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Director's Message

Dear Colleagues:

I am very pleased to present to you this Web-based 2003 Annual Scientific
Report for the National Center for Atmospheric Research. We continue to make
great strides in the implementation of our strategic plan
(http://www.ncar.ucar.edu/stratplan/plan.pdf), with progress on basic research in
the atmospheric and related sciences, supercomputing and cyberinfrastructure,
HIAPER and other observing facilities, field campaigns and workshops, and large-
scope community models. This past year, our startup programs in
Biogeosciences, Water Cycle, Wildland Fire, Geographic Information Systems,
Data Assimilation, and other strategic initiatives, have made significant progress,
fostering new collaborations with our university colleagues. Our education and
outreach programs are quickly expanding, with exciting programs for educators,
students, and the public. All of our work is designed to link with and extend the
capabilities of the university research community. This report provides detailed

summaries of these and many more of our activities.

A new feature of this year's report is an Executive Summary from each division. Reading these will provide
you with an overview of divisional work which can be expanded with just a click of the mouse, taking you the
body of the report where you will find the details of the work.

Facilities and Community Support

Supercomputing

The Scientific Computing Division's Advanced Computing Research System (ARCS) saw major advances
this year, with the addition of a completely new supercomputer, "bluesky". On its arrival, bluesky was ranked
in the top ten of supercomputers worldwide and immediately doubled the Community and Climate Simulation
Laboratory computing resources. While these statistics are gratifying in themselves, I was even more
pleased to see how quickly bluesky came on line and was made available as a significant new computational
resource for the community. NCAR prides itself on providing full-service, end-to-end, robust computing
environments for the atmospheric and geosciences community.

NCAR also held an important community workshop focused on the cyberinfrastructure needs for NSF-
sponsored environmental research and education. On our cyberinfrastructure Web site
(http://www.ncar.ucar.edu/cyber/index.htm) you will find a copy of the workshop report.

HIAPER

We continue to make progress, on schedule and within budget, in the acquisition of the High-Performance
Instrumented Airborne Platform for Environmental Research (HIAPER). During the year, we completed a
number of critical design reviews and successfully finished building and testing the airframe. HIAPER is now
being structurally modified for scientific use. Community working groups continue to set specifications and
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develop instrumentation for future scientific flights. The aircraft is scheduled for delivery on time next
November, with the first scientific flights planned for June 2005.

BAMEX

One of the most complex observational campaigns conducted this year was BAMEX - the Bow Echo and
Mesoscale Convective Vortex Experiment - which involved collaborators from 12 universities, mobile ground
systems, and several aircraft. BAMEX was focused on improving our understanding some of the most
dynamic and severe weather systems in nature. The field campaign also provided an opportunity to perform
convective-resolving real-time forecasts using the Weather Research and Forecast (WRF) model in support
of field operations. Initial findings include observations of a wealth of vortices on many scales, upscale
growth of vortices, and deep rear-inflow layers in severe mesoscale convective systems.

Forum with UCAR Member Universities Junior Faculty

In 2003, NCAR sponsored the first Junior Faculty Forum on Future Scientific Directions. This three-day event
brought together 39 junior faculty members (representing approximately 10% of the junior faculty in
geosciences) and 23 NCAR early career scientists. We were thrilled with the enthusiastic participation and
look forward to hosting another such forum in 2004 to promote scientific discussions and encourage the
development of professional relationships between members of the NCAR Early Career Scientist Assembly
and UCAR institutions.

Education and Outreach

Among our education and outreach efforts, we are particularly proud of the second Undergraduate
Leadership Workshop and the two-week Geoscience Educators' Workshop, designed for K-12 master
teachers. We also hosted many hundreds of scientific visitors and opened a new exhibit on climate change
at the Mesa Laboratory.

Progress on Community Models

We are about to release a new version of the Community Climate System Model (CCSM-3) after more than
two years of preparation involving many NCAR and community scientists. CCSM-3 will be used for
production runs in support of the United Nations Intergovernmental Panel on Climate Change (IPCC),
starting in January 2004 . Similarly, with partners from many agencies and institutions, we have developed
and released the Weather Research and Forecast (WRF) model, which has been downloaded by more than
1,000 scientists worldwide. In June, NCAR researchers organized a workshop with university participants to
define the implementation and testing strategy for a coupled Land Surface Modeling system. This workshop
is part of a larger effort to improve prediction of the impacts of land-surface processes on regional weather,
climate, and hydrology. WRF is scheduled to become an operational model for both NOAA and the
Department of Defense in October 2004. With funding from NASA, we and our partners have released the
first version of a new Earth System Modeling Framework (ESMF), which has the potential to revolutionize
numerical simulation of climate, weather, and space weather by providing a common modeling infrastructure
designed for code reuse and extensive interoperability of software components.

This year researchers completed Version 1b of the Whole Atmosphere Community Climate Model
(WACCM1b). This is a non-interactive version of WACCM, whose dynamical outputs can be used to drive
the Model for Ozone and Related Chemical Tracers (MOZART-3) off-line chemical model. Researchers are
moving forward with testing of WACCM2, a fully interactive model that incorporates MOZART-3 chemistry
mechanism and other components. WACCM2 will be used to investigate problems where coupling between
chemistry and dynamics is important, such as the response of the winter stratosphere to ozone depletion,
the effects of increasing greenhouse gases, and the response to solar variability over the 11-year solar
cycle. Eventually, WACCM will be used as an atmosphere component in future versions of CCSM.

Scientific Research

Resolution of Tropical Ozone Paradox

Researchers in our Atmospheric Chemistry Division have investigated the effect of biomass burning on
tropical chemistry, using remote and in-situ measurements to help explain the observed tropospheric ozone
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distribution over the Atlantic. Specifically, in this careful investigation, they have resolved the tropical ozone
paradox by a careful integration of satellite observations of CO and other species with air trajectory
calculations and chemical transport models. They conclude that more low-atmospheric ozone over the
tropical Atlantic develops as a result of lightning than of agricultural or fossil fuel burning.

Early Warning Systems Workshop

Following the destruction of the World Trade Center on September 11, 2001, there has been significantly
increased interest in effective disaster warning systems. Our Environmental and Societal Impacts Group held
an innovative workshop on "Early Warning Systems: Do's and Don'ts". The workshop brought together
participants from 12 nations to examine ways to improve the theory and practice of designing and
implementing warning systems. The mobility of people and products in today's global economy was a central
theme of the recommendations. Future warning systems will require "thinking globally, acting locally and
globally." We look forward to the final workshop report in FY 2004.

I hope you visit this Web report to learn more about NCAR's contributions to areas of your research interests
as well as other aspects of our program.

Tim Killeen
NCAR Director

-Top of Page-
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Director's Message

William (Al) Cooper, Director

ASP’s role and mission as an integrator within NCAR, brings together the most talented of
early career scientists who can be mentored by more senior divisional scientists. This
permits the exchange of ideas and fosters mutual educations. ASP functions as a natural
catalyst for spurring multi-disciplinary research activities capable of crossing the science
and service boundaries of divisions and programs. In turn, many of these young scientists
return to the atmospheric sciences community and strengthen ties between our national
center and the universities. They are also invited to attend regular seminars and
workshops including the Early Career Scientists Assembly annual forum on future
scientific directions. Several of ASP’s projects direct attention to timely scientific areas
needing special emphasis and promote continuing education of topics in atmospheric
science.

The most important component of our program is the postdoctoral fellowship program,
which has been a part of NCAR for thirty-nine years and has brought over 400
postdoctoral scientists to NCAR. Each year between 10 and 15 new postdoctoral
scientists come to NCAR, usually for two-year appointments. They conduct their research
in collaboration with NCAR scientists and work in all areas in which NCAR is involved.
NCAR benefits from continuous contact with some of the brightest and most promising
young scientists in our field and from the lasting associations that result. The postdoctoral
scientists benefit from the opportunity to work with NCAR scientists, from exposure to the
breadth of science at NCAR, and from the independence they are encouraged to develop.
Many former fellows now occupy prominent positions at UCAR universities or at NCAR,
and many present collaborations between NCAR and university scientists derive from
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associations that developed in the postdoctoral program.

