been download by the scientific community. VAPOR is widely in use by research groups
worldwide.
VAPOR has been cited in multiple refereed scholarly scientific publications and numerous scientific presentations.
The VAPOR team continued its education efforts, hosting Ph.D. interns from the University of Colorado and the Colorado
School of Mines
An invited paper on VAPOR was published by New Journal of Physics.
VAPOR was the cornerstone of NCAR's initial TeraGrid visualization efforts.
Version 1 of VAPOR targeted physicists investigating numerically simulated turbulence. Work in FY2008 will broaden VAPOR's
capabilities to better meet the needs of a more general Earth and space sciences computational fluid dynamics community. Preliminary
research in more aggressive data reduction techniques has been promising; this is the cornerstone to another key area of future
development: preparing for petascale computation.
This project is made possible through support from NSF's Information Technology Research for National Priorities (ITR) program,
supported by NSF award 0325934 through subaward 009323-01 with the University of California at Davis.
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This project is now classified as cyberinfrastructure: CISL Portal.

Grid-BGC
Grid-BGC is a collaborative project to develop an end-to-end solution that seamlessly couples models, data, and resources to allow
geoscientists to simulate terrestrial biogeochemistry over large domains at high spatial resolution. The Grid-BGC project's external
funding concluded in October 2006 with the release of a production-grade version of the Grid-BGC science portal to the
biogeochemistry community along with user and system documentation. The project received a no-cost extension until 12/31/06, and
thus concluded in FY2007.
While development of BGC itself has completed, its workflows remain a primary motivation for continued work in the area of Gridbased service oriented architectures (SOAs). These services form the back end to the Grid-BGC science portal that allow scientists to
interactively set up simulations used to model the global carbon cycle. Experiments with the POP, CAM, and WRF models have shown
that this SOA can indeed integrate these applications into a grid environment. Grid-BGC is the first working computational grid for
carbon cycle simulations, and the SOA designed to support it provides a seamless set of services from which the geoscience
community can potentially build other end-to-end solutions. We are generalizing these SOA components into an Extensible Service
Provider (ESP) toolkit supporting rapid service deployment for new applications.
The computational components of Grid-BGC workflows are embarrassingly parallel and are traditionally run on Linux clusters, large
IBM SMP systems, and other systems that can execute many single-processor tasks efficiently. These types of workflows lead to
inefficient usage of massively parallel architectures such as the IBM Blue Gene/L (BG/L) because of allocation constraints forced by its
unique system design. Recently, IBM introduced the ability to schedule individual processors on BG/L—a feature named High
Throughput Computing (HTC)—creating an opportunity to exploit the system's power efficiency for other classes of computing. In
FY2007, we developed a Grid-enabled interface supporting HTC on BG/L and applied it to Grid-BGC workflows. This interface accepts
single-processor tasks using Globus GRAM, aggregates HTC tasks into BG/L partitions, and requests partition execution using the
underlying system scheduler. By separating HTC task aggregation from scheduling, we provide the ability for workflows constructed
using standard Grid middleware to run both parallel and serial jobs on BG/L. This feature allows us to run jobs from Grid-BGC (and
similar workflows) on the BG/L.
This effort supports NCAR's strategic priorities of "Developing and providing advanced services and tools" and "Creating an Earth
system knowledge environment." NASA has provided funding for the Grid-BGC project through the Advanced Information Systems
Technology Office (NASA AIST Grant NAG2-1646) and the Terrestrial Ecology Program.
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Cultivating a scientifically engaged citizenry: Education and outreach
CISL supports numerous programs that foster
improved awareness and understanding of
geosciences and research methods for a
variety of research and educational
communities. These activities are supported
through internships, seminars and
workshops, visually compelling 3D
presentations in CISL's Visualization Lab,
conference exhibits, partnership with the
NCAR Public Visitor Program, a training and
outreach program for the NCAR Command
Language (NCL) and other visualization tools,
and security training for system
administrators.
Accomplishments and plans in CISL's
education and outreach efforts are discussed
in these sections:
Summer Internships in Parallel
Computational Science (SIParCS)
program
IMAGe Theme of the Year education and
outreach
Computing in Atmospheric Sciences
workshop (CAS2K7)
Vislab outreach program

NCAR's exhibit at SC06 combined a variety of outreach efforts: Presentations about the
latest scientific results and computing resource enhancements at NCAR, opportunities to
network with CISL and NCAR staff, highlights of NCAR's TeraGrid integration work,
interactive displays, informative posters, and tables available to attendees for
conversations and working on their laptops. This multi-purpose design reaches a broad
cross-section of attendees, helping them appreciate NCAR's contributions to the
atmospheric and related sciences.

Training in geoscientific tools
Conference outreach
Security training for UCAR system administrators
Sustained mentoring support for the SOARS internship program
CISL's work across all of these areas broadly supports NCAR's strategic goal to "Cultivate a scientifically literate and engaged citizenry
and a diverse and creative workforce." This work is supported by NSF Core funding.
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An acknowledged hallmark of mathematical
science is that the same mathematical and
statistical methods and models can be used
to solve problems in very different contexts.
The success of mathematics in the
geosciences, however, must be based on
geoscientists and applied mathematicians
working in multidisciplinary teams and being
knowledgable in complementary scientific
fields. The long-term investment in
multidisciplinary applications must be based
on the training of young researchers. The
IMAGe summer school "Data Assimilation for
the Carbon Cycle" held July 8-13, 2007 is a
recent example of NCAR's support of
innovative models, developing new
algorithms and methods, and training young
scientists.
Quantifying the flow of carbon into and out of
Participation in the TOY workshops is becoming more diverse as IMAGe adds different
kinds of activities to its thematic programs. One way to incorporate applied
the atmosphere through both natural and
mathematics and statistics to geoscience problems is to offer summer learning
human activities is an important problem in
opportunities that mix students of different backgrounds in a comfortable environment
biogeoscience and also a key factor in
and encourage interaction and questions. These coordinated activities have the potential
to significantly increase the multidisciplinary training of young scientists. This also
understanding climate change. Measurements
brings new mathematical approaches to challenging geophysical problems, such as
of atmospheric carbon dioxide concentrations
estimating the Earth's sources and sinks of carbon.
are limited to a small number of towers or to
irregular spatial sampling from the ground or
from satellites. The challenge is to make use of these observations to estimate carbon fluxes into the atmosphere. A solution to this
problem requires a multidisciplinary perspective that includes an understanding of the carbon cycle, the use of atmospheric circulation
models, and skill in statistical modeling and data assimilation. The main purpose of this school was to train the next generation of
researchers to tackle problems such as these by working within a multidisciplinary science team that combines geoscientists,
ecologists, statisticians, and applied mathematicians. Participants obtained an overview of this problem plus some specific skills in
tackling inverse problems and working with geophysical and biogeochemical models.
This summer school was part of the 2007 Theme of the Year (TOY): Statistics and Computer Models; it was also supported by the
Mathematical Sciences Research Institute (MSRI). MSRI is the oldest mathematical sciences Institute sponsored by NSF, but the
program emphasizing the connections between mathematics and climate is a new focus. Copying the program from the previous school
held at MSRI in 2006, the morning sessions consisted of tutorial lectures, and the afternoon sessions used computer exercises to teach
data assimilation methods. Each day also featured a special invited lecture on a topic related to the geosciences, ecology, or applied
mathematics.
One unique feature of the school was the use of DART software to teach data assimilation. DART, an open source and publicly available
software environment, is designed not only for teaching but also for tackling the large assimilation and inverse problems found in the
geosciences. Thus the school has not only introduced many students to assimilation, but it has familiarized them with software that
can support their graduate research.
Approximately 25 students attended the school, evenly split with backgrounds in mathematics or in the geosciences. The students
worked the computer exercises in pairs, and in general the interaction and networking throughout the school was reported to be an
important attribute.
Plans for 2008 target two different groups of students. A short school featuring exercises in DART is planned for statistics graduate
students in August 2008 to give them experience with geophysical numerical models. The 2008 TOY summer school on turbulence will
synthesize experimental, theoretical, and computational approaches to understanding geophysical turbulent flows. This school has the
ambitious goal of giving students some computational experience on the NCAR Blue Gene/L, a massively parallel prototype of possible
future supercomputers.
TOY summer schools are made possible through NSF Core funding.
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Computing in Atmospheric Sciences workshop (CAS2K7)
CISL staff organized and hosted the eighth
biennial session of Computing in Atmospheric
Sciences (CAS2K7). Computer experts,
scientists, and industry leaders gathered in
Annecy, France on September 9-13, 2007, to
discuss the status and future of highperformance computing for weather
prediction and climate modeling. The meeting
drew 80 participants and covered topics that
included hurricane and tsunami prediction,
weather prediction, climate change, and
challenges and advances in computing
technologies. Practical applications were
presented, including plans for accurate
weather forecasting for the 2008 Olympic
Games in Beijing, China. The conference
provides the opportunity for supercomputing
industry leaders to hear about their
customers' needs and present their product
roadmaps, for scientists to exchange ideas
and share experiences about computing
resources and applications, and for data
experts to discuss innovative methods of
enhancing data distribution mechanisms,
constructing data preservation archives, and
improving the efficiency and effectiveness of
data storage and access.

At the opening session of CAS2K7, Program Chair Tom Bettge introduces the meeting's
General Chair Al Kellie, who was the first of 37 speakers to address the participants.
This biennial workshop is a unique forum for atmospheric scientists, supercomputing
center managers, and supercomputing equipment vendors from around the world to
discuss accomplishments, plans, and ideas, both formally and informally.

The complete agenda, including copies of presentations, is published on the CAS2K7 web site.
This workshop series supports the NCAR strategic priority of "Engaging a broader and more diverse community in the atmospheric and
geosciences."
In addition to the National Science Foundation, CAS2K7 was sponsored by several computer industry entities: IBM, Cray, SGI, Sun
Microsystems, NEC, Intel, and AMD.
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Vislab outreach program
Many CISL outreach efforts are conducted through
its Visualization Lab, a visual supercomputing
facility that supports collaborative technologies,
data analysis and visualization, and theater-style
presentations in wide-format, high-resolution,
stereo 3D. The room comfortably seats 20 to 30
people and is used for general meetings,
videoconferences, and many education and
outreach efforts. This facility, with five highresolution projectors and a 24-by-9-foot (8-by3.5-meter) display, is used as a 3D presentation
platform for education and outreach activities and
has seen continual and increased usage since its
inception six years ago. The room also provides an
AccessGrid capability that helps foster
geographically distributed research by providing a
virtual meeting place to connect NCAR staff with
remote collaborators at universities and other
research labs.

This excerpt from an image of total integrated global water vapor was produced
from data generated by the CCSM CAM3 model and shows a well-developed
tropical cyclone over the Indian Ocean. Animations produced from images like this
are used in presentations and other education and outreach efforts to help foster
public awareness and understanding of the atmospheric and related sciences.
(See full image.)

Visualization Lab outreach efforts dovetail with
NCAR strategic priorities that include "Engaging a
broader and more diverse community in the
atmospheric and geosciences," "Fostering public
awareness and understanding of atmospheric and related sciences," and "Providing Robust, Accessible, and Innovative Information
Services and Tools." Visually engaging scientific presentations are provided weekly to a wide variety of audiences including K-12
groups, university students, corporate visitors, government representatives, and scientific researchers. Demonstrations of climate
change, atmospheric turbulence, ocean simulations, and severe weather are presented in a high-resolution 3D format along with
scientific explanations that are tailored to the education level of each audience. The Visualization Lab is frequently used as a backdrop
by film crews, who perform on-site interviews with NCAR scientific staff. Media organizations often request digital media and scientific
visualizations that are produced in the Visualization Lab for use in film and broadcast productions that potentially reach millions of
viewers to help raise public awareness about important and pressing environmental issues.
In FY2007, the Visualization Lab staff continued its successful partnership with the Public Visitor Program and supported approximately
180 presentations, AccessGrid sessions, and general meetings involving over 2,100 participants (a 25% increase from last year). These
events included presentations to K-12 audiences, scientific and corporate visitors, and government officials including VIP visitors from
the National Science Foundation, the Office of Management and Budget, NOAA, the British Foreign Consulate, and the Chinese
Government, to name a few. The CISL Visualization Lab also continued its important role as an outreach liaison with film and television
organizations by providing a venue for television interviews with NCAR staff and by developing digital media that was used in
productions by the Weather Channel, Seoul Broadcasting System, NBC WeatherPlus, and the Discovery Channel, among others.
In FY2008, the CISL Visualization Lab will continue to collaborate with NCAR scientists to produce new and compelling scientific
visualization material that will be used to foster awareness and understanding of the atmospheric and related sciences. It is worth
noting that this activity also helps drive our development of new analysis and visualization capabilities. The lab will also continue its
productive partnership with the NCAR Public Visitor Program to reach K-12 audiences providing them with engaging, 3D material to
help spark their interest in environmental and Earth sciences. We will also continue to liaison with film crews and the media providing
them with a venue for scientific interviews as well as digital material from relevant visualization projects that can be used for
broadcast and educational purposes. We will continue to provide AccessGrid capabilities with an ongoing emphasis on integrating new
technologies and techniques that facilitate enhanced group collaboration. We also intend to investigate new software tools that have
the potential to enhance and choreograph presentations and effects for Vislab presentations.
This project is supported by NSF Core funding.
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Training in geoscientific tools
In FY2007, CISL hosted four training
workshops for the NCAR Command Language
(NCL): three were held locally at UCAR's
Corporate Technical Training Center, and one
took place at the APEC Asian-Pacific Climate
Center in Busan, Korea. To support, enhance,
and extend the capabilities of the university
community both nationally and
internationally, CISL submitted an internal
proposal to offer one free yearly NCL
workshop at qualifying UCAR member
universities, starting in FY2008. We also plan
to offer two to three local workshops, and we
have been invited to present one at the
Eurasia Institute of Earth Sciences in
Istanbul, Turkey.

Dennis Shea, an associate scientist in the Climate and Global Dynamics Division of
NCAR's ESSL, co-presented an NCL workshop in December 2006 at the APEC AsianPacific Climate Center in Busan, Korea. The Director of this relatively new center invited
NCAR trainers to help their researchers and some students from a nearby university
become proficient using this tool. These workshops help scientists learn to quickly
analyze and visualize their data using a single tool, and by the end of the course most
students have created a fully functional program for processing their own datasets.

Research will be conducted to determine the
feasibility of offering similar training courses
for PyNGL and PyNIO. This would most likely
involve a collaborative effort with experts from the University of Colorado who already offer a Python scientific training course.

It is important to note that our community contribution in this area is not simply training to use the NCL tool: it is fundamental
training in the important practice of Earth System data analysis. This work advances NCAR's strategic goal to "Cultivate a scientifically
literate and engaged citizenry and a diverse and creative workforce."
This series of training workshops is supported by NSF Core funds.
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Conference outreach
Since 1989, CISL has deployed a series of
exhibit booths for a variety of scientific and
technical conferences. In these booths, CISL
staff demonstrates supercomputing
capabilities, scientific visualization, and other
NCAR research in science and technology. At
the height of its conference outreach
program, CISL staff provided demonstrations
and presentations at several conferences
each year, including Supercomputing, the
American Meteorological Society, the
American Geophyscial Union, and others.
In recent years, CISL has focused energy and
resources on providing NCAR outreach at the
annual Supercomputing and TeraGrid
conferences and on local Vislab presentations
and outreach activities. In FY2007 and in
coming years, CISL will also provide TeraGrid
external relations support at the
Supercomputing and TeraGrid conferences.

CISL Division Directors Rich Loft (left) and Tom Bettge (center) answer questions in the
TeraGrid booth at SC06. CISL conducts outreach activities through two booths at the
yearly Supercomputing conference, one booth at the yearly TeraGrid conference, and at
other venues. By representing NCAR's science and technology efforts at gatherings of
researchers every year, CISL shares its expertise and gains valuable new insights from
the research community.

CISL's conference outreach program supports
NCAR's strategic priority of "Engaging a
broader and more diverse community in the
atmospheric and geosciences" and "Fostering
public awareness and understanding of
atmospheric and related sciences." Specifically, this work advances understanding of the underlying computational and software
technologies that are used in geoscience research today. Further, these outreach efforts are "Supporting and enhancing formal science
education at all levels" by educating conference attendees from around the world about supercomputing resources and
cyberinfrastructure services that enable the geoscience community conduct research.
CISL hosts and provides planning and logistics support for conferences and workshops including:
SC06
TeraGrid07
Workshop on High Performance Computing for Geosciences Research
Workshop on Geoscience Application Requirements for Petascale Architectures
CAS2K7
ScicomP/SP-XXL
and others
These efforts are undertaken using NSF Core funds.
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Security training for UCAR system administrators
In 2006, the UCAR Computer Security Advisory Committee (CSAC) approved policy 20060104-01 requiring all system administrators
and other UCAR staff responsible for computer security to participate in eight hours of relevant training each year. To keep the training
costs manageable for divisions and programs, CSAC decided to develop much of that training in-house, although administrators were
encouraged to seek training in other venues as appropriate.
This work supports NCAR's strategic priority of "Developing and providing advanced services and tools." Developing and maintaining
appropriate cyberinfrastructure security enables all of UCAR's organizational units in "Maintaining an innovative and creative
workplace."
In FY2007, five two-hour security training sessions were developed by a former UCAR CSAC member to train UCAR system
administrators in rigorously maintaining UCAR cyberinfrastructure at the appropriate security levels. In January 2007, CSAC decided to
offer five two-hour training sessions, and eligible UCAR staff could meet their training requirements by attending the prerequisite
Security Essentials course plus three of the following four sessions: Securing Unix/Linux, Securing Services, Securing Windows, and
Securing MacOsX.
The course developer/trainer formed a security advisory group of several UCAR system administrators to guide the content of the
training modules. He also conducted a survey of potential participants that illuminated the need for the MacOsX module.
Two training sessions were delivered in FY2007. The remaining three will be delivered in early FY2008. Training sessions will be
updated and repeated as needed under the guidance of CSAC and the security advisory group.
This ongoing training series is supported by UCAR Communications Pool indirect funds.
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Development of spectral-element and other higher-order methods
for atmospheric dynamics
Aimé Fournier∗
NCAR Institute for Mathematics Applied to Geosciences
Turbulence Numerics Team – 2007 NAR
Sponsored by the NSF cooperative agreement through UCAR
September 21, 2007

1

Historical & scientific context and strategic alignment

A need has long been well established and many investigations undertaken at NCAR and elsewhere, to
create high-resolution numerical simulation methods for atmospheric dynamics, that are accurate similarly
to spectral methods and computationally efficient similarly to finite-element type methods [2, §1], [3]. In
particular, multiresolution analysis & simulation using spectral elements (MASUSE) is well aligned with
NCAR strategic priorities [2, §2]. Two research codes that demonstrate the strengths of the spectral-element
method (SEM) with static-conforming or dynamic-nonconforming adaptive mesh refinement (AMR) are
SEAM [14, and refs. therein] and GASpAR [9, 10], respectively.
2

2007 accomplishments

2.1

GASpAR application to decaying 2D turbulence at high Reynolds number

GASpAR has now been extended to decaying incompressible Navier-Stokes flows at high Reynolds number R
[4]. One goal here is to exploit the localized high accuracy to develop analysis methods for vortex filaments
~ u [5]. Figure 1 shows contours
and similar flow structures e.g., using a velocity curvature measure ~u × (~u · ∇)~
~ · ~u from biperiodic flow at R = 2 × 104 initialized with 3 Gaussian vortices [7, 11]. The
of vorticity ζ := ⊥ ∇
diffusive balance
d
h~u|~ui + 2νhζ|ζi = 0
dt

(1)

is verified to at worst 8 × 10−3 > O[∆t3 ] for 0 ≤ t ≤ 10teddy . As a qualitative comparison, Fig. 2 shows slice
snapshots of ζ for GASpAR and two pseudo-spectral model (PSM) simulations at approximately the same
space and time coordinates. (Note, not every xa coordinate in PSM is also in GASpAR.) Each gray-curve
pair corresponds to the standard deviation of ζ-curve pixels digitally scanned from references KevFar97 and
ScKeFa97 and modeled as ζ-distributions.
Another goal is to discover how well AMR can accelerate long-range simulation of an initially very random flow
with power-law spectrum that evolves through strong nonlinear interactions into a maximum-entropy state
with sensitive but well-known statistical properties [8]. As shown in Figs. 3 and 4 DARe enables coarsening
of the computational mesh, with computation savings tending linearly with number L of elements.
2.2

Compatibility based exact semi-discrete local conservation properties for continuous SEM

SEM uses a global weak formulation; therefore for several equation types (Burgers, shallow water, NavierStokes etc.) exact semi-discrete mass and energy conservation can be obtained, including when one writes
∗ fournier@ucar.edu,

http://www.image.ucar.edu/˜fournier/
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the equations in primitive instead of conservation form [12, 13]. For cubic quantities such as shallow-water
energy, conservation is semi-discrete, meaning exact assuming exact time integration. For linear and quadratic
invariants such as mass and kinetic energy, the discrete approximation to the conserved quantity is conserved
exactly. Furthermore, the conservation is local, meaning that one can show that the change in the conserved
quantity in an element is given by the sum of the fluxes around the perimeter of the element. This conservation
is a consequence of the fact that, even on non-orthogonal unstructured meshes, the discrete divergence
operator is the adjoint of the discrete gradient operator. Global conservation is then a consequence of the fact
that the flux terms between two adjacent elements exactly cancel. The advection scheme remains oscillatory,
but the oscillations are localized and thus much reduced when compared to global spectral methods.
2.3

Static, conforming AMR in coupled global-regional climate modeling with SEAM

This author implemented terrain-following coordinates, outlined a particular approach to dynamics-physics
coupling, and otherwise contributed to a long-term investigation currently summarized by Wang et al. [14].
With these and others’ contributions, Dr Wang coupled SEAM with the CAM2 (Community Atmosphere
Model version 2) physical parameterizations and CLM2 (Community Land Model version 2) in such a way
that it can be used as an alternative dynamical core in CAM2.
3

2008 Plans

This author is on leave of absence for 12 months ending 2008 June, to be a supported Visiting Scientist at
the U. Reading Meteorology Department, where at least two collaborative projects are underway:
• Analysis of multiscale dynamics in the UK Met Office data-assimilation system and proposal for multiresolution approaches to improving it;
• Analysis of conforming AMR methods that improve unstructured finite-volume simulation of shallowwater and similar flows in spherical and more general geometries [15], and comparison of these with
other local resolution-enhancing strategies.
Other projects currently underway include completing writing up the results described in §2 (at least two
articles) and the MASUSE methods [2]. This author independently developed and will write up an application exploiting SEM-based explicit Fourier-series coefficients [1] to decompose the Poisson problem, as
independently found by Iskandarani [6].
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Historical and scientific context

As the implementation of numerical modeling of geophysical and astrophysical flows exceeds technological limits and since truncation of the omitted scales removes important physics, e.g., of multiscale interactions, a closure (e.g., subgrid(subfilter)-scale (SGS) modeling) is required. Two main
approaches have been developed over the years to model the effects of the unresolvable small scales
on the scales resolved in numerical simulations. The first approach is Large Eddy Simulations
(LES). LES is widely used, however, in this approach, the Reynolds number (Re), a measure of
nonlinearity, is not known. Instead, one attempts modeling the behavior of the flow in the limit
of very large Re. As Kolmogorov’s assumption of the self-similarity of turbulence is known to be
wrong, the magnitude of Re can be important. Consequently, the other main approach models
the effects of turbulence at higher Reynolds numbers than are possible with a direct numerical
simulation (DNS) on a given grid, by filtering of the small scales.
A rather novel approach to modeling of turbulent flows employs regularization modeling as a
SGS model. A SGS regularization model is a modification of the nonlinear term(s) of the fluid flow
equations in such a way that the new equations can be proven to have unique, smooth (regular)
solutions. This ensures the computability of solutions. In the limit of the model’s parameter
vanishing, the physical equations are recovered. Furthermore, as only the spectral distribution of
energy (not the dissipative processes as in many LES) is modified, a well-defined Re is retained.
Three regularizations can be viewed as SGS models with successively more complex subgridstress terms: the Clark−α model, the Leray−α model, and the Lagrangian-averaged Navier-Stokes
(LANS−α) model. Clark−α is associated with the first term of a Taylor expansion of the subfilterscale stress. Leray−α and LANS−α represent advection by a smoothed velocity in an Eulerian
and a Lagrangian sense, respectively. These regularizations are studied both for their sub-filter
scale properties (which, by contrasting with the properties of Navier-Stokes, may lead to a better
understanding of turbulence) and for their potential as SGS models. What computational savings
are achievable? How do the scalings (energy spectra, intermittency properties, etc.) of the models
at subfilter scales differ from Navier-Stokes? As the subfilter-scale energy spectra determine the
resolution requirements, these two questions are interrelated.

1

Figure 1: Subfilter-scale spectral energy density, E(k), versus wavenumber, k, for LANS−α: solid
line for the entire flow and dashed line for the flow excluding “rigid bodies” (inset shows 2D slice
where many “rigid bodies” are depicted by black pixels). This provides evidence that the flow
spatially between the “rigid bodies” (for which E(k) ∼ k 1 ) possesses the theoretically predicted
k −1 energy spectrum. From this result we are able to determine how to apply other theoretical
predictions (such as the computational savings achievable) for the LANS−α model.
2

How this work supports NCAR strategic priorities

Modeling of unresolved small scales is of importance for geophysical, astrophysical and (aeronautical) engineering applications and can have consequences for meteorological and climate prediction
simulations, for instance. While realistic Reynolds numbers will remain out of reach for the foreseeable future, SGS modeling can be an extremely useful tool in the computation of simulations for
such applications.
3

2007 accomplishments

For LANS−α, the predicted subfilter-scale spectrum is E(k) ∼ k −1 and is important, e.g., to predict
the computational savings achievable employing LANS−α as a SGS model. We find this scaling to
be subdominant to an energy spectrum E(k) ∼ k 1 which corresponds to “enslaved rigid body” or
“polymerized” portions of the fluid (see Fig. 1) (1). By “rigid bodies,” we mean the internal degrees
of freedom are frozen and these portions give no contribution to the energy cascade. The sub-filter
2

scaling observed in the third-order structure function corresponded to the predicted E(k) ∼ k −1
scaling of the energy spectrum. However, regions are observed in the flow where no stretching is
acting in the sub-filter scales (see Fig. 1 inset). These regions, which give no contribution to the
energy cascade, and hence do not affect the third order structure functions, are responsible for the
E(k) ∼ k 1 scaling in the LANS−α energy spectrum. When they are excluded from the energy
spectrum calculation, E(k) ∼ k −1 is recovered (see Fig. 1). From the known energy cascade,
prediction of the linear resolution requirement, Nα , follows: Nα3 < Cα−1 Re3/2 where α is the filter
width. We confirm this prediction, the great utility of which is that the single constant, C, can
cheaply be determined at low and moderate Re and predicts the resolution requirement for the
highest Reynolds numbers attainable. As energy artificially accumulates in the subfilter scales
(E(k) ∼ k 1 ), for LANS−α viewed as an LES to reproduce the Navier-Stokes energy spectrum it is
necessary that α be not much larger than the dissipation scale, ηK (α ' 4ηK ). As a consequence,
the computational savings of LANS−α (a factor of 27 for our case) is fixed and not a function of
Re.
We derive the Kármán-Howarth equation for both the Clark−α and Leray−α models (rigorous
scaling laws in the inertial range can be deduced from these) (2). We confirm one of two possible
scalings resulting from this equation for Clark−α as well as its associated ∼ k −1 energy spectrum.
For small values of α, Clark−α reproduces the superfilter-scale energy spectrum and intermittency
properties of the DNS. As α is increased, Clark−α exhibits increased subfilter-scale intermittency.
We find for the Leray−α model, that increasing α decreases the nonlinearity and, hence, the effective
Reynolds number is substantially decreased. Therefore even for the smallest value of α studied
Leray−α was inadequate as a SGS model. The LANS−α energy spectrum ∼ k 1 , consistent with
its “rigid bodies,” precludes a reproduction of the energy spectrum of the DNS. We find, however,
that this same feature reduces its intermittency compared to Clark−α (which shares a similar
Kármán-Howarth equation). Clark−α is found to be the best approximation for reproducing the
total dissipation rate (including subfilter scales) and the superfilter-scale energy spectrum, whereas
high-order intermittency properties for larger values of α are best reproduced by LANS−α (see Fig
2). Our study indicates that Clark−α may be applicable (especially with regards to the energy
spectrum) for larger values of α than LANS−α. In fact, if its optimal value is not a function of
Re, the computational resolution savings would increase as Re3/4 for Clark−α. This is a topic for
future study.
4

2008 plans

Future work should address whether in the case of magneto-hydrodynamics the artificial accumulation of energy at subfilter scales is reduced because of the presence of greater spectral nonlocality.

3

(a)

(b)

Figure 2: (a) Compensated energy spectrum for a DNS of Navier-Stokes and for regularizations
employed as SGS models. Clark−α demonstrates the best prediction for the superfilter-scale energy
spectrum (left of vertical dashed line). (b) Normalized structure function scaling exponent ξp /ξ3
versus order p. Clark−α is more intermittent than Navier-Stokes at subfilter scales while LANS−α
demonstrates the best prediction of subfilter-scale high-order intermittency properties. Clark−α is
found to be the best approximation for reproducing the total dissipation rate (including subfilter
scales) and the superfilter-scale energy spectrum, whereas high-order intermittency properties for
larger values of α are best reproduced by LANS−α.

4

The effect of LANS−α on the detailed scale-by-scale energy transfer should also be investigated as
our results indicate that a model for local small-scale interactions would improve the α−model.
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Turbulence prevails in the universe, and its multi-scale properties affect the global dynamics of
geophysical and astrophysical flows at large scale, e.g. through a non-zero energy dissipation even
at very high Reynolds number Re . Furthermore, small-scale strong intermittent events, such as the
emergence of tornadoes and hurricanes in atmospheric flows, may be very disruptive to the global
dynamics and to the structure of turbulent flows.
Typically energy is supplied to the flows in the large scales, e.g., by a large scale instability. The
flow at these scales is inhomogeneous and anisotropic. In the standard picture of turbulence, the
interactions of eddies of similar size play the basic role of transferring the energy to smaller scales.
The energy then “cascades” to smaller scales. It is then believed that at sufficiently small scales the
statistics of the flow are independent of the exact forcing mechanism, and as a result, its properties
are universal.
The role of the large scale flow in this scenario is limited to just advecting the small size
eddies without significantly distorting them. However, deviations to this picture are known to
exist in turbulent flows. The nature of the interactions between different scales in hydrodynamic
and magnetohydrodynamic (MHD) turbulence is important for the understanding of the behavior of
atmospheric and oceanic flows, and of magnetized astrophysical and geophysical flows in a turbulent
state.
Neutral fluids
It has been shown, however, even for simple hydrodynamic flows [1] that the large scale flow
still plays an important role in the transfer of energy and in the formation of structures in the
small scales. In numerical simulations of hydrodynamic flows with Reynolds numbers as high as
Rλ ∼ 800, it was observed that 20% of the energy flux in the small scales is due to interactions
with the large scale flow. This represents a deviation from self-similarity, and the presence of
non-local interactions can be associated with clustering of vortex tubes in regions of intense large
1

Figure 1: 3D rendering of regions of strong vorticity in a 20483 hydrodynamic simulation. From
left to right and top to bottom, succesive zooms into the structures are shown. Note the small scale
vortex filaments, and the development of clusters of vortex tubes at intemediate scales. Velocity
field lines are shown in red as a reference in the last zoom (right).

scale shear [1], the presence of long-time correlations in the small scales (compared with the eddy
turnover time), slower than expected recovery of isotropy, and intermittency (which in turn implies
corrections to the energy spectrum).
Recently [2], we performed a hydrodynamic simulation on a grid of 20483 regularly spaced points,
with a Taylor Reynolds number of Rλ ∼ 1300 (Fig. ). At this Reynolds number the anisotropic large
scale flow pattern, the inertial range, the bottleneck, and the dissipative range are clearly visible,
thus providing a good test case for the study of turbulence as it appears in nature. A comparison
with runs at lower Reynolds numbers was performed, and showed the emergence of scaling laws for
the relative amplitude of local and non-local interactions in spectral space.
The data allowed for a refined analysis of the behavior and structure of turbulent flows as the
Reynolds number is increased. We have in particular showed that: (i) the bottleneck (the pile up
of energy close to the dissipation scale) is linked to the depletion of nonlinearities as we approach
this scale; and (ii) convergence to the asymptotic turbulence regime appears to be very slow: even
though the nonlocal interactions do diminish with Reynolds number, they are still measurable at
2

Figure 2: Cross section showing the z-component of the current density on the x-y plane in an MHD
simulation before (left) and after randomizing phases (right). Thin filaments in the cross section,
associated to current sheets in the 3D flow, have disappeared in the right panel. While the flow on
the left has non-local transfer of energy, the energy transfer in the flow on the right is local.

the largest resolutions we can afford currently. Given the amount of data available after performing
these runs, we plan detailed studies of scaling laws using these datasets. We also plan extensions
of this study to the case of rotating and stratified flows.
Conducting fluids
In MHD flows, the role of the large scale flow and large scale magnetic structures is expected
to be even more important since the effect of a large scale magnetic field cannot be removed by
a Galilean transformation. As a result, small scales can interact directly with the large scales
and we cannot a priori follow the same arguments Kolmogorov used in hydrodynamic turbulence.
Assumptions of locality of interactions are in question. Accordingly, some phenomenological models
try to take into account the effect of non-local interactions, or to consider the anisotropy due to the
large scale magnetic field.
Previous results [3] have shown that the locality of energy transfer is indeed in question in MHD
flows. In particular, it was demonstrated from simulations that the transfer of energy in MHD has
two components: a local one that shares similar properties with hydrodynamic turbulence, and a
non-local component for which energy from the large scales is injected directly into the small scales
without the intervention of the intermediate scales.
Recently, we extended our previous results to show that the non-local behavior of the energy
transfer in MHD is the result of a correlation between the velocity and magnetic fields [4]. This nonlocality disappears if we randomize the phases of the two fields (Fig. ). The cascade of magnetic
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helicity was also investigated, with special focus on the fate of the small scale helicity and its
coupling with the large scale flow. The results obtained have implications for dynamo action, in
particular for the commonly used distinction between large- and small-scale dynamos.
The study suggests that there are much stronger interactions between widely separated scales
in turbulent MHD flows than in hydrodynamic flows. These long range interactions also raise
the question of the existence of universality in MHD, both in the dynamo regime as well as in the
turbulent steady state.The evidence suggests that it is at least possible that all turbulent MHD flows
do not behave in the same way and one run does not span all possible statistical MHD turbulent
configurations. However, we believe that there are a finite number of parameters that control the
behavior of the flow in the inertial range when kept fixed. Our next steps will try to unravel these
behaviors, using high resolution numerical simulations of MHD flows.
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The subject of fluids in rotating and non-rotating spheres has many branches and applications.
The rotating spherical container provides an excellent case study because waves can be determined
analytically and verified in the simulations. It is also a convenient configuration for the study of
geophysical flows. Experiments done in the past using non-conducting fluids in rotating spheres
improved our understanding of atmospheric processes such as Rossby waves and Ekman pumping.
Besides atmospheric applications, the generation of magnetic fields in planets through a dynamo
mechanism is naturally studied in spherical geometry. Dynamo processes are those in which the
motions of an electrically conducting fluid amplify and maintain a finite magnetic field, starting
from an arbitrarily small one. They have long been of interest for geophysics and astrophysics, even
more so recently because of laboratory attempts to generate magnetic fields in liquid metals.
In the last years, we have developed a computational method to study a neutral or electrically
incompressible conducting fluid inside a rigid spherical boundary that isolates the fluid, mechanically
and magnetically, from everything outside it [1]. The numerical technique is entirely spectral, using
an expansion basis that is specifically adapted to spherical geometry: the Chandrasekhar-Kendall
vector eigenfunctions of the curl. Since the hydrodynamic and magnetohydrodynamic (MHD)
equations involve several solenoidal fields of which several curls are taken, no numerical spatial
differentiations (with their attendant loss of accuracy) are required in this method. The method
preserves a high order approximation for any order of the derivatives, and preserves the ideal
invariants accurately over long times; it is also gridless (a grid is only used for visualization of
the fields) and the resulting absence of any coordinate singularities (e.g., r = 0 in spherical polar
coordinates) is a considerable advantage. The code has been parallelized using MPI and showed to
scale in several clusters.
We recently extended this method to consider the effect of rotation [2]. Unsurprisingly, the
dynamical phenomena resulting are markedly different from, and richer than, they were in the case
without rotation. When neutral fluids are considered, well known effects such as Ekman pumping,
1

Figure 1: Equatorial cross section of the sphere, showing the velocity field for an inertial wave when
the sphere rotates. The reference frame is fixed to the sphere, and the rotation is in the z direction.
The axial velocity is indicated by the colors, while the radial and azimuthal velocities are indicated
by the arrows. The four panels show four different times, corresponding to a complete oscillation.

inertial waves, and spin-down in free decaying systems are observed. Predictions for the decay of
the energy in freely decaying flows and its scaling with the Rossby number, as well as the evolution
of inertial waves, were used to validate the code (see Figure ).
When studying conducting fluids, we also considered the effect of rotation in the mechanism of
“selective decay”. This is a self-organization process that has been thoroughly studied in periodic
boundary conditions but not so far in spherical containers, or considering the effect of rotation.
While in the absence of rotation the system evolves to a state dominated by magnetic energy
with a well organized dipolar pattern, as rotation increases the selective decay process is arrested.
Although the reasons for this change are not totally understood, it may be that the rotation results
in sufficient two-dimensionalization of the flow, and then the inherently three dimensional nature
of the selective decay is compromised.
2

Figure 2: Kinetic energy density with velocity field lines (left), and magnetic energy with magnetic
field lines (right) in a dynamo simulation with rotation. Note the development of a circulation in
the velocity, and how magnetic structures are aligned with the axis of rotation.

Finally, dynamo runs have been done for different values of the Reynolds, Ekman, and Rossby
numbers, to explore the effect of viscosity and of rotation in the generation of magnetic fields in
turbulent rotating flows. This process is of interest for geophysical and astrophysical flows. We have
found that a bewilderingly wide variety of dynamo behavior is possible. The behavior is sensitive
to mechanical and magnetic Reynolds numbers, to rotation rate, and more indirectly to the Ekman
number. It is also sensitive to the geometry and strength of the forcing functions and their relation
to the axis of rotation. For rotation rates large enough, and viscosities small enough, the dipolar
moment of the magnetic field tends to align with the axis of rotation, and has spontaneous reversals
on a timescale much larger than the rotation or the eddy turnover timescales. Future investigations
will explore in more detail the different regimes found in the space of parameters.
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Introduction Magnetic fields permeate the universe, and with the increased resolving
capabilities of instruments, a flurry of details on highly complex flows emerge. The origin of
such magnetic fields, the dynamo problem, is still not fully understood, in particular when
the magnetic Prandtl number PM (the ratio of kinematic viscosity to magnetic diffusivity)
differs substantially from unity [1], as it does in the interstellar medium (PM >> 1) or in
convective regions of stars and liquid cores of planets (PM << 1). Assuming that a dynamo
mechanism works, often leading to approximate equipartition of the magnetic and kinetic
energies as observed for example in the solar wind, one can then ask questions about the
nature of the nonlinear dynamics of such a flow. The complete problem (a dynamo taken all
the way to the nonlinear stage at a high Reynolds number as encountered in nature, and for
PM differing substantially from unity) is still out of reach, but it might be among the key
outcomes in MHD of petascale computing facilities as well as of the experimental devices
currently being developed.
Set-up One can specifically address the nature of the energy spectra that arise in such
conditions. The three-dimensional equations for magnetohydrodynamics (MHD) are solved
in a box of length L0 = 2π using periodic boundary conditions and a pseudo-spectral method,
dealiased by the standard 2/3 rule with a grid of N = 15363 points. At all times the
dissipation wavenumber is resolved. No forcing term is present (the flow is simply decaying)
and no uniform magnetic field is imposed. The initial conditions for the velocity and magnetic
fields are constructed from a superposition of three Beltrami (helical) ABC flows to which
smaller-scale random fluctuations are added with initial kinetic and magnetic energy EV =
EM = 0.5, magnetic helicity< A·b >∼ 0.45 (with b = ∇×A where A is the vector potential,
and the brackets denote volume average); finally the correlation between the velocity and the
magnetic field is weak (cos(v, b) ∼ 10−4 ). The computation is stopped when the growth of
the total dissipation saturates (at t ∼ 3.7); at that time, the Reynolds number based on the
mechanical integral scale is ∼ 9200, and that based on the magnetic Taylor scale is ∼ 1700.
Main results Last year the focus was on the early-time dynamics, both temporal and
spatial, of current and vorticity sheets, the run reaching the time of saturation of the growth
of the maximum current. Current and vorticity sheets were found to roll-up, fold and pile
up and the growth of the maximum current and vorticity was algebraic, after an initial
exponential phase.
1

Figure 1: Left: Second-order structure function of the magnetic field for the perpendicular
(solid) and parallel (dotted line) components. Note that large scale isotropy is broken at
small scale. Right: Histogram of the velocity-magnetic field angle in a strong current sheet.
Both plots are for the decaying MHD run with 15363 grid points.

This year the run was pursued until the maximum of dissipation was reached, and an
examination of scaling laws was performed. The resulting total energy spectrum ET (k)
is a combination of two components, each moderately resolved. Such an energy
spectrum with two different small-scale inertial ranges in MHD (excluding Hall
currents) is a novel feature never observed before. It corresponds to the interplay
between Alfvén waves and turbulent eddies and it may be interpreted as a partial
breakdown of universality in MHD [5,4,3,2]. This point clearly needs further study:
a parametric evaluation of the problem is in order, perhaps using new methods allowing for
reaching higher Reynolds numbers numerically. The main findings are now listed below.
• The total energy spectrum at large scale is isotropic and follows the Iroshnikov-Kraichnan
(IK) theory ET (k) ∼ k −3/2 stemming from the weakening of nonlinear interactions due
to Alfvén waves [5]. At small scales, weak turbulence (WT) emerges with ET (k⊥ , kk ) ∼
−2
k⊥
, the perpendicular and parallel directions referring to the local quasi-uniform magnetic field. This spectrum agrees with the statistical theory developed in 2000 using
resonant wave interactions. Figure 1 (left) gives the second-order structure function
of the magnetic field S2,b (`) displaying three ranges: IK compatible at large scale,
WT compatible at intermediate scale and at the smallest scales, the flow is regular
with S2,b (`) ∼ `2 . Note that WT gives rise to equations allowing for a computation
of anisotropic transport coefficients, likely to be useful in modeling turbulent flows in
MHD as they occur in the solar environment and the magnetosphere [5].
• Local directional alignment of the velocity and magnetic field occurs rapidly in MHD
for a variety of parameters [3]. This is observed both in direct numerical simulations
in two and three space dimensions (see Fig. 1, right), as well as in solar wind data.
This phenomenon is due to an alignment between the magnetic field and either pres2

sure gradients or shear-associated kinetic energy gradients; as such gradients develop
naturally in a turbulent flow, such alignment is observed numerous times. Note that a
similar alignment, of velocity and vorticity, occurs in the Navier-Stokes fluid case. This
leads to a local weakening in turbulent flows of the nonlinear terms in the small scale
vorticity and current structures where alignment occurs.
• The anomalous exponents of structure functions are found to be different from those
for fluids, consistent with Iroshnikov-Kraichnan dynamics, with more intermittency in
MHD [5], as was found in the 2D case.
• The energy dissipation as a function of Reynolds number is found to be constant, like
in the three-dimensional hydrodynamical case and like MHD in two dimensions [5,4,2].
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Historical and scientific context

Accurate and efficient simulation of strongly turbulent flows is a prevalent challenge in many atmospheric, oceanic, and astrophysical applications. New simulation codes are needed to investigate
such flows in the parameter regimes that interest the geophysics communities. Turbulent flows
are linked to many issues in the geosciences, for example, in meteorology, oceanography, climatology, ecology, solar-terrestrial interactions, and solar fusion, as well as dynamo effects, specifically,
magnetic-field generation in cosmic bodies by turbulent motions. Nonlinearities prevail when the
Reynolds number Re (the ratio of the nonlinear to diffusive terms in the Navier–Stokes equations)
is large. The number of 3-dimensional degrees of freedom (d.o.f.) increases as Re9/4 as Re → ∞ in

the Kolmogorov 1941 framework (7, §7.4) . For aeronautic flows often Re > 106 , but for geophysical
flows often Re ≫ 108 (3; 11)

Computations of turbulent flows must contain enough scales to encompass the energy-containing

and dissipative scale ranges distinctly. Uniform-grid convergence studies on 3D compressible-flow
simulations show that in order to achieve the desired scale content, uniform grids must contain at
least 20483 cells (15). Today such computations can barely be accomplished. A pseudo-spectral
Navier-Stokes code on a grid of 40963 uniformly spaced points has been run on the Earth Simulator
√
(8), but the Taylor Reynolds number (∝ Re) is still no more than ≈ 700, very far from what
is required for most geophysical flows. The main goal of our efforts is to ask, if the significant
structures of the flow are indeed sparse, so that their dynamics can be followed accurately even
if they are embedded in random noise, then does dynamic adaptivity offer a means for achieving
otherwise unattainable large Re values.
Thus, we have undertaken a long-term development program to provide a dynamic geophysical
and astrophysical spectral-element adaptive refinement (GASpAR) code for simulating and studying
turbulent phenomena.
Several properties of spectral-element methods (SEMs, 1; 13) make them desirable for direct
numerical simulation of geophysical turbulence. Perhaps most significant is the fact that SEMs
performed at high polynomial degree are inherently minimally diffusive and dispersive. The extent
of the spatial and temporal scales that characterize turbulence depends critically on Re, so to draw
conclusions we must be certain of this number in our computations. Thus, we cannot allow the
numerical methods themselves to introduce diffusion. Also, because SEMs use finite elements, they
1

can be used efficiently in high-resolution turbulence studies in domains with complicated boundaries.
These qualities, together with their good scalability properties (e.g., 6), suggest spectral element
methods to be a good basis for high-order adaptive modeling of turbulent flows.
2

How this work supports NCAR strategic priorities

This development work relates directly to at least two of NCAR’s strategic priorities: (1) Conducting
research in computer science, applied mathematics, statistics, and numerical methods; and (2) Developing and providing advanced services and tools. The connection to both priorities is quite clear,
as we are indeed trying to establish the ability of these new high-order adaptive methods to model
turbulence, and this has necessitated a good deal of innovation in applied mathematics and numerical methods. Furthermore, the code was released in December 2005, in direct support of priority (2),
and, periodic updates are forthcoming. See http://www.cisl.ucar.edu/nar/2006/4i.6.nt.jsp
and http://www.cisl.ucar.edu/nar/2006/4i.5.ts.jsp for additional details.
3

FY2007 accomplishments

FY2007 has seen that the plans outlined in the FY2006 Annual Report were largely met. We
completed the development and testing of an explicit incompressible MHD solver. This solver uses
the Elsasser (2) formulation of the MHD equations, and used a Runge-Kutta (RK) algorithm for
time stepping. Each RK stage requires that the divergence constraints for velocity and magnetic
field be maintained, necessitating linear solves for the pressure for each Elsasser equation. Our
results (14) indicate the method compares extremely well with the pseudo–spectral method with
regard to numerical accuracy, on a rather difficult problem in the literature. We also were able
to demonstrate the effect of low order polynomials on sup-norm values, showing that local low
order may prove detrimental in predicting important quantities in MHD flows such as magnetic
reconnection rates, despite nominally high resolution of the simulation.
In addition, we made progress in applying this solver to another important problem related to
coronal heating: the magnetic island instability. In this study we compare the results of the adaptive
spectral element code with both a pseudo–spectral method, and with a low–order adaptive finite
difference (FD) code. We see from the preliminary results that local low order behaves somewhat
differently from the above sup-norm problem in that the most striking difficiency is its inability
to maintain energy conservation to a sufficient level for long-time intergrations of the unstable
flow. There are also significant discrepancies in the sup-norm diagnostics as well. The spectral
element method, on the other hand, is shown to compare extremely well with the pseudo–spectral
calculations.
In the FY2006 report we stated that we may in FY2007 add to our PDE solver “toolbox” code

2

to accommodate the compressible MHD equations, depending on the physics of the objects we want
to model. We have begun development of this solver, but have not yet begun to test it, as there are
a number of numerical issues that must still be resolved.
We made a strategic decision not to implement the ’alpha’-model for high Reynolds number
calculations in two space dimensions (2D), and instead began code modifications required to carry
out simulations in three dimensions (3D). At this point, the subset of the code that computes two
dimensional solutions has been tested, and found to agree with the previous full 2D code.
Together with our long term visitor as the lead, we implemented a robust, low memory, third
order accurate Runge-Kutta algorithm to replace an algorithm often cited in the literature, but
which we show to be only second order for nominal orders greater than 2. This algorithm has been
applied to the generalized advection–diffusion solver in the GASpAR code, and shown to behave as
expected for explicit time solutions.
Finally, working with the IMAGe Computational Mathematics Group we have made significant
strides toward developing an optimized additive Schwarz preconditioner for our iterative Krylov
methods in the Navier–Stokes and MHD solvers. Thus far, we have the first stage of the algorithm
with nonzero overlap working for nonconforming element descritizations, and are beginning the
second stage of optimizing the preconditioner so that the iteration count is bounded.
4

2007 plans

In FY2008, we will complete the development of the 3D code with regular conforming discretizations. To complete the preliminary effort, we must still develop a generic element class that conserves
memory better than the 2D code allowed. To effect this, we may also restrict the user to using
isotropic polynomial degree. It is possible that we will also undertake the development required
to handle nonconforming 3D element connnectivity, and also to accommodate 3D adaptivity. We
will continue our development of the optimized preconditioners described briefly above. If we can
achieve optimization for conforming elements, we will develop the capability to handle nonconforming elements; this will, in turn, allow us to apply the preconditioner to adaptively refined grids.
5
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ESMF Components
Status as of July 2007.

July 2006
January 2007

The names of executable applications are in bold.
The names of components that are not meaningful as standalone applications are in normal text.

Assorted Coupled Systems
Name

Institution

Code Use

Infrastructure
Adoption

Superstructure
Adoption

ADCIRC-WASH123

DoD ERDC

Working prototype

Time
Manager,
Config,
LogErr,
SparseMatMul

Runs as an ESMF
coupled system with
stubs (results not
valid)

CICE-HYCOM

DoD NRL

In routine use

LogErr

Runs as an ESMF
coupled system
without ESMF regrid

COAMPS-NCOM

DoD NRL

Working Prototype

Config, LogErr Runs as an ESMF
coupled system with
ESMF regrid

MITgcm Coupled
Atmosphere-Ocean

MIT

In routine use (option) Time
Runs as an ESMF
Manager,
component
Config, LogErr

Climate
Name
Community Climate
System Model (CCSM)

Institution
NSF NCAR

Code Use
Working prototype

Infrastructure
Adoption
Time
Manager,
Redist

Superstructure
Adoption
Runs as an ESMF
coupled system
without ESMF regrid

Atmosphere
Name
Community
Atmospheric Model
(CAM)

Institution
NSF NCAR

Code Use
Working prototype

Infrastructure
Adoption

Superstructure
Adoption

Time Manager Runs as an ESMF
component
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GEOS-5 AGCM

NASA
GMAO

In routine use
(required)

GFDL FMS
composite atmosphere
(includes land and ice)

NOAA
GFDL

Working prototype

Global Forecast System NOAA
NCEP
(GFS)

In routine use
(required) +
operational

Time
Runs as an ESMF
Manager,
coupled system
Config,
without ESMF regrid
LogErr, Redist
Runs as an ESMF
component
Time
Runs as an ESMF
Manager,
component
Config, LogErr

MITgcm Atmosphere

MIT

In routine use (option) Time
Runs as an ESMF
Manager,
component
Config, LogErr

COAMPS

DoD NRL

Working prototype

UCLA AGCM

UCLA

In routine use (option) Time
Manager,
Comms
(Gather,
Scatter etc),
regrid
(pre-v3.0.0)

Weather Research and
Forecast (WRF) Model

NSF NCAR
and NOAA
NCEP

Working prototype
(option)

Time
Runs as an ESMF
Manager,
coupled system
Config,
without ESMF regrid
LogErr,
Redist,
SparseMatMul
Runs as an ESMF
coupled system with
ESMF regrid

Time Manager Runs as an ESMF
component

Atmospheric Dynamics
Name

Institution

Code Use

Infrastructure
Adoption
Time
Manager,
Config,
LogErr

Superstructure
Adoption

GEOS-5 finite volume
dynamics

NASA
GMAO

In routine use
(required)

Runs as an ESMF
component

Non-hydrostatic
Mesoscale Model (NMM)

NOAA
NCEP

Working prototype
(required)

Runs as an ESMF
component

NMM dynamics package

NOAA
NCEP

Working prototype
(required)

Runs as an ESMF
component

Atmospheric Dynamics Elements
Name
GEOS-5 gravity wave
drag

Institution
NASA
GMAO

Code Use
In routine use
(required)

Infrastructure
Adoption
Time
Manager,
Config,
LogErr

Superstructure
Adoption
Runs as an ESMF
component
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GEOS-5 topology

NASA
GMAO

In routine use
(required)

Time
Manager,
Config,
LogErr

Runs as an ESMF
component

Atmospheric Chemistry
Name
GEOS-5 atmospheric
chemistry package

Institution
NASA
GMAO

Code Use
In routine use
(required)

Infrastructure
Adoption
Time
Manager,
Config,
LogErr

Superstructure
Adoption
Runs as an ESMF
component

Atmospheric Chemistry Elements
Name

Institution

Code Use

Infrastructure
Adoption

Superstructure
Adoption

GEOS-5 parametrized
chemistry

NASA
GMAO

In routine use
(required)

Time
Manager,
Config,
LogErr

Runs as an ESMF
component

GEOS-5 stratospheric
chemistry

NASA
GMAO

In routine use
(required)

Time
Manager,
Config,
LogErr

Runs as an ESMF
component

GEOS-5 GOCHART
chemistry

NASA
GMAO

In routine use
(required)

Time
Manager,
Config,
LogErr

Runs as an ESMF
component

GEOS-5 aerosols
chemistry

NASA
GMAO

In routine use
(required)

Time
Manager,
Config,
LogErr

Runs as an ESMF
component

Atmospheric Physics
Name

Institution

Code Use

GEOS-5 atmospheric
physics package

NASA
GMAO

In routine use
(required)

NMM atmospheric
physics package

NOAA
NCEP

Working prototype
(required)

Infrastructure
Adoption
Time
Manager,
Config,
LogErr

Superstructure
Adoption
Runs as an ESMF
component

Runs as an ESMF
component

Atmospheric Physics Elements
Name

Institution

Code Use

Infrastructure
Adoption

Superstructure
Adoption
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GEOS-5 turbulence

NASA
GMAO

In routine use
(required)

Time
Manager,
Config,
LogErr

Runs as an ESMF
component

GEOS-5 moist processes NASA
GMAO

In routine use
(required)

Time
Manager,
Config,
LogErr

Runs as an ESMF
component

GEOS-5 radiation

NASA
GMAO

In routine use
(required)

Time
Manager,
Config,
LogErr

Runs as an ESMF
component

GEOS-5 solar radiation

NASA
GMAO

In routine use
(required)

Time
Manager,
Config,
LogErr

Runs as an ESMF
component

GEOS-5 long wave
radiation

NASA
GMAO

In routine use
(required)

Time
Manager,
Config,
LogErr

Runs as an ESMF
component

Atmospheric Analysis
Name

Institution

Code Use

Infrastructure
Adoption

Superstructure
Adoption

Global Statistical
Interpolation (GSI
System)

NASA
GMAO

Optional package in
demo version; new
production version in
progress

Runs as an ESMF
component in
available demo

Spectral Statistical
Interpolation (SSI)
analysis

NOAA
NCEP

Working Prototype,
SSI being replaced by
GSI

Runs as an ESMF
component; coupled
to CAM atmosphere
using ESMF; system
replaced by GSI

Atmospheric Tracer
Name
Tracer Advection
Component (TAC)

Institution
NASA
GMAO

Code Use
Working Prototype

Infrastructure
Adoption
Config, Time
Manager

Superstructure
Adoption
Runs as an ESMF
component

Ocean and Wave
Name
ADCIRC

Institution
DoD

Code Use
Working prototype

Infrastructure
Adoption
Time
Manager,
Config,
LogErr

Superstructure
Adoption
Runs as an ESMF
component
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HYCOM

DoD NRL

In routine use

LogErr

Runs as an ESMF
coupled system
without ESMF regrid

MITgcm Ocean

MIT

In routine use (option)

Time
Manager,
Config,
LogErr

Runs as an ESMF
component; used in
multi-scale modeling
where components
are nested
recursively

MOM4

NOAA
GFDL

In routine use (option)

Time
Manager

Runs as an ESMF
component

NCOM

DoD NRL

Working prototype

POP

DOE LANL

Working prototype

Time
Manager

Runs as an ESMF
component; grids
cannot be correctly
represented yet

Poseidon

GMU and
NASA
GMAO

In routine use
(required)

Time
Manager,
Config,
LogErr

Runs as an ESMF
coupled system
without ESMF regrid

Simulating WAves
Nearshore (SWAN)

Delft
Technical
University
and DoD
NRL

Working prototype

GEOS-5 OGCM

NASA
GMAO

In routine use
(required)

Time
Manager,
Config,
LogErr

Runs as an ESMF
component

GEOS-5 data ocean

NASA
GMAO

In routine use
(required)

Time
Manager,
Config,
LogErr

Runs as an ESMF
component

Runs as an ESMF
component; couples
with COAMPS

Runs as an ESMF
component

Ocean Physics
Name

Institution

Code Use

Infrastructure
Adoption

Superstructure
Adoption

GEOS-5 ocean
biogeochemistry

NASA
GMAO

In routine use
(required)

Time
Manager,
Config,
LogErr

Runs as an ESMF
component

GEOS-5 ocean radiation

NASA
GMAO

In routine use
(required)

Time
Manager,
Config,
LogErr

Runs as an ESMF
component

Sea Ice
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Name

Institution

Code Use

CICE

DOE LANL

Working prototype

GEOS-5 data sea ice

NASA
GMAO

In routine use
(required)

Infrastructure
Adoption

Superstructure
Adoption
Runs as an ESMF
component

Time
Manager,
Config,
LogErr

Runs as an ESMF
component

Land and Surface
Name
GEOS-5 land model

Institution

Code Use

Infrastructure
Adoption

Superstructure
Adoption

NASA
GMAO

In routine use
(required)

Time
Manager,
Config,
LogErr

Runs as an ESMF
component

GEOS-5 catchment basin NASA
GMAO

In routine use
(required)

Time
Manager,
Config,
LogErr

Runs as an ESMF
component

GEOS-5 vegetation
dynamics

NASA
GMAO

In routine use
(required)

Time
Manager,
Config,
LogErr

Runs as an ESMF
component

GEOS-5 lake model

NASA
GMAO

In routine use
(required)

Time
Manager,
Config,
LogErr

Runs as an ESMF
component

GEOS-5 land ice

NASA
GMAO

In routine use
(required)

Time
Manager,
Config,
LogErr

Runs as an ESMF
component

GEOS-5 salt water

NASA
GMAO

In routine use
(required)

Time
Manager,
Config,
LogErr

Runs as an ESMF
component

Land Information
Systems (LIS)

NASA
GMAO

In routine use

Time
Manager,
Config,
LogErr

User code has ESMF
interfaces (no
setservices yet)

Hydrology/Watershed
Name
WASH123

Institution
DoD ERDC

Code Use
Working prototype

Infrastructure
Adoption
Time
Manager

Superstructure
Adoption
Runs as an ESMF
component

Space Weather

11/2/2007 11:50 PM

ESMF: Components (July 2007)

7 of 7

http://www.esmf.ucar.edu/components/

Name
Space Weather
Modeling Framework
(SWMF)

Institution

Code Use

Infrastructure
Adoption

University of Working prototype
Michigan
(option)

Superstructure
Adoption
Runs as an ESMF
coupled system
without ESMF regrid

I/O Packages
Name

Institution

Code Use

Infrastructure
Adoption

Superstructure
Adoption

NMM history output

NOAA
NCEP

Working prototype
(required)

Runs as an ESMF
component

GFS I/O component

NOAA
NCEP

Working Prototype

Runs as an ESMF
component
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DIRECTOR'S MESSAGE
Welcome to the Earth Observing Laboratory's 2007 Annual Report.
EOL is known as a community hub for the collection of data and transfer of knowledge pertaining to
observations. The Laboratory also develops new measurement tools to extend community understanding of
the atmosphere. EOL specifically fulfills three critical needs:

Archives and
Supplemental Info

1. To lead and serve the community in the provision of observational facilities,
infrastructure, and services needed by the atmospheric and related sciences.
2. To play a leadership role in the development community-inspired next generation
instrumentation and infrastructure while providing existing instruments and infrastructure
in support of science.
3. To coordinate all aspects of field deployment from pre-project planning through the field
phase and subsequent data stewardship.