The ASP also promotes the examination of research areas that merit special emphasis,
either because they are particularly timely or because they seem under-emphasized
relative to their importance. This is accomplished primarily by convening workshops and
supporting appropriate visitors. As part of this effort, ASP hosts an annual summertime
colloquium that brings graduate students to NCAR for an intensive set of lectures
presented by selected scientists from within and outside NCAR. Last summer the topic
was "Data Assimilation" organized by Jeff Anderson (NOAA/GFDL), Chris Snyder (MMM)
and Jenny Sun (MMM).

Another function of the ASP is to promote new science initiatives and programs that do
not have a natural home in any one of the NCAR divisions. The Geophysical Turbulence
Program seeks to represent interests in turbulence throughout NCAR. This very active
program normally hosts two annual workshops, sponsors a seminar series, and in other
ways helps coordinate and promote turbulence research at NCAR. We are also the
administrative home for the NCAR Scientist Assembly and the Early Career Scientist
Assembly (ECSA). In FY 2003 the ECSA hosted the first national Junior Faculty Forum on
Future Scientific Directions. Finally, ASP supports the NCAR Aerosol Program in its
interdivisional effort to serve the diverse community of aerosol researchers at NCAR and
in the research community by initiating activities that improve communication and promote
collaborative research through a Research Discussion series under the leadership of Jim
Smith (ACD), current chair.

The ASP also includes: the NCAR Graduate Fellowship Program, which provides a few
opportunities for graduate students to conduct Ph.D. research projects at NCAR in
collaboration with NCAR scientists; some Senior Research Associates; and several
seminar series including the NCAR-wide "Showcase Seminars" that highlight significant
advances at NCAR and the "Thompson Lectures" that bring prominent scientists to NCAR
to interact with the postdoctoral fellows.

For more information on the ASP mission and plans, see the ASP Strategic Plan.
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Staff, Visitors & Collaborators

Staff

Scott Briggs
William A. Cooper (75%)
Garth D’Attilo (25%)
Aime Fournier (GTP from 1 August 2003)
Barbara Hansford
Judy Miller
Annick Pouquet (GTP)
Ryan Prescott
Duane Rosenberg (GTP)
Wilfred Thompson (GTP from 15 September 2003)

Senior Research Associates

Guy Brasseur (ACD)
Hans Friedli (ACD)
John Latham (MMM)
Jerry Mahlman (DIR/ESIG)
Lawrence Radke (ACD)

NCAR Graduate Fellows

Judith Berner (CGD); University of Bonn; weather regimes and transitions in observations
and models.
Amanda Cox (MMM); University of Colorado; remote sensing, particularly in the
microwave frequencies with current research emphasis on microwave radiometer
calibration.
Matthew Dunn (ACD); University of Colorado; measurements of chemical composition of
ultra-fine aerosols.
So-Young Ha (COSMIC); Seoul National University, Korea; MM5 4DVAR of Ground-
based GPS water vapor observations.

Postdoctoral Fellows

Caspar Ammann (CGD); University of Massachusetts; Paleoclimatology; climate
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reconstruction; climate modeling; external forcing; climate change.
David Baker (CGD); Princeton University; carbon cycle research, carbon dioxide flux
inversion estimates, data assimilation.
Jadwiga Beres (ACD/CGD/HAO); University of Washington; gravity waves, educational
outreach.
Judith Berner (CGD); University of Bonn; Stochastic parameterization of subgrid-scale
processes
George Bryan (MMM); Pennsylvania State University; Storm and cloud dynamics
Kirsten Butcher (DLESE); University of Colorado; scientific visualization/multimedia
learning.
Huaqing Cai (ATD); University of California, Los Angeles; convection initiation.
Richard Cullather (CGD); University of Colorado; climate variability.
David Dowell (MMM); University of Oklahoma; severe thunderstorms; thermodynamic
retrievals; data assimilation.
Ian Faloona (ACD); Pennsylvania State University; atmospheric oxidation processes;
influence of atmospheric dynamics on chemistry.
Alessandra Giannini (CGD); Columbia University; seasonal predictability of rainfall in the
tropical Atlantic basin and its applications, and mechanisms for ENSO teleconnections to
remote ocean basins.
David Gochis (RAP); University of Arizona; Topographic circulations; hydrometeorological
modeling; regional climate dynamics: water law.
Joshua Hacker (MMM/CGD); University of British Columbia; Mesoscale predictability and
regional modeling.
Jennifer Hand (CGD); Colorado State University; Radiative effects of atmospheric
aerosols.
Jan Kazil (HAO); University of Bern; atmospheric ions and ion-induced nucleation
Todd Lane (RAP); Monash University; high resolution mesoscale modeling of convection,
gravity wave generation, and cloud-induced turbulence.
Kimberly Mace (ACD); Texas A & M University; atmospheric organic nitrogen in aerosols
& rainwater; nitrogen flux; antropogenic influence on the global nitrogen cycle;
relationships of biochemical nitrogen cycling & climate.
Jennifer Mangan (DLESE); University of Colorado; science education.
Shane Mayor (ATD); University of Wisconsin; lidar development and application of lidars
to boundary layer meteorology including large-eddy simulation.
Mark Miesch (HAO); University of Cambridge; solar and stellar convection, turbulence,
shear flows, numerical modeling, and star formation.
Katharine Moore (ACD); Colorado State University; Laboratory and field investigations of
heterogeneous and multi-phase atmospheric chemistry (particularly cloud and
nanoparticle composition).
Carrie Morrill (CGD); University of Arizona; Holocene climate variability, paleoclimate
modeling.
Sreela Nandi (ACD); University of Colorado;
Aimee Norton (HAO); Stanford University; observations of solar magnetic fields and
energy transport in solar atmosphere.
Sungsu Park (CGD); University of Washington; Marine Boundary Layer clouds.
Gabrielle Petron (ACD); University Paris 6, France; inverse modeling and data
assimilation in the context of tropospheric chemistry.
Riwal Plougonven (MMM); University of Pierre and Marie Curie, Paris, France; wave-
vortex interactions.
Mark Potosnak (ACD); Columbia University; Biogenic hydrocarbon emissions and the
atmosphere.
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Matthias Rempel (HAO); Max Planck Institute for Aeronomy; Convective overshoot and
stability of toroidal magnetic field at the base of the solar convection zone.
Hatim Sharif (RAP); University of Connecticut; Precipitation observation and estimation,
runoff modeling, land surface modeling.
Shui Bin (ESIG); Carnegie Mellon University; Consumer environmental impact
assessment
Craig Stroud (ACD); University of Colorado; tropospheric photochemistry: understanding
the formation of ozone and organic aerosol.
Jai Sukhatme (GTP); University of Chicago; passive scalar mixing.
Wen-Wen Tung (MMM); UCLA; Cloud systems and clouds in climate diagnosis.
Eugene Wahl (ESIG); University of Minnesota; Climate Data/Model Comparisons;
reconstruction of past environmental change; environmental ethics.
Emma Woodfield (HAO); Leicester University, UK, the solar-terrestrial interaction;
magnetosphere-ionosphere coupling.
Qinghong Zhang (MMM); Peking University; MM5 3DVAR of hurricane simulation and
space-based lidar OSSE.

ASP Visitors & Collaborators

Susan Avery, University of Colorado
Eric Betterton, University of Arizona
Craig Bohren, Pennsylvania State University
Marie Lothon, Lab d' Aerologie of Toulouse, France
Sonia Lasher-Trapp; Texas A&M University
Terry Onsager, National Oceanic and Atmospheric Administration
David Randall, Colorado State University
Steve Rutledge, Colorado State University
Donald Stedman, University of Denver
Michael Wallace, University of Washington

ASP Summer Colloquium

Data Assimilation for Atmospheric and Climate System Prediction

Coordinators:
Jeff Anderson; NOAA/GFDL and NCAR/CGD
Chris Snyder; NCAR, MMM
Jenny Sun; NCAR/MMM

Lecturers:
Jeffrey Anderson; NOAA/GFDL and NCAR/CGD
Al Cooper; NCAR/ASP
Dick Dee; Science Applications International Corp.
John Derber; National Oceanic & Atmospheric Administration (NOAA)
Mike Fisher; European Centre for Medium-Range Weather Forecasts
Jim Hansen; Massachusetts Institute of Technology (MIT)
Peter Houtekamer; Meteorological Service of Canada
Boris Khattatov; NCAR/ACD
Bill Kuo; NCAR/MMM
Doug Nychka; NCAR/CGD
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Jim Purser; NOAA
Tom Schlatter; NOAA
Chris Snyder; NCAR/MMM
Jenny Sun; NCAR/MMM
Oliver Talagrand; Lab de Meteorologie Dynamique Ecole Normale Superieure, France
Joseph Tribbia; NCAR/CGD
Xiaolei Zou; Florida State University
Milija Zupanski; Colorado State University

Participants:
Altug Aksoy; Texas A&M University
Jennifer Abernethy; University of Colorado
David Baker; NCAR/CGD
Tianfeng Chai; University of Iowa
Te-lin Chung; National Taiwan University
Chantal Cote; Canadian Meteorological Centre
Steven Decker; University of Wisconsin
Sebastien Dirren; Atmospheric Science ETH, Switzerland
Changming Dong; Princeton University
Jugal Ghorai; University of Wisconsin-Milwaukee
Rohit Gupta; University of Minnesota-Twin Cities
So-Young Ha; NCAR/COSMIC
Remus Hanea; Delft University of Technology, Netherlands
Bjarne Hansen; Meteorological Service of Canada
Shu-peng Ho; NCAR/ACD
Katherine La Casse; University of Wisconsin
William Lewis; University of Wisconsin
Chung-yi Lin; National Taiwan University
John Lin; Harvard University
Oleg Logoutov; Harvard University
Christain Mitrescu; Colorado State University
Jon Moskaitis; MIT
David Myrick; University of Utah
Derek Posselt; Colorado State University
Glen Romine; University of Illinois; Urbana-Champaign
Natalie Rooney; NCAR/HAO
Krishnaraj Santhanam; Saint Louis University
Courtenay Strong; University of Virginia
Jerry Tjiputra; University of Wisconsin-Madison
Ryan Torn; University of Washington
Hsiao-chung Tsai; National Taiwan University
Jun Wang; University of Alabama-Huntsville
Junjie Xia; University of Illinois, Urbana-Champaign
Shu-Chih Yang; University of Maryland
Peng Yu; Florida State University
Yongxin Zhang; University of Hawaii at Manoa

Early Career Scientists Assembly

Junior Faculty Forum for Future Scientific Directions
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Bruce Anderson; Boston University
Rick Anthes; UCAR
Ana Barros; Harvard University
Mary Barth; NCAR/ACD
Kate Beierle; NCAR/ATD
Judith Berner; NCAR/ASP
John Braun; UCAR/GST
Yang Quan Chen; Utah State University
Will Cantrell; Michigan Technological University
Patrick Chuang; University of California, Santa Cruz
Don Collins; Texas A&M University
Al Cooper; NCAR/ASP
Gidon Eshel; University of Chicago
Neil Fox; University of Missouri-Columbia
Bart Geerts; University of Wyoming
Andrew Gettelman; NCAR/ACD
David Gochis; NCAR/RAP
Robert Griffin; University of New Hampshire
Joshua Hacker; NCAR/ASP
Gregory Hakim; University of Washington
Tom Hamill; University of Colorado/NOAA-CIRES/CDC
Weiqing Han; University of Colorado-PAOS
Michael Hannigan; University of Colorado
Jim Hansen; MIT
Michael Herzog; University of Michigan
Thomas Karl; NCAR/ACD
Tim Killeen; NCAR
Si-Wan Kim; NCAR/MMM
Paul Kucera; University of North Dakota
Robert Kurinski; University of Arizona
Arlene Laing; University of South Florida
Sonia Lasher-Trapp; Purdue University
Steven Lazarus; Florida Institute of Technology
Samuel Levis; NCAR/CGD
Marcy Litvak; University of Texas at Austin
Changhai Liu; NCAR/MMM
Natalie Mahowald; NCAR/CGD
Sharanya Majumdar; University of Miami
Eric Maloney; Oregon State University
Steve Margulis; UCLA
Dan Marsh; NCAR/ACD
Joe McFadden; University of Minnesota
Katharine Moore; NCAR/ACD
Rebecca Morss; NCAR/MMM
Sreela Nandi; NCAR/ACD
Eiko Nemitz; NCAR/ACD
Athanasios Nenes; Georgia Institute of Technology
Andrew Poje; College of Staten Island
Mark Potosnak; NCAR/ACD
Timothy Raymond; Bucknell University
Steven Sherwood; Yale University



Advanced Study Program - ASR 2003 - Staff & Visitors

http://www.asp.ucar.edu/asr2003/staff.html[7/6/2015 2:41:45 PM]

David Schultz; University of Oklahoma
Vitalii Sheremet; Woods Hole Oceanographic Institute
Eric Small; University of Colorado
James Smith; NCAR/ACD
Adam Sobel; Columbia University
Christopher Still; University of California, Santa Barbara
Craig Stroud; NCAR/ACD
Jielun Sun; NCAR/MMM
Youmin Tang; Courant Institute of Mathematical Sciences
Holger Vomel; University of Colorado-CIRES
Junhong (June) Wang; NCAR/ATD
Zhien Wang; University of Maryland, Baltimore County
Colleen Webb; Colorado State University
Christine Wiedinmyer; NCAR/ACD

NCAR Aerosol Program (NAP) Visitors

Jose Jimenez University of Colorado
John Ogren NOAA/Climate Monitoring & Diagnostics Laboratory
Dan Murphy NOAA/Aeronomy Lab

GTP Visitors & Collaborators

Ronald Adrian; University of Illinois, Urbana-Champaign
Miroslaw Andrejczuk; Institute of Meteorology & Water Management, Poland
B. J. Balakumar; University of Illinois
Paul Billant; Ecole Polytechnique, France
Fabien Casteran; University of Colorado
Jean-Marc Chomaz; Ecole Polytechnique, France
Michel Deville; EPFL, Switzerland
Peter Davidson; University of Cambridge, U.K.
David Dritschel; University of St. Andrews, Scotland
Gregory Eyink; Johns Hopkins University
Sebastien Galtier; University of Paris XI
David Gurarie; Case Western Reserve
Darryl Holm; Los Alamos National Laboratory
Robert Kerr; University of Warwick, U.K.
Bernard Knaepen; Stanford University
Edgar Knobloch; University of Leeds, U.K.
Dimitri Laveder; Observatoire de la Cote d'Azur
Matthias Mauder; University of Bayreuth, Germany
Catherine Mavriplis; George Washington University
Kamran Mohseni; University of Colorado
David C. Montgomery; Dartmouth College
Alan Newell; University of Arizona
Alain Noullez; Nice Observatory, France
Didier Sornette; University of Nice and UCLA
Edward Spiegel; Columbia University
Mark Taylor; Los Alamos National Lab
Roger Temam; Indiana University



Advanced Study Program - ASR 2003 - Staff & Visitors

http://www.asp.ucar.edu/asr2003/staff.html[7/6/2015 2:41:45 PM]

Eric Vanden-Eijnden; Courant Institute

GTP Workshops

Stochastic Modeling of Geophysical Flows Workshop

Coordinator:
Grant Branstator; NCAR/CGD

Participants:
Thomas Bell; NASA, Goddard Space Flight Center
Judith Berner; NCAR/ASP
Grant Branstator; NCAR/CGD
John Bowman; University of Alberta, Canada
Timothy DelSole; Center for Ocean-Land-Atmosphere Studies
Berengere Dubrelle-Breon; CNRS, France
Joseph Egger; University of Munich, Germany
Brian Farrell; Harvard University
Aime Fournier; NCAR/GTP
Claude Frankignoul; University Paris 6, France
Wojciech Grabowski; NCAR/MMM
Andrei Gritsoun; Russian Academy of Sciences
David Gurarie; Case Western Reserve University
Joshua Hacker; NCAR/ASP
Greg Holloway; Institute of Ocean Sciences, Canada
Shree Khare; Princeton University
Zhengyu Liu; University of Wisconsin-Madison
Andrew Majda; New York University
Ralph Milliff; Colorado Research Associates
J. David Neelin; UCLA
Annick Pouquet; NCAR/GTP
Cecile Penland; NOAA/Climate Diagnostics Center
Riwal Plougonven; NCAR/ASP
Ramalingam Saravanan; NCAR/CGD
Prashant Sardeshmukh; NOAA/Climate Diagnostics Center
Phillip Sura; NOAA/Climate Diagnostics Center
Ilya Timofeyev; University of Houston
Joseph Tribbia; NCAR/CGD
Jeffrey Weiss; University of Colorado
Wojbor Woyczynski; Case Western Reserve University
Lixin Wu; University of Wisconsin-Madison