Central to EOL’s success is our world-class scientific, engineering and project management staff
that is respected by the community. Our staff responses to new directions in atmospheric research technology
play a leadership role in the development and application of new technology to science objectives.
EOL continues to make progress in all five NCAR strategic goals
though our main focus is Goal #5. EOL supported a number of
field campaigns, including METCRAX, PACDEX, CLIMODE, ISPA,
CHATS, COPS and PASE in FY2007 and are preparing for some
important deployments in 2008. EOL endeavors to identify ways
to entrain new users. The official request procedure can appear
daunting to someone who has never requested an NSF observing
facility. Accordingly, it is our responsibility to help guide them
through the process. This is one of the issues we addressed in
September when we hosted the first-ever NSF Facilities Users'
Workshop. In addition to reaching out to new users by
delineating the request process, the workshop provided an
opportunity for several hundred members of the NSF facilities’
research community to meet and provide us with valuable
guidance on core activities such as project planning, data
stewardship, software tools, in-field service, and new instrument
Scientist Cynthia Twohy makes some notes inside the NSF/NCAR G-V before
developments. The NSF Facilities Assessment database was
the PACific Dust EXperiment (PACDEX) in April 2007. PACDEX was the first
deployment that truly demonstrated the unique capabilities of the G-V as a
discussed at a community workshop following the NSF Facilities
long-range research aircraft. During that project the aircraft - stationed at its
Users' Workshop and will provide descriptive information on
home base at the Rocky Mountain Metropolitan Airport - was quickly
deployed to Japan via Alaska in response to news that a dust storm was
atmospheric science facilities and instrumentation in a consistent,
gathering over Asia. The G-V was able to catch up with the plume before it
easy-to-read format as a resource for the broad atmospheric
started to travel across the Pacific, and for about a week was able to sample
science and related communities. EOL deployed the NSF/NCAR Gthe plume as it made its way to North America.
V in the first deployment (PACDEX) that truly demonstrated the
unique capabilities as a long-range research aircraft. During PACDEX the aircraft - stationed at its home base at the Rocky Mountain
Metropolitan Airport - was quickly deployed to Japan via Alaska in response to news that a dust storm was gathering over Asia. The
aircraft was able to catch up with the plume before it started to travel across the Pacific, and for about a week was able to sample the
plume as it made its way to North America. The G-V also entered a major upgrade phase in FY07 that will continue into FY09. HAIS
instruments began arriving this year and will continue to be delivered until FY2009.
In support of Goal #1, Understanding the Earth & Sun System, an EOL scientist was the lead author on a landmark study that puts a
new perspective on the “missing” carbon sink and could have political ramifications. A second Airborne Carbon in the Mountain
Campaign (ACME) was conducted and three RACCOON (Regional Atmospheric Continuous CO2 Network in the Rocky Mountains) sites
were added during the year.
In support of Goal #2, Improving Resilience to Weather, Climate
and Atmospheric Hazards, EOL scientists collaborated with
scientists in Africa to establish a continuous CO2 analysis site at
Mt. Kenya Meteorological Observatory, which is World
Meteorological Organization site.
EOL places major emphases on diversity and education and
outreach activities (Goal #3). We will continue our efforts to
support SOARS and the EOL Engineering Intern Program, as well
as numerous education and outreach activities for K-12 students
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and the general public.
EOL is committed to data processing, quality control, and archival
for field projects as part of our expanding services that will be
provided to the community (Goal #4). This includes efforts to
complete development of the Metadata Database and
Cyberinfrastructure (EMDAC, formerly known as CODIAC) to
access and browse products and data from field projects while
integrating with the Community Data Portal.

Tours like this one, to the Marshall Facility where the S-Pol is located, are a
staple of EOL's robust Education and Outreach program. EOL scientist Bob
Rilling discusses radar operations with students from CU's Weather and
Climate Data class.
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5. PROVIDING WORLD-CLASS OBSERVATIONAL FACILITIES AND SERVICES
Priority 1: Enabling Innovative Field Experiments and Measurement Campaigns
The accuracy, robustness, and performance of weather, climate, and chemistry models depend on sound theory and accurate
measurements. EOL’s leadership in the area of field program planning and implementation is considered the crown jewel of its
achievements. EOL maintains a large suite of state-of-the-art NSF-funded Lower Atmospheric Observing Facilities (LAOF), without
which collection and analysis of data and subsequently, understanding of atmospheric and earth processes would be impossible.
Maintaining a large degree of flexibility and responsiveness, EOL serves as the coordination point for scientific field campaigns, offering
services ranging from advice and consultation during the initial stages of the planning process to the development of field design and
project implementation plans, the provision of tailored and specialized logistics support, the fielding, operation and maintenance of
scientific instrumentation in the field, real-time data communication development and support, organizational and operational
management to achieve the scientific objectives as well as the coordination of educational activities related to field projects.
National Radar Facility
EOL is developing a strategic partnership with Colorado State
University to create a national radar facility. Both institutions
support 10-cm, multiparameter Doppler radars that will be jointly
operated in this new partnership. A key objective is to create a
national test bed that other institutes and agencies can use for
research and education. The radars will be in continuous
operation, and university students will be encouraged to propose
small (less than 20-hour) projects for collecting thesis-related
research data. In FY08, the two institutes will formalize plans.
Virtual Operations Center (VOC)
EOL has revised and updated the VOC proposal based on feedback
from reviewers and a Town Hall Meeting which occurred at the
annual AMS meeting in January 2007. EOL anticipates a funding
decision by the NSF in early FY08. If successful in procuring
funding, staff will begin to build prototypes for the VOC.

A key objective in creating the National Radar Facility is to create a national
test bed that other institutes and agencies can use for research and
education.

NSF/NCAR Facilities Assessment
In the early part of FY 2007, the NSF/NCAR Facilities Assessment team developed an interactive database that will be populated with
descriptions of systems, platforms, networks, and emerging technologies that are provided by community experts. The database will
be supported on a web site and become a public resource with routine updating, and is intended to provide descriptive information on
atmospheric science facilities and instrumentation in a consistent, easy-to-read format as a resource for the broad atmospheric science
and related communities.
The Assessment has begun soliciting input from the community through submitting information on instruments and facilities or
submitting revisions to resources already included. The 7 subcommittees met separately in May to review the information submitted so
far, and there was a larger community workshop in late September, immediately following the planned NSF Facilities’ Users' Workshop,
to gain community input on gaps in the database and capabilities. EOL will continue to support the maintenance of the web site in
FY08 and 09 and thereafter.
Observing Facilities Assessment Panel (OFAP)
Twice a year, EOL hosts the Observing Facilities Assessment Panel
(OFAP) and coordinates among panel members, PIs, facility
providers, EOL staff and NSF to assess the feasibility and cost of
NSF-funded field projects. The OFAP is an NCAR-driven
community process that provides technical and operational
assessment of requests associated with the use of NSF’s Lower
Atmospheric Observing Facilities (LAOF) in the field. The panel,
which is composed of a diverse pool of scientists with broad
experience in observational studies of earth system sciences,
meets at NCAR to provide valuable feedback and evaluation to
facility managers and the user community concerning experiment
design, data management issues and the appropriate and efficient
use of NSF resources as related to a specific field campaign. The
comments and technical evaluation presented by the OFAP,
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together with feasibility analyses and cost estimates provided by
Facility Managers, are considered before a final decision is made
by NSF whether to approve a project.
Field Deployments

Twice a year, EOL hosts the Observing Facilities Assessment Panel (OFAP),
an NCAR-driven community process that provides technical and operational
assessment of requests associated with the use of NSF’s Lower Atmospheric
Observing Facilities in the field.

Meteor Crater Experiment (METCRAX)
In October 2006 EOL provided one ISS and seven ISFS in support of the METCRAX experiment, which investigated the meso- and
micro-scale structure and evolution of the stable boundary layer within, above and in the vicinity of the Arizona Meteor Crater. The
crater was chosen as it represents an ideal, simple-shaped, and small closed basin cut into a nearly homogeneous plane.
CLIvar MOde Water Dynamics Experiment (CLIMODE)
EOL supported this University of Connecticut experiment on heat
loss from the ocean into the atmosphere by providing one ISS on
the R/V Knorr to study the dynamics of subtropical mode water of
the North Atlantic. The experiment ran from February to March in
2007. The objective of this experiment was to develop better
climate models by improving the understanding of ocean physics.
Data gathered from the experiment will be checked for quality
control by EOL and offered to the research community as a data
product in FY 2007.
Inhibition of Snowfall by Pollution Aerosols (ISPA 2006)
ISPA studies the link between pollution aerosols and snowfall rates
in the Mount Werner area near Steamboat Springs, Colorado. EOL
provided the ISS-MAPR facility in early 2007 to obtain
temperature and humidity profiles with altitude, cloud top height
and temperature, depths of the snow layer, crystal fall speed and
riming extent. Data gathered from the experiment will be checked
for quality control and offered to the research community as a
data product in FY 2007.

EOL scientist Bill Brown does a last minute check of atmospheric conditions
before he launches a sounding balloon off the R/V Knorr during CLIMODE, an
experiment which studied the loss of heat from the North Atlantic sea into
the atmosphere.

Canopy Horizontal Array Turbulence Study (CHATS)
Turbulent transport within plant canopies is still not well
understood and is, hence, poorly represented in large-scale
climate models. Canopy turbulence is a complex but important
aspect of biogeoscience, as it plays an essential role in
transporting substances between their source location and the
overlying atmosphere. EOL supported this NCAR-led experiment
by deploying an ISSF and the REAL lidar in a walnut grove in
Dixon, California in March and April 2007. Data gathered from the
experiment will be checked for quality control and offered to the
research community as a data product in FY 2007.
Convective and Orographically induced Precipitation Study
(COPS)
EOL provided scientific and technical support in the COPS
campaign to study convective processes in Germany’s Black
Forest during the summer of 2007. COPS’ scientific goal is to
improve the skill of quantitative forecasts of orographicallyinduced convective precipitation by obtaining a better
understanding of the dynamical and microphysical processes
responsible for deficiencies in QPF in moderate-mountain regions.
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COPS will provide a data set for identifying the reasons for
deficiencies in QPF and for incorporating improved representations
of sub-grid scale processes in mesoscale models.
PACific Dust EXperiment (PACDEX)
See section on the Role of Aerosol in Climate and Weather.
Pacific Atmospheric Sulfur Experiment (PASE)
In August and September of 2007, EOL provided the C-130
research aircraft to PASE, which is a comprehensive study of
SOARS Student Theresa Aguilar stands by the Doppler on Wheels II as she
sulfur chemistry in a pristine marine trade wind system. The base
watches a gust front roll in during the Convective and Orographically induced
Precipitation Study (COPS) near the Black Forest in Germany, Summer, 2007.
of operations for this experiment was on Christmas Island,
Kiribati, a remote area that offers a highly stable trade wind
inversion with little chance of precipitation, high solar intensity and horizontal winds constant in direction and speed over several days.
Future Field Deployments
Ice In Clouds Experiment (ICE-L)
EOL will provide the NSF/NCAR C-130 in November 2007. The
scientific goal of the project, based at Jeffco Airport, is to show
that under given conditions, direct ice nucleation measurements,
or other specific measurable characteristics of aerosols, can be
used to predict the number of ice particles formation by nucleation
mechanisms in selected clouds. The investigators seek improved
quantitative understanding of the roles of thermodynamic
pathway, location within the cloud, and temporal dependency.
HIAPER Pole-to-Pole Observations (HIPPO)
The Collaborative Research: HIAPER Pole-to-Pole Observations
(HIPPO) of Carbon Cycle and Greenhouse Gases Study will
measure cross sections of atmospheric concentrations
The NSF/NCAR C-130 flies by a beach on Christmas Island during the PASE
approximately pole-to-pole, from the surface to the tropopause,
project in August, 2007.
4-6 times during different seasons over a 2.5 to 3-year period
beginning in 2008. The scientific questions motivating HIPPO focus
on understanding the global sources and sinks for CO2 , CH 4 , and other carbon cycle gases, and more broadly determining large-scale
rates of tracer transport in the atmosphere. This experiment would not be feasible without the G-V and will establish a new paradigm
for facility allocation. It is first time that a multi-year allocation of an observational platform has been approved by NSF.   Such
allocations may become more common with the G-V.
THORPEX Pacific Asian Regional Campaign (T-PARC)
EOL will be providing Driftsonde support for the proposed T-PARC experiment in September of 2008. T-PARC is a multi-national field
campaign that addresses the shorter-range dynamics and forecast skill of one region (Eastern Asian and the western North Pacific) and
its downstream impact on the medium-range dynamics and forecast skill of another region (in particular, the eastern North Pacific and
North America). The driftsonde and ELDORA are two primary platforms that have been requested for this experiment.
Arctic Research of the Composition of the Troposphere from Aircraft and Satellites (ARCTAS)
The proposed ARCTAS experiment will take place as two 1-month aircraft deployments, in March-April and June-July 2008. It will
involve the NASA DC-8 as its primary platform, and EOL’s new Difference Frequency Generation (DFG) spectrometer will acquire
ambient measurements of formaldehyde, an important trace gas involved in ozone and hydrogen radical production. The spring
deployment will target arctic haze, anthropogenic pollution in general, stratosphere-troposphere exchange, and sunrise photochemistry.
The summer deployment will target boreal forest fires, stratosphere-troposphere exchange, and summertime photochemistry. ARCTAS
is part of the international IPY/POLARCAT arctic field program for atmospheric composition.
Priority 2: New instrumentation
Advances in research on weather, climate, water cycle, chemistry and dynamics of the upper troposphere/lower stratosphere, and
biogeosciences all require capabilities beyond our current suite of airborne and ground-based instruments. EOL is tasked with
developing this new generation of robust, inexpensive, easily deployable, and versatile instrument systems to address these needs.
Our extensive pool of talented scientific and engineering staff continually conceptualize, develop and test new instrumentation for
studying the links between atmospheric composition and the biogeosciences, with systems for quantifying the surface-atmosphere
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exchange of gases and aerosols on whole-plant, whole-canopy, and regional scales using mobile laboratories and deployments of our
fleet of research aircraft.
EOL has been involved in a variety of efforts to support this strategic priority in FY 2007. CAPRIS, a new suite of radar and lidars that
allow for unprecedented combination of coincident observations of precipitation, winds, cloud microphysics, water vapor, ozone and
aerosol – all on one platform – is going through the NSF review process. The sophisticated gondola EOL developed in 2006 designed to
fly approximately 25 miles into the atmosphere by a giant balloon to capture images of the Sun's outer surface at a higher resolution
than ever before took its maiden voyage last month in Oklahoma.
Community Airborne Platform Remote-Sensing Interdisciplinary Suite (CAPRIS)
The CAPRIS White Paper went through an extensive internal and external community review, and was resubmitted to NSF for review in
April 2007. The latest changes include discussion of the science engineering and resources requirements, updates to the budgets based
on the Lidar RFP process and partnership with MIT/Lincoln Labs on the development of the CM phased array antennas.
Sunrise Gondola
EOL is working in conjunction with ESSL's High Altitude
Observatory (HAO) to create the gondola for a lightweight,
balloon-borne one-meter solar telescope that will circle Antarctica
for about two weeks at an altitude of approximately 25 miles. Its
advanced instrumentation will provide high-resolution images of
the Sun's outer surface, or photosphere, enabling scientists to get
unprecedented views of small-scale magnetic fields that drive
solar variability and profoundly affect Earth's atmosphere.
To get a balloon up that high in the atmosphere with such
sophisticated and sensitive instrumentation is no small feat. The
entire system will weigh approximately 5000 pounds, which will
require a 40 million cubic foot polyethylene balloon - in other
words, the giganitc balloon will be nearly as big as a football field.
Not only that, the gondola must keep the telescope aimed at a
specific - and relatively tiny - area of the Sun. The telescope's
angle must remain within 15 arc seconds, or 1/240th of a degree
while constantly twisting on a soaring balloon.

A team of scientists and engineers in EOL and HAO built this 23-foot gondola
(seen here with solar panels attached) as part of the Sunrise project, an
international program to measure magnetic fields, dynamics, and thermal
properties of the solar atmosphere. Carried approximately 25 miles (40
kilometers) into the atmosphere by a giant balloon, the gondola will contain
a 1-meter diameter solar telescope that can capture high-resolution images
of the Sun's outer surface.

In FY 2007, completed the construction phase as well as the
dynamic control system for the instrument and conduct a test
flight in October of 2007. The balloon was launched by the
National Scientific Balloon Facility from Fort Sumner, New Mexico. The short, 12-hour flight allowed the engineers an opportunity to
test and fine tune the pointing control system. It is possible that the small optical telescope that will be installed for testing will produce
some very useful UV flux measurements as well.
Other Developments
Wind Lidar
The proposal to develop a Wind Lidar was approved in FY 2007, and is exploring the ability of a lidar wind profiler to measure winds
and possibly turbulence, with better time resolution, altitude resolution while reducing the effects of “clutter” (such as signals from the
ground, birds, etc.) and interference from radio waves than is possible from current radar wind profilers and SODAR systems.
CAMS Instrument for the G-V
EOL began development of the Compact Atmospheric Multi-species Spectrometer for the G-V (CAMS) in FY 2007. This new instrument
will rely on the same state-of-the-art advancements employing DFG technology as our other airborne spectrometers, but with major
upgrades and innovations for operation on the G-V platform. It is one of many important trace gas chemistry instruments being
developed for the NSF/NCAR G-V for the 2010 DC-3 project (Deep Clouds, Convection & Chemistry) as well as other airborne studies.
NO/NOy for the G-V
In FY 07 EOL funded the completion of this instrument, which will be used in many chemistry campaigns, and in 2010 will be an
integral part in the proposed DC-3 experiment. In FY 2007 EOL and ACD established a Memorandum of Understanding and a working
partnership regarding EOL support of ACD-built instruments, PI expectations in supporting non-ACD field deployments, and ownership
of the acquired data. This represents an important partnership with ACD to support airborne instrumentation.
Development of a plan for long-wave radiation for the G-V
In our efforts to continually produce state of the art observing technology, EOL staff is leading a development effort for an instrument
to measure long-wave radiation emitted by the earth’s surface from the G-V platform. Measurements of terrestrial emissions are an
essential element in understanding the earth’s radiative budget. In FY 2007 EOL will conduct a workshop to survey community needs
for such instrumentation and devise a plan to improve upon what currently exists. Ultimately, this will lead to the development of new
G-V instrument with this important capability.
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SATCOM software products for the G-V
In F07 EOL is gathering input from the NCAR/NSF user community about what products they want and what is currently available in
regards to Satcom software products. In FY08 we will begin efforts to develop or purchase what we need to provide the research
community.
High Precision carbon dioxide isotopic ratio instrument
This long-standing development project that began in FY 2002 with NSF Biocomplexity Special Funds progressed rapidly in FY 2007.
This instrument provides new in-situ information about carbon sinks in the atmosphere.   It will augment more traditional
measurements of this ratio from high precision isotopic ratio mass spectrometry, leading to an enhanced understanding of the carbon
cycle. Throughout FY2007 extensive laboratory testing was conducted and field-testing is anticipated in FY 2008.
Development of a high efficiency waveguide DFG instrument
With partial support from the NCAR Director’s Opportunity Fund in 2006, EOL scientists have been working with Japanese scientists and
engineers from the NTT Photonics Laboratory, NTT Corporation in developing and assessing of new high performance optical frequency
conversion technology based upon wave-guide DFG devices. This group published a paper on the first phase of this instrument
development and assessment in FY 2007 and is currently working on an improved version. Research Engineers and Scientists in EOL
anticipate significantly improved performance, both in terms of higher output powers and conversion efficiencies, from the new DFG
device. If successful, this will open up many new detection methods for instruments on the G-V.
Water Reference Sounding System
This collaboration between NSF/EOL and South West Sciences Incorporated is aimed at exploring the feasibility of balloon-borne
tunable diode laser (TDL) technology for in-situ water vapor measurements with verifiable accuracy. Such measurements are badly
needed by the climate community. This activity has been postponed until the start of FY 2008.
Priority 3: Installing Initial Instrument Suite and Beginning Operations of the NSF/NCAR G-V Aircraft
2007 marked the year that the NSF/NCAR G-V was deployed in a project that truly demonstrated its unique capabilities as a longrange research aircraft. The G-V also entered a major upgrade phase in FY07 that will continue into FY09. HAIS instruments began
arriving this year and will continue to be delivered until FY2009.
PACific Dust Experiment (PACDEX)
See section describing the Role of Aerosols in Climate and Weather.
G-V Instrumentation
HAIS Instrumentation
The HIAPER Airborne Instrumentation Solicitation (or HAIS)
instruments have started to arrive for installation and testing on
the NSF/NCAR G-V. The first of these instruments (SID-2H, HARP,
and VCSEL) are operating in PACDEX and making important
contributions to that project. Test periods for others are scheduled
in July 2007 and February 2008, with probably an additional test
period needed in either late 2008 or early 2009. In addition to the
instruments delivered for PACDEX, the AWAS, Fast Ozone, MTP,
Ozone Photometer will be delivered in FY2007, the QCLS, CIMS,
HSRL, 3V-CPI, AND GPS will be delivered in 2008 and the TOGA,
ToF-AMS is scheduled to be delivered in FY2009.
We are working with Gulfstream to develop 6 pylons similar to the
ones installed for PACDEX plan to installation of those in January
2008. We also plan to add the large pods in 2008, but funds are
unsecured.

This external wing store system, fabricated by EOL’s Design and Fabrication
Services, houses cloud physics instruments, video cameras, laser air motion
sensors, and more under the wing of the NSF/NCAR G-V. (Carlye Calvin)

Initial reports from PACDEX indicate that the plane is staying
cooler than expected, so the cooling system upgrade will be
postponed until FY09. Development of the optical ports is intended to be complete in FY08, and EOL will conduct two test periods for
the instrumentation and infrastructure upgrades in July 2007 and in February 2008.
HIAPER Cloud Radar
The HIAPER cloud radar (HCR) is an airborne millimeter-wavelength radar that will serve the atmospheric science community by
providing remote sensing capabilities to the NSF/NCAR G-V aircraft. During FY07, EOL completed the detailed design of the receiver,
begin the detailed design of the data system and procure a transmitter. We anticipate completion of the remaining electronic design,
mechanical design, fabrication and subsystem testing in FY08. System integration will start in FY08 and culminate in FY09, with flight
testing to be completed in April 2009.
Laser Air Motion Sensor (LAMS) for the G-V
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EOL scientists and engineers have been developing a new high-accuracy state-of-the art wind velocity instrument for the G-V over the
past year. This instrument utilizes measurements of the Doppler shifts in backscattered near-IR laser radiation caused by the 3-D wind
field. It will improve upon the accuracy of airborne wind velocity measurements over current technology based upon differential gust
probes. The accuracy for the latter, which is severely compromised by aircraft flow perturbations, becomes a particular problem on the
G-V. The new instrument solves this problem by remotely detecting the wind fields well in front of the airplane, resulting in anticipated
flow velocity accuracies around 0.1 m/sec. In FY 2007 EOL anticipates completion of the single channel demo phase, including airborne
testing, of this new instrument on the G-V. Upon completion of the first phase, EOL anticipates embarking on the full development of
a three-channel system for measurements of all three-wind velocity components.
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3. CULTIVATING A SCIENTIFICALLY ENGAGED CITIZENRY

Priority 1: Engaging a Broader and More Diverse Community in the Atmospheric and Geosciences
EOL recognizes that the overall health of our institution lay in ensuring that those with aptitude and determination have opportunities
in the atmospheric science and engineering disciplines, and that they are welcomed and nurtured, regardless of gender, ethnic
background, nationality, or physical ability. EOL addresses this NCAR strategic priority in a number of ways, including our highly
successful Student Engineering program, now in its eighth year, our hiring practices, our EOL Women's Professional Development Group
and our Education and Outreach efforts that reach the general public.
Undergraduate Engineering Internships
2007 has seen fantastic response to EOL’s call for applications to
our Summer Undergraduate Engineering program, which focuses
EOL’s outreach efforts on the engineering community in a manner
analogous to what UCAR/NCAR currently does for young
scientists.
EOL received resumes from mechanical, electrical and computer,
aerospace, optical, environmental, chemical, and industrial
engineering students. A total of 99 applications were received, 15
from women. Six students applied through the National Society of
Black Engineers (NBSE). The announcement was also posted with
the Society of Hispanic Professional Engineers.
Four interns were hired and worked with EOL engineers during the
summer of 2007: Tim Allarid, a mechanical engineering student,
worked with the Design and Fabrication Services; Jacqueline
Hibbard, an aerospace engineering student, worked at the
Research Aviation Facility; Andrew Lueng, an electrical engineering
student, assisted on upgrades to the ELDORA radar; and Oluleye
Olorode, an electrical/optical engineering student, worked with the
LIDAR group. All interns gave presentations to the EOL
Engineering Group as part of their internships. Continuation of the
undergraduate intern program will be a priority in FY08 and 09.

The Summer Engineering internship program ended with presentations given
by the four interns, seen here with their mentors around the redesigned
Driftsonde gondola. Back row: Roger Wakimoto, Assistant Director to NCAR
for the EOL, Jack Fox, DFS Manager, Scott Spuler of the LIDAR Group, intern
Oluleye Olorude, Mark Lord of EOL's Research Aviation Facility, Tom Brimeyer,
Program Coordinator. Middle row: Interns Andrew Leung and Jaqueline
Hibbard. Bottom Row: Intern Tim Allarid and Program Coordinator Gordon
Farquaharson.

Expanding Your Horizons Workshop
EOL staff participated once again in the Expanding Your Horizons Conference at CU
Boulder in February. The annual conference was held on February 24, 2007 in the
CU engineering center, and was attended by close to 200 girls from schools along
the Front Range. It is organized by the Boulder Branch of the American Association
of University Women (AAUW) and the University of Colorado at Boulder with the
goal to encourage pre-teen and teenaged girls to study math and science, to
increase awareness of the options available in non-traditional careers, and to meet
women whose careers depend on math, science, engineering and technology.
Diversity in EOL Hiring Process
EOL emphasizes the inclusion of diversity in its hiring practices and has instituted
new internal practices in FY07 to ensure that a measurable and fair process is
followed for every new hire. We have established checks and balances to ensure
proper advertisement of new positions in order to solicit the widest variety of
applicants. Hiring managers must complete a form outlining how and where the
job was advertised, what effort was made to solicit applications from females and
underrepresented minorities, and justification for final interview pool and hire.
EOL firmly believes these efforts to ensure diversity within its ranks will strengthen
our organization as a whole.
EOL Women’s Professional Development Group
The EOL Women's group continues to bring together women at all levels in the
laboratory - mechanics, technicians, administrators, scientists, data managers,
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managers, etc., to provide a forum in which women can share experiences and
discuss lab topics of mutual interest. Management is interested to foster this
communication in order to work on making EOL a supportive place in which
women professionals work.
Wonders of Science Saturday
NCAR
scientists
also

the Expanding Your Horizons workshop. This event is
organized by the Boulder Branch of the American
Association of University Women (AAUW) and the
University of Colorado at Boulder with the goal to
encourage pre-teen and teenaged girls to study math and
science, to increase awareness of the options available in
non-traditional careers, and to meet women whose
careers depend on math, science, engineering and
technology.

EOL Scientist Junhong Wang teaches an aspiring scientist how to read the
data collected from a weather balloon during the Wonder of Science Saturday
event at the 29th Street Mall in Boulder, Colorado.

participated in the Wonder of Science Saturday, an event held at Boulder's 29th Street Mall, in September 2007. This event provided
the public with an opportunity to learn about different scientific organizations in the area, and its primary focus was on science
education of children and adults. EOL performed a series of radiosonde weather balloon launches that gave people a rare opportunity to
learn first-hand about the technology used to capture atmospheric profiles of pressure, temperature, relative humidity, and wind, and
view data collected in real-time.

Priority 2: Supporting and Enhancing Formal Science Education at all Levels
EOL attaches a high value to Education and Outreach and currently infuses all EOL programs, whether in the laboratory or field with an
E&O component. EOL encourages a general interest in earth science, and particularly tries to foster advanced understanding in the
science and process of atmospheric research measurements. EOL accepts its responsibility to encourage the growth of the next
generation of observational engineers and scientists, and continually seeks new ways to do this. Our major event in 2007 that supports
this priority was our first-ever NSF Facilities Users' Workshop.
NSF Facilities Users’ Workshop
EOL hosted the first NSF Facilities Users’ workshop was held the
week of September 24-28, 2007 at NCAR. One of the major
issues addressed this workshop was reaching out to new users by
delineating the request process since the official request
procedure can appear daunting to someone who has never
requested an NSF observing facility. The workshop also provided
an opportunity for several hundred members of the NSF facilities’
research community to meet and provide us with valuable
guidance on core activities such as project planning, data
stewardship, software tools, in-field service, and new instrument
developments. Representatives from funding agencies and
potential partners in instrument development were also invited.
High School Laser Class
EOL received an Activity Grant from the Optical Society of America
(OSA) to support an Education and Outreach activity at a high
school in Arvada, Colorado. Staff worked with a teacher of a laser
class to get resources such as optics, and lasers and the class put
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together a laser show. Students of this class got the opportunity
to attend monthly meetings in order to get a feel for what’s going
on in the world of optics, and what a professional environment is
like.

Oversight Section of the National Science Foundation's Division of
Atmospheric Sciences, addresses participants in the first-ever NSF Facilities
Users' Workshop, held in Boulder Colorado in September 2007.

Pilot High School Student Program
EOL values educational outreach at all levels and is currently conducting a small pilot program that exposes local high school students
of high academic caliber to various EOL activities and specialized projects. In FY07, EOL hired a Boulder High School senior, to work
with engineers on data collected from the driftsonde during the T-AMMA campaign in Africa last year. Pending evaluation of this
program EOL plans to continue with this educational outreach in FY 2008-2009.
Student Visits
EOL staff has continued to support formal science education in 2007, with six visits so far to local elementary, middle and high schools
for weather lessons, balloon launches and tours of the Integrated Sounding System (ISS). Familiarizing young students with
opportunities in atmospheric science will continue to be an activity EOL supports in FY08 and 09.
Priority 3: Maintaining an Innovative and Creative Workplace
EOL knows we cannot fulfill our scientific, engineering and service objectives without capable, intelligent, dedicated and effective
personnel. We find a variety of ways to keep our staff challenged, including our pilot sabbatical program for scientific staff.
Instituting Sabbatical for Scientific Staff
EOL instituted an internal sabbatical for ladder-track scientific staff intended to increase their productivity through uninterrupted
research or laboratory work, including research leading to publication, publication writing, instrument development, development of
major science plans and participation as scientists in a field project. Staff could also include time to write e.g., one or more chapters of
a thesis or dissertation, depending on circumstances. At the present, there is a pilot process in place and in FY08 we will be reviewing
how the program is working and will make adjustments to it as necessary.
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1. UNDERSTANDING THE EARTH & SUN SYSTEM
Priority 1: Exploring Atmospheric, Earth System, and Solar Processes, Variability and Change
Landmark Paper on the "Missing" Carbon Sink
Among the 2007 highlights in this area is a landmark paper by Britt Stephens et al. published in Science, which puts a new perspective
on the “missing” carbon sink. This paper greatly diminishes the apparent discrepancy between overall emissions and the rate of
increase of atmospheric CO2. This research indicates that uptake in tropical forests is actually much larger than previously thought,
while CO2 uptake in northern latitudes is lower than previously thought.
START 08
The Stratosphere-Troposphere Analyses of Regional Transport (START) experiment, run in FY06, looks at transport processes that
impact the chemical-microphysical distribution of the extratropical upper troposphere/lower stratosphere (UTLS) region. START08
planning launched this year. With a collaborative team of university and NCAR scientists in place, an experiment design and plan
proposal were submitted to the Observing Facility Assessment Panel (OFAP) in early 2007, which received NSF approval in August
2007.
Priority 2: Investigating the Interactions of the Atmosphere, the Broader Earth System and Human Society
Developing a fuller understanding of the complex interactions among the Earth’s atmosphere, oceans, land masses, ice masses, and
biosphere; the interconnection of human activities with the Earth’s physical, chemical, and biological processes is a major focus of our
national center. EOL is tasked mainly with the mission to develop innovative instrumentation and data acquisition technology and lead
scientific campaigns that make such understanding possible. Even so, EOL scientists often find themselves in the thick of data analysis
that contribute directly to the goal of improving our understanding of the atmosphere and earth system, specifically by investigating
the interactions of the atmosphere and the broader earth system.
Terrain-influenced Monsoon Rainfall Experiment (TiMREX)
TiMREX is a proposed joint U.S.-Taiwan multi-agency field program that
will be conducted from 15 May to 30 June 2008 in the northern South
China Sea, western coastal plain and mountain slope regions of southern
Taiwan. The goal of TiMREX is to improve understanding of the physical
process associated with the terrain-influenced heavy precipitation
systems and the monsoonal environment in which they are embedded
through intensive observations, data assimilation and numerical
modeling studies.
Biogeochemistry Initiative
EOL collaborated with investigators at CU, CSU, and in CGD, MMM, and
TIIMES to conduct the ACME ’07 campaign using the University of
Wyoming King Air. This was the second Airborne Carbon in the
Mountains Campaign, focusing in Colorado and Wyoming, with flights
taking place from early spring through fall 2007. EOL also collaborated
with TIIMES and investigators from Harvard, NOAA, and Scripps
EOL Technician Jeff Bobka maps out a potential S-POL Radar site for
Institution of Oceanography to plan and conduct the HIPPO campaign on
the TiMREX Field Program during a site survey visit to Taiwan.
(Wen-Chau Lee)
the NCAR G-V. This campaign investigating the global carbon cycle will
conduct profiling flights over North America in 2008, and during 5 global
loops from 2009-2011. EOL and TIIMES staff continued to operate the Regional Atmospheric Continuous CO2 Network in the Rocky
Mountains (Rocky RACCOON) network of CO2 analyzers and collaborate with University of Utah and University of Wisconsin to
investigate regional carbon cycling the Rocky Mountains.
The Role of Aerosols in Climate and Weather

In April and May of 2007, EOL ventured into NCAR’s strategic
priority to study the role of aerosols in climate and weather by
deploying the NSF/NCAR G-V in support of the PACific Dust
EXperiment (PACDEX) to study the Eurasian-Pacific-North
American dust plume. The transport of dust and anthropogenic
aerosols (e.g., black carbon, organics and sulfates, and air
pollution from Eurasia, across the Pacific Ocean, into North
America) is one of the most widespread and major pollution
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events on the planet.
This plume passes through the Pacific Ocean extratropical cloud
systems, which are important climate regulators through their
large radiative cooling effect. The effect of this mixed dustpollution plume on the Pacific cloud systems and the associated
radiative forcing is an outstanding problem for understanding
climate change and has not been explored. The primary reason
has been the lack of an airborne platform that can sample the
evolution of this plume in situ all the way across the Pacific Ocean.

Outside the hangar in Anchorage Alaska, with the Chugach mountain range
at its back, the NSF/NCAR G-V receives last minute preparations before its
flight to Japan to follow a dust plume during the PACific Dust EXperiment
(PACDEX). (Photo by Jeff Stith)

The experiment represents the first true deployment of the G-V as originally envisioned. The aircraft is equipped with the first HAIS
instrument packages and will not plan on recovering at Jeffco during its cross-Pacific mission. Analysis of data collected during the
experiment will be a high priority for EOL scientists during FY08 and 09.
Priority 3: Improving the Prediction of Weather, Climate and other Atmospheric Phenomena
Over the last several decades, the skill of numerical weather prediction is generally considered to have increased at an average rate of
about one day per decade. Thus, the skill of today’s four-day forecast is equivalent to the skill of a three-day forecast of a decade
earlier. The rate of improvement is even slower for the forecast variables needed most by society, such as the prediction of heavy
rainfall. This relatively slow, linear rate of improvement is not sufficient to keep place with the demand for accurate weather
information in the world today, where an exponentially growing world population places an ever-increasing number of people in areas
at risk for weather disasters.
THORPEX Pacific Asian Regional Campaign
In FY07, EOL began to analyze data gathered during T-AMMA (FY
2006) to investigate and improve the performance of the
driftsonde as a research tool and to investigate hurricane genesis
and the genesis environment. Areas of likely activity include
investigating why such a pronounced large-scale wave structure
was found at the 20-km height of the balloon-gondola, but not in
the operational analysis.
The driftsonde will be undergoing major developments in
preparation for the proposed T-PARC campaign in FY08. In
addition, ELDORA has also been requested by the PIs to collect
data in the genesis region.

Data is being analyzed from the T-AMMA project to investigate and improve
the performance of the driftsonde, shown above, as a research tool.
(Terry Hock)
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2. RESILIENCE TO WEATHER, CLIMATE AND ATMOSPHERIC HAZARDS
Priority 2: Building Capacity for Coping with Weather and Climate Hazards
To help society cope with weather and climate hazards, decision makers must be made aware of threats and vulnerabilities so that
options of mitigation and adaptation can be developed. EOL has contributed to this strategic priority in 2007 by installing a brand-new
radar processor, developed at EOL for the Australian Bureau of Meteorology Research Center in Brisbane, Australia.
NCAR's CP-2 Radar in Brisbane, Australia
The CP-2 radar was set up by a team of EOL engineers in
Brisbane, Australia. and began functioning in August 2007. As part
of a 2002 Memorandum of Understanding between the Bureau of
Meteorology (BOM), Australia and UCAR, a formal agreement was
established to transfer CP-2 to BOM and setup and operate it in
Brisbane, Australia for long-term scientific collaboration in the
areas of nowcasting, hydrology, and weather modification. EOL
engineers installed a brand new radar processor that was
developed at EOL. The Australians have built a permanent
structure to house the radar for continuous 24/7 operations.
The Brisbane area is an excellent location for studying flash flood
producing rainstorms over moderate topography as well as subtropical oceanic systems. The area has a first-class array of rain
gauge and lightning detection systems. CP-2 will be available for
both operational and research activities. The Queensland
government has recently started to explore the potential for cloud
seeding to enhance rainfall and plans a feasibility study starting
The CP-2 radar was set up by a team of EOL engineers in Brisbane, Australia
later this year in the Brisbane area. The Queensland program
for long-term scientific collaboration in the areas of nowcasting, hydrology,
and weather modification. The Australians have built a permanent structure to
provides a unique opportunity to address some of the outstanding
house the radar for continuous 24/7 operations.
cloud micro physical issues such as growth of hygroscopic particles
into drizzle drops and glaciation and graupel growth in silver
iodide seeded clouds identified in previous rainfall enhancement experiments. The CP-2 radar with its advanced measurement
capabilities would collect a dual polarization, and dual wavelength radar observations for cloud micro physical research during the
Queensland program.
Priority 3: Establishing Research Connections in Emerging Nations
People everywhere are affected by weather, climate change and other atmospheric phenomena. Continued improvements in scientific
capabilities in emerging nations creates opportunity for scientific progress and increases the likelihood that science can improve the
effectiveness of local and regional decision making on environmental and development issues. While a good number of EOL's activities
center around our international collaborations, two activities stand out as prime examples of our commitment to support NCAR's
strategic priority to establish research connections in emerging nations.
India workshop
In February 2007, EOL staff members and a representative from NOAA/NSSL traveled to New Delhi to participate in a five-day
workshop with the Indian National Center for Medium Range Weather Forecasting and many other Indian scientists. The goals of the
workshop were twofold: 1) to give India advice regarding the development of an airborne science platform; and 2) to begin initial
planning for a Bay of Bengal tropical cyclone experiment aimed at improving forecasts of cyclone intensity and landfall. Both India and
the US will be entraining interested scientists in the next phase of planning - likely to be an international meeting in late Fall 2007.
Representatives from NCAR/MMM and UOP/COMET also attended as discussions were held defining tasks in the next UCAR/NCAR MOU
with India detailing specific interactions among our scientific institutions on topics ranging from regionalizing WRF to training the Indian
Meteorological Department in modern forecasting techniques.
CO2 Analyzers in Africa
EOL scientists are also pursuing collaborations with scientists in Africa to establish continuous CO2 analysis sites. Within the last year,
scientists have worked to establish CO2 sites in order to fill in the gap of data in CO2 exchange in Africa, and to further understanding
of Africa’s role in global CO2 exchange. In April 2007, EOL staff attended the Sahel Conference in Burkina Faso to establish
relationships with African scientists, and to explore the possibility of setting up one of EOL’s CO2 analyzers. In FY07, EOL scientists, in
collaboration with local scientists as well as other international scientists, decided to install the CO2 analyzer at the Mt. Kenya
Meteorological Observatory, which is World Meteorological Organization site. Pending research permits. EOL plans to install the analyzer
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either in November 2007 or early 2008.
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DIRECTOR'S MESSAGE
Welcome to the Earth Observing Laboratory's 2007 Annual Report.
EOL is known as a community hub for the collection of data and transfer of knowledge pertaining to
observations. The Laboratory also develops new measurement tools to extend community understanding of
the atmosphere. EOL specifically fulfills three critical needs:
1. To lead and serve the community in the provision of observational facilities,
infrastructure, and services needed by the atmospheric and related sciences.
2. To play a leadership role in the development community-inspired next generation
instrumentation and infrastructure while providing existing instruments and infrastructure
in support of science.
3. To coordinate all aspects of field deployment from pre-project planning through the field
phase and subsequent data stewardship.

Central to EOL’s success is our world-class scientific, engineering and project management staff
that is respected by the community. Our staff responses to new directions in atmospheric research technology
play a leadership role in the development and application of new technology to science objectives.
EOL continues to make progress in all five NCAR strategic goals
though our main focus is Goal #5. EOL supported a number of
field campaigns, including METCRAX, PACDEX, CLIMODE, ISPA,
CHATS, COPS and PASE in FY2007 and are preparing for some
important deployments in 2008. EOL endeavors to identify ways
to entrain new users. The official request procedure can appear
daunting to someone who has never requested an NSF observing
facility. Accordingly, it is our responsibility to help guide them
through the process. This is one of the issues we addressed in
September when we hosted the first-ever NSF Facilities Users'
Workshop. In addition to reaching out to new users by
delineating the request process, the workshop provided an
opportunity for several hundred members of the NSF facilities’
research community to meet and provide us with valuable
guidance on core activities such as project planning, data
stewardship, software tools, in-field service, and new instrument
Scientist Cynthia Twohy makes some notes inside the NSF/NCAR G-V before
developments. The NSF Facilities Assessment database was
the PACific Dust EXperiment (PACDEX) in April 2007. PACDEX was the first
deployment that truly demonstrated the unique capabilities of the G-V as a
discussed at a community workshop following the NSF Facilities
long-range research aircraft. During that project the aircraft - stationed at its
Users' Workshop and will provide descriptive information on
home base at the Rocky Mountain Metropolitan Airport - was quickly
deployed to Japan via Alaska in response to news that a dust storm was
atmospheric science facilities and instrumentation in a consistent,
gathering over Asia. The G-V was able to catch up with the plume before it
easy-to-read format as a resource for the broad atmospheric
started to travel across the Pacific, and for about a week was able to sample
science and related communities. EOL deployed the NSF/NCAR Gthe plume as it made its way to North America.
V in the first deployment (PACDEX) that truly demonstrated the
unique capabilities as a long-range research aircraft. During PACDEX the aircraft - stationed at its home base at the Rocky Mountain
Metropolitan Airport - was quickly deployed to Japan via Alaska in response to news that a dust storm was gathering over Asia. The
aircraft was able to catch up with the plume before it started to travel across the Pacific, and for about a week was able to sample the
plume as it made its way to North America. The G-V also entered a major upgrade phase in FY07 that will continue into FY09. HAIS
instruments began arriving this year and will continue to be delivered until FY2009.
In support of Goal #1, Understanding the Earth & Sun System, an EOL scientist was the lead author on a landmark study that puts a
new perspective on the “missing” carbon sink and could have political ramifications. A second Airborne Carbon in the Mountain
Campaign (ACME) was conducted and three RACCOON (Regional Atmospheric Continuous CO2 Network in the Rocky Mountains) sites
were added during the year.
In support of Goal #2, Improving Resilience to Weather, Climate
and Atmospheric Hazards, EOL scientists collaborated with
scientists in Africa to establish a continuous CO2 analysis site at
Mt. Kenya Meteorological Observatory, which is World
Meteorological Organization site.
EOL places major emphases on diversity and education and
outreach activities (Goal #3). We will continue our efforts to
support SOARS and the EOL Engineering Intern Program, as well
as numerous education and outreach activities for K-12 students
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and the general public.
EOL is committed to data processing, quality control, and archival
for field projects as part of our expanding services that will be
provided to the community (Goal #4). This includes efforts to
complete development of the Metadata Database and
Cyberinfrastructure (EMDAC, formerly known as CODIAC) to
access and browse products and data from field projects while
integrating with the Community Data Portal.

Tours like this one, to the Marshall Facility where the S-Pol is located, are a
staple of EOL's robust Education and Outreach program. EOL scientist Bob
Rilling discusses radar operations with students from CU's Weather and
Climate Data class.
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DIRECTOR'S MESSAGE
Welcome to the Earth Observing Laboratory's 2007 Annual Report.
EOL is known as a community hub for the collection of data and transfer of knowledge pertaining to
observations. The Laboratory also develops new measurement tools to extend community understanding of
the atmosphere. EOL specifically fulfills three critical needs:
1. To lead and serve the community in the provision of observational facilities,
infrastructure, and services needed by the atmospheric and related sciences.
2. To play a leadership role in the development community-inspired next generation
instrumentation and infrastructure while providing existing instruments and infrastructure
in support of science.
3. To coordinate all aspects of field deployment from pre-project planning through the field
phase and subsequent data stewardship.

Central to EOL’s success is our world-class scientific, engineering and project management staff
that is respected by the community. Our staff responses to new directions in atmospheric research technology
play a leadership role in the development and application of new technology to science objectives.
EOL continues to make progress in all five NCAR strategic goals
though our main focus is Goal #5. EOL supported a number of
field campaigns, including METCRAX, PACDEX, CLIMODE, ISPA,
CHATS, COPS and PASE in FY2007 and are preparing for some
important deployments in 2008. EOL endeavors to identify ways
to entrain new users. The official request procedure can appear
daunting to someone who has never requested an NSF observing
facility. Accordingly, it is our responsibility to help guide them
through the process. This is one of the issues we addressed in
September when we hosted the first-ever NSF Facilities Users'
Workshop. In addition to reaching out to new users by
delineating the request process, the workshop provided an
opportunity for several hundred members of the NSF facilities’
research community to meet and provide us with valuable
guidance on core activities such as project planning, data
stewardship, software tools, in-field service, and new instrument
Scientist Cynthia Twohy makes some notes inside the NSF/NCAR G-V before
developments. The NSF Facilities Assessment database was
the PACific Dust EXperiment (PACDEX) in April 2007. PACDEX was the first
deployment that truly demonstrated the unique capabilities of the G-V as a
discussed at a community workshop following the NSF Facilities
long-range research aircraft. During that project the aircraft - stationed at its
Users' Workshop and will provide descriptive information on
home base at the Rocky Mountain Metropolitan Airport - was quickly
deployed to Japan via Alaska in response to news that a dust storm was
atmospheric science facilities and instrumentation in a consistent,
gathering over Asia. The G-V was able to catch up with the plume before it
easy-to-read format as a resource for the broad atmospheric
started to travel across the Pacific, and for about a week was able to sample
science and related communities. EOL deployed the NSF/NCAR Gthe plume as it made its way to North America.
V in the first deployment (PACDEX) that truly demonstrated the
unique capabilities as a long-range research aircraft. During PACDEX the aircraft - stationed at its home base at the Rocky Mountain
Metropolitan Airport - was quickly deployed to Japan via Alaska in response to news that a dust storm was gathering over Asia. The
aircraft was able to catch up with the plume before it started to travel across the Pacific, and for about a week was able to sample the
plume as it made its way to North America. The G-V also entered a major upgrade phase in FY07 that will continue into FY09. HAIS
instruments began arriving this year and will continue to be delivered until FY2009.
In support of Goal #1, Understanding the Earth & Sun System, an EOL scientist was the lead author on a landmark study that puts a
new perspective on the “missing” carbon sink and could have political ramifications. A second Airborne Carbon in the Mountain
Campaign (ACME) was conducted and three RACCOON (Regional Atmospheric Continuous CO2 Network in the Rocky Mountains) sites
were added during the year.
In support of Goal #2, Improving Resilience to Weather, Climate
and Atmospheric Hazards, EOL scientists collaborated with
scientists in Africa to establish a continuous CO2 analysis site at
Mt. Kenya Meteorological Observatory, which is World
Meteorological Organization site.
EOL places major emphases on diversity and education and
outreach activities (Goal #3). We will continue our efforts to
support SOARS and the EOL Engineering Intern Program, as well
as numerous education and outreach activities for K-12 students

http://www.eol.ucar.edu/lar2007/directors-message.html[7/6/2015 3:16:09 PM]

Director's Message — EOL LAR

and the general public.
EOL is committed to data processing, quality control, and archival
for field projects as part of our expanding services that will be
provided to the community (Goal #4). This includes efforts to
complete development of the Metadata Database and
Cyberinfrastructure (EMDAC, formerly known as CODIAC) to
access and browse products and data from field projects while
integrating with the Community Data Portal.

Tours like this one, to the Marshall Facility where the S-Pol is located, are a
staple of EOL's robust Education and Outreach program. EOL scientist Bob
Rilling discusses radar operations with students from CU's Weather and
Climate Data class.
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4. PROVIDING INNOVATIVE INFORMATION SERVICES
Priority 2: Developing and Providing Advanced Services and Tools
EOL Metadata Database and Cyber Infrastructure (EMDAC)
In 2007 EOL will continue to develop EMDAC, providing a next-generation user interface and enhancing the links between EMDAC and
the UCAR Community Data Portal (CDP). We will develop tools to make it easier for EOL facilities to manage their datasets via EMDAC,
and provide education on their use. To further improve its efficiency, stability and ease of use, we will incorporate EOL’s Mass Store
Retrieval tool into EMDAC.
In FY 2007 EOL will develop a single integrated codebase for the Field Catalog, providing a secure and robust platform for future
projects. In FY08 and FY09 we will solicit feedback from users in order to continue evolving EMDAC to meet user requirements, and will
enhance current infrastructure to streamline overall internal data management activities.
C-130 SATELLITE COMMUNICATION
EOL installed a Satcom system onboard the G-V that provides a new paradigm for operating and communicating with research aircraft.
The installation of the new Satcom system on the G-V underscored the importance of such communications capabilities on the C-130,
which currently is involved in the majority of field research requiring aircraft. We were recently able to install a state-of-the-art
Inmarsat Satcom system on the C-130, which creates a bandwidth comparable to the GV.
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DIRECTOR'S MESSAGE
Welcome to the Research Applications Laboratory's Annual Report for FY2007. Our mission is to conduct
directed research that contributes to the depth of fundamental scientific understanding, to foster the
transfer of knowledge and technology for the betterment of life on earth, and to support technology
transfer that expands the reach of atmospheric science. We are, at present, an organization with an
annual budget of more than $30M and a staff comprised of nearly 200 scientists, software engineers, and
management/administration personnel. Although NCAR as a whole is largely funded by the National
Science Foundation, RAL receives the vast majority of its funding from other sources such as domestic
and international government agencies and private companies interested in exploiting the latest advanced
weather technologies.

Strategic Goals:
Science, Facilities &
Technology
Archives and
Supplemental Info

In 2005 we reorganized the Laboratory into five programs dealing with research and applications in topics
related to aviation, homeland security, hydrometeorology, weather systems and assessments, and
RAL Director, Brant Foote
numerical testbeds. The activities within each of these programs are detailed on the RAL website. In this
Annual Report, however, we take the opportunity to present our program in a different way, highlighting
the many areas in which our work supports and advances the NCAR Strategic Plan.
Given our focus on applied atmospheric research and technology transfer, it is natural that much of our work contributes to Strategic
Goal 2, Priority 2: "Building capacity for coping with weather and climate hazards." It is also important to note, though, that many
parts of our program map easily into other goals and priorities of NCAR’s Strategic Plan. RAL scientists are engaged in fundamental
investigations of earth-atmosphere interactions, in improving community models, in connecting science to decision making and public
policy, in building scientific and technical capacity in developing countries, in creating new mathematical and statistical tools, and in
improving instruments used to observe the atmosphere. In each of these activities, RAL works to bring science and technology to
bear on problems that affect society.
Highlights
This Annual Report provides short narratives on nearly 40 programs conducted at RAL. Here I highlight five programs that
significantly advance NCAR's strategic priorities.
Improving prediction of weather, climate and other atmospheric phenomenon
Highlight: Climate Forecasting Applications for Bangladesh
A RAL/ASP post-doc, Thomas Hopson, has worked with Peter Webster and colleagues at the Georgia Institute of Technology and
researchers at the Asian Disaster Preparedness Centre to improve flood forecasts for Bangladesh. Using ECMWF forecast products and
NASA and NOAA precipitation estimates to produce short-range (1- to 10-day) and long-range (1- to 6-month) forecasts--as well as
a statistical model to create 20-25 day forecasts--the team is now issuing operational forecasts designed to provide extended-leadtime to those most likely to be affected by flooding of the Ganges and Bramaputhra Rivers. Good forecasts alone, however, don’t
necessarily save lives.   Dissemination of forecasts to a largely rural population lacking access to electricity, as well as advanced
communication technologies, has long been a problem. To address this challenge, the Asian Disaster Preparedness Centre staff
teamed with local organizations and the country’s Flood Forecasting and Warning Centre to establish a pilot dissemination network in
2006. A series of training workshops was conducted for the people within the pilot regions so they could effectively utilize the CFAB
probabilistic discharge forecast information. Improved flood forecasts effectively communicated are credited with saving thousands of
lives during the severe floods of July and September 2007.
Investigating weather and climate information needs and decision making
Highlight: Societal Impacts Program
In 2007 the Societal Impacts Program, a collaborative effort
with ISSE, completed an “Overall U.S. Sector Sensitivity
Assessment” which examined the sensitivity and
vulnerability of state-level economic productivity to weather
across 11 economic “super” sectors. Results indicate that
U.S. sensitivity to weather variability is estimated to be
about 3.4% of gross domestic product or $260 billion
annually. This is the first study of its kind to combine
economic and weather data using valid economic methods to
assess sector, state, and national economic sensitivity
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weather variability. Building on this work, SIP staff will focus
on specific sectors of the economy to assess the use and
value of current and improved weather forecasts.
SIP staff continue to develop and implement the Weather
and Society*Integrated Studies (WAS*IS) workshops. This
effort trains and empowers practitioners, researchers, and
stakeholders to forge new relationships and to use new tools
for more effective socio-economic applications and
evaluations of weather products. A total of 145 WAS*IS
graduates now comprise a growing community of researchers, operational forecasters, academics, and private sector individuals
working to infuse social science research and understanding into the weather enterprise
Community Modeling
Highlight: Developmental Testbed Center (DTC)
The effort to develop the new Weather Research and
Forecasting (WRF) model for the atmospheric community
has long been an NCAR priority. While the development
effort largely resides in ESSL, the effort to test and evaluate
model configurations resides with the DTC. The DTC works
primarily to facilitate the transfer of new numerical weather
prediction (NWP) technologies from research to operations,
thereby accelerating the improvement of numerical weather
prediction for the nation. This past year, the DTC conducted
an extended core test of WRF’s two dynamic solvers: the
Advanced Research WRF (ARW) developed by NCAR/MMM,
and the Nonhydrostatic Mesoscale Model (NMM) developed
3-h total precipitation (shaded), mean sea level pressure, and 1000-500 mb
by NCEP, to determine whether the small differences in
thickness fields for 60-h forecasts valid at 12 UTC on 3 May 2006. Right panel
forecast skill between the two dynamic cores for a 24-hour
shows the ARW forecast and left panel shows the NMM forecast. Both WRF
configurations used NAM initial and lateral boundary conditions and the same
lead time also pertain to longer lead times (i.e., 60 hours).
suite of physics parameterizations. For this particular forecast cycle, the ARW
In addition to extending the forecasts out to 60 hours, the
and NMM forecasts show rather different evolutions of the cyclone for this
extended lead time.
DTC is working to determine whether forecast skill is
dependent on the computing platform used to generate the
forecasts. The DTC remains very focused on serving the community by hosting an active visitor program, conducting WRF tutorials,
and providing a support system to aid users in accessing and using WRF codes.
Conducting computer science, computational science, applied mathematics, statistics, and numerical methods research and
development
Highlight: Verification research and development
Much of the work we do at RAL is focused on improving
weather forecasts. But how do we know if a new forecast is
better than an existing one? Forecast verification by nature
is a mathematical activity, and development of improved
verification methods requires the application of advanced
mathematical, statistical, and computational approaches. To
develop and disseminate new forecast verification
approaches, RAL scientists conduct research in several
areas, including statistical methods, exploratory data
analysis, statistical inference, pattern recognition, and
evaluation of user needs. Their goal is to produce
statistically-valid approaches (e.g., object-based evaluation
of precipitation and convective forecasts, distribution-based
schemes, etc.) that can provide more meaningful and
relevant information about forecast performance, both for
those who develop forecasts and for the decision makers
who use them. This past year the Verification Group
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implemented its Method for Object-based Diagnostic
Evaluation (MODE) tool within a new verification toolkit it
developed for the DTC and the broader NWP community. It

Example of an application of the MODE, a tool included in MET, as an advanced
verification technique provided to the NWP community. By comparing the
locations of objects identified using the MODE technique between the forecast
(left) and analysis (right) fields, one may identify errors that are difficult or
impossible to detect using traditional verification metrics.

also launched an intercomparison project (ICP) for spatial
forecast verification methods, involving scientists from
around the world who are developing new methods for
evaluation of spatial forecasts. A workshop to discuss initial results of the project is planned for Spring 2008.
Provide world-class ground, airborne, and space-borne observational facilities and services
Highlight: The NEXRAD Turbulence Detection Algorithm (NTDA)
RAL scientists have worked for more than 15 years to
improve the detection of turbulence. Over the past several
years they have developed the NEXRAD Turbulence
Detection Algorithm (NTDA), a new approach to processing
data from the National Weather Service’s network of Next
Generation Radars (NEXRADs). While aviation users
commonly use reflectivity from onboard radars or groundbased radar mosaics to gauge the intensity of a storm, the
NTDA detects the wind variations that can shake an aircraft.
By directly measuring the in-cloud turbulence intensity, the
NTDA will provide airline dispatchers, air traffic managers,
and pilots an important new source of information for
tactical turbulence avoidance. NTDA has won final approval
from the NEXRAD Technical Advisory Committee (TAC) and
the NEXRAD Software Recommendation and Evaluation
Committee, and the software package has been delivered to
the NEXRAD Radar Operations Center. Final testing and
deployment of the algorithm on the nation’s radars is
expected to occur in Summer 2008.
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IMPROVING PREDICTION OF WEATHER, CLIMATE, AND OTHER ATMOSPHERIC PHENOMENA
Highlight: Pentagon and Urban Shield
The Pentagon, and its 25,000+ occupants, represents a potential target for a terrorist attack using chemical, biological, or
radiological material released into the atmosphere. In response to this concern, the Department of Defense has engaged RAL to
develop a building-protection system called Pentagon Shield (PS). The PS system assimilates meteorological and contaminant
observations from remote and in-situ sensors into a complex linked system of models which operate together to represent processes
from the mesoscale to the building scale. In the event of a hazardous-material release, the system calculates the properties of the
contaminant source (e.g., location), the current characteristics of the contaminant plume, and the future path of the plume.
FY07 Accomplishments
A prototype building protection system was installed at the
Pentagon in the beginning of the fiscal year. The system
incorporates observational data feeds from Doppler radar
and Doppler lidar, analyses of 3-dimensional wind fields
from Doppler radial winds using VDRAS and VLAS, and
numerical weather prediction capabilities from regional to
metro scale using the Real-Time Four-Dimensional Data
Assimilation System (RTFDDA). It blends observational and
model data to provide redundant, continuous spatial and
temporal coverage of non-building flow at a horizontal
resolution on the order of 100 meters. Inclusion of buildingflow effects through the use of two computational fluid
dynamics (CFD) models provides characteristic flow fields at
a scale of several meters within urban areas. By linking
multiple, complex data-assimilation and forecast models to
operate synchronously as a single system, to depict the
urban boundary layer from the mesoscale to the streetcanyon/building scale, the building protection system
provides a new ability to detect chemical and
aerosol/particulate releases and predict the transport and
dispersion of those releases.

Ground level winds in Crystal City VA, just west of Reagan National Airport,
from the building aware model. A variety of building flow effects including wake
flow reversal and channeling are shown.