Applications of Advanced Mathematics and Computational Methods to
Atmospheric and Oceanic Problems Summer School

Hosted by NCAR's GTP and Indiana University

Coordinators:

Joseph Tribbia; NCAR/CGD
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Roger Temam; Indiana University

Lecturers:
Michael Ghil; UCLA
Darryl Holm; Los Alamos National Laboratory
Len Margolin; Los Alamos National Laboratory
Jim McWilliams; UCLA
Cecile Penland; NOAA-CIRES
Annick Pouquet; NCAR/GTP
Phil Rasch; NCAR/CGD
Roger Samelson; Oregon State University
Ted Shepherd; University of Toronto, Canada
Piotr Smolarkiewicz; NCAR/MMM
Roger Temam; Indiana University
Steve Thomas; NCAR/SCD
Joseph Tribbia; NCAR/CGD
Geoffrey Vallis; Princeton University-GFDL
Shouhong Wang; Indiana University

Participants:
Paul Choboter; Oregon State University
Sorin Codoban; University of Toronto, Canada
Dennis Collins; University of Puerto Rico, Mayaguez
Attilio Di Diodato; CNMCA, Italy
Scott Durski; Oregon State University
Brian Ewald; Texas A&M University
Sylvain Faure; University Paris 6, France
Samson Hagos; Cornell University
Stephen Henderson; Oregon State University
Chun-Hsiung Hsia; Indiana University
Ning Ju; Oklahoma State University
Thomas Laepple; NCAR/ACD
Peter Lauritzen; Danish Meteorological Institute; Denmark
X. San Liang; Harvard University
Evelyn Manalo; University of California-Irvine
Lisa Neef; University of Toronto, Canada
Keith Ngan; McGill University, Canada
Madalina Petcu; University of Paris 6, France
Natalya Popova; University of Illinois at Chicago
Paul Quelet; Pennsylvania State University
Antoine Rousseau; University Paris 6, France
Prashant Sardeshmukh; NOAA-CDC
Simal Saujani; University of Toronto, Canada
Sharon Sessions; Max Planck Institute for Complex Physics Systems, Germany
Shagi-Di Shih; University of Wyoming
Eric Simonnet; CNRS, France
Kirill Strounine; UCLA
Philip Sura; NOAA-CIRES
Theodore Tachim-Medjo; Florida International University
Florentina Tone; Indiana University
Therese Vivier; University of Bourgogne, France
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Mike Waite; McGill University, Canada
Cheng Wang; Indiana University
Faming Wang; Texas A&M University
Huaqing Wang; University of Taiwan
Djoko Wirosoetisno; Indiana University
Matthew Whitman; Columbia University
Li Zhang; Texas A&M University
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Executive Summary of Significant Accomplishments

Scientist I Search

In FY-2003 eleven new Scientist I appointments were made across all of NCAR. In
addition, another search began for appointments to be announced in 2004. 

Summer Colloquium

ASP and the Data Assimilation Initiative hosted a summer colloquium in July 2003 entitled
"Data Assimilation for Atmospheric and Climate System Prediction." Jeff Anderson
(NOAA/GFDL), Chris Snyder (MMM) and Jenny Sun (MMM) coordinated the sessions,
which were presented by 18 lecturers from 8 different universities or institutions and from
NCAR. The 37 student participants represented 24 different universities. Overall, this
colloquium brought together participants and lectures representing the US, Taiwan,
Canada, France, the UK, Switzerland and the Netherlands to look at issues related to the
fusion of observations with a forecast model, one of the most important and challenging
aspects of prediction of the atmosphere and the larger climate system. 

Geophysical Turbulence Program

In addition to the regular workshops and seminar series and an active visitor program, the
Geophysical Turbulence Program (GTP) hosted two workshops this year. In March 2003
GTP convened a three-day workshop on the burgeoning topic of Stochastic Modeling of
Geophysical Flows. Thirty-one experts from 19 institutions in the US, Canada and Europe
discussed the mathematical underpinnings and the application of stochastic modeling to
physical parameterizations and closure in the atmosphere and ocean and the use of such
techniques in dynamical models in climate and turbulence.

In July 2003, GTP co-sponsored a two week summer school entitled "Applications of
Advanced Mathematical and Computational Methods to Atmospheric and Oceanic
Problems" coordinated by Joe Tribbia (CGD) and Roger Temam and Shouhong Wang
(Indiana University). The purpose of this interdisciplinary summer school was to bring
together graduate students and young researchers and specialists of meteorology and
oceanography, and applied mathematicians interested in geophysical fluid dynamics. The
summer school consisted of pedagogical lectures in the mornings, invited lectures and
informal discussions in the afternoons. Thirty-eight students and postdoctoral researchers
from 25 universities and research institutes participated in the school. Fifteen lecturers
presented both pedagogical and advanced seminars detailing mathematical methods and

http://www.scd.ucar.edu/docs/asr2003/
http://www.rap.ucar.edu/asr2003/
http://www.mmm.ucar.edu/asr2003/
http://www.hao.ucar.edu/public/asr/asr2003/index.html
http://www.esig.ucar.edu/asr03/
http://www.cgd.ucar.edu/asr03/dir_msg.html
http://www.atd.ucar.edu/dir_off/ASR/FY2003/
http://www.acd.ucar.edu/science/asr03/index.htm
http://www.ncar.ucar.edu/ASR02/
http://www.nsf.gov/
http://www.ucar.edu/
http://www.ncar.ucar.edu/
http://www.ncar.ucar.edu/ASR03/index.htm
http://www.asp.ucar.edu/colloquium/2003/
http://www.asp.ucar.edu/gtp/workshps.html
http://www.asp.ucar.edu/gtp/seminars.html
http://www.asp.ucar.edu/gtp/workshop/smgf03/smgf03.html
http://www.asp.ucar.edu/gtp/workshop/smgf03/smgf03.html
http://www.asp.ucar.edu/gtp/mcao.htm
http://www.asp.ucar.edu/gtp/mcao.htm
http://www.asp.ucar.edu/gtp/mcao.htm
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computational techniques while expositing a wide range of science problems in the
atmospheric and oceanic sciences.

GTP members made substantial progress with the Geophysical and Astrophysical
Spectral element Adaptive Refinement (GASPAR) code development. It is now about
60,000 lines, and is close to a beta-phase for its two-dimensional version, with a newly
recruited project scientist testing the code, and also now participating in some of the
development. FY-2003 work focused on testing the adaptive refinement, implementing
time-stepping schemes, and on instituting tools for an automated analysis of the structure
of the code to help new users understand its multi-layer object-oriented architecture.
Moreover, a part-time graduate student began work to develop a server-client-based tool
that will provide a GASpAR user with on-the-fly diagnostics, enabling the user to monitor
run performance. The monitor is written in Java with a MySQL database on the server and
client sides for playback. As a first step in validation, a series of computations using
standard accurate pseudo-spectral methods will be performed as a base data set against
which to compare GASpAR results. A suite of tests relevant to geophysical turbulent flows
was implemented, and the code should enter production in two-space dimensions in FY-
2004. Other adaptive methods using finite differences will also be used in an inter-
comparison of methods for flows developing numerous small scales in collaboration with
several teams (from France and possibly Germany).

The ASP Postdoctoral Fellowships

During FY-2003, 37 postdoctoral fellows conducted research at NCAR in the Advanced
Study Program. These postdocs work in all divisions and programs at NCAR, so many of
the details of their scientific achievements appear in the reports from those divisions and
programs. We include brief examples of contributions to NCAR science in our section on
Postdoctoral Research Summaries.
A brief description of this program can also be found in the ASP Postdoctoral Fellowship
Announcement.

The NCAR Graduate Fellowship Program

Four new graduate fellows were appointed in FY-2003 to mark the start of a new means
of focus for this aspect of the ASP. In response to the NSF Review of 2001 graduate
fellows were appointed with a common research interest, based on the summer
colloquium topic of 2002. Examples of the research begun by these Fellows is included in
our section on Graduate Research Summaries, and more information about this program
can be found in the ASP NCAR Graduate Fellowship Announcement.

Senior Research Associates

ASP's current Senior Research Associates (SRAs) are Guy Brasseur (Max Planck
Institute), Hans Friedli (ACD), John Latham (University of Manchester) and Jerry
Mahlman(NOAA/GFDL). In addition to providing an on-going resource for current
postdocs and graduate fellows, these SRAs also represent NCAR in their community
work. Highlights of their contributions to NCAR science and community service are
included in the section on Research Summaries.