The prototype building protection system has been in
operation throughout the year and has undergone extensive testing by both the development team and Pentagon staff. In August the
domain area was expanded from 4km2 to 8km2 to support additional DoD facilities.
The main task during FY07 has been the development of Urban Shield, a further expansion of the modeling domain to cover a
168km2 area. This has required the development of a distributed computing environment for the building flow diagnostic model,
which consists of 21 8km2 tiles computing the flow effects of thousands of buildings. The Urban Shield domain will be used to support
emergency response efforts for both the DoD and Arlington County.
Plans for 2008
The current emphasis is on deployment and operation and maintenance of the Urban Shield system. Anticipated enhancements during
FY08 include upgrading the transport and dispersion model to account for dense-gas effects and include a variety of release source
models; inclusion of TDWR data in the VDRAS system; and porting the transport model to run on high-speed GPU hardware.
Highlight: Flash Flood Forecasting in Bangladesh
In 2000, the U.S. Agency for International Development (USAID) funded the Climate Forecasting Applications for Bangladesh (CFAB)
project to provide advanced warning of severe flooding within the country of Bangladesh. CFAB is an innovative program that has
made significant scientific and technological progress in flood forecasting and in communicating those forecasts to the Bangladeshi
public. This effort is based at the Georgia Institute of Technology, and involves an NCAR/RAL investigator, and colleagues at the Asian
Disaster Preparedness Center in Bangkok, Thailand.
While Bangladesh has its own well-developed river forecasting center, it has long been handicapped by very-limited and inconsistent
river-discharge data-sharing between India and Bangladesh. As a result, two of its primary rivers, the Brahmaputra and the Ganges,
were effectively ungauged basins above their entry point into Bangladesh from India, and advance warning of severe flooding events
could only begin once observations were taken of the floodwaters crossing the India-Bangladesh border. To address this problem,
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CFAB issues operational forecasts designed to provide extended-lead-time information about the upper-catchment discharges of the
Brahmaputra and Ganges Rivers before they enter Bangladesh. This is accomplished by utilizing ECMWF forecast products and NASA
and NOAA precipitation estimates to produce short-range (1- to 10-day) and long-range (1- to 6-month) forecasts. Medium-range
forecasts (20- to 25-day) use a statistical model to bridge these two time scales.
Disseminating forecasts has been a significant logistical challenge. To address this challenge, the Asian Disaster Preparedness Centre
staff teamed with Disaster Management Committee chairmen in Bangladesh, with local non-governmental organizations, CARE, and
the country’s Flood Forecasting and Warning Centre to establish a pilot dissemination network in 2006. A series of training
workshops was conducted for the people within the pilot regions so they could effectively utilize the CFAB probabilistic discharge
forecast information. Such training was crucial to building acceptance and trust of these citizens whose lives and livelihoods are so
dependent on accurate and accurately interpreted forecast information.
FY2007 Accomplishments
The dissemination network was activated in 2007 in time to test the benefits of the short-range forecasting system for two severe
flooding events. The late July event was one of the largest flooding events on record, inundating much of the northern regions of
Bangladesh (and India). A report of the effectiveness of CFAB in mitigating the severity of the impacts on the people throughout
Bangladesh, preceding and during the event, is given here by Selvaraju Ramasamy with the Asian Disaster Preparedness Centre:
“The forecast was communicated to all our partners and local communities through Disaster Management Committee (DMC) chairmen
in the pilot unions. The local partners, non-government organization (NGO) networks and DMC members were advised to inform the
poorest of the poor, especially those people living in river islands (“chars”). The Flood Forecasting and Warning Centre (FFWC)
incorporated the CFAB forecasts into their model and produced water level forecasts for 18 locations in Bangladesh. On the 28th and
29th, meetings were organized in villages near Rangpur (northern Bangladesh), where the Teesta River was flowing just a few inches
below the rim. Local communities informed us that the river level at that time was even above the 1998 level. However, they
perceived that the river water level would fall, but our forecasts showed a rising trend. We engaged the local partner NGOs to
prepare an evacuation plan urgently, which we further discussed with them. The forecast helped our local partners and DMC chairman
to prepare evacuation plans and mobilize the resources for response activities in advance.” As a result of the advance forecasts,
areas that would be hardest hit were evacuated in advance; other areas not forecast to be inundated by flood waters had the warning
time they needed to mobilize food and safe drinking water for a week to 10 days, protect their rice seedlings and fishing nets, and
raise and protect their fish pods. For the first time 10-day advance official forecasts of significant chances of exceeding danger level
in all the gauge stations along the Brahmaputra River were successfully communicated to the public. The dissemination network
ultimately reached approximately 110,000 persons in five vulnerable regions within Bangladesh that have little access to advanced
communication technology, let alone electricity.
FY2008 Plans:
The CFAB team will work to assimilate satellite remotely-sensed river discharge higher up in the Ganges and Brahmaputra
watersheds to improve forecast skill and accuracy. The existing forecast warning dissemination network will also be expanded to
include additional regions of Bangladesh.
Experience gained through the Bangladesh program will be used in a new effort in Africa. Hopson and David Yates of NCAR plan to
work with Ben Lamptey (former RAL post-doc now with the Ghana Met Service), Prof. Robert Brakenridge at Dartmouth, and Prof.
MeKonnen Gebremichael at the Univ. of Connecticut to extend the river discharge forecasting scheme to a number of river basins in
Africa, with particular emphasis on the Volta River of West Africa and the Awash River in Ethiopia.
Climate Downscaling with MM5/WRF: The Climatological Four Dimensional Data Assimilation (C-FDDA) System
The Real Time Four-Dimensional Data Assimilation System
developed at RAL generates a mesoscale re-analysis that is
consistent with both observations and model dynamics.
Even though it was originally developed for dynamic
initialization of mesoscale forecasts with gridded data sets
that contained fully developed mesoscale processes, the
continuous data-assimilation process in RTFDDA is also ideal
for generation of mesoscale climatographies. The RTFDDA
technology, when applied in this way, is called the ClimateFDDA (C-FDDA) system.
FY2007 Accomplishments:
The current C-FDDA infrastructure, which involves
performing model simulations, computation of statistical
products, and model validation, is used in a number of
applications:
The Global Climatological Analysis Tool (GCAT) allows
the U.S. National Ground Intelligence Center to
generate a climatography for a region of interest with
typical boundary layer conditions used to define likely
directions and speeds of hazardous-material transport
for different seasons and times of day
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Climatographic database for the Defense Threat
Reduction Agency’s (DTRA) Joint Effects Model (JEM):
C-FDDA will be used to create a global mosaic of
moderate resolution (~40 km) climatographies for the
1979-2005 period. This database will be used by
state, and local emergency managers for predicting the
effects of accidental or intentional releases of
hazardous material, as well as by military commanders
for whom an understanding of “typical” atmospheric
conditions in a given place on a given day will be
useful in preparing strategic battle plans
Eastern Mediterranean Studies: C-FDDA is also being
used to study the hydro-climatology of the eastern
Mediterranean and the adjacent countries of the Middle
East, where the balance between water supply and
demand could be significantly altered by climate
change. Because precipitation data are not assimilated,
and because many aspects of model physics typically
need to operate properly for precipitation to be
correctly simulated, this will be a good test of CFDDA’s ability to define unobserved or poorly observed
fields. We assess the success of the model by
comparing the model-simulated precipitation with
gage, radar, and satellite-derived estimates of rainfall
in terms of the average monthly totals for January.
Results are presented below in Figure 1 for six
Januaries, from 2001 to 2006.
FY2008 Plans:
The results presented above are a first step toward
downscaling global model simulations of future climates for
the Eastern Mediterranean sea and surrounding land area.
The preliminary simulation will be repeated later without the
use of observations but using “grid nudging” towards the
driving analysis to keep the model analysis from drifting.
This process of model verification and adaptation for the
area will then be repeated with WRF for the entire winter
season, when most of the precipitation occurs. After this
step, the model that better represents the regional and local
climate will be selected and run for the same period using
lateral-boundary conditions from a simulation of the present
global climate by the NCAR Community Atmospheric Model
(CAM) driven by observed sea-surface temperatures and
land use. Lastly, the regional model will be run with the
lateral-boundary conditions provided by future climate
simulations conducted for the Fourth IPCC assessment
report with the coupled ocean-land-atmosphere Community
Climate System Model, CCSM. This regional-model output
will be compared with the regional-model simulation of the
present climate in order to assess the impact of future
climate forcing scenarios on the components of the water
cycle in this geographic area.

Figure a shows the average January precipitation amount based on MM5
simulations, for the inner computational domain at 15 km horizontal grid
spacing. The rain gauge data in Fig. b are consistent with the MM5 estimates,
and the coastal amounts of precipitation from the satellite/gauge merged data
set show a similar pattern (Fig. c). Visual comparison of the amount and
geographic distribution of monthly rainfall between model and the observations
reveals considerable skill in the model simulation.

Microphysical Observations and Modeling
It is widely recognized that uncertainties and approximations in the microphysics parameterizations within numerical models are a
significant contributor to forecast error and that microphysics parameterization in models needs to be vastly improved in order to
significantly improve the skill of precipitation forecasts. An effort to develop multi-species microphysics schemes with accurate
particle size distribution models and multiple moment schemes that are refined and verified with observations is progressing. The
work involves coordinated system development with MMM through retrospective studies using operational and special field
observations, and developing a new bulk microphysical parameterization for the Weather Research and Forecasting (WRF) model.
Key areas for model improvement through upgraded microphysical schemes are: 1) quantitative precipitation forecasts and 2) cold
pool and outflow formation and evolution.
FY2007 Accomplishments:
In recent years polarimetric radar and disdrometer measurements have been used to develop procedures for retrieving particle size
distributions (PSDs) in storms. Analyses focused on convective storms reveal that drop distributions are well represented by a
constrained-gamma model in which the shape and slope parameters of an assumed three-parameter gamma distribution are related.
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This essentially reduces the gamma drop size model to two parameters. For forecasting applications the parameters of choice are the
liquid water content and the drop median volume diameter. The constrained-gamma is being refined by improving the method for
estimating poorly sampled large drop concentrations, especially those at the leading edge of convection.
A new bulk microphysical scheme for WRF has been developed at RAL, incorporating a new snow PSD based on aircraft observations
that represents snow particles as a sum of exponential and gamma distributions. The scheme is unique in that bulk snow density
varies inversely with diameter instead of having a constant density as assumed in nearly all other schemes. Moreover, the scheme
allows hydrometeors to have a generalized gamma form providing an opportunity to determine sensitivity to distribution shape
parameter values as found in observational studies of convective storms. Squall line simulations, including the 12-13 June 2002 IHOP
storm, have been run in WRF using this scheme with a model grid spacing of 1.0 km.
RAL scientists conducted a detailed microphysical study of two winter storms occurring during the IMPROVE II field program. An
unexpected finding was that freezing drizzle formed outside convective updrafts and ice crystals formed in convective cores. These
observations suggest that ice nuclei depletion and ice formation via supersaturation need to be included in microphysical
parameterizations in order to properly simulate these types of storms.
The distribution of snowflakes in winter storms along the Front Range in eastern Colorado were examined using a video disdrometer.
The snowflakes were dominated by roughly spherical particles having quasi-exponential or superexponential size distributions. Upon
melting, raindrop distributions were more peaked. A nearly inverse linear relation between snowflake bulk density and particle
median volume diameter was derived. Disdrometer measurements were also used to derive temperature-dependent aggregate
terminal velocity relations. For a particular snowflake size it was determined that terminal velocities increase as temperatures
increase. At –10ºC an aggregate with an equivalent volume diameter of 10 mm has a mean fall speed of about 0.9 m s–1. At –1ºC
the fall speed is 1.5 m s–1. The increase with temperature is attributed greater riming.
FY2008 Plans:
Expected activities for the coming year include:
Collecting and analyzing observations that directly address key uncertainties in microphysical parameterization schemes in
forecast models
Improving the representation of processes in microphysical schemes based on observations
Conducting case studies
Verifying the storm simulations with observations
The Colorado REFRACTT Demonstration
The NSF-sponsored Refractivity Experiment For H20
Research And Collaborative operational Technology
Transfer (REFRACTT) was conducted in NE Colorado from
June – August 2006. This experiment provided a unique
opportunity to collect high resolution, 2-D water vapor fields
derived from refractivity data collected by three research
Doppler radars and one operational NWS NEXRAD radar.
There were two overarching goals of REFRACTT: 1) improve
our understanding of near-surface water vapor variability
and the role it plays in the initiation of convection and
thunderstorms and 2) build operational advocacy for the
refractivity moisture retrieval technique for ultimate
installation on the U.S. national network of NEXRADs.
FY2007 Accomplishments:
Following the conclusion of real-time REFRACTT operations,
data inventory and quality control were begun. The most
important challenge was to reprocess the real-time radar
refractivity data from the four REFRACTT radars using the
best set of calibration datasets and ground target
information collected during 2006.   Frederic Fabry of McGill
University, the author of the radar refractivity technique,
assisted Rita Roberts and Eric Nelson in this process. Results
from reprocessing the REFRACTT data using these improved
calibration files include increased areal coverage of
refractivity from the Denver NEXRAD data and elimination of
a suspicious, persistent northwest-southeast gradient in N
that was observed in realtime operations but is no longer
present in the reprocessed data.
The considerable effort spent on data quality control and recalibration of the refractivity fields was in preparation for
case study analysis of convection initiation and assimilation
of the refractivity data into a numerical model.
Approximately six cases from REFRFACTT-2006 have been
identified for detailed analysis on the variability of water
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Figure 1. Refractivity and reflectivity plots from 20 July 2006. Yellow triangles
show the location of MGAUS soundings launched at 19:06 UTC (red profile in
Fig. 2) and 22:12 UTC (blue profile in Fig. 2). The refractivity fields depict the
moisture variability in the near-surface portion of the boundary layer. Higher
near-surface moisture values (blue) can been seen in the NW portion of the
domain, while lower moisture can be seen in the SE portion of the domain.
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vapor in the near-surface boundary layer in the pre-storm
environment and its role in the initiation of new convection.
One of the cases is being highlighted in a paper on
REFRACTT-2006 that we are preparing for submission to the
Bulletin of the American Meteorological Society (Figures 1
and 2).
The larger multi-radar domain of moisture information
Figure 2. Mobile GAUS soundings from 19:06 and 22:12 UTC illustrate the
available from REFRACTT enables us to expand upon the
different moisture profiles and magnitudes at the two different locations within
the REFRACTT domain. The lowest 50 mb mean moisture measurements are in
refractivity-related research conducted using only the S-Pol
good agreement with the moisture measurements retrieved using the
radar refractivity fields collected during IHOP. Refractivity
refractivity (N) technique. In this case the near-surface moisture (refractivity)
observations have the potential to improve numerical
field is representative of the moisture present through the depth of the
prediction of storm initiation and evolution when assimilated boundary layer.  
into a numerical model. The radar refractivity observations
provide a unique dataset that, when assimilated along with the radial velocity and reflectivity, can enhance low-level moisture
analysis in numerical models and hence has the potential to improve prediction of convective initiation. Some preliminary studies
have been done assimilating IHOP refractivity data into a numerical model with promising results. Current efforts are underway by
Jenny Sun and Eunha Lim to assimilate observations collected during the REFRACTT-2006 for a convective event that occurred on
August 1, 2006 when a large scale influx of moisture into NE Colorado was observed prior to the onset of an intense line of
thunderstorms.
FY2008 Plans:
Specific research planned for the next year includes documentation of moisture variability and transport during the hours leading up
to convection to assess the relative impact of these changes on pre-conditioning the environment towards convection, storm initiation
and storm evolution. This includes characterizing the moisture variability along surface convergence boundaries and with terraininduced features. We propose to incorporate the findings from these studies into storm initiation predictor fields that can be included
in the RAL heuristic thunderstorm nowcasting system.
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STRATEGIC PRIORITY: INVESTIGATING WEATHER AND CLIMATE INFORMATION NEEDS AND
DECISION MAKING
Highlight: Societal Impacts Program
All aspects of the U.S. public and economy are directly and
indirectly affected by weather. However, few definitive
assessments of the use of weather information and weather
impacts have been performed, and the information that has
been generated from previous studies is hard to locate and
synthesize. The Societal Impacts Program (SIP), funded by
NOAA’s U.S. Weather Research Program (USWRP) and NSF,
addresses these gaps by developing and supporting a closer
relationship between weather researchers, operational
forecasters, relevant end-users, and social scientists
concerned with the impacts of weather and weather
information on society. SIP activities include primary
research, outreach and education, and development and
support for the weather impacts community. SIP researchers
at NCAR include participants from RAL, ISSE, and MMM, and
from COMET in the UCAR Office of Programs.
FY2007 Accomplishments:
Current research activities by SIP staff have focused on
completing the Overall U.S. Sector Sensitivity Assessment, which examined the sensitivity and vulnerability of state-level economic
productivity to weather across 11 economic “super” sectors. Results show that all states and sectors show some sensitivity to
weather. State sensitivity ranges from 2.5% (of gross state product) annual variability in Tennessee to 13.6% annual variability in
New York, and sector sensitivity ranges from 2.2% annual variability in wholesale trade to 12.1% annual variability in agriculture.
Overall U.S. sensitivity to weather variability is estimated to be about 3.4% of gross domestic product or $260 billion annually. This is
the first study of its kind to combine economic and weather data using valid economic methods to assess sector, state, and national
economic sensitivity weather variability. Building on this work, SIP staff initiated work on sector-specific studies with an emphasis on
assessing the use and value of current and improved weather forecasts in addition to sectoral impact of weather. This work is initially
focused on the transportation sector.
In other research, an internet-based survey of 1520 U.S. households nationwide was conducted to elicit information on people’s
sources, perceptions, uses, and values for weather forecasts. People’s understanding of, use of, and preferences for weather forecast
uncertainty information were also elicited in the survey. Preliminary results indicate that the average household accesses weather
forecast information from various sources 115 times a month. Results also show that a majority of people are willing to receive
forecasts that contain uncertainty information and that people have preferences for how uncertainty information is conveyed.
Funding from the U.S. Voluntary Cooperation Program Contribution managed by NOAA’s NWS International Activities Office was used
to develop the “Primer on Economics for National Meteorological and Hydrological Services”. This Primer on economic theory,
methods, and applications is primarily intended for members of the weather community with the goal of increasing their
understanding of economic methods and their applicability in evaluating both the impacts of national meteorological and hydrological
services (NMHS) and the associated benefits and costs of those services.
SIP staff continue to collaborate with university researchers in developing and implementing the Weather and Society*Integrated
Studies (WAS*IS) workshops. This effort trains and empowers practitioners, researchers, and stakeholders to forge new relationships
and to use new tools for more effective socio-economic applications and evaluations of weather products. A total of 145 WAS*IS
graduates now comprise a growing community of researchers, operational forecasters, academics, and private sector individuals
working to infuse social science research and understanding into the weather enterprise.
FY2008 Plans:
SIP staff will focus on the following activities:
Completion of the Overall U.S. Sector Sensitivity Assessment
Continued assessment of weather impacts and forecast values in the transportation sector
Analysis and publication of results from the U.S. household survey on sources, uses, and preferences for weather forecasts
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and weather forecast uncertainty information.
Examination of the societal impacts and economic values for activities of NOAA’s Hydrometeorological Testbed Center in the
American River area of California.
Assessment of the use and communication of extreme weather warning information by forecasters, public officials, the
media, and members of the public with a focus on how they receive, interpret, and use warning information
Preliminary assessment of the reliability, accuracy, and consistency of extreme weather data. Development of an overview of
best practices for interacting with users to introduce new decision support technologies into their working environments.
Publication of an article reviewing the WAS*IS program in the November 2007 issue of the Bulletin of the American
Meteorological Society
Decision Support for Water Resource Managers
RAL scientists are working in several arenas to create improved decision support tools and systems for water resource managers.
FY2007 Accomplishments:
A team of researchers from NCAR, the Stockholm
Environment Institute’s US Center (SEI-US), and the
University of California, Davis and Berkeley, has developed
an integrated water resource modeling framework, the
Water Evaluation and Planning System, that can be used to
investigate medium- to long- term water resource planning
and management issues throughout the Sacramento Basin.
This framework makes use of climate data derived from a
new Bayesian analysis technique that yields frequency
distribution functions (FDFs) of regional climate change
based on projections from multiple Atmosphere-Ocean
models. These FDFs then guide the use of a K-nearest
neighbor (K-nn) resampling technique to generate a large
ensemble of local weather sequences that reflect this
plausible range of regional climate changes. These weather
sequences serve as input to water management models
(e.g. WEAP) to evaluate possible climate change impacts on
a regional or local water system. In one case-study to date,
the method has been applied to the Inland Empire Utilities
Agency (IEUA) in Southern California to look at
probabilistically-weighted water management futures (Figure
1).

A schematic of the Inland Empire Utility Agency (IEUA) in WEAP21.

A second program, funded by NOAA, looks at the
competition between water demands from cities in the Colorado Front Range and traditional agricultural water users. The feverish
competition for water in this area may result in the transfer of a great deal of water before management innovations can be fully
developed or the playing field more fairly balanced between small farming interests and cities with their extensive legal and financial
resources. Researchers from RAL and C.U. are examining the competing interests for water resources with an eye to protecting
future-opportunity interests for rural users, as well as the public’s interests in recreation, environmental protection and general
quality of life. Work also focuses on exploring new legal forms for water transfer using market mechanisms and increased flexibility,
including short-term reversible leases or "water banks", and longer-term commitments to move water under specified conditions. In
2007 the team brought together a number of representative stakeholders at a workshop at Colorado State University to further
discuss these issues.
A third effort, joint with SERE/ISSE, remains focused on an-going collaboration with the American Water Works Association’s
Research Foundation (AwwaRF). Following the publication of their very successful climate change primer for the drinking water utility
industry, the NCAR researchers are working to implement a locally-relevant, structured process to help utilities address climate
change impact and adaptation options. Several water utilities in California, Colorado, Massachusetts, New York, and North Carolina
are participating in this effort.
FY2008 Plans:
An extensive literature review and outreach to western water interests and relevant professional societies has confirmed that there
are enormous gaps in our knowledge of the biological impacts of water transfers from agricultural to urban uses, and surprisingly, no
known research agenda to address these gaps. In particular, there are continental-scale estimates and micro-scale research, but
regionally little in the way of a "big picture" helpful for identifying thresholds, avoiding problems, or anticipating consequences. In
2008 the NCAR/CU researchers will team with the US Geological Survey and the US Fish and Wildlife Service to write a paper that will
address these overarching issues.
A new NOAA grant will support the development of a regional model of water management possibilities that could help create longterm agricultural water security in eastern Colorado.   The WEAP model will be used to provide a balance of planning capacity with
fast processing of flexible scenarios, incorporating critical place-specificity in climate, hydrology, water law, institutional and
infrastructural inputs, and supporting geographic information systems for visualization of possibilities. This work is expected to
provide an informational platform which competing water interests can use to work toward sustaining small farms with improved
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economics and opportunity, and supporting rural economies.
Work will also begin to generate ensembles of synthetic daily weather data for sites within the Pacific Gas and Electric Company
(PG&E) service area. Climate data will be simulated using the K-nearest neighbor (KNN) resampling technique, used to mimic
potential future climate change in a statistically rigorous manner relevant for PG&E. Historical temperature data, which will be
provided by PG&E, are used by the KNN method, which in-turn is informed by an analysis of global climate models. We will
document the method used to simulate the data and provide a statistical analysis of the historical and simulated data.
RAL and SERE will also continue to work with partnering utilities involved in the AwwaRF/NCAR collaboration, formalizing the
structured process that will help them address climate change impact and adaptation options. The decision analytic approach
includes: 1) a problem definition phase; 2) the development and/or modification of system-specific Integrated Water Resource
Management (IWRM) models; 3) development of probabilistic climate change scenarios; and 4) implementation of the structured
process to examine alternative investment and adaptation strategies in light of the likely range of future climate-related changes in
local hydrologic conditions.
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NCAR STRATEGIC PRIORITY 4: COMMUNITY MODELING
Highlight: Developmental Testbed Center (DTC)
The Developmental Testbed Center (DTC) is a national facility created in 2003 to facilitate the interaction of the operational and
research communities in accelerating the improvement of Numerical Weather Prediction (NWP) for the U.S. The DTC effort at NCAR
includes:
A program for testing and evaluating various WRF model configurations so that the operational community can plan for
changes and upgrades to the operational models and the research community has access to the latest NWP systems for
testing and research.
A visitor program that invites members from the operational and research communities to participate in the testing and
evaluation of WRF.
A user support system that provides documentation, tutorials, and helpdesk capabilities to aid users in both the research
and operational communities in accessing and using WRF codes.
FY2007 Accomplishments:
WRF Testing and Evaluation: The current WRF Software
Framework (WSF) supports two dynamic solvers: the
Advanced Research WRF (ARW) developed by NCAR/MMM,
and the Nonhydrostatic Mesoscale Model (NMM) developed
by NCEP. In light of the results from the DTC’s 2006 Core
Test, NOAA requested the DTC undertake an extended Core
Test to determine whether the small differences in forecast
skill between the two dynamic cores for 24 hour lead time
also pertain to longer lead times (i.e., 60 hours).
Preparations for this intensive testing of the NMM and ARW
were completed near the end of FY07 and the actual runs
are currently underway. In addition to extending the
forecasts out to 60 hours, the DTC will be performing a
platform comparison to test whether forecast skill is
dependent on the computing platform used to generate the
forecasts.

3-h total precipitation (shaded), mean sea level pressure, and 1000-500 mb
thickness fields for 60-h forecasts valid at 12 UTC on 3 May 2006. Right panel
shows the ARW forecast and left panel shows the NMM forecast. Both WRF
configurations used NAM initial and lateral boundary conditions and the same
suite of physics parameterizations. For this particular forecast cycle, the ARW
and NMM forecasts show rather different evolutions of the cyclone for this
extended lead time.

WRF Code Management: Based on extensive discussions
between DTC staff, WRF developers, and the panel for the DTC Technical Review held in September 2007, the concept of a WRF
Reference Code maintained by the DTC has evolved to a concept of WRF Reference Configurations. The configuration concept is
much better suited to the current status of the WRF Code Repository and will likely also extend to how the DTC handles supporting
the Operational Code or rather Operational Configurations to the user community.
WRF Tutorials     The DTC conducted a WRF-NMM Tutorial in February 2007 and then joined efforts with MMM to conduct the first
joint WRF Tutorial in July 2007 covering both the NMM and ARW dynamic cores. These tutorials include lectures on the preprocessor, model, and post-processing tools, as well as practical sessions that allow the participants to gain hands-on experience
building and running each component of the end-to-end system. The tutorial participants once again represented a broad crosssection of both the national and international community.
DTC Verification System: During FY07, the DTC undertook the critical task of assembling a state-of-the-art verification toolkit, the
Model Evaluation Tools (MET). This work is highlighted in a separate section of this RAL Annual Report.
DTC Visitor Program: The DTC released an “Announcement of Opportunity” for its 2007-2008 Visitor Program in March 2007. The
DTC received 27 proposals and 10 of these proposals were selected for funding. These projects address much needed work in the
areas of physics parameterizations, ensembles, verification techniques, and idealized capability for the NMM dynamic core.
FY2008 Plans:
WRF Testing and Evaluation: The DTC will complete the runs for its extended Core Test, analyze the results, and provide a report
summarizing the results. This testing activity will likely lead to the first designations of Reference Configurations. The DTC will also
undertake planning and execution of another Core Test comparing the forecast skill of the two dynamic cores for higher resolution
forecasts (e.g., grid spacing on the order of 1 km). And finally, the DTC is planning to add data assimilation to its end-to-end
system for testing and evaluation.
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WRF Reference Code Management: The DTC will continue to develop the concept of Reference and Operational Configurations by
putting together a written document describing the process for designating these configurations, the information and support that will
be provided for these configurations, and how decisions will be made with respect to retiring configurations.
WRF Tutorials: Bi-annual WRF Tutorials are planned for FY08 (i.e., winter and summer offerings). The winter tutorial will cover
basically the same material covered during summer 2007, whereas the summer 2008 tutorial will likely be extended from one week
to two weeks in length to accommodate a wider range of information.
DTC Verification System: During FY08, the DTC plans to offer the first official release of MET to the community. Work will continue to
extend the capabilities of MET to include a broader spectrum of verification capabilities, development of an online tutorial, and
inclusion of MET in the WRF Tutorial in July 2008. Members of the verification community will also be invited to join DTC staff for a
workshop to be held in spring 2008 to discuss new capabilities for MET and the development of a verification system in which MET
could reside.
DTC Visitor Program: Another "Announcement of Opportunity" is expected to be issued in February 2008.
Data Assimilation Testbed Center
Established in August 2006, the Data Assimilation Testbed Center is collocated with the WRF Developmental Testbed Center within
NCAR/RAL’s Joint Numerical Testbed (JNT). The DATC provides data assimilation resources and expertise to the NCAR and external
research communities.
FY2007 Accomplishments
In its first year, the DATC has performed detailed assessments of data assimilation capabilities in a number of testbeds:
Testing the Impact of COSMIC in Antarctica
Using data from the Antarctic Mesoscale Prediction System
(AMPS) project, the DATC has performed a month-long
evaluation of the impact of COSMIC local refractivity
observations on Antarctic weather forecasts. The WRF-ARW
model and WRF-Var were cycled continuously through the
month of October 2006 (start of the Antarctic field season)
and forecasts were integrated out to 72hrs four times a day
using conventional observations with and without COSMIC
data assimilated. The study found a significant positive
impact of COSMIC refractivity assimilation on wind forecasts
and tropospheric temperature and surface pressure. One
36hr WRF forecast verification against Antarctic sondes: Conventional
negative result appears to be a degradation of stratospheric
observations only (red), conventional plus COSMIC (green), and retuned
temperature forecasts, potentially due to excess gravity
conventional plus COSMIC (blue).
wave activity at the highest levels of the model and/or an
overly simplistic representation of ozone in WRF. This study
provided a rational and scientific basis for the operational implementation of COSMIC data in AMPS and also indicated areas of the
WRF model that require further attention. Results from AMPS WRF-Var work were presented at the 2007 WRF Workshop and at the
2nd Antarctic Meteorological Observation, Modeling, and Forecasting Workshop in Rome, Italy, in June 2007.
Testing WRF-ARW cycling with WRF-Var in AFWA’s S. W.
Asia Theater
To prepare for the Air Force Weather Agency’s anticipated
worldwide regional implementation of WRF-ARW and WRFVar, the DATC has established an AFWA testbed using global
observations. Initial studies are focused on optimal data
assimilation/forecast configurations on a South-West Asia
regional domain. Currently, the data assimilation is
performed every six hours, with the cycle being broken
every twelve hours to blend back to NCEP’s global forecast
system. The possibility of full-cycling (i.e. continuously
cycling WRF-Var and WRF-ARW without reverting back to
the global model data) has been tested in DATC in 2007.
Figure 2 compares the 24hr forecast skill of update-cycling,
full-cycling, and no data assimilation (i.e. WRF-ARW run
from interpolated GFS analyses). Clearly, both cycling
permutations produce superior forecasts to those run
without regional data assimilation, with update-cycling
producing the most accurate forecasts. These results provide
a benchmark for further full-cycling experiments to be
performed later in 2007 to assess the impact of AMSU and
AIRS radiances, COSMIC, and tuned error covariance.
FY2008 Plans
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In 2008, the DATC will continue detailed testing of data
assimilation capabilities in a variety of applications. The
Antarctic, Korean, and Taiwanese WRF NWPs testbeds will
be supplemented by the first reanalysis testbed, a 10-year
Arctic system reanalysis based on a 10-year (2000-2010)
period and the WRF-ARW enhanced with polar physics.

24hr forecast verification (against all available conventional observations) for
a) U-Wind, b) V-wind, c) Temperature, and d) Specific humidity. No data
assimilation (red), update-cycling (blue), and full-cycling (green) experiments
are shown.

The DATC will also begin to test and support the JCSDA’s GSI algorithm in 2008, initially to NCAR colleagues and visitors. This effort
is part of the larger plan to work with the JCSDA (including NASA, the Navy, NOAA, and AFWA) in developing next-generation
assimilation algorithms suitable for both research and operational communities.
Land Surface Modeling
RAL scientists work to understand, through theoretical and observational studies, the complex interactions (biophysical, hydrological,
and bio-geochemical) between the land-surface and the atmosphere at micro- and mesoscales. The ultimate goal is to integrate such
knowledge into numerical mesoscale weather prediction and regional climate models to improve prediction of the impacts of landsurface processes on regional weather, climate, and hydrology. Land surface modeling efforts were funded in FY07 by NSF, the Air
Force Weather Agency (AFWA), NOAA, NASA, DTRA, and the CFD Research Corporation.
FY2007 Accomplishments:
As part of a major collaborative effort among NCAR, NECP,
NASA/GSFC, AFWA and several university groups, RAL
scientists supported the development of the Unified Noah
land surface model (LSM) for the numerical weather
prediction community and its implementation in the Weather
Research and Forecast (WRF) model. To meet the need for
accurate weather prediction over urban areas (especially
important for the air-quality modeling community), an
advanced single-layer urban canopy model was coupled to
Noah (Fig. 1) and released in WRF V2.2. In a new project
started in FY07, supported by the Defense Threat Reduction
Agency (DTRA), we are working towards improving the landuse data set in the DTRA Joint Effects Model/Hazard
Prediction and Assessment Capability (JEM/HPAC) system
and in WRF.
The team also applied the Noah-urban modeling system,
with 1-km grid spacing, in WRF, where the resulting forecast
fields were used to drive a CFD-model-based transport and
dispersion model for a case study during the Joint Urban
2003 field experiment conducted in Okalahoma City.
Verification results indicate that the use of the WRF forecasts
by the quasi-steady CFD-Urban model has resulted in a
significant improvement (by four or five times) in the
accuracy of transport and dispersion calculations, compared
with input from a single sounding instead of WRF.
Although the important role of soil moisture in the
development of deep-convection has been recognized, it
remains the most difficult variable to obtain because there is
no routine high-resolution observation of soil moisture at the
continental scale. Thus, a High-Resolution Land Data
Assimilation System (HRLDAS) has been developed to
(Top) The coupled Noah/urban canopy model (UCM) in the community
support the WRF/Noah coupled land surface modeling
mesoscale WRF model. (Bottom) Application of the WRF/Noah/Urban coupled
system and ATEC range forecasts. It uses observed hourly
modeling system over Salt Lake City and surrounding complex.
precipitation, solar radiation derived from satellite, and
analyzed surface wind and temperature to force a land-surface model to simulate the evolution of soil moisture. In this system, the
NCEP/NOAA hourly 4-km rainfall analysis, based on NEXRAD and rain-gauge observations, is used so that errors in soil moisture
caused by precipitation and radiation bias in coupled modeling systems could be avoided. Long-term HRLDAS simulations were
conducted over the U.S. Southern Great Plains region to support RAL land-atmospheric interaction studies for IHOP 2002.
FY2008 Plans:
Use MODIS vegetation products and photosynthesis-based model (GEM) to improve the representation of vegetation
transpiration processes in the Noah land surface model.
Implement a multi-layer urban canopy model in the WRF/Noah coupled modeling system and improve the representation of
building morphology.
Using Kalman filter technique to assimilate the profile of soil moisture and temperature in the high-resolution land data
assimilation system.
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Investigate the coupling between surface hydrology, biogenic emission and vegetation processes using the Noah, GEM,
canopy model, and MEGAN models.
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4. PROVIDING INNOVATIVE INFORMATION SERVICES
NCAR Strategic Priority: Conducting Computer Science, Computational Science, Applied Mathematics, Statistics,
and Numerical Methods R&D
Highlight: Verification Research and Development
Forecast verification and evaluation activities typically are based on relatively simple metrics regarding the meteorological
performance of forecasts and forecasting systems. Metrics such as the Probability of Detection, Root Mean Squared Error, and
Equitable Threat Score provide information that is useful for monitoring changes in performance of single aspects of forecast
performance with time. However, they generally do not provide information that can be used to improve the forecasts, or that can be
used by end users (including forecasters) for decision making. Moreover, it is possible for forecasts that are quite useful – including
high resolution forecasts – to have very poor scores when evaluated by using these standard metrics. In response to these
limitations, the RAL Verification Group develops improved verification approaches and tools that provide more meaningful and
relevant information about forecast performance. The focus of this effort is on diagnostic, statistically valid approaches, including
object-based evaluation of precipitation and convective forecasts and other approaches (e.g., distribution-based) that can provide
more useful information – for forecast developers as well as forecast users – about forecast performance.
Development and dissemination of new forecast verification approaches requires research and application in several areas, including
statistical methods, exploratory data analysis, statistical inference, pattern recognition, and evaluation of user needs.
FY07 Accomplishments:
The Method for Object-based Diagnostic Evaluation (MODE),
developed by RAL and MMM scientists and software
engineers, provides one approach for diagnostic evaluation
of spatial forecasts that directly measures the performance
of the forecasts in terms of specific attributes – spatial
displacement, intensity, storm size, and so on – and
attributes may be designed to represent the use of the
forecast for specific applications (Figure 1).
During the past year MODE was implemented as a tool in
the Model Evaluation Tools (MET) developed by the
Developmental Testbed Center (DTC ) and has been
disseminated to the numerical weather prediction (NWP)
community. New methods were also developed to
summarize output of the MODE tool which could be useful
for decision makers as well as for forecast developers for
whom the information may suggest an error in timing in the
model, which could lead to model improvements.

Example of an application of the MODE, a tool included in MET, as an advanced
verification technique provided to the NWP community. By comparing the
locations of objects identified using the MODE technique between the forecast
(left) and analysis (right) fields, one may identify errors that are difficult or
impossible to detect using traditional verification metrics.

The team has also organized and coordinated an
intercomparison project (ICP) for spatial forecast verification
methods, involving scientists from around the world who are
developing new methods for evaluation of spatial forecasts. The project will include applications of all of the methods to the same real
and idealized datasets, and comparisons of the capabilities of the various methods, with a goal of determining which methods should
be applied to achieve different goals, and to identify the kinds of information that each method can provide. The ICP is also expected
to lead to discussions within the verification and NWP communities regarding development of a protocol for judging when new
verification methods are ready to be applied in operational settings.
We continued strong efforts in advocacy through participation in, and leadership of the WMO’s Joint Working Group on Verification
(JWGV), numerous conferences and workshops, statistical support for forecast evaluation studies undertaken by the RAL
Developmental Testbed Center (DTC), and applications of MODE by various scientists at NCAR and in the wider atmospheric science
community. The RAL verification group also organized and hosted a verification workshop on state-of-the-art verification methods in
February 2007, which included international verification and NWP experts.
FY2008 Plans:
Attributes of the MODE approach will be more thoroughly investigated, including extensive examination of the impacts of variations in
spatial scale, as represented by the parameters used to define objects. New diagnostic methods will be developed to summarize
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object attribute comparisons, to provide greater understanding of model performance. The approach for incorporating the time
dimension in MODE analyses will be further investigated and enhanced.
The verification method intercomparison project (ICP) will continue, and a white paper summarizing the various methods will be
submitted to a journal. We also plan to hold a workshop among the participants during the spring to begin discussions of the results
of the ICP evaluations.
MODE will be applied to additional datasets and types of forecasts. An initial effort will be made to examine ensemble forecasts of
precipitation from an object perspective. MODE will also be applied to convective and precipitation forecasts as part of NCAR’s
program on Short Term Explicit Prediction.
The concept of user-focused verification will be further developed and presented to the forecasting and verification communities.
Long-Term Goals:
The long-term goals of the verification research program are to (a) develop a stable version the MODE approach that can be applied
in evaluations of a variety of weather, air quality, climate, and other forecast variables, including precipitation, convection, and other
variables that can be represented spatially; (b) enhance the MODE approach to take into account the time dimension and other
capabilities desired for applications of the technique; (c) develop user-relevant verification approaches in the context of the needs of
specific end users; (d) develop new user-relevant verification approaches for evaluation of probabilistic and ensemble forecasts; (e)
develop and disseminate new methods for making statistical inferences about verification measures (i.e., methods to take into
account the uncertainty in verification measures); and (f) continue to facilitate activities of the international verification community,
and further advance the application of improved verification measures in operational settings.
NextGeneration Network Enabled Weather
Since its inception nine years ago, the Aviation Digital Data
Service (ADDS) has emphasized user-friendly and intuitive
weather graphics to provide users with enhanced weather
situational awareness. Within the ADDS system, there exists
a fundamental infrastructure for serving weather data in a
network-centric manner. The ADDS Flight Path Tool (FPT),
for example, enables human users to visualize specific
portions from immense volumes of data using a highly
interactive software application. The software renders the
graphics from the digital data after it is passed over the
Internet. In contrast, most Internet weather resources
create graphics internally then distribute the final graphical
product to users.
While graphical presentations of weather data are useful to
human users, there is also a need for machine-to-machine
data dissemination to provide data to decision support tools
and systems that manage air traffic. The challenge is to
provide four-dimensional weather data using standard
formats for the request and delivery.
To address this problem, NCAR-RAL has teamed with MIT-Lincoln Labs and NOAA-Global Systems Division to explore standardsbased, net-centric data access. The goal of this research is to create a virtual weather database spanning more than one physical
location, organization, and data system. To date, these three organizations are involved in various distribution and data access
mechanisms but all using their own, internally-developed formats. Starting in late 2007, each laboratory intends to research open
standards and technologies to share their data sources.
FY2007 Accomplishments:
The majority of this year’s effort has been to instantiate a gridded weather products server using a Web Coverage Service (WCS), a
specification of the Open Geospatial Consortium (OGC). The OGC is an international standards body with over 300 active member
organizations and is responsible for developing and maintaining standards related to geospatial data and access mechanisms. Using
the WCS specification, NCAR-RAL now distributes a variety of three-dimensional gridded weather products including analyses and
forecasts of icing, turbulence, winds, and temperatures.
Additionally, the data available through the WCS services were exposed in a catalog as an OGC Catalogue Service (CS-W). This
allows the automated discovery of data as it comes in and provides information about the data that may be accessed through the
WCS services. This includes information such as the quality of the data, the organization that originally created or gathered it, the
data format in which it is available, and its geographic extent.
FY2008 Plans:
Future work will include non-gridded products (such as METARs, PIREPs, AIR/SIGMETs, and TAFs) and related standards to distribute
them. These new products as well as the gridded products will be accessible via a single NNEW catalog that allows the products of
each organization to be treated transparently as a virtual database. The means to integrate JMBL data sources into the virtual
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database will be explored, as JMBL will most likely be a part of international weather data distribution.
Modeling Weather Extremes
In the third and fourth Assessment Reports of the
Intergovernmental Panel on Climate Change, discussions of
the impacts of climate change on severe thunderstorms have
been limited to comments regarding the difficulty of using
storm report databases to determine if changes have taken
place historically. Because convective storms occur on very
fine spatial scales, it is not possible to directly resolve such
phenomena from coarse-scale global datasets. However,
large-scale indicators can be employed to study trends in
environments that are conducive to such severe weather.
Initial work in this area has focused on identification of
useful measures of large-scale environments that are
relevant for severe thunderstorm formation based on NCAR
global model reanalysis data. These data have been used to
investigate trends in the large scale environmental
characteristics, as well as spatial and extreme value
distribution attributes. The approaches developed for the
reanalysis data will be extended to Global Climate Model
(GCM) projections of future climate, to determine the
expected characteristics of severe weather environments
associated with future climate change scenarios.
This work has led to identification of several statistical
challenges as well as new areas for research. Statistical
challenges include methods for modeling extreme values in
a spatial context; addressing the issue of multiple
comparisons inherent in working with gridded data; and
making inferences about changes in distribution parameters.

Trends in annual CAPE (J/kg) * shear (m/s) 95th percentile values at individual
grid points as estimated using linear models applied to CAPE and shear values
estimated using global model reanalysis data over a 42-year period. CAPE is
the convective available potential energy and Shear is the magnitude of the
vector difference between the surface and 6-km estimated wind. The grid
resolution is approximately 1.875 degrees longitude by 1.915 degrees latitude,
yielding 17,856 grid points, on a 192 x 94 grid. Temporally, values are
available every 6 hours over 42 years (1958 through 1999). Only areas with
significant trends are shown; the False Discovery Rate was set to 0.05.

FY2007 Accomplishments
The global dataset of convective parameters that has been created using the NCAR model reanalyses was further analyzed during
FY07. The reanalysis dataset has been analyzed to include two important severe weather indicators, Convective Available Potential
Energy (CAPE) and vertical shear. Analyses of trends in CAPE, Shear, and functions of these variables, such as CAPE x Shear, were
applied to the global set of gridpoints included in this dataset. A false discovery rate (FDR) procedure was employed to account for
the effects of multiple hypothesis testing and to make the analysis spatially robust (Figure 1). Two manuscripts based on these
analyses are in preparation, and several presentations have been made.
The focus of this work has begun to shift to consider the evaluation of convective extremes in projections of a changed climate.
Output of the NCAR Community Climate System Model (CCSM3), AB1 scenario, are being used to represent the current climate and
will be used to compare to results associated with the reanalysis data. These analyses are being done in collaboration with H. Brooks
at the NOAA National Severe Storms Laboratory and P. Marsh at the University of Oklahoma.
FY2008 Plans
The techniques developed with the reanalysis data will be applied to output of the CCSM3 to determine whether the characteristics of
CAPE and Shear based on GCM output for an unchanged climate are consistent with the characteristics of these parameters in the
reanalysis data. Subsequently (assuming consistency is found), the parameters will be analyzed using CCSM3 output for changed
climate scenarios to study how the frequency and intensity of environments conducive to severe weather activity can be expected to
change under a future climate scenario. The aim of this work is to determine the current distributions of environments conducive to
severe weather, and study how these environments are changing. Initial steps include determining whether the climate models
produce the correct spatial patterns found in the reanalysis data, and in particular, if they correctly place the extrema both spatially
and temporally. Once the consistency of these characteristics is verified, it will be possible to address the differences between current
and future climates. Finally, we will investigate approaches for making inferences about changes in the extreme value distribution
parameters for the severe weather indicators. Development of these approaches will allow regional assessments of the characteristics
of these indices of the potential for severe weather environments.
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5. PROVIDING WORLD-CLASS OBSERVATIONAL FACILITIES AND SERVICES
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NCAR Strategic Priority: Developing New Instrumentation

Archives and
Supplemental Info

RAL is working under the sponsorship of the FAA's Aviation
Weather Research Program to develop radar products that
will utilize current and future capabilities of weather radars
to support the detection and prediction of aviation hazards.
This leads to two very different tasks: implementing and
obtaining approval for operational deployment of new radar
algorithms; and conducting research and development of
radar products that will utilize future capabilities of weather
radars.

Highlight: Advanced Weather Radar Techniques for Aviation

FY2007 Accomplishments
RAL scientists have worked for more than 15 years to
improve the detection of turbulence. Over the past several
years they have developed the NEXRAD Turbulence
Detection Algorithm (NTDA), a new approach to processing
data from the National Weather Service’s network of Next
Generation Radars (NEXRADs). While aviation users
commonly use reflectivity from onboard radars or groundbased radar mosaics to gauge the intensity of a storm, the
NTDA detects the wind variations that can shake an aircraft.
By directly measuring the in-cloud turbulence intensity, the NTDA will provide airline dispatchers, air traffic managers, and pilots an
important new source of information for tactical turbulence avoidance. The performance of the NTDA was evaluated via comparison
with research aircraft data and automated in situ turbulence reports from commercial aircraft, and it was shown to have good skill.
RAL scientists and engineers also prototyped a 3-D Mosaic of NTDA turbulence measurements and are currently collaborating with
National Severe Storms Laboratory on further development and implementation of an operational, real-time version that will cover
the contiguous U.S. Finally, a RAL investigation into the NEXRAD spectrum width measurement technique revealed a problem with its
accuracy that can limit the NTDA’s ability to discriminate null from light or light-to-moderate turbulence. Following presentations at a
conference and a TAC meeting, the FAA has formally requested that the accuracy requirements for NEXRAD spectrum width be
tightened and that the implementation of a RAL-developed technique that provides improved accuracy be considered.
Techniques are also under development to determine whether precipitation detected with dual-polarization radars is rain, snow,
mixed-phase, or freezing drizzle. Activities this past year focused on evaluating both polarimetric and non-polarimetric radar products
for detecting the freezing level (essentially establishing the lower boundary of potential icing layers in the atmosphere) and the
designation of freezing drizzle conditions in the terminal area. These products are being developed in conjunction with a polarimetric
radar-based Hydrometeor Classification Algorithm (HCA) for detecting winter weather hazards for the aviation community. Results
from case studies show good skill.
FY2008 Plans:
NTDA has won final approval from the NEXRAD Technical Advisory Committee (TAC) and the NEXRAD Software Recommendation and
Evaluation Committee, and the software package has been delivered to the NEXRAD Radar Operations Center. Final testing and
deployment are expected to occur in Summer 2008. A pilot program with United Airlines to test the uplink of the NTDA to the cockpit
is expected to be expanded. Changes to the WSR-88D NEXRAD radars (super-resolution, range-velocity mitigation techniques, dualpol, etc.) will necessitate a maintenance upgrade, the NTDA-2. This product, which will also contain an improved data quality
algorithm, will be implemented and will begin the approval process for inclusion in the NEXRAD system. The NTDA 3-D mosaic will
continue to undergo development and testing.
RAL scientists and engineers, in conjunction with the In Flight Icing team, will begin implementation of real-time versions of the
freezing level and freezing drizzle algorithms. This will allow for the evaluation and ultimately inclusion of these products into icing
hazard detection algorithms such as RAL’s Current Icing Potential (CIP).
The national network of WSR-88Ds is targeted to be upgraded for dual-polarimetric capabilities beginning in FY08. Specific long-term
project goals are to develop remote sensing capabilities for discriminating between rain and snow, designating icing conditions in the
terminal area (freezing drizzle and rain) and in-cloud, quantifying winter precipitation in support of aircraft deicing operations, and
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estimating precipitation-impacted visibility.

Objective Plume Detection
HIAPER Instrumentation
The Microwave Temperature Profiler (MTP) is a passive radiometric sensor that measures brightness temperature at multiple
frequencies and elevation angles. Retrieval algorithms applied to the measurements yield temperature profiles above and below the
aircraft. Earlier versions of the MTP were developed and deployed by Jet Propulsion Laboratory (JPL) which is tasked to build a
customized MTP for the NCAR G-V aircraft (HIAPER). JPL and NCAR staff are working together to certify and install the sensor on the
G-V. The JPL Principal Investigator, Michael Mahoney, will also provide training to NCAR staff on sensor operation and maintenance,
as well as data processing, quality control, and analysis.
FY2007 Accomplishments:
A critical design review (CDR) was held in October, 2006. Substantial progress has been made this year on sensor hardware
development and fabrication of the aerodynamic fairing for the sensor. The prototype instrument is approximately 1 month from
completion. Mahoney and the NCAR P.I., Julie Haggerty, have met several times this year for training on data acquisition and analysis
software.
FY2008 Plans:
Upon completion of the prototype sensor early November, 2007, a mechanical load analysis of the sensor and fairing will be
conducted by NCAR/DFS to ensure that the system will meet FAA certification requirements. Following the load analysis, the
instrument and housing will be assembled by December, 2007, and associated documents will be submitted for FAA certification. This
schedule will allow for delivery and certification of the MTP in time for the HIAPER Experiment Test Flights (HEFT) in February, 2008.
The first scientific deployment of the MTP will occur in the Spring of 2008 in the START08 program.
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DIRECTOR'S MESSAGE
Welcome to the Research Applications Laboratory's Annual Report for FY2007. Our mission is to conduct
directed research that contributes to the depth of fundamental scientific understanding, to foster the
transfer of knowledge and technology for the betterment of life on earth, and to support technology
transfer that expands the reach of atmospheric science. We are, at present, an organization with an
annual budget of more than $30M and a staff comprised of nearly 200 scientists, software engineers, and
management/administration personnel. Although NCAR as a whole is largely funded by the National
Science Foundation, RAL receives the vast majority of its funding from other sources such as domestic
and international government agencies and private companies interested in exploiting the latest advanced
weather technologies.

Strategic Goals:
Science, Facilities &
Technology
Archives and
Supplemental Info

In 2005 we reorganized the Laboratory into five programs dealing with research and applications in topics
related to aviation, homeland security, hydrometeorology, weather systems and assessments, and
RAL Director, Brant Foote
numerical testbeds. The activities within each of these programs are detailed on the RAL website. In this
Annual Report, however, we take the opportunity to present our program in a different way, highlighting
the many areas in which our work supports and advances the NCAR Strategic Plan.
Given our focus on applied atmospheric research and technology transfer, it is natural that much of our work contributes to Strategic
Goal 2, Priority 2: "Building capacity for coping with weather and climate hazards." It is also important to note, though, that many
parts of our program map easily into other goals and priorities of NCAR’s Strategic Plan. RAL scientists are engaged in fundamental
investigations of earth-atmosphere interactions, in improving community models, in connecting science to decision making and public
policy, in building scientific and technical capacity in developing countries, in creating new mathematical and statistical tools, and in
improving instruments used to observe the atmosphere. In each of these activities, RAL works to bring science and technology to
bear on problems that affect society.
Highlights
This Annual Report provides short narratives on nearly 40 programs conducted at RAL. Here I highlight five programs that
significantly advance NCAR's strategic priorities.
Improving prediction of weather, climate and other atmospheric phenomenon
Highlight: Climate Forecasting Applications for Bangladesh
A RAL/ASP post-doc, Thomas Hopson, has worked with Peter Webster and colleagues at the Georgia Institute of Technology and
researchers at the Asian Disaster Preparedness Centre to improve flood forecasts for Bangladesh. Using ECMWF forecast products and
NASA and NOAA precipitation estimates to produce short-range (1- to 10-day) and long-range (1- to 6-month) forecasts--as well as
a statistical model to create 20-25 day forecasts--the team is now issuing operational forecasts designed to provide extended-leadtime to those most likely to be affected by flooding of the Ganges and Bramaputhra Rivers. Good forecasts alone, however, don’t
necessarily save lives.   Dissemination of forecasts to a largely rural population lacking access to electricity, as well as advanced
communication technologies, has long been a problem. To address this challenge, the Asian Disaster Preparedness Centre staff
teamed with local organizations and the country’s Flood Forecasting and Warning Centre to establish a pilot dissemination network in
2006. A series of training workshops was conducted for the people within the pilot regions so they could effectively utilize the CFAB
probabilistic discharge forecast information. Improved flood forecasts effectively communicated are credited with saving thousands of
lives during the severe floods of July and September 2007.
Investigating weather and climate information needs and decision making
Highlight: Societal Impacts Program
In 2007 the Societal Impacts Program, a collaborative effort
with ISSE, completed an “Overall U.S. Sector Sensitivity
Assessment” which examined the sensitivity and
vulnerability of state-level economic productivity to weather
across 11 economic “super” sectors. Results indicate that
U.S. sensitivity to weather variability is estimated to be
about 3.4% of gross domestic product or $260 billion
annually. This is the first study of its kind to combine
economic and weather data using valid economic methods to
assess sector, state, and national economic sensitivity
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weather variability. Building on this work, SIP staff will focus
on specific sectors of the economy to assess the use and
value of current and improved weather forecasts.
SIP staff continue to develop and implement the Weather
and Society*Integrated Studies (WAS*IS) workshops. This
effort trains and empowers practitioners, researchers, and
stakeholders to forge new relationships and to use new tools
for more effective socio-economic applications and
evaluations of weather products. A total of 145 WAS*IS
graduates now comprise a growing community of researchers, operational forecasters, academics, and private sector individuals
working to infuse social science research and understanding into the weather enterprise
Community Modeling
Highlight: Developmental Testbed Center (DTC)
The effort to develop the new Weather Research and
Forecasting (WRF) model for the atmospheric community
has long been an NCAR priority. While the development
effort largely resides in ESSL, the effort to test and evaluate
model configurations resides with the DTC. The DTC works
primarily to facilitate the transfer of new numerical weather
prediction (NWP) technologies from research to operations,
thereby accelerating the improvement of numerical weather
prediction for the nation. This past year, the DTC conducted
an extended core test of WRF’s two dynamic solvers: the
Advanced Research WRF (ARW) developed by NCAR/MMM,
and the Nonhydrostatic Mesoscale Model (NMM) developed
3-h total precipitation (shaded), mean sea level pressure, and 1000-500 mb
by NCEP, to determine whether the small differences in
thickness fields for 60-h forecasts valid at 12 UTC on 3 May 2006. Right panel
forecast skill between the two dynamic cores for a 24-hour
shows the ARW forecast and left panel shows the NMM forecast. Both WRF
configurations used NAM initial and lateral boundary conditions and the same
lead time also pertain to longer lead times (i.e., 60 hours).
suite of physics parameterizations. For this particular forecast cycle, the ARW
In addition to extending the forecasts out to 60 hours, the
and NMM forecasts show rather different evolutions of the cyclone for this
extended lead time.
DTC is working to determine whether forecast skill is
dependent on the computing platform used to generate the
forecasts. The DTC remains very focused on serving the community by hosting an active visitor program, conducting WRF tutorials,
and providing a support system to aid users in accessing and using WRF codes.
Conducting computer science, computational science, applied mathematics, statistics, and numerical methods research and
development
Highlight: Verification research and development
Much of the work we do at RAL is focused on improving
weather forecasts. But how do we know if a new forecast is
better than an existing one? Forecast verification by nature
is a mathematical activity, and development of improved
verification methods requires the application of advanced
mathematical, statistical, and computational approaches. To
develop and disseminate new forecast verification
approaches, RAL scientists conduct research in several
areas, including statistical methods, exploratory data
analysis, statistical inference, pattern recognition, and
evaluation of user needs. Their goal is to produce
statistically-valid approaches (e.g., object-based evaluation
of precipitation and convective forecasts, distribution-based
schemes, etc.) that can provide more meaningful and
relevant information about forecast performance, both for
those who develop forecasts and for the decision makers
who use them. This past year the Verification Group
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implemented its Method for Object-based Diagnostic
Evaluation (MODE) tool within a new verification toolkit it
developed for the DTC and the broader NWP community. It

Example of an application of the MODE, a tool included in MET, as an advanced
verification technique provided to the NWP community. By comparing the
locations of objects identified using the MODE technique between the forecast
(left) and analysis (right) fields, one may identify errors that are difficult or
impossible to detect using traditional verification metrics.

also launched an intercomparison project (ICP) for spatial
forecast verification methods, involving scientists from
around the world who are developing new methods for
evaluation of spatial forecasts. A workshop to discuss initial results of the project is planned for Spring 2008.
Provide world-class ground, airborne, and space-borne observational facilities and services
Highlight: The NEXRAD Turbulence Detection Algorithm (NTDA)
RAL scientists have worked for more than 15 years to
improve the detection of turbulence. Over the past several
years they have developed the NEXRAD Turbulence
Detection Algorithm (NTDA), a new approach to processing
data from the National Weather Service’s network of Next
Generation Radars (NEXRADs). While aviation users
commonly use reflectivity from onboard radars or groundbased radar mosaics to gauge the intensity of a storm, the
NTDA detects the wind variations that can shake an aircraft.
By directly measuring the in-cloud turbulence intensity, the
NTDA will provide airline dispatchers, air traffic managers,
and pilots an important new source of information for
tactical turbulence avoidance. NTDA has won final approval
from the NEXRAD Technical Advisory Committee (TAC) and
the NEXRAD Software Recommendation and Evaluation
Committee, and the software package has been delivered to
the NEXRAD Radar Operations Center. Final testing and
deployment of the algorithm on the nation’s radars is
expected to occur in Summer 2008.

Other Relevant Links
2006 RAL Strategic Plan
2006 RAL Annual Report
Previous ASRs (Annual Scientific Reports)
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1. IMPROVE UNDERSTANDING OF THE ATMOSPHERE, EARTH SYSTEM, AND SUN
NCAR Strategic Priority 2: Investigating the Interactions of the Atmosphere, the Broader Earth System, and Human Society
Aerosols and Precipitation
NCAR Strategic Priority 3: Improving Prediction of Weather, Climate, and Other Atmospheric Phenomena
Highlight: Pentagon and Urban Shield
Highlight: Flash Flood Forecasting in Bangladesh
Climate Four-Dimensional Data Assimilation
Microphysical Observations and Modeling
NCAR Strategic Priority 4: Community Modeling
Highlight: Developmental Testbed Center (DTC)
Data Assimilation Testbed Center
Land Surface Modeling
NCAR Strategic Priority 2: Investigating the Interactions of the Atmosphere, the Broader Earth System, and Human
Society
Aerosols and Precipitation – Feasibility Studies on Rainfall Enhancement
Over the past several years, the collection and analysis of
data on aerosols, clouds and storms has been an important
element of rainfall enhancement programs RAL conducts
throughout the world. While the primary concern of all these
efforts is precipitation, the effects of aerosols as agents of
significant climatic perturbations, particularly with respect to
precipitation, have received increasing attention over the
past decade or so. Understanding the potential for an
indirect aerosol effect, which involves changes in cloud
microphysical processes, has become an additional factor to
consider in documenting cloud and precipitation
characteristics in regions proposed for weather modification
activities.
FY2007 Accomplishments:
West Africa
A rainfall enhancement assessment study was conducted in
Mali, West Africa. Aerosol and cloud microphysical
measurements collected during the field program combined
Map of Saudi Arabia showing the distribution of annual rainfall (mm).
with NASA satellite and NRL aerosol model forecasts show
that even though a major source of aerosols is related to
dust transport from the Sahara, the Saharan dust is mostly confined to the northern areas of Mali (even during monsoon conditions)
with only an occasional penetration of dust further south. These studies also showed that local variations in aerosols embedded on
the background levels may play an important role in the effects of aerosols on clouds. Storm trends have also been analyzed,
improving our understanding of where, when, and how storms develop in this region. Future studies, planned for FY08, will examine a
more complete data set to evaluate these characteristics in the context of the whole rainy season.
Saudi Arabia
Using three weather radars and two research aircraft over a six-month field effort, RAL scientists collected data that substantially aid
our understanding of the climatology of Saudi Arabia, as well as the character of precipitating storms in the area. Dryness is the
prevailing climatic characteristic of Saudi Arabia except in the Asir region, which receives annual rainfall >400-500 mm due to its
unique geographical configuration and the local mountains. Rainfall in most of Saudi Arabia is <200 mm, highly irregular (i.e., large
natural variability), and hence is not dependable. The geographic distribution of annual rainfall across Saudi Arabia is shown in the
figure to the right. Analyses of the field data will continue into FY08, and more extensive field studies of air chemistry, aerosol, cloud
microphysics, precipitation, and storm characteristics in the region will be conducted.
FY2008 Plans:
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West Africa
The next step in the 2007 Mali study is the analysis of the collected aircraft and radar data to better determine the natural aerosol
and precipitation characteristics in Mali clouds, and the effect of cloud seeding on these processes and vice versa. In addition, more
training sessions for scientists and technicians in Mali and in neighboring Burkina Faso, are planned for FY08. Work will continue to
sustain and extend the upgrades to observational networks in West Africa that were begun in FY07.
Saudi Arabia
The 2006-2007 study on aerosols, clouds, precipitation systems, and the feasibility of cloud seeding in north-central Saudi Arabia was
the first step toward establishing scientific contacts, developing the infrastructure, and collecting data aimed at understanding these
processes. Continuing the studies in the same area, expanding them to other areas of Saudi Arabia, and building samples of seeded
and non-seeded storms are planned for FY08.
Istanbul, Turkey
A new program to assess the feasibility of rainfall enhancement in Turkey will begin in FY08. Airborne data are to be collected during
three months of the winter, their peak season for precipitation, to study the distribution of aerosols, cloud physical properties, and
the development of precipitation.
Queensland, Australia
RAL has launched a new effort in Queensland to scientifically investigate when--and how well--cloud seeding works to enhance
rainfall from convective clouds. For the first time in any rainfall enhancement experiment, dual-polarization, dual-wavelength and
advanced weather radars will all be implemented in the field. In combination with the airborne measurements, these measurement
systems make it possible to trace the physical chain of events from the natural or seeded small particles to droplet and ice crystal
growth, subsequent precipitation development in clouds, and ultimately rain on the ground in both natural and seeding clouds. In
addition, this will be the first time in decades that such a range of scientific expertise (e.g., several Australian institutions and
universities, South African colleagues, and NCAR scientists and engineers) has been brought together in one program of this type.
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BUILDING CAPACITY FOR COPING WITH WEATHER AND CLIMATE HAZARDS
Highlight: Surface Transportation Research and Development
Approximately 1.57 million accidents occur each year in poor
weather on the nation's roads and an estimated 713,000
injuries and 7,400 deaths per year (based on an 8-year
average) occur, creating an annual economic toll of
approximately $42B. Weather plays a role in about 28% of
the total crashes and 19% of the total fatalities. Weather
also reduces capacity and significantly impacts efficiency,
triggering congestion, particularly on roads operating near
capacity. Approximately 15% of all congestion is due to poor
weather and related road conditions. Since 1998 RAL has
had a leadership role in the Road Weather Research and
Development Program within the USDOT’s, Federal Highway
Administration, bringing the surface transportation and
weather communities together to improve surface
transportation safety and mobility. RAL continues to provide
national leadership in surface transportation weather by
organizing and participating in national and international
surface transportation weather workshops, conferences,
training programs, and committees.
FY2007 Accomplishments:
Maintenance Decision Support System (MDSS):
Since 1999, RAL has led a team of national laboratories in
the development of the prototype winter Maintenance
Decision Support System (MDSS), a unique decision support
system that provides real-time snow and ice control
guidance (e.g., treatment times, chemical choices, rates,
and locations) for user-defined roadway segments. In FY07
the modeling, pavement (bridge and roadway) heat balance
models, data fusion system, and rules of practice
components of the MDSS were enhanced to improve the
overall performance of the system. Other highlights included
working with Environment Canada to improve and integrate
their pavement heat balance model called METRo into the
MDSS system; disseminating MDSS Version-4.0 software to
over 60 road weather organizations (public and private); and
successfully supporting the FHWA’s annual MDSS
stakeholder meeting, which included more than 80
participants from the surface transportation community
including 30 State DOTs.
The prototype MDSS was utilized in real-time by the City
and County of Denver and the E-470 Public Highway
Authority during the particularly severe winter of 20062007. A commercial version of the MDSS is being developed
and demonstrated as part of a DOT Pooled Fund Research
Program. The Pooled Fund MDSS was evaluated by 11 DOTs
last winter and another demonstration is planned for the
winter of 2007-2008.
Vehicle Infrastructure Integration (VII):
The USDOT has embarked on a relatively new program with
the automotive and consumer electronics industries to
develop a national capability to support wireless
communications for vehicles. The VII Program is working
toward deployment of advanced vehicle to vehicle and
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vehicle to infrastructure communications that could keep
vehicles from leaving the road and enhance their safe
movement through intersections. RAL is working closely with
the FHWA Road Weather Management Program to
develop concepts and assess the feasibility of utilizing
vehicle data to enhance the diagnosis and prediction of
weather and road conditions along our nation’s roadway
network. In 2007, RAL prepared and delivered to the FHWA
a major vision document titled Weather Applications and
Products Enabled Through Vehicle Infrastructure Integration
(VII). This document discussed how probe data from millions
of vehicles could be used in the future to support the
diagnosis and short term prediction of weather.
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FY2008 Plans:
MDSS: The MDSS will continue to be developed and
validated in 2008 using Colorado as a test bed. Prototype
MDSS products will be provided to the E-470 Public Road
Authority and the City and County of Denver. We anticipate
that Denver International Airport may also want to
participate in the MDSS demonstration to evaluate the
system’s capabilities for supporting snow and ice control
operations for ramp, runways, and Pena Boulevard. RAL will
also work with the Utah DOT to configure and transfer the
prototype MDSS to Utah DOT as part of a evaluation project
to assess the portability of the prototype MDSS to state
DOTs.
Clarus Initiative: RAL will continue to support the Aurora
Program in the development of new weather and road
condition hazard applications for travelers and will provide
input and feedback to the FHWA on the development of the
Nationwide Surface Transportation Weather Detection and
Forecast System Initiative known as the Clarus Initiative
Vehicle Infrastructure Integration (VII): In FY2008, RAL will
participate in the VII testbed near Detroit, Michigan. RAL will
obtain data from test vehicles and begin to analyze their
characteristics including quality, density, and geographical
and temporal distribution. RAL will also begin the design and
development of a Weather Data Translator (WDT) that will
be used to parse, ingest, process, quality control, and
generate advanced weather and road condition analyses
utilizing vehicle probe data. This will be a significant
scientific and engineering activity that will eventually
facilitate the collection and processing of millions of new
surface weather observations.
Advanced Operational Aviation Weather System in
Taiwan

back to top

Since 1998 RAL and MMM have collaborated in the
development of an Advanced Operational Aviation Weather
System (AOAWS) for the Civil Aeronautics Administration
(CAA) of Taiwan. The initial AOAWS project (AOAWS-I) was
completed and deployed for operational use in June 2002
and provides the CAA, the airlines, and the flying public with
state-of-the-art aviation weather technology to detect and
forecast hazardous weather phenomena that affect aviation
operations, airspace efficiency, and capacity and safety at
Taiwan’s major hub airports.
In January 2005, the AOAWS Project entered a second fiveyear phase. This new phase focuses on the replacement of
the MM5 model with the WRF model, advancing the data
assimilation system (WRF-VAR) to incorporate new data
types (e.g., COSMIC GPS, and other satellite data),
upgrading the icing and turbulence products to incorporate
the latest advancements developed as part of the FAA
Aviation Weather Research Program, and developing and
implementing new JAVA based display systems.
FY2007 Accomplishments:

Graphic showing the general size of the new Weather Research and Forecasting
(WRF) Model domains that became operational in the AOAWS in October 2007.
The WRF model replaced MM5 as the Civil Aeronautics Administration’s (CAA)
aviation weather prediction system. The WRF model is now being run on the
Central Weather Bureau’s (CWB) IBM supercomputer. The WRF runs in a
nested configuration with a model grid spacing of 45, 15, and 5 km.