Other NCAR-Wide Support

http://www.asp.ucar.edu/asp/pdann.html
http://www.asp.ucar.edu/asp/pdann.html
http://www.asp.ucar.edu/colloquium/2002/index.html
http://www.asp.ucar.edu/colloquium/2002/index.html
http://www.asp.ucar.edu/gradfellowship.html
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ASP took a more active role in supporting the NCAR Early Career Scientists Assembly
(ECSA) as it coordinated regular poster sessions, hosted two visits of prominent scientists
under the Scientific Leaders Forum, and coordinated and hosted the first national Junior
Faculty Forum on Future Scientific Directions in June 2003. This three-day forum was well
attended by 65 participants from 36 U.S. universities and institutions, and covered the
areas of Water Cycle, Predictability and Interactions between Land Ecosystems and the
Atmospheric Hydrologic Cycle. The ECSA also provided a small fund to assist early
career scientists to participate in collaborative research trips beyond those funds allocated
by each scientist's division. As part of the NCAR wide discussion of realignment, ASP
worked with Peggy LeMone (MMM) and Roy Rasmussen (RAP), current chairs of the
NCAR Scientist Assembly (NSA) to encourage discussion among the NCAR scientific
staff.  We also developed plans for more systematic mentoring of early-career scientists at
NCAR. 

ASP supported the NCAR Aerosol Program (NAP) efforts as it hosted three
seminar/poster sessions to centralize this area of research within NCAR divisions in a
format similar to the GTP. Jim Smith (ACD) was appointed head of the NAP.

http://www.asp.ucar.edu/ecsa/index.html
http://www.asp.ucar.edu/ecsa/wallace.html
http://www.asp.ucar.edu/ecsa/announce.html
http://www.asp.ucar.edu/ecsa/announce.html
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Research Narrative

Each year ASP awards appointments as postdoctoral fellows or as graduate fellows to a
number of new scientists. These appointments fulfill several purposes: to permit scientists
near the beginning of their careers to work with groups at the forefront of the science, to
ensure that there will be in the university and government communities scientists who are
familiar with NCAR's capabilities, and to add energy and creativity to the NCAR research
programs. While at NCAR, fellows work directly within ongoing research programs. The
efforts of some of the graduate fellows and postdoctoral fellows are described below.

Also described below are efforts of the scientists of the Geophysical Turbulence Program
(GTP), the Senior Research Associates (SRA's) and the NCAR Aerosol Program (NAP).

NCAR Graduate Fellows Research

During the fiscal year, the graduate program changed direction to bring in new graduate
fellows focused in one area of research based on the 2002 colloquium topic. While in
residence at NCAR, each graduate fellow carries out research based on his or her thesis
proposal, which must be endorsed jointly by the university thesis advisor and an NCAR
scientist. Listed below are research summaries from graduate fellows finishing
appointments during this fiscal year.

Judith Berner (CGD) studied to what degree nonlinearities in the governing equations of
atmospheric motion play a role for the dynamics on interannual timescales. Together with
Grant Branstator (CGD) she described non-Gaussian features in the probability density
function (PDF) of the state vector. In addition, they investigated the use of trajectories
through phase space as an alternative approach. They find that distinct signatures of
nonlinearity can be seen in the distribution of mean phase space tendencies for states
from an extended integration of CCM0. By fitting a nonlinear stochastic model with a drift
vector equal to the mean tendencies of the General Circulation Model (GCM), they find,
that the non-Gaussian features in the GCM's PDFs can be attributed to the nonlinearities
in the mean tendencies.

Another part of Berner's work addressed the question on which timescales a deterministic
system with finitely correlated noise -- such as the physical processes modeled by a
GCM-- can be described by a stochastic process. If such a timescales exists, the
stochastic model can be used to describe higher-order moments of the distribution of
states as they evolve with time. She demonstrated that for the GCM such a timescale
exists and that a nonlinear stochastic model is able to model essential non-Gaussian

http://www.scd.ucar.edu/docs/asr2003/
http://www.rap.ucar.edu/asr2003/
http://www.mmm.ucar.edu/asr2003/
http://www.hao.ucar.edu/public/asr/asr2003/index.html
http://www.esig.ucar.edu/asr03/
http://www.cgd.ucar.edu/asr03/dir_msg.html
http://www.atd.ucar.edu/dir_off/ASR/FY2003/
http://www.acd.ucar.edu/science/asr03/index.htm
http://www.ncar.ucar.edu/ASR02/
http://www.nsf.gov/
http://www.ucar.edu/
http://www.ncar.ucar.edu/
http://www.ncar.ucar.edu/ASR03/index.htm
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behavior in the temporal evolution of the GCM states.

Amanda Cox (MMM) continued evaluating the impact of different calibration schemes with
algorithms on the data quality of the Airborne Imaging Microwave Radiometer (AIMR)
which flies on the NCAR C-130. Recent work focuses on uncertainty reduction and image
quality improvement through the application of calibration algorithms to reduce image
streaking. She developed an active microwave beacon as a geolocation aid for validation
of the Advanced Microwave Scanning Radiometer (AMSR) sea-ice products. This beacon
provides a single bright pixel in passive microwave image data which has a very well-
known location obtained using a survey-grade GPS receiver. The bright pixel is useful for
precise geo-registration in geophysical applications where standard methods of selecting
ground control points using features identifiable in different image types are problematic.
The planned deployment for this device is in the AMSR validation effort in Spring of 2005.
She also collaborated with James Randa, David Walker and Robert Billinger of NIST to
study the errors resulting from the reflexivity of calibration targets. This research is guided
by Larry Radke (ATD) and Judith Curry (Georgia Tech).

So-Young Ha (COSMIC) has been working on the data assimilation of ground-based GPS
water vapor measurements through and after her Ph.D. thesis job. She succeeded in
assimilating ground-based GPS slant-path water vapor measurement, a new kind of
observing data, into the numerical forecast model and demonstrated that the variational
data assimilation of the data can potentially improve the short-range rainfall prediction in
the severe weather system.

Postdoctoral Fellows Research

ASP Postdocs work with all science and technology divisions in NCAR. Listed below, by
broad topic area, are some examples of projects listed by Fellow (with division or program
affiliation). Links to corresponding activities are highlighted.

Meteorology

Jadwiga (Yaga) Beres (ACD/CGD/HAO) has extended her Ph.D. work on specifying the
gravity wave spectrum above convection to three dimensions (Beres 2003). She showed
that the three dimensional problem can be viewed as a multiple two-dimensional problem
by means of a Squire transformation and that the gravity wave properties in a given
azimuthal direction depend on the projection of the heating and environmental mean wind
in that direction.

Beres's work provides information needed to implement a source spectrum
parameterization of convectively generated gravity waves based on the properties of
underlying convection. Preliminary results of this work show that the gravity wave
spectrum forced by convection at 100 mb has a strong latitudinal dependence as shown in
Figure Y1. In the tropics gravity waves are generated with a broad range of phase speeds
and carry both eastward and westward momentum. Such a distribution is caused by deep
convection in an environment with little vertical wind shear. At higher latitudes however,
where tropospheric winds are mostly eastward and convection is shallower, gravity waves
are generated with low phase speeds and carry mostly westward momentum flux. This
implies that gravity waves forced by mid-latitude convection are an unlikely source of
eastward momentum in the mesosphere needed to produce the cold summer mesopause.
Beres is currently exploring other sources of the mesospheric forcing.

http://www.atd.ucar.edu/dir_off/facilities/aimr.html
http://nsidc.org/data/amsr_validation/cryosphere/amsr_sea_ice/
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Judith Berner (CGD) is working on the development of two approaches to stochastic
parameterization. The first, more common approach, is to use models or measurements
that resolve the process that shall be parameterized. Estimates of the spatial and
temporal moments are used to guide the stochastic parameterization of this process in a
larger-scale model. The second approach tries to solve the inverse problem by asking:
Which effective forcing is needed to get the correct moments in the resolved variables?

George Bryan (MMM) utilizes numerical simulations to understand the structure of
mesoscale convective systems. Unexpected findings from these studies contradicts the
long-standing conclusion that precipitation from squall lines increases as environmental
vertical wind shear increases. Two approaches are being used to challenge this common
belief. First, a numerical model intercomparison is being performed to address whether
these findings are dependent on the numerical model that is used. Bryan is using a
numerical model he developed at Penn State University, along with the Weather
Research and Forecasting Model (with Jason Knievel of MMM) and the Advanced
Regional Prediction System (with Matthew Parker of the University of Nebraska).
Preliminary results show that numerical techniques specific to individual models can affect
the total precipitation in the simulation. Consequently, some of the models predict less
precipitation as wind shear increases-a result contradictory to previous research. The
second approach has been to repeat the simulations using significantly higher resolution.
The supercomputers of the Scientific Computing Division (SCD) were utilized for this
purpose. The higher resolution allows for convective organization that could not be
resolved previously. In particular, it is found that long-lived convective plumes are a
common feature in low-shear environments, which partially explains the unexpectedly
high precipitation in these conditions.

Huaqing Cai (ATD) worked on a detailed case study of a dryline from the International
H2O Project (IHOP). His objective in this study was to document the detailed kinematic
and thermodynamical structure of the dryline and try to understand why convection does
not initiate along this particular portion of the dryline. Another research topic Cai pursued
was to distinguish between tornadic and non-tornadic mesocyclones using fractal
geometry. The preliminary results are very promising, and his future plans are to try to
finish more cases so the conclusion can be more robust in a statistical sense.

David Dowell (MMM) compared the results of various methods of retrieving the wind and
thermodynamic fields in convective storms from Doppler radar observations. He examined
the results of both a "traditional" analysis method and a relatively new "ensemble Kalman
filter" data-assimilation method, for both simulated cases and real data cases. This work
has applications for both improving case-study analysis and initialization of high-resolution
numerical forecast models.

Dowell also studied the tornadogenesis process in supercell storms, as revealed by
mobile radar observations; modeled the centrifuging of particles in tornadoes and
quantified the associated contamination of Doppler wind analyses. Together with SOARS
protégé Amber Reynolds, studied the environments of bow echoes that do and do not
produce swaths of damaging winds.

David Gochis' (RAP) research can best be described as focusing on hydrometeorological
and hydroclimatological processes in regional climates, rainfall-runoff responses, land-
atmosphere exchanges and terrain-induced convection. The study of convective and
surface hydrological processes has taken David's research at NCAR along two
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interdisciplinary courses. The first path has been to explore improved methods for
representing surface hydrological processes in the NCAR suite of land surface models.
This work has culminated in the implementation of a physically based, explicit, surface
and subsurface routing methodologies in the community Noah land surface model, which
is the primary land surface parameterization for the WRF, MM5 and NCEP Eta weather
forecast models. With Dr. Fei Chen (RAP), Dr. Gochis has completed offline development
and testing of a hydrologically enhanced version of Noah (now called 'Noah-router') and
has summarized this adaptation in a recently submitted NCAR Science and Technical
Report.

The second course of Gochis' research interest resides in studying terrain-induced
convection over western North America. The convective initiation process over complex
terrain is central to the understanding of warm season climates such as the North
American Monsoon (NAM). His past work in Mexico along with other recently published
work has begun to identify certain commonalities in the warm season convective regime.

Ensemble forecasts can never be perfect because of errors in
the forecast model. Useful probabilistic forecasts and
ensembles for data assimilation purposes should be calibrated
to account for the model error. This is normally achieved with
climatological error statistics, but error is highly flow-
dependent. One particular class of model error, deficient
spatial variance properties, results in under-dispersive
ensembles that cannot envelope the true evolution of the
atmosphere. A collaboration between Joshua Hacker
(MMM/CGD) and David Baumhefner (CGD) produced a
simple scale- and flow-dependent calibration that corrects for
this type of error. It depends only on the current forecast case, and requires only one
superior (typically more expensive) forecast to compute calibration coefficients in Fourier
space. Its performance is summarized by the error-growth curves in Fig. 1 where curve
damped model ensemble spread (DMP) is corrected to curve calibrated ensemble spread
(COR), which agrees with the "correct" error growth in Weather Research Forecast Model
(WRF) ensemble spread. The effect of other sources of model error, some of which
cannot be corrected with this method, is measured as the residual error-growth
differences after calibration. The calibration has applications to ensembles with limited-
area models and ensemble-based data assimilation. A manuscript and presentation slides
are available at http://www.mmm.ucar.edu/individual/hacker/.

Surface-layer (screen-height) observations, such as exist in a typical mesonet, are under-
utilized in current data assimilation (DA) algorithms because of weak coupling with the
free atmosphere aloft. But simulation and short-range forecasts of near-surface conditions
could benefit from these data. The Ensemble Kalman Filter data assimilation algorithm,
which uses anisotropic and flow-dependent covariance information to spread the influence
of an observation, is appropriate for this task. Collaboration between Hacker and Chris
Snyder (MMM) used a column PBL model to successfully assimilate simulated
observations. The results (click here for pdf) showed significant error reduction for
temperature (a), wind (b), and moisture (c). This places an upper bound on the advantage
of using surface observations to specify the state of the Planetary Boundry Layer (PBL).
Hacker and Snyder also performed parameter estimation experiments to mitigate the
negative effects of simulated model error, showing that the observations can be useful to
correct erroneous parameters. The successful assimilation suggests that the potential

http://www.mmm.ucar.edu/individual/hacker/
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exists for surface observations to improve numerical simulations and forecasts of air-
pollution events, convective outbreaks, and cyclogenesis where PBL preconditioning is
important.

Jan Kazil (HAO) models the aerosol formation in the troposphere and lower stratosphere
in the presence of atmospheric ions, using new laboratory thermochemistry data of
negative sulfuric acid/water clusters buildup. Ion production rates due to Galactic Cosmic
Rays (GCR), covering different atmospheric regions, are modeled using the GEANT
software (Detector Description and Simulation Tool) developed at the European
Laboratory for Particle Physics (CERN). This approach allows to investigate and compare
the aerosol production due to binary and ion-induced nucleation in various conditions and
at different phases of the solar cycle. This work is done in collaboration with Edward R.
Lovejoy (NOAA Aeronomy Lab, Boulder) and Laurent Desorgher (University of Bern,
Switzerland). At the same time, Kazil works on a parametrization of ion induced aerosol
formation for use in General Circulation Model (GCM) based on model results of ion
induced nucleation. This work is performed in collaboration with Edward R. Lovejoy
(NOAA) and Sachchida Tripathi (Indian Institute of Technology, Kanpur, India).

In collaboration with Donald H. Lenschow (MMM) and with Dave Leon and Gabor Vali
(both from the University of Wyoming), Marie Lothon (MMM) worked on the feasibility of
estimating the turbulence characteristics in marine stratocumulus using the Wyoming
Cloud Radar (WCR, http://www-das.uwyo.edu/wcr/), mounted on the NCAR C-130 during
DYCOMS-II (DYnamics and Chemistry Of Marine Stratocumulus,
http://www.atmos.ucla.edu/ bstevens/dycoms/). The aim of Marie Lothon is to delineate
turbulence structure as a function of height throughout the drizzling marine boundary
layer, using the Doppler velocity measurements. As the spectral width was not stored, she
used the fine-structure of the Doppler velocity field to deduce the turbulence
characteristics, especially turbulence dissipation and integral scales. One essential step
for this study was to appraise the fluctuations in Doppler velocity due to the fluctuations in
terminal fall velocity of hydrometeors. Using microphysics probe measurements, Marie
Lothon estimated this contribution from the spatial distribution of the drop counts in each
bin. She found that the counts observed by the probes have a lognormally varying Poisson
distribution and that the fluctuations in reflectivity-weighted fall velocity have a weak effect
on the Doppler velocity variance. As a second important step, Marie Lothon also studied
the effect of the velocity averaging within the pulse resolution volume. She still need to
correct the dissipation estimates for this effect, but she obtained profiles of the integral
scales within the boundary layer, which show how `squashed' the turbulence is at the top
and bottom of the boundary layer in these summer anticyclonic conditions.