The AOAWS Program had several major accomplishments this year including the development and introduction of the WRF model as
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the primary model used by both the CWB and CAA to support general weather prediction in Taiwan and aviation weather forecasting,
respectively. The transition from the MM5 to the WRF was no small task as it required the CWB to adopt this new model as its
primary mesoscale model, and it required the CAA to agree to upgrade and reconfigure the entire AOAWS to accept the new model
data. NCAR successfully completed the transition to the WRF-based system in September 2007 and the system was declared ready
for operational use by the CAA in mid-October.
The upgraded AOAWS system includes the WRF model and the WRF-VAR data assimilation system, upgraded MDS, model display,
and SMD, and the new JMDS. System enhancements also include refinements to the in-flight icing and turbulence products. The
Thunderstorm Identification, Tracking, and Nowcasting (TITAN) was developed and implemented to process data from the CWB radar
mosaic and the TTY Doppler weather radar.
FY2008 Plans:
RAL, MMM, and our Taiwan technical partner, the Institute for Information Industry, will continue to collaborate on the following
research and development activities in 2008:
Develop and evaluate enhancements to WRF-VAR
Evaluate new data types and their contribution to WRF performance
Evaluate the performance of the in-flight icing algorithm using the WRF output
Evaluate the performance of the jet stream turbulence algorithm using the WRF output
Continue to refine the Java-based Multi-dimensional Display System (JMDS)
Begin redesign of the web-based Multi-dimensional Display System (WMDS)
Continue to provide training of CAA personnel
Aviation Digital Data Service

back to top

The Aviation Digital Data Service (ADDS) is jointly developed
by NCAR-RAL, NOAA-Global Systems Division, and the National Weather Service's Aviation Weather Center (AWC) with funding from
the FAA Aviation Weather Research Program. ADDS disseminates weather products to the aviation community via the web. The AWC
provides 24 hour-a-day support for Operational ADDS, while an experimental version of ADDS resides at NCAR-RAL and provides
next-generation products and services.
FY07 Accomplishments:
ADDS developers at RAL worked closely with the helicopter
emergency medical services (HEMS) user community to
tailor the ADDS Flight Path Tool to meet their needs for
weather information in a very narrow range of altitudes and
short distances. Version 1 of a new HEMS tool was made
available on 1 Nov. 2006, and throughout 2007 its usage
grew as word spread and a number of testimonials from
users indicated that it has improved their situational
awareness of weather and the safety of their operations.
During 2007, NCAR-RAL integrated some of the interfaces
and features of the newly created HEMS software application
into a second version of the Flight Path Tool. Key
modifications include the ESRI ArcIMS map solution, simpler
interface to weather products via menus, and new weather
products including NEXRAD Level-2 radar data. This new
version of the application is currently being tested and
prepared for release at the end of the year.
Besides the new Version 2 Flight Path Tool, a new
visualization of observed and forecast weather data at
airports was created. In a single graphic, the observed
weather data at airports (in METAR format) is seamlessly
1) Sample screen capture of the new, version2 Flight Path Tool. Composite
merged with terminal forecasts (TAFs) of the same weather
Level-2 NEXRAD radar data shown for 2045 UTC 08 Oct 2007.
conditions into the future. In one quick glance, users can
now see past, present, and future weather conditions at an
airport and the immediate impact to their aviation flight category.
FY08 Accomplishments:
In the next 12-18 months, ADDS will focus on digital
delivery of all weather products in industry-standard
formats. For example, aviation weather text products
including observations, forecasts, and advisories are
currently available in XML and CSV formats. In the near
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future, these will be served using a Web Feature Service, a
standard created by the Open Geospatial Consortium (OGC),
allowing users to integrate these ADDS data into a variety of
GIS applications. Likewise, ADDS developers are researching
the capabilities of an OGC Web Coverage Service to deliver
its gridded weather forecasts of icing, turbulence, and
more. In coordination with the FAA's System Wide
Information Management Program and the Joint Planning
and Development Office, work will continue to make ADDS
2) Sample "meteogram" time-series showing seamless combination of observed
data available on a machine-to-machine basis. And finally,
and forecast weather data at Little Rock, AR. Past 6 hours observed data is
combined with the "terminal forecast" for future 18 hours.
further enhancements will be made to the HEMS tool: radar
and satellite data will be incorporated; user-specific data
(e.g., location of hospitals, helipads/bases, etc.); street-level maps will be made available; and a search interface created.
Ceiling and Visibility Research and Development
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Adverse ceiling and visibility (C&V) conditions create serious
flight safety hazards for general aviation, as well as costly
reductions in traffic flow efficiency for commercial
operations. On a yearly basis, C&V hazards result in 30-40
fixed-wing general aviation accidents, ~65-75 deaths and
losses of ~$150-160M. Reduced C&V conditions are second
only to convective weather as a cause of U.S. flight delays.
RAL research funded by the FAA Aviation Weather Research
Program (AWRP) directly addresses both safety and
efficiency concerns through the development of improved
C&V weather information and decision support systems.
FY07 Accomplishments:
The National Weather Service (NWS), the Joint Planning and
Development Office, and the National Ceiling and Visibility
(NCV) Research Team at NCAR have determined that NCV’s
automated diagnosis and forecast systems are viable
technologies for the operational production of data grids that
will flow into the NWS forecast process. They are included in
NextGen planning as a critical part of the planned “fourdimensional data cube.”
A new NCV analysis system was delivered to the Aviation
Weather Center (AWC) in Kansas City in summer 2006 and
during FY2007 support was provided to the AWC and the
FAA for ongoing operational system testing and evaluation.
NCV real-time ceiling height analysis as it appears on the Flight Path Tool on
ADDS.
The NCV real-time analysis grids for ceiling, visibility and
flight category have been made available as experimental
products used by the National Weather Service’s Eastern Region aviation forecast modernization process through the year. They are
shown to be accurate for local conditions and have good reliability in representing the most probable conditions between reporting
sites. These results encourage further development and use of NCV gridded ceiling and visibility products.
The operational NCV forecast integration system was re-implemented to update the weights of the various forecast components
(including RUC, LAMP MOS, persistence and data mining) on an hourly basis. A playback system based on the operational system was
implemented for internal research and development. The forecast integration system now supports both agile selection as well as a
weighted majority vote algorithm. Both schemes are actively being tuned and evaluated by the science staff for performance. The
NCV forecast system was adapted to incorporate the new GFS LAMP and its more frequent updates and sites leading to improved
forecast performance.
FY08 Plans:
Testing and evaluation of the NCV analysis product will continue in FY2008, and we anticipate that the analysis system will be
approved for operational use. In addition, the NCV forecast integration system will be evaluated by NOAA/GSD with the goal of
moving it to the Experimental ADDS website and transferring it to the Aviation Weather Center.
Consolidated Storm Prediction for Aviation
For more than twenty years the FAA has funded research
and development efforts aimed at improving short-term
forecasting of storm hazards affecting aviation. This work
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has led to the creation of more than 15 separate forecasting
tools, algorithms, and systems. In FY07 the FAA changed its
strategy and created a new research team tasked with
development of a single forecast system. This new
“Consolidated Storm Prediction for Aviation” (CoSPA)
program brings together researchers from NCAR,
MIT/Lincoln Laboratory, and NOAA’s Global Systems Division
to create a 0-8 hour forecast for both summer and winter
storms. Forecast products from this system will be designed
to satisfy the current needs of Air Traffic Management (ATM)
as well as the future demands of the Next Generation Air
Transportation System (NextGen) in which much of the
strategic air traffic decision making will be made by
automated decision support tools.
FY2007 Accomplishments:
The first steps in the development of CoSPA have included:
creation of an inventory of existing technologies in the
operational nowcasting community; evaluation of existing technologies; identification of gaps in existing technologies; development of
an appropriate system architecture; and creation of a research and development agenda to address technological gaps.
Highlights in system design and software engineering thus far include:
Establishing methods for data exchange and agreement on a common data format. Coordination with the FAA’s System-Wide
Information Management (SWIM) team will allow CoSPA to take advantage of the proposed network-centric approach to data sharing
between the FAA and other government agencies.
Creating a system architecture with a modular design to foster ease of plug-and-play experimentation with new technologies.
Developing a new Graphical User Interface to provide a menu-driven selection of datasets, preprocessing techniques, and blending
methods, as well as produce standard statistical skill scores for graphical display or output to files for further processing.
A scientific R&D agenda has been established and work is underway in the following areas:
Extrapolation – New techniques for improving the skill of extrapolation forecasts at longer lead times are needed. To meet this need,
the variational echo tracking technique is being compared with a Lagrangian TITAN-based technique; results to date indicate that
both techniques have associated strengths and weaknesses.
Nowcasting (0-2 hr) Storm Initiation –. The ability of current technologies to predict storm initiation is being assessed using the
Random Forest statistical technique. This technique will also be used for to analyze different predictor fields’ ability to forecast storm
growth and decay.
Data Assimilation - Team members have been testing and evaluating new techniques for assimilating radar data into rapidly-updating
NWP models. Current work focuses on improved assimilation of the 3D radar reflectivity through latent heat nudging and variational
analyses of the 3D wind field.
Blending – Work is underway to use new blending techniques to combine the relative strengths of observation-based and modelbased forecasts into a seamless forecast can be easily understood by Air Traffic Managers. A testbed has been created for the
evaluation of extrapolation, model and blending forecasts, and intercomparisons are being made. Results indicate that critical
components of the blending will be the climatological processing of the extrapolation forecasts, phase correction of the model
forecasts (see figure below) and statistical weighting of the two forecasts.
Precipitation Calibration – Scientists are working to better calibrate automated precipitation measurements. Accurate measurements
of snowfall rates, as well as accirate detection of the phase of precipitation, are essential for implementing correct de-icing procedures
and hold-over times for planes during winter storms.
FY2008 Plans:
A major milestone for Summer 2008 will be the first real-time demonstration of the experimental CoSPA system. It will produce 0-6
hour high resolution (3.3 km) forecasts using heuristic-based extrapolation forecasts and output from a high-resolution mesoscale
model with real-time radar data assimilation. The products will be rapidly updating so that the latest model and observational data
are incorporated. Work will also continue on all of the R&D tasks outlined above.
Convective Weather Forecasting: Benefits of a
"Human over the Loop"
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The Aviation Weather Group of the National Weather Service has funded NCAR during the past three years to install and run the
Thunderstorm Nowcasting System (Auto-nowcaster or ANC) at the NWS Dallas/Ft.Worth (DFW) Forecast Office (FO). Two primary
objectives of the Forecaster-Over-the-Loop demonstration are to assess 1) the role of the NWS forecaster in providing value-added
enhancements to gridded, automated, nowcast products produced by the Auto-Nowcaster, and 2) the usefulness of these products as
guidance for the forecaster in producing short-term forecasts, area warning updates and CWSU outlooks for terminal/enroute aviation
traffic. The overarching goal is to improve the consistency, reliability, and accuracy of 0-2 hour convective forecast products for
automated aviation weather digital products (4-D grids) for the National Aerospace System’s Next Generation Air Transportation
System (NGATS).
Previous demonstrations of the ANC system for FAA-funded activities have shown that forecaster input into the ANC process,
particularly in producing storm initiation nowcasts, added consistency, reliability and accuracy to the 0-1 hr short term, time and
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location specific thunderstorm nowcasts. The primary objective this year has been the evaluation of performance of the Autonowcaster thunderstorm initiation nowcasts with and without forecaster input into the process. Using standard statistical calculations
of probability of detection (POD), false alarm rate (FAR) and critical skill index (CSI) over the whole NWS County Warning Area
(CWA) domain, it is difficult to separate out the CSI skill associated with the storm initiation nowcasts, as nowcasts of extrapolated
storms generally dominate the statistics over the very large domain where many storms are occurring simultaneously. For this
reason, a new approach was taken by Rita Roberts, Eric Nelson and Tom Saxen to perform the statistical evaluation of storm
initiation nowcasts. The approach was simply to compute the statistics over smaller domain sizes that are more relevant to the scale
on which the many different discrete areas of convection are occurring (Figure 1). We have found that this approach provides us a
more detailed and informative look at nowcast performance and a better scientific understanding of the factors that increase or
decrease the accuracy of the nowcast.
Overlaid onto Fig. 1 are the CSI skill scores of ANC performance with (blue) and without (magenta) forecaster-input during the
complete event for five of the subset boxes. The CSI scores in the top two plots (Boxes 1,2 and 4,3) show minor differences in skill
with and without forecaster input. Within these boxed regions, very little initiation is occurring and most nowcasts are based on the
extrapolation of existing storms. The benefit of forecaster involvement is much clearer in the statistics for the other three subset
boxes (Boxes 1,1; 2,2; and 3,2). Forecaster-entered convergence boundaries clearly had an impact in the increased accuracy of the
nowcasts. Significant new convection initiated in these boxed regions during the 10 hr period spanning this event and forecasterentered boundaries aided in the timely nowcasts of new convection triggered by these boundaries. Increases of CSI scores ranged
from 0.3 – 0.5, a substantial increase in accuracy.
Expanding upon these results an additional step was taken
to combine the statistics from the individual sub-grid boxes
over the duration of the event to evaluate the overall
performance in storm initiation nowcasting when forecasterentered boundaries are used in determining storm initiation.
Results indicate that the use of forecaster-entered
boundaries in the forecast process leads to increased POD of
storm initiation and increase in overall accuracy of CSI.
Encouraged by these results, the NWS Meteorological
Development Laboratory (MDL) has been collaborating with
Rita Roberts,Dave Albo and Dan Megenhardt to transfer the
components of the NCAR ANC forecaster interactive tools to
MDL for inclusion in a prototype AWIPS system running at
MDL. Surface convergence boundaries will be entered by the
forecasters on AWIPS and the boundary information will be
sent to the ANC machine for inclusion in the ANC processing.
This is anticipated to 1) increase the ease of forecasters for
entering boundaries because of their familiarity with the
AWIPS displays and 2) to facilitate incorporating this task
into the everyday routine of the NWS Short Term Forecaster.
Transfer of the other software components of the ANC into
the MDL prototype AWIPS will occur during FY2008.

Figure 1. Comparison of CSI performance of Auto-nowcaster thunderstorm
nowcasts with (blue curves) and without (magenta curves) forecaster-input
into the system computed for the boxed (green) regions shown. The white
polygon is the 60 min nowcast of new storm initiation produced by the Autonowcaster. See text for more details.

DTRA Sensor Data Fusion
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Since late FY04, RAL has been sponsored by the Department
of Defense's Defense Threat Reduction Agency (DTRA) to develop tailored meteorological decision-support applications for the military
and domestic emergency response communities. In particular, these applications are used to enhance DoD's Chemical, Biological,
Radiological, Nuclear, and Explosive (CBRNE) hazard prediction toolsets such as the Hazard Prediction and Assessment Capability
(HPAC) and more recently the Joint Effects Model (JEM). RAL’s work has two primary objectives: development of an operational
algorithm which can both estimate an unknown CBRNE source and predict a refined downwind hazard from that source, using
available CBRNE and meteorological sensor observations; and integration of this algorithm into the HPAC/JEM hazard-prediction
toolsets. To support testing and evaluation of this product, RAL is developing a virtual testing and evaluation environment (VTHREAT)
which will enable simulation of a realistic CBRNE release scenario, placement of CBRNE and meteorological sensors, and extraction of
the resulting synthetic sensor readings. These synthetic observations can then be used by the evolving algorithms to evaluate their
ability to recreate the CBRNE event.
FY07 Accomplishments:
In FY07 RAL developed and demonstrated of a prototype VTHREAT system which provides the capability to emulate a CBRN attack
scenario. During the development of the VTHREAT prototype, DTRA requested that RAL use the VTHREAT concept to provide field
test design guidance for DTRA’s FUSION Field Test 2007 (FFT-07). The question posed to NCAR was “What is the optimal release and
collection configuration to ensure a high probability of detection, while also avoiding saturation of the front line detectors AND
supporting the distinction of multiple simultaneous releases”. Subsequently, VTHREAT was used to generate three typical
atmospheric conditions for the field test area, Dugway Proving Ground, Utah. Using synthetic atmospheric datasets, myriad material
releases were simulated with three different proposed sensor configurations. The synthetic sensor readings were extracted and
analyzed to determine the probability of detection under each of these configurations. These results were then presented to the FFT07 Science Team Board in July 2007. After reviewing NCAR’s recommended sensor configuration, the board approved utilization of
this layout for the operational tests in September. The FFT-07 tests were recently completed and the field test has been deemed a
success by the DTRA sponsors. The VTHREAT system also includes a gui application which allows users to interactively create
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synthetic sensor and meteorological data sets. This VTHREAT prototype application was demonstrated in September 2007 at the
FFT07 VIP at Dugway Proving Ground, Utah.
FY07 also marked the development of the Variational Sensor
Data Fusion (SDF) prototype. Phase I of this effort used the
existing L3-Titan SCIPUFF code (and adjoint) to calculate a
source estimate and then used that source estimate to run a
single forward SCIPUFF simulation. This phase of the
prototype was recently completed and demonstrated in
September 2007 using synthetic chemical and
meteorological sensor data generated with the VTHREAT
prototype. (Figure 1)
FY08 Plans:
The VTHREAT GUI application will continue to be refined
during FY08. Current plans call for the development of
additional types of meteorological sensors (towers,
rawinsonde, and LIDAR) and the ability to dynamically place
grids of chemical sensors. The release of the first official
version of the VTHREAT system is scheduled early FY09.

Variational SDF Prototype Phase I Sample Results.

The primary activity of the SDF program during FY08 will be the continued development of the variational sensor data fusion
algorithm. Phase II of this algorithm is designed to improve upon the initial source estimate, and associated forward prediction
demonstrated in FY07 utilizing a recently developed Eulerian plume model (and adjoint), that iteratively refines the source estimates
with variational data assimilation techniques. Phase II development is currently underway and is on schedule for an initial operational
demonstration in November 2007. Continued refinement of the Phase II algorithm will be conducted throughout FY08. Current plans
call for the development of the capability to include observations taken at multiple times and the ability to identify the source
locations from multiple release scenarios.
DTRA Weather Services Research and Development
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Since late FY04, RAL has been sponsored by the Department
of Defense's Defense Threat Reduction Agency (DTRA) to
develop tailored meteorological decision support applications
for the military and domestic emergency-response
communities. In particular, these applications are used to
enhance DoD's Chemical, Biological, Radiological, Nuclear,
and Explosive (CBRNE) hazard prediction toolsets such as
the Hazard Prediction and Assessment Capability (HPAC) and
more recently the Joint Effects Model (JEM) (see figure at
right).
FY07 Accomplishments:
In FY07, RAL continued to refine the NexGeneration
Meteorological Data Server (MDS) and its associated
Application Programming Interface (API). New MDS versions
were released in February and April 2007 to DTRA facilities
in Alexandria, VA and Albuquerque, NM. The next version is
scheduled for operational deployment in October 2007.

NexGen MDS and API Conceptual Overview.

The effort to refine and improve the HPAC weather interface in support of the HPAC 5.0 release also continued with major
improvements made in new, more modular component architecture for the software system including published Application
Programming Interfaces (APIs); replacement of the legacy MDS Client interface with the new NexGen MDS API; and general GUI
Enhancements.
FY2008 Plans:
Developmental support for HPAC 5.0 Service Pack 1, scheduled for delivery January 2008, is underway. Weather interface related
improvements are focused on the NexGen MDS GUI. These GUI updates include: notification to user of estimated download file size,
if it exceeds a prescribed maximum allowable file size; estimated file size and download status; identification of data source (useful
for those using the “AUTO” download option); and estimate of the time it takes to generate NWP analyses.
Four-Dimensional Weather System: ATEC
Over the past decade, the U.S. Army Test and Evaluation
Command (ATEC) has sponsored the research and
development of the Four-Dimensional Weather (4DWX)
system, a cutting-edge weather modeling system based on
MM5 and the WRF Model. 4DWX provides high-resolution
mesoscale modeling capability, short-term thunderstorm
prediction, multi-dimensional integrated displays, and fine-
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scale climatological analysis tools, enabling the Army to test
military hardware under precise conditions across the full
spectrum of arctic, tropical, desert, and other natural and
controlled environments. 4DWX is accredited for operational
use at seven test ranges:
FY2007 Accomplishments:
Real-Time Four-Dimensional Data Assimilation (RTFDDA):
This unique scheme assimilates observations from a variety
of data feeds, preserving the data’s temporal dimension
during assimilation. New analyses and forecasts are made
every one to three hours, depending on the range, providing 4DWX is accredited for operational use at seven test ranges.
the operational forecaster with very timely information. A
recent addition to RTFDDA is the Model Manager, which is a user interface that provides more modular, automated control of nonoperational RTFDDA simulations, and also provides the resource management necessary to efficiently use the Test Center’s
computing resources.
3-Dimensional Variational Data Assimilation (3DVAR):
3DVAR techniques at the mesoscale are being evaluated, and a number of non-standard observations that cannot be included in
RTFDDA's observation-nudging scheme, such as satellite radiance, GPS, and radar, are being incorporated. 3DVAR is currently being
integrated into the RTFDDA system, yielding a model-based solution that will account for all available observations.
Ensemble Forecasting:
Late in FY07 RAL successfully fielded at Dugway Proving Ground (DPG) a test version of an operational ensemble of 4DWX forecasts in
support of FFT07, the FUsing Sensor Information from Observing Networks (FUSION) Field Trial. The ensemble system (called ERTFDDA) extends the pseudo-deterministic, single RTFDDA realizations by running a suite of RTFDDA forecasts, all valid at the same
place and time. The ensemble comprises 30 members whose differences are induced by varying initial conditions, boundary
conditions, model physics, and model cores. The system cycles every 6 h and produces four 36-h forecasts per day. Currently
forecasts are uncalibrated, but research into calibration (including first and second moments of ensemble distributions) continues. As
a critical step in this work, we are generating a 3-year archive of retrospective forecasts that will provide statistics necessary for an
initial attempt at calibration and will allow us to optimize the size of the ensemble.
Coupled Applications: The direct NWP output from 4DWX is the essence of the forecast guidance used by staff at the ATEC ranges,
but a great amount of added value is achieved by coupling this direct output to secondary models, also known as coupled
applications. These include:
Noise Assessment and Prediction System (NAPS)
Second-order Closure Integrated Puff (SCIPUFF) model
General Electric Missile and Satellite Simulation (GEMASS) Program
Open Burn / Open Detonation Model (OBODM)
Model Verification: In FY07, RAL continued development of approaches to model verification that go beyond traditional metrics such
as root-mean-squared errors calculated at points. Among the newer approaches to verification are those that treat predicted and
observed weather as one or more “events,” or “objects”—a change in wind direction, or a coherent region of rainfall, for instance.
Object-based approaches do not inherently handicap more resolved models and are often more consistent with the mental images
that end-users have of forecasts and observations.
Web Portal: Development continued in FY07 on a dramatically new look and feel to the 4DWX range Web pages using portal
technology, which permits administrative and user customization. The portal’s flexibility, accessibility, modularity, and extensibility
make it ideal for serving as the new foundation for most 4DWX user interfaces.
Climate FDDA (C-FDDA: RAL has begun generating a test archive of mesoscale climatographies for use by two ATEC ranges for longrange scheduling of the optimal time, day, season, and location for materiel testing under specific weather conditions.
Plans For FY08:
The first version of MetVault, a central data repository for observations, model output, and sundry other electronic information, will be
released. It includes a sophisticated search engine, a suite of services that will enable users to extract, interpolate, combine subsets
of stored data, and write out the data in a variety of formats, and a quality control system for observations ingested into the 4DWX
database.
Work will also continue to refine and extend the Global Meteorology on Demand (GMOD) tool, which enables non-scientists to launch
highly resolved, rapidly executed NWP simulations anywhere on the globe with a simple, Web-based user interface. And RAL will
continue to explore methods for assimilating radar data into 4DWX. In FY08 we anticipate significant advances from an approach that
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is based on the coupled cycling of RTFDDA and the Variational Doppler Radar Assimilation System (VDRAS).
Future Combat Systems Modeling and Simulation
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The Future Combat System (FCS) is the U.S. Army's
program to modernize American war-fighting capabilities and achieve the ability to rapidly deploy a dominant ground force anywhere
in the world within days. Because most weapons testing and military operations rely heavily on accurate weather information, the
Army relies on tools such as the 4-Dimensional Weather Real-Time Four Dimensional Data Assimilation (4DWX-RTFDDA) system
developed at RAL in collaboration with the Army Test and Evaluation Command (ATEC). This modeling system provides highresolution 4-D synthetic weather analyses and forecasts by continuously merging all available observations with full physics models.
It has become a very valuable tool for providing weather modeling support for FCS Modeling and Simulation (FCS/MS). Since 2004,
NCAR RAL has been continuously adapting and refining this modeling system and proving realistic simulated battle-field-scale
weather events for the FCS/MS applications.
FY2007 Accomplishments:
RAL produced model simulations of events for FCS with 4DWX-RTFDDA final analyses for two events - one at the US Army Dugway
Proving Ground (DPG), Utah, involving nocturnal boundary layer flows; and the other at the Army Cold Region Test Center (CRTC),
Alaska, involving an extreme cold-weather event. Both weather processes present unique modeling challenges due to complex terrain
and the scarcity of measurements. The complete model output for the simulated events includes the meteorological products and
celestial-object information (moon phase, solar and lunar illumination).
A second accomplishment involved the study of weather impacts on soil “trafficability”, a term used to describe the mobility of a
broad variety of military ground vehicles over specific local terrain, land use, soil type, composition and moisture. Soil moisture is, of
course, heavily dependent on recent and current weather conditions, especially precipitation. The 4DWX-RTFDDA system is being
used to generate a summer trafficability scenario at DPG and surrounding region in Utah. A case study demonstrates the great
potential of applying 4DWX-RTFDDA modeling technology to provide an estimate of real-time trafficability parameters (e.g. surface
soil strength, stickiness, slipperiness, and critical-layer depth) and short-term (0 – 48h) forecasts for battle field planning.
FY2008 Plans:
Development of new capabilities to support the FCS/MS missions will be further explored. Specifically, to better simulate trafficability,
RAL will work with the Army DPG modelers to couple the 4DWX-RTFDDA model system with Army trafficability models such as the
NATO Reference Mobility Model. Meanwhile, RAL will continue to improve the 4DWX-RTFDDA modeling capability, which provides
real-time support for the upcoming FCS Distributed Test Events (DTEs). Special effort will be committed to exploring the weathersensitive variables that are commonly used by military planners, such as Cn2 for laser targeting applications and vertical wind shear
over complex terrain for unmanned aerial vehicle (UAV) operations.
Hydrometeorological Processes
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Hydrological impacts of significant weather and climate
events often translate into staggering human, economic and
environmental costs. Despite decades of research,
significant gaps remain in how weather and climate
information are used for reliable hydrological prediction.
Additionally, it is now well-recognized that terrestrial
hydrologic processes are not only influenced by weather and
climate but also exert a significant feedback to the coupled
Earth system. The nature of the relationship between
terrestrial hydrologic processes and the atmospheric
processes that simultaneously drive and respond to them
are the focus of RAL’s Hydrometeorological Processes efforts.
FY2007 Accomplishments:
Romania: During FY07 RAL continued to provide
hydrological modeling support for a World Bank-funded
project for the country of Romania. Working in collaboration
with scientists from Baron Advanced Meteorological Services
(BAMS) we have completed a suite of enhancements to the
Noah-distributed hydrological model and implemented and
tested the new modeling system in several new river basins in both the U.S. and in Romania. Work also focused on fully parallelizing
all components of the Noah-distributed hydrological modeling system for the execution of parallel computations on NCAR
supercomputers.
Colorado Front Range: A new project aimed at improving predictions of short term (hours to 1 day) flash flooding events in the
Colorado Front Range was initiated during FY07. This project deploys, in an unprecedented manner, the newly developed Noahdistributed hydrological modeling system over a large region in north-central Colorado. During FY07, the model domain was defined
and attributed and case study simulations were executed which focused on simulating the 1997 Ft. Collins flash flood (Figure 1).
Additionally, the Noah-distributed model has been coupled to the Advanced Weather Research and Forecasting model for fullycoupled simulations of high-impact hydrometeorological events. Results from an initial round of sensitivity studies have been
completed and were presented at the annual WRF User’s workshop in late June.
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In-Flight Icing

back to top

National Transportation Safety Board records indicate that
in-flight icing causes more than 25 accidents annually, with
over half of these resulting in fatalities and damaged
aircraft. The cost of injuries, fatalities and aircraft damage
is estimated to be $100M annually. The RAL In-Flight Icing
Program addresses this problem by producing improved
operationally -available, high-resolution, accurate diagnoses
and forecasts of aircraft icing conditions. This work is
funded by the FAA's Aviation Weather Research Program.
FY2007 Accomplishments:
An upgraded version of the Current Icing Product (CIP)
depicting icing severity has been thoroughly evaluated and
cleared for unrestricted operational use by all aviation
decision makers. This designation opens the door for
vendors to include it in their product suites for in-cockpit use
by pilots. CIP is the first product developed by the FAA’s
Aviation Weather Research Program to receive this
designation.
Progress was made in improving the microphysical
parameterizations within the MM5, Rapid Update Cycle (RUC), and Weather Research and Forecast (WRF) models to provide better
forecasts of potentially hazardous icing conditions. In particular, a parameterization of snow density varying with crystal size has
resulted in significant improvements to our ability to model precipitation on the ground and hydrometeor content aloft.
Continued evaluation of NASA’s advanced satellite products to improve the severity product is very encouraging, pinpointing areas of
hazardous icing. Additionally, freezing drizzle detection using NEXRAD data looks feasible, and RAL scientists are now engaged in
determining how and where to implement the new detection algorithm.
FY2008 Plans:
Work will continue to move the forecast version of the icing algorithm (FIP) to operational status for the National Weather Service
and FAA. Work is underway to make the new WRF Rapid Refresh model the basis for our icing diagnosis and forecasting algorithms.
New data sets (e.g., NEXRAD 3D mosaic and advanced satellite products) will be tested for use in the Current Icing Product. Further
development of microphysical parameterizations using data sets from the ICE-L field experiment will be conducted, and a confidence
field will be created for our icing algorithms to help them become part of automated decision-making systems. Finally, we will begin
planning for North American and global versions of our icing algorithms.
Juneau Terrain-Induced Turbulence
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The Juneau, Alaska, environment is characterized by rugged
terrain and adverse weather that combine on occasion to
produce moderate to severe terrain-induced turbulence and
wind shear for flights into and out of the Juneau
International Airport. To address this problem, the FAA
tasked RAL in FY97 with the development and
implementation of a new wind hazard warning system for
the airport. Over the last ten years, RAL engineers and
scientists have built a prototype warning system that relies
on statistical correlations between wind-related parameters
observable by the system (i.e., speed, direction, shear,
variance, etc.) and the location and severity of turbulence.
Since terrain is fixed and there are distinct strong-wind
scenarios, correlations are expected between winds and
hazards. These correlations were established using the
warning system’s input measurements and hazards
measured by research aircraft during three intensive field
projects. The graphical display was designed for a variety of
users including Automated Flight Service Station specialists,
airline dispatchers, and pilots. It contains information that
depicts current alerts and conditions as well as conditions
during the past hour. The prototype warning system is used
every day by airlines and pilots flying in and out of Juneau
to assess the current turbulence hazards around the airport.
FY2007 Accomplishments:
During FY2007, the FAA evaluated options for the final
configuration of the terrain induced turbulence warning
system in Juneau. RAL supported this effort by providing
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information to the FAA about the capabilities and operation
of the prototype system. RAL also operated and maintained
the prototype warning system in Juneau to allow airlines and
pilots to assess the important and unique weather
information it provides.
FY2008 Plans:
RAL will continue to operate and maintain the warning
system to continue service for the Juneau airlines and pilots.
The FAA will complete its evaluation and decide on the final
warning system configuration in FY2008. RAL will then
complete the technology transfer of the prototype system to
the FAA in FY2008 and FY2009.
Nowcasting Technology Transfer to China and Beijing
2008 Forecast Demonstration
The research and development efforts of RAL's Convective
Weather Group are aimed at improving short-term (0 – 6
hour) thunderstorm forecasting and bridging the gap in skill
between observation-driven expert systems and numerical
weather prediction. One of the programs conducted by the
Convective Weather Group is a collaborative effort with the
Institute of Urban Meteorology (IUM) of the Beijing
Meteorological Bureau (BMB) to transfer the NCAR
AutoNowcaster (ANC) to Beijing in support of China's role as
host of the 2008 Summer Olympics. As part of this multiyear project, scientists from NCAR and the BMB are studying
the local characteristics of thunderstorm initiation and
evolution to modify and tune the ANC algorithms for optimal
performance in the Beijing area. Efforts are also underway
to train the IUM staff on thunderstorm nowcasting
techniques and the use of the ANC.

Sheep Mountain Anemometer Site in February 2007.
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FY2007 Accomplishments:
The last component of ANC, the software for satellite
applications, has been installed in Beijing and the Chinese
satellite data were ingested to ANC. Training of the IUM staff
took place on the use of satellite applications and ANC in
general. The ANC system that is running at BMB was named
BJ-ANC. It includes the Variational Doppler Radar
Assimilation System (VDRAS) which retrieves and
assimilates boundary-layer winds and thermodynamics from
Doppler radar, surface stations, and sounding data. The BJANC has been demonstrated during the summer 2007 along
with a number of other nowcasting systems including NCAR’s
Niwot (a system that blends nowcasting and numerical
weather prediction techniques) to prepare for the WMOsponsored forecasting demonstration during the Beijing 2008
Summer Olympics.
Several severe storm cases that were documented during
the past summers were studied to examine Beijing
convective weather characteristic and forecast challenges. It VDRAS vertical velocity field (color) and wind vectors at 0714 UTC, Aug. 1,
2006. The black contours are the observed 30 dBZ reflectivity at 0846 UTC.
was found that the storms had various initiation mechanisms The vertical velocity field shows a clear updraft maximum near the Beijing Cand terrain forcing played a critical role. VDRAS analyses of
band radar (marked as BJRC) 1 hour and 32 min before the 30 dBZ convective
cell appears.
these cases revealed convergence and humidity features
that existed a few hours before storm initiation in the
regions of metropolitan Beijing districts. These features will be further examined and analyzed to investigate their connections to
storm initiation forecasting. Fig. 1 shows an example of how the analyzed updraft correlates to the location of storm initiation. The
cold pool and gust front characteristics and their contribution to storm development are also studied.
FY2008 Plans:
NCAR scientists will participate in the summer 2008 forecasting demonstration project before and during the Olympics in Beijing.
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Further training of the BMB forecasters on nowcasting techniques will be conducted. The results from the case studies will be written
up as journal papers.
Oceanic Weather
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Convection is an aviation hazard that can produce
turbulence, icing, hail and lightning. Over the continental
United States, the aviation community is well-served by the
national Weather Surveillance Radar 1988 Doppler (WSR88D) network that gives accurate and timely detections of
the presence of hazardous convection. Over remote oceanic
regions, however, the aviation community is hampered by
the scarcity of available data that can be used to create
products that detect and warn pilots, dispatchers and air
traffic controllers of the current and future locations of
hazardous convection. Unexpected convective development
while en route can lead to costly re-routing and delays.
Transmitting this critical information into the flight deck is
difficult and further compounds the hazards faced by oceanic
flights. The long duration of oceanic flights requires
convective forecasts with longer lead times than those
required for the continental United States. Under NASA
Earth Observing System sponsorship, the Oceanic
Convection Program at the RAL is working to overcome
these limitations through the use of geostationary and polarorbiting satellite observations and global numerical model
results within an intelligent system that generates 0-2 hour
nowcasts of convection location. Collaborators in this
research include the National Center for Atmospheric
Research, the Naval Research Laboratory-Monterey (NRL),
and the Massachusetts Institute of Technology Lincoln
Laboratory (MIT LL).
FY07 Accomplishments:
This R&D effort is currently focused on the Gulf of Mexico.
Figure 1 shows an example of the cloud top height product
overlaid with the convection diagnosis oceanic (CDO)
product. The CDO has been devised using a scaled
combination of three satellite-based algorithms that define
where convection is present. The CDO is then tracked in
The cloud top height output is shown for 12 September 2007 at 2045 UTC for
time using the thunderstorm initiation, tracking and
the Gulf of Mexico domain. Overlaid onto the cloud top height in a) is output
nowcasting (TITAN) algorithm that provides the 1-hour and
from the convective diagnosis oceanic algorithm (shown in magenta) and in
both a) and b) the 1-hour nowcasts of convection location are indicated by the
2-hour nowcasts of storm location, indicated by the red
red polygons with storm motion vectors.
polygons in Figures 1a and 1b. Accomplishments in FY07
include software development of ingestors for polar-orbiting
satellite data sets of the QuikSCAT near-surface winds, the sea surface temperature and soundings. The storm tracking algorithm
was refined to improve results and an updated version of the NRL cloud classification algorithm was implemented. Investigation has
commenced into characterizing the environment of regions where convection initiation has occurred.
Verification of oceanic products has been hindered by the limited number of independent data sources. However, two such data
sources do exist and are beginning to be exploited: the TRMM Precipitation Radar and the CloudSat Cloud Profiling Radar. Lincoln Lab
is taking the lead in verifying the oceanic convection products using these radar data. In addition, the oceanic convection products
are being generated over the continental United States to enable comparison of the oceanic convection products to the WSR-88D
reflectivity field.
FY08 Plans
Development of the Oceanic nowcasting system will continue. Characterization of the environment near initiating convection will be
used to devise prediction methodologies. Likewise, characterizing the environment near dissipating convection will be undertaken.
The total precipitable water global satellite field will be ingested to better define regions where convection can be sustained. The
merger of global model fields with observations will be undertaken such that the maximum amount of mesoscale detail will be
retained. Expansion into the Pacific domain is planned.
Real-Time Modeling and Data Assimilation
FY2007 Accomplishments:
RAL modelers have continued their effort to implement the
“observation-nudging”-based FDDA scheme in the Weather
and Research Forecast (WRF) model. A reliable research
version of the algorithm has been included in WRF-ARW
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version 2.2, which was released for public use in Dec. 2006,
along with utility programs for observation-data preparation
and a brief user guide. In FY07, RAL modelers focused on
improving the “observation-nudging”-based WRF RTFDDA
modeling system for real-time operations at the Army test
ranges. A robust data quality-control (QC) algorithm was
built using the WRF-VAR framework and RTFDDA real-time
cycling model outputs.
A variety of data-assimilation approaches have been
developed for WRF. Each data-assimilation approach has its
pros and cons with respect to assimilation of different kinds
of observations for weather of different scales. Therefore it is
potentially advantageous to join the schemes in a
A schematic description of E-RTFDDA system
reasonable way so that the advantages of the different
approaches can be combined. In FY07, a hybrid dataassimilation approach that is based on the RAL “observation-nudging”-FDDA, the PSU “grid-nudging”-FDDA, and the ESSL WRF3DVAR data assimilation schemes was developed. The idea is to enhance the 4DWX-RTFDDA data-assimilation capability by using
“grid-nudging” with intermittent 3D analyses produced by WRF-3DVAR. With this algorithm, the WRF-3DVAR capability that
assimilates remotely-sensed observations such as satellite radiance and radar radial winds and reflectivity can be merged with the
“observation-nudging” capability for meso- and small-scales that assimilates temperature, moisture and wind measurement from
diverse observation platforms. Results from initial tests are encouraging.
The last, but the most noteworthy, accomplishment is the development of a 4DWX-RTFDDA based mesoscale ensemble analysis and
forecast system (E-RTFDDA). E-RTFDDA extends the RTFDDA deterministic forecasting capability to probabilistic weather prediction
by executing an ensemble of RTFDDA models which sample the uncertainties in the model components. In August 2007, a 30member E-RTFDDA ensemble analysis and forecast system was run on an Army High Performance Computer Modernization Program
(HPCMP) HPC machine at the Army Dugway Proving Ground (DPG) to support the FFT07, a major sensor data fusion field campaign
which was also at DPG. The ensemble system is composed of fifteen MM5 and fifteen WRF members which sample the uncertainties
in model physics, boundary conditions, measurements, data assimilation and analysis algorithms, and model dynamics. The system is
summarized in Fig. 1. The system is considered to be one of the most advanced operational systems of its kind in the world, with its
continuous data assimilation and forecast-cycling capability, multiple scales with a 3.3 km grid fine mesh, and inclusion of multiple
ensemble perturbation schemes. It runs 4 cycles a day and produces 6-h analyses and 36 h forecasts for each cycle. The ensemble
system successfully ran through the field campaign, and continued to run afterward for longer-term system verification. The webbased probabilistic-forecast graphics products are produced and can be viewed at http://dpgingest.4dwx.org/images/ens/index.html).
FY2008 Plans
For hybrid data assimilation development, the focus will be on exploration of assimilation of satellite radiance and radar radial winds
using the hybrid scheme. Currently, studies have been undertaken with the IHOP-2002 cases to tune up the data assimilation
parameters, and the implementation of the hybrid scheme for RTFDDA operations is planned during late FY08. Aside from the
“nudging-3DVAR” hybrid development, a “VDRAS” (Variational Doppler Radar Analysis System)-“observation-nudging” hybrid
approach will also be studied. This hybrid scheme will make use of VDRAS to work as a bridge for incorporating Doppler radar radial
winds and reflectivity measurements into high-resolution WRF-RTFDDA through the “observation-nudging” mechanism.
Research will be undertaken to 1) develop and evaluate existing and new ensemble perturbation schemes, including the ensembletransform Kalman Filter approach and the ensemble adjustment Kalman Filter approach; 2) develop more experience and conduct
statistical verification relative to operational ensemble forecasting; 3) generate re-forecasts for the last three years and develop
ensemble calibration algorithms; and 4) start to investigate a 4-D EnKF scheme which makes use of “Kalman-Gain” to define the
spatial weighting factors of “observation-nudging” data assimilation.
Transitioning Advanced Satellite Observations into
Practical Applications
RAL scientists and engineers are continuing work on a
number of projects that involve the acquisition and
application of meteorological satellite data to enhance
understanding of atmospheric processes and applications.
Much of this work is being supported by NASA, through the
Advanced Satellite Aviation Weather Products (ASAP)
initiative and through a system of competitive grants
awarded by NASA’s Applied Sciences Program. The goal of
ASAP is to enhance the transition of new and existing
satellite information and products into operational products
by collaborating with the FAA’s Aviation Weather Research
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Program (AWRP) Research Teams (RT), many of which are
based at NCAR. This effort is specifically addressing hazards
such as in-flight icing, convective weather, turbulence
(clear-air and cloud-induced), and the monitoring of weather
in the data-sparse areas over oceans. RAL’s role in ASAP is
to coordinate the contributions from the participating
universities and laboratories with the needs and
requirements of the FAA’s aviation weather Research Teams
and to evaluate the accuracy and usefulness of these
advanced satellite products. This program is described in an
article team members published in the October 2007 issue of
the Bulletin of the American Meteorological Society.
FY2007 Accomplishments
During 2007 the In-Flight Icing RT continued testing
satellite-based cloud microphysical products produced by
NASA Langley for possible incorporation into operational
icing products such as the Current Icing Product (CIP). RAL
scientists worked with scientists from the University of
Alabama Huntsville (UAH) and the University of Wisconsin’s
Cooperative Institute for Meteorological Satellite Studies
(UW/CIMSS) to test the utility of satellite-based, highresolution, early cloud imagery for identifying favorable
areas for convective development capable of growing into
hazardous storms and to identify cloudy and clear-air features that may help identify areas of strong turbulence.
Three new, NASA-funded projects got underway during FY07. Each is aimed at enhancing the use of NASA Earth Science data sets in
decision support systems targeting areas of national need. These projects, include studies of oceanic aviation weather hazards (in
collaboration with scientists at the Navy Research Laboratory Monterey and MIT/Lincoln Laboratory); aircraft avoidance of
convectively-induced turbulence due to thunderstorms (in collaboration with scientists at UAH and UW/CIMSS); and improved
monitoring and forecasting of soil moisture and temperature for agriculture (in collaboration with DTN/Meteorlogix).
As a spin-off of this effort to make better use of satellite observations for practical applications, RAL Project Scientist David Johnson
has proposed a method for enhancing satellite imagery for enhanced resolution near the edges of the image area. During FY07 UCAR
submitted a patent application for this hardware-based enhancement device.
FY2008 Plans:
The RAL NASA ASAP effort will continue during 2008 with a gradual transition of the new satellite products into operational use
through collaborations with the FAA aviation weather Research Teams.
Turbulence Research and Development
Encounters with turbulence pose significant safety, efficiency
and workload issues for commercial and general aviation.
The number of pilot-reported encounters with turbulence is
substantial, with moderate-or-greater turbulence pilot
reports averaging about 65,000/year and severe-or-greater
reports averaging about 5,500/year. More often than not,
pilots will try to avoid or exit turbulent air, so turbulence
significantly impacts national airspace (NAS) efficiency and
air traffic controller workload. Fortunately, not every
significant encounter with turbulence results in an injury;
nevertheless, according to NTSB numbers, each year
turbulence accounts for approximately 71% of all weatherrelated accidents and incidents. The cost to U.S. airlines due
to injuries (medical attention and liability suits), cabin and
aircraft damage, flight delays, and time lost to inspection
and maintenance is substantial, with estimates in the $150$500 million/year range. In order to help reduce the
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number and severity of turbulence encounters and the
impact of turbulence on the NAS, RAL scientists are working

overlaid on contours of the Graphical Turbulence Guidance (GTG) turbulence
forecast product.

on improving the detection and forecasting of turbulence and
providing operationally useful products directly to users and will supply input for the automated decision support systems planned for
the Next Generation Air Transportation System.
Aviation turbulence R&D at RAL is funded primarily through the FAA’s Aviation Weather Research Program and is augmented by
NASA’s Advanced Satellite Aviation-weather Products (ASAP) program and the Boeing Corporation.
FY2007 Accomplishments:
A new turbulence detection and on-board quality control algorithm was developed. The software has been provided to
Southwest and Delta Airlines for deployment by the end of CY07.
The NEXRAD Turbulence Detection Algorithm (NTDA) was implemented and tested in collaboration with the FAA’s Advanced
Weather Radar Techniques team, and the software was delivered to the NWS for deployment on all NEXRADs.
A real-time demonstration of the NTDA was expanded to use data from 83 NEXRADs east of the Rockies. A 3-D graphical
product was made available to meteorologists and dispatchers via a web-based Java display, and a customized text-based
graphic of in-cloud turbulence ahead was uplinked to select United Airlines aircraft.
The Graphical Turbulence Guidance-2 (GTG2) algorithm continues to progress toward Aviation Weather Technology Transfer
(AWTT) Board approval for operational status, which is expected in early 2008. Experimental product displays are available
on the Experimental ADDS web site.
A prototype GTG-Nowcasting system was developed and implemented in RAL.
A comprehensive study regarding the use of airborne GPS receivers to measure turbulence was performed and delivered to
the Boeing Corporation.
FY2008 Plans:
Work will be concentrated in the following areas:
In situ measurements: Verification of the edr measurements against pireps will continue, and ICAO documentation on the algorithm
will be completed. Fleet-wide implementation of the winds-based edr algorithm on approximately 280 Southwest Airlines planes will
be completed. Further, implementation of the algorithm on 140 Northwest Airlines planes will begin. We are also in discussion with
other airlines, both national and international, about implementation on their respective fleets.
Remote sensing observations: NTDA-1 will be implemented on all NWS NEXRADs in summer 2008. Work on the next generation
algorithm, NTDA-2, will commence to accommodate upcoming scheduled NEXRAD upgrades, e.g. phase coding, dual-polarization,
super-resolution, new volume coverage patterns, and a possible new spectrum width estimator. This will provide improved coverage,
particularly at lower altitudes. NTDA uplink demonstrations are expected to continue. R&D on a CIT diagnosis model will continue,
using empirical relationships and conceptual models based on NWP model, satellite, lightning, NTDA EDR, etc., which will eventually
become part of GTG-N.
Nowcasting/forecasting: GTG2 should become "operational" and available on the ADDS web site in early CY08. This product produces
forecasts of clear-air turbulence sources out to 12 hours, updated hourly. Preliminary testing of the next version, GTG3, will
commence next year. This version will provide probabilistic forecasts, will use all available in situ reports, and will include explicit
mountain wave turbulence diagnostics. Work will continue on the nowcast product (GTG-N) which combines all observations of
turbulence (including NTDA-2, in situ, PIREPs, and satellite-based diagnostics) with GTG3 analyses to produce a probabilistic
nowcast, updated at 15 min. intervals.
Weather Integration with Air Traffic Management
Weather, especially convective storms, continues to exert a
disruptive influence on aviation, both in the terminal area
and en-route air traffic flow. Aviation users need 0 – 6 hour
forecasts that provide not only details about the likely
weather outcome, but also information about storm
structure, intensity, and organization, and associated
forecast uncertainty. This emphasizes the need for shortrange (0 – 2 days), high-resolution (<10 km spatial
resolution) ensemble weather forecasting systems.
Optimization of air traffic management, especially under
future scenarios of anticipated much increased demand,
requires automated decision support tools that integrate
probabilistic weather information to estimate airspace
capacity and provide guidance for managing air traffic flows
under consideration of the associated prediction
uncertainties. Under NASA sponsorship, RAL is defining and
refining new concepts of how probabilistic weather forecasts
can be tailored for aviation needs and integrated with
automated decision support tools.

http://ral.ucar.edu/lar/2007/goal_2/priority_2.php[7/6/2015 3:18:40 PM]

back to top

RAL Annual Report: 2007

FY07 Accomplishments

Probabilistic scenario forecast concept

A detailed report has been compiled that reviews short-term
weather forecasting techniques, from the perspective of both observation-driven expert nowcasting and numerical weather prediction
systems. Emphasis has been placed on numerical ensemble forecasting procedures that will become highly valuable for aviation
users. Moreover, a novel approach of how ensemble weather forecasts in the not-too-distant future may be analyzed from an
aviation point of view and packaged for integration with automated air traffic management decision support tools has been presented
(see figure below). This new approach draws upon recent experience gained with probabilistic convective scenario forecasts. The
focus of the report has been on convective storms primarily because of their disruptive influence on air traffic flows. However, the
concepts developed there may be applicable to other en-route weather hazards, such as turbulence and icing, as well.
FY08 Plans
The new concepts developed during the FY07 will be further refined and feasibility analyses conducted. In particular, use will be
made of high-resolution ensemble model simulations to create probabilistic weather forecasts with a specific tailoring from an aviation
perspective.
Winter Weather Research and Development
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Winter weather research and development at RAL has
focused on developing a real-time nowcasting system called the Weather Support to Deicing Decision Making (WSDDM) system.
Recent additions to the system included the Check Time system, and a high resolution winter weather modeling system using radar
data assimilation. “Check Time” is a UCAR patented technology for ground deicing that provides users with an aircraft independent
wall clock time that indicates when an applied aircraft deicing fluid is close to failure based on the current minute by minute snowfall
rate and temperature. A snow Check Time system was developed in previous years and tested at Denver International Airport and
shown to provide value to users. An All-Weather Check Time system was developed last year and adds three new sensors: Vaisala
PWD-11 precipitation type sensor, Rosemount Freezing Rain sensor, and a GEONOR snowgauge. The addition of these three sensors
allows the system to provide Check Times for all precipitation types (including ice pellets, snow pellets, freezing rain and drizzle).   
FY2007 Accomplishments:
The key accomplishment for FY07 was the development of a Liquid Water Equivalent (LWE) real-time system consisting of a GEONOR
snowgauge, a hotplate snowgauge, a WXT weather, and a precipitation type sensor. The motivation for this development is the need
for real-time liquid equivalent snowfall rates for use in holdover time determination. Data were collected at the Marshall test site for
this purpose and provided to the FAA for approval. The evaluation and approval process is ongoing. We also successfully
demonstrated the ability of the RAL-developed snowmachine to perform deicing fluid testing at temperature close to 0 ºC for a
variety of deicing fluids, a temperature range in which testing has proven difficult in the past.
FY2008 Plans:
The main focus for FY08 will be the demonstration of the LWE system at four sites: Pittsburgh International, Chicago O’Hare, Denver
International, and Minneapolis/St. Paul airports. Data from the LWE system will be provided to airlines, pilots and deicing users via a
web site and radio broadcast. The FAA will evaluate the results of the demonstration and provide final approval to use the system
operationally.   The data from the Marshall site will also be used in this evaluation. Vaisala will develop a commercial version of the
system that will be made available to users after FAA approval. A diagram of the LWE system is given below.
Zero to Six Hour Storm Forecasting
High-resolution data assimilation and numerical modeling
are critical elements in the effort to improve short-term (0-6
h) forecasts of convective storms. Radar data assimilation
using advanced techniques allows a model to start up with
initial conditions that account for the presence of existing
storms and can result in significant improvement in the
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timing and location of forecasting convective storms. At
RAL’s Convective Weather Group our modeling efforts
emphasize the assimilation of radar reflectivity and radial
velocity level II data from operational network into highresolution cloud-resolving models. Two data assimilation
systems have been developed and continue to be improved.
One is reflectivity nudging using Real-Time FourDimensional Data Assimilation (RTFDDA), and the other is a
4D-Var based Doppler radar retrieval system known as
VDRAS. These two systems are used both for research and
real-time demonstrations.

Comparison of two 3 hour forecasts, one without reflectivity nudging (middle
panel) and the other with reflectivity nudging (right panel), of a storm occurred
near Chicago on July 8, 2006. The Stage IV precipitation analysis is shown on
the left for verification.

FY2007 Accomplishments:
Several cases documented during the FAA-supported summer 2006 forecasting demonstration period in the Indiana/Illinois domain
have been rerun to evaluate the impact of reflectivity nudging on forecast improvement of convective events. Fig. 1 compares 3-hour
forecasts with and without the reflectivity nudging. Recently, we have started to migrate the reflectivity nudging scheme from a MM5
modeling system to the WRF model, version 2.2. The mosaic reflectivity data ingest module has been adapted to WRF already. The
reflectivity and latent heating nudging algorithms are now made compatible with the WRF modeling infrastructure.
In an effort to improve the computational efficiency of VDRAS, the code has been modified to enable a MPI parallelization capability.
Tests on SCD’s Linux Cluster computer showed that the parallelization was successful. A scheme for radial velocity dealiasing that
uses VDRAS analysis as reference wind was developed and showed improvement over using radiosonde observations. Additionally,
exploratory analyses reveal that it might be beneficial to couple the RTFDDA and VDRAS data assimilation systems to improve
temperature and wind fields around convective storms. This would be accomplished through an iterative process in which the initial
RTFDDA analysis is used as background field for the VDRAS wind and thermodynamic retrieval, which then are ingested into the
RTFDDA assimilation cycle.
FY2008 Plans:
Plans call for running the 3km WRF reflectivity nudging in real-time next summer in a domain covering the northeastern United
States. Tests will be conducted with the 3km WRF domain initialization using different model analyses, including the RUC 13 km
analysis in collaboration with NOAA/GSD scientists. Work will continue on code development and testing of the WRF-based reflectivity
nudging. Also, the assimilation of VDRAS wind into the RTFDDA will be further evaluated.
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NCAR STRATEGIC PRIORITY: BUILDING NEW CONNECTIONS WITH RESEARCHERS IN DEVELOPING
NATIONS
Building Capacity in Developing Countries
RAL has led three recent projects focused on West Africa and the Sahel: 1) improvement of a modest radar network and datadistribution system within Burkina Faso and Mali; 2) development of a partnership among UCAR, the Ghana Meteorological Agency,
and the Ghana university community to develop an operational Weather Research and Forecasting (WRF) model for West Africa; and
3) conduct of a recent workshop in Ouagadougou, Burkina Faso from April 2-6, 2007, for which the theme was “Improving Lives by
Understanding Weather” (http://www.africa.ucar.edu/sahelconference.html). These activities are summarized below.
FY2007 Accomplishments:
Work has begun to develop an operational network of
weather radars in West Africa, beginning with Burkina Faso,
Mali, and Senegal. In all three countries, existing (and
sometimes non-operational) radars are being rehabilitated
and upgraded with simple personal-computer-based
software systems that allow the radars to be controlled and
maintained with only minimal engineering support. In
addition, two of the radars are using Unidata software,
developed at UCAR, to deliver operational data through a
web interface. Finally, Mali and Burkina Faso have signed an
MOU pledging to share radar data with each other, using the
same Unidata software. Figure 1 shows the coverage of
some of the radars. More information about the radar
project in West Africa can be found at
http://www.rap.ucar.edu/projects/westafrica/radar.html.
Currently, only a few African countries are running
mesoscale models operationally. Most of these models,
however, were developed for research, or have not been
adapted for African weather. Also, many of the mesoscale
models are proprietary, and this makes it difficult to “tune”
them to accurately represent local phenomena or customize
their output according to local users’ needs. Through the
African Initiative we are adapting the WRF model to better
meet local and regional needs. WRF offers a variety of
advantages: it is available free of charge over the web; it
can be used for weather and climate research as well as
operational forecasting; it can be run at very high
resolutions; it possesses numerous physics options; it has a
vigorous community of users whose members share ideas
and solutions to problems; it is technically supported at
NCAR; and formal training is available for new users. Most
importantly, it is designed to be customized and adapted,
and so provides an ideal platform with which to develop a
mesoscale model for Africa. The first step is already done: a
WRF-based operational forecasting system, with the highest
resolution focused on West Africa (see Fig. 2), has been
established. As a second step, operational forecasters in
Ghana and surrounding countries are providing input about
forecast strengths and weaknesses, and improvements are
being made.

Figure 1. West Africa weather-radar coverage (circles). See text for details.

Figure 2. WRF forecast domains for the operational modeling system, with
example forecast products on the two inner grids. The grid increments on D1,
D2, and D3 are 40.5, 13.5 and 4.5 km, respectively. The forecasts are 48 in
duration on D1 and D2, and 36 h on D3.

The “Improving Lives by Understanding Weather”
conference, held in Ouagadougou, Burkina Faso on 2-6 April
2007, sponsored by Programme Saaga in Burkina Faso, the
Meteorological Services in Mali and Burkina Faso, and the UCAR AI, was attended by over 80 participants from 18 countries. The main
purpose of the conference was to explore ways to increase the value and use of meteorological data and models for the economic
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and societal beneﬁt of countries in the Sahel. A second purpose was to bring together researchers, government ministers, operational
forecasters, and university professors from across the Sahel to outline common problems and potential projects. Finally, the
conference provided a means for UCAR to begin to fulfill the AI’s ideal of “African solutions to African problems,” by learning about
the context of African meteorological activity. A summary of the conference can be found at
http://www.africa.ucar.edu/sahelconference.html.
Long-Term Plans:
MOUs have been signed between UCAR and Burkina Faso, Ghana, and Senegal which look to a variety of cooperative meteorological
and hydrological activities in the future.   Task order agreements are currently being negotiated with both Burkina Faso and Senegal
to begin small radar upgrade and training programs. The long-range goal in numerical weather prediction is to develop capacity in
Africa, such that WRF is running operationally in Africa, is maintained by Africans, and is being adapted by Africans to meet their
specific needs.
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