The jet stream in the mid-latitudes is known from observations to be an important source
of inertia-gravity waves (IGW). However, the mechanisms responsible for the generation
of IGW from balanced motions such as a jet are yet poorly understood, let alone
quantified. They are relevant to parameterizations of gravity wave sources in climate
models including a middle atmosphere (the Whole Atmosphere Community Climate
Model, for example), as well as to fundamental questions on the limitations of validity of
balanced models. Riwal Plougonven (MMM) contributed to the study of these themes
using theoretical and numerical tools as well as observations. In collaboration with H.
Teitelbaum and V. Zeilin (Laboratoire de Meteorologie Dynamique, Paris, France), an
analysis of inertia-gravity waves generated by the jet over the North Atlantic was
conducted, using observations (radiosondes) collected during the Fronts and Atlantic
Storm-Tracks Experiment (FASTEX). Configurations of the jet most favorable to gravity

http://www-das.uwyo.edu/wcr/
http://www.atmos.ucla.edu/ bstevens/dycoms/
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wave generation and detailed case studies of wave generation events were obtained. The
issue of how operational models describe large-scale inertia-gravity waves that are
under-resolved was addressed. Possible applications for observational studies were
given. Observational studies have provided a number of case studies of events of gravity
wave generation by the jet. It is necessary to make progress in the understanding of the
dynamical mechanism responsible for the waves to be able to quantify this generation
mechanism.

Wen-wen Tung (MMM) worked on employing multifractals to characterize the multiscale
convective systems in the tropics. The complex systems from diurnal to synoptic time
scales are described with multifractal dimensions. A multiplicative cascade model was
used to reproduce the dimensions. The techniques and results can be used to objectively
judge how skillful a model can realize the tropical convection, particularly its ability to
capture extreme events. The research results have been written into a paper which has
been submitted to J. Climate with coauthors Mitchell Moncrieff (MMM) and Jian-Bo Gao
(University of Florida). Similar techniques as well as wavelet analysis will be applied to
climate-scale datasets including outgoing longwave radiation, convective heating and
drying derived from the ECMWF Reanalysis, (ERA) as well as model realizations of NCAR
CAM (GCM).

During the same time, Tung collaborated with George Kiladis (NOAA) and studied the
climatological structures of dynamic and thermodynamic fields associated with tropical
disturbances including the Madden-Julian Oscillation (MJO) in the ERA. Previous studies
suggested that the representation of the moist process is crucial in realizing MJO in
GCMs; therefore, the work will be focused on how the aforementioned two fields are
coupled. In addition, with Moncrieff and Wojciech Grabowski (MMM), Tung will investigate
how well state-of-the-art cloud-resolving cloud parameterization captures these
structures. Since the 40-year ERA is now available, one of the side projects will be to
address the tropical circulations in ERA-40 and the older ERA-15, as well as the different
cloud types, convective heating, and convective moistening implied by the two reanalyses.

Chemical Modeling

David Baker (CGD) finished his term as an ASP post-doc in December 2002 and joined
NCAR as a visiting scientist to develop a carbon cycle data assimilation scheme. The
initial phase of that project was essentially a continuation of work done by Baker to
support the Carbon Data-Model Assimilation Summer School (C-DAS) held at NCAR in
May 2002; the 4-D Var atmospheric data assimilation system developed for this workshop
to solve for surface sources and sinks was further tested and refined in late 2002 and
early 2003. Baker also continued as the lead researcher for the inter-annual CO2
inversions for the TransCom 3 project, and continued development of an efficient Kalman
filter technique for estimating CO2 sources and sinks.

Kimberly Mace's (ACD) work focuses on the sources and fate of water-soluble organic
nitrogen in the atmosphere. She works with international and local scientists to determine
the role of biomass burning, dust, and confined animal operations in the delivery of water
soluble nitrogen to and from the global atmosphere. Her work also focuses on using
analytical methods to determine the specific compounds comprising the water-soluble
atmospheric organic nitrogen fraction.

The chemical and physical conditions required for the formation of new particles in the
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atmosphere from the gas-phase is not well understood. While classical binary nucleation
of sulfuric acid and water vapors can explain some ambient observations, observed rates
often vary from theory by orders of magnitude. Much recent work has explored the
potential for additional species (e.g. ammonia) to play significant roles in new particle
formation. Techniques for the physical observation of new particle formation events in the
atmosphere are reasonably well-established and new particles that have grown in size to
3 nm can be consistently detected. However, techniques to determine the chemical
composition of these ultrafine particles are mostly indirect, relying upon the particle’s
physical response to changes in humidity or volatilization, for example, to characterize the
species involved. Recently a new instrument  the Thermal Desorption Chemical Ionization
Mass Spectrometer (TDCIMS)  was developed at NCAR to directly measure the chemical
composition of newly formed and ultrafine atmospheric particles. Katharine Moore (ACD)
has successfully deployed the TDCIMS for observations in Boulder, CO to determine the
chemical composition of the local ambient "background" sub-20 nm particles and establish
the quantitative basis for these results. These observations build on her earlier
participation in the August 2002 Aerosol Nucleation and Real-time Characterization
Experiment studying new particle formation events in Atlanta, GA (Atlanta-ANARChE).
Her research also focuses on the continuing development, evaluation and characterization
of the TDCIMS. This includes identifying the TDCIMS' sensitivity to variations in
operational and instrumental parameters and improving the data interpretation
methodology.
A more complete description of the TDCIMS and on-going projects can be found at
http://acd.ucar.edu/~jimsmith/POP/.

Mark Potosnak (ACD) studies the exchange of reduced carbon between terrestrial
ecosystems and the atmosphere, with particular emphasis on emissions from tropical
ecosystems and how changing environmental conditions will affect future plant emissions
at the leaf level. Potosnak made two field campaigns this year to study whole ecosystem
emissions of isoprene (a volatile organic compound emitted by many plant species) from
tropical rainforests. The first campaign was to the La Selva Biological Station in Costa
Rica, where he joined Thomas Karl (ACD) and Alex Guenther (ACD), Jed Sparks (Cornell
University), and John Walker and Jeff Herrick (both from the US EPA). The group
measured leaf level and whole system isoprene emissions, and also focused on NOx and
ozone chemistry. The second field campaign was to a site in Brazil that is part of the
Large scale Biosphere-atmosphere experiment in Amazonia (LBA) run by the group of
Steven Wofsy (Harvard University). In collaboration with, Luciana Vanni Gatti and Simone
Avino (both from the University of Sao Paulo), he measured whole system fluxes of
isoprene with the Fast Isoprene Sensor, which was developed at NCAR by Alan Hills
(RAP). These two field campaigns were made during their respective sites dry seasons.
Measurements were compared to results from previous campaigns conducted during the
wet season by other members of the Biosphere-Atmosphere Interactions group at NCAR
led by Alex Guenther. The results show that precipitation regime controls whole system
isoprene emissions in the tropics, and this research was presented at the American
Geophysical Union's Fall Meeting.

Potosnak also continued research concerning the effects of elevated carbon dioxide
concentrations on leaf level and whole system isoprene emissions. Collaborating with
researchers Todd Rosenstiel, Russ Monson and Ray Fall (all from the University of
Colorado) and Kevin Griffin (Columbia University), a mechanism was proposed to explain
the effect of inter-cellular carbon dioxide concentration on leaf level isoprene emissions.
This research was extended to measurements made at the Free Air Carbon Enrichment

http://acd.ucar.edu/~jimsmith/POP/
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(FACE) experiment in the Duke Forest as part of the Chemical Emission Loss, Transform
and Interactions within Canopies (CELTIC) campaign led by Alex Guenther (ACD) and
Chris Geron (US EPA). The FACE experiment subjects small patches of a pine plantation
forest to elevated carbon dioxide concentrations. Leaf level measurements of isoprene
emissions from a understory species, sweetgum, showed no clear effect of carbon dioxide
concentration on isoprene emissions, but there was a strong relationship between
isoprene emission rates and light environment. Since light regimes are strongly affected
by carbon dioxide concentration, a modeling study will be conducted to determine how
whole system isoprene emissions are influenced by elevated carbon dioxide
concentration.

Craig Stroud (ACD) worked on two numerical modeling projects this past year and
participated in the NCAR-led Chemical Emission, Loss, Transformation and Interactions
within Canopies (CELTIC) field program. The first project involved developing a
chemically-based model to simulate organic aerosol formation within smog chambers. He
successfully coupled an explicit gas-phase organic mechanism with gas-aerosol
equilibrium partitioning theory. Model-measurement comparisons showed an interesting
dependence on existing particle mass concentration and suggested that the equilibrium
assumption in the model was breaking down at low aerosol loadings. He also addressed
the question of the relative importance of the non-volatile to the semi-volatile fraction in
the aerosol. His modeling results suggested that the aerosol-phase was composed largely
of a few non-volatile species.

Stroud's second project involved modeling ozone photochemistry in the arctic free
troposphere. His research supported the theory that the springtime ozone maximum in the
arctic free troposphere is driven by in situ photochemistry rather than transport from other
regions. His research illustrated the importance of pernitric acid as a temporary sink for
odd nitrogen in the arctic. His research also uncovered significant model-measurement
differences for CH3CHO concentrations, suggesting possible heterogeneous pathways
not yet discovered for this species.

Stroud also participated in the CELTIC field program at Duke Forest, North Carolina and
acquired measurements of canopy-level radiation, particle size distributions and cloud
condensation nuclei concentrations. He plans to incorporate these results into a canopy-
scale chemical-transport model to assess the importance of canopy-level photochemistry
to trace gas and particle emissions from the forest surface layer.

Learning Processes and Societal Impacts

Kirsten Butcher (DLESE) focused on how people learn from multimedia tools, particularly
scientific visualizations. Butcher's background in Cognitive Psychology and Cognitive
Science and doctoral dissertation on the effects of diagrams on learning processes and
outcomes assisted her in working with UCAR's DLESE Program Center and NCAR's
Scientific Computing Division to study the ways in which experts and novices think about,
learn from, and reason with complex visual media. Her goal is to understand how
visualization resources impact learning processes and to apply this knowledge to improve
the design and use of multimedia tools.

Solar influences

High Frequency (HF) radar spectral width data have been causing great interest recently

http://acd.ucar.edu/~cstroud/CELTIC/
http://acd.ucar.edu/~cstroud/CELTIC/
http://www.dpc.ucar.edu/
http://www.scd.ucar.edu/
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for the potential to identify the open/closed magnetic field line boundary in the ionosphere
through distinct gradients from low (< 200 m/s) to high (> 200 m/s) values. This parameter
is routinely produced by HF, coherent radars such as the global SuperDARN (Super Dual
Auroral Radar Network) array. Studies of magnetic reconnection and global
magnetospheric dynamics have been performed previously with the aid of this ionospheric
proxy. However, there are still many questions unanswered about this technique, for
instance its applicability to the nightside (it was originally used on the dayside in the
magnetospheric cusp region and its use has gradually been extended). Most importantly,
the underlying plasma processes causing the elevated spectral width values are as yet
unidentified. Large spectral width readings imply energy deposition into the ionosphere
from the magnetosphere; identifying the method and quantity of this energy transport is
very important. Emma Kavanagh (HAO) (publishing as Woodfield) Woodfield et al. [2002]
showed a significant seasonal dependence of statistical HF radar spectral width
measurements while also showing similar trends in spectral width behavior between
hemispheres. Work in progress demonstrates the first attempt to directly link nightside
satellite particle and wave measurements from the FAST (Fast Auroral SnapshoT)
spacecraft to the radar observations below. Recent observations also show that the
pointing direction of the HF radar has a crucial effect on locating boundaries in the
spectral width data. All of these investigations give important clues for identifying the
plasma processes generating high spectral width regions. Also, collaborations with Darren
Wright (University of Leicester, UK) have led to possible direct identifications of low
frequency (0.1 to 10 Hz) wave activity creating high spectral widths [Wright et al., 2003].

The ionospheric and magnetospheric origins of ions flowing out of the Earth's system are
a hot topic in the Geospace Environment Modeling community right now. The acceleration
mechanisms and geophysical conditions under which ion outflow occurs are key aims of
current investigations. Gang Lu (HAO) and Kavanagh began work on incoherent scatter
radar measurements from the April 2002 geomagnetic storm. These radars are
particularly well suited to observing the ionospheric portion of upwelling ions and the aim
is to combine these observations with satellite data to build a consistent picture of how the
ions flow to magnetospheric altitudes.

Despite the importance of overshoot at the base of the solar convection zone for the
storage of strong toroidal magnetic field produced there by the solar dynamo, the
uncertainties concerning the depth and mean subadiabatic stratification remain large.
Overshoot models based on the non-local mixing-length theory generally produce a
shallow weakly subadiabatic region with a sharp transition to the radiative interior,
whereas several numerical simulations lead to significantly subadiabatic overshoot with
penetration depth of more than a pressure scale height.

Matthias Rempel (HAO) developed a semi-analytical model for the solar convection zone
and underlying overshoot region, based on the assumption that the convective energy flux
is governed by downflow structures with a low filling factor. This approach allows for
modeling both the parameter regime addressed by non-local mixing-length approach as
well as the regime addressed by numerical simulations. It turns out that the main
differences between the non-local mixing-length approach and numerical simulations
(nearly adiabatic versus strongly subadiabatic overshoot) are caused by the much larger
energy flux used in numerical simulations due to numerical constraints. The depth of the
overshoot region is determined predominantly by the mixing between downflows and
upflows in the convection zone. Furthermore the model shows that the sharp transition
between the nearly adiabatic overshoot and radiative interior, a typical result of the non-

http://sprg.ssl.berkeley.edu/fast/


Advanced Study Program - ASR 2003 - Research Narrative

http://www.asp.ucar.edu/asr2003/dnasr03.html[7/6/2015 2:41:46 PM]

local mixing-length approach, can be avoided by assuming an ensemble of downflows
with different strength (Rempel, ApJ, submitted and undergoing review).

For the solar magnetic cycle the storage and stability of strong toroidal magnetic field in
the solar tachocline are of crucial interest. The equilibrium and stability of toroidal
magnetic field configurations in combinations with the solar differential rotation has been
studied at HAO by Mausumi Dikpati and Peter Gilman using the magnetohydrodynamic
(MHD) shallow-water approach. In these studies the magnetic curvature stress was
balanced by an equatorward hydrostatic pressure gradient created by extra mass on the
poleward side of the toroidal magnetic field band.

Rempel generalized in collaboration with Dikpati the MHD shallow-water approach to
include equilibria in which the poleward magnetic curvature stress is balanced by the
Coriolis force associated with a prograde jet inside the band and analyzed the relation of
the MHD shallow-water approach to a full MHD description (Rempel & Dikpati, 2003, ApJ,
584, 524). In collaboration with Dikpati and Gilman the stability of banded toroidal
magnetic field in the solar tachocline was investigated, showing that the presence of the
jet stabilizes the magnetic field for a field strength above 40kG and suppresses
significantly the tipping instability found in previous studies (Dikpati, Gilman, & Rempel
2003, ApJ, 596, 680).

Climate

Caspar Ammann (CGD) and Fortunat Joos (University of Bern, Switzerland) completed
new transient simulations with the coupled NCAR-Paleo CSM 1.4 covering roughly one
millennium of natural climate variability prior to significant anthropogenic influence. In
collaboration with David Schimel, Bette Otto-Bliesner and B. Tomas (CGD), experiments
were designed to test the fidelity of the previously chosen approach of implementing
natural external forcing factors in the coupled simulations of the 20th century. Ammann
generated a new multi-ice core based volcanic forcing series for the period 850-2000 AD
for this simulation. [An expanded version back 2000 years is under preparation in
collaboration with Prof. A. Robock (Rutgers University) through a proposal funded by NSF
and with support from the ice coring community]. Additionally, the runs were forced with
the latest atmospheric composition data from Antarctica. Primary emphasis of the
simulations was focused on the magnitude of potential solar irradiance changes on
climate. The base-history for generating past irradiance was based on 10-Beryllium
isotopes recovered from polar ice cores. The temporal statistics of this series is consistent
with commonly employed sunspot based forcing series. The best guess scenario, for
reference, is also consistent with the forcing used in previously reported 20th century
simulations. Therefore, the long pre-anthropogenic millennium simulations test the
coupled models ability to reproduce naturally forced climate variations. More detail about
the first results is given on the CGD page (http://www.cgd.ucar.edu/ccr/asr03/).

Philippe Naveau (University of Colorado) and Hee-Seok Oh (University of Alberta,
Canada) and Ammann have generated and applied new statistical tools to extract external
forcing fingerprints from climate time series. Using discrete wavelet decomposition on
decadal to century time scales, the detection was successful in isolating potential solar
influence in different multi-proxy reconstructions and simplify the detection in the coupled
model simulations. For the very short-lived volcanic effects, a state-space model approach
was chosen that allows quantification of the volcanic cooling with associated posterior
probability. Efforts are currently undertaken to expand these methods into a spatio-

http://www.cgd.ucar.edu/ccr/asr03/
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temporal framework. One sideline of this research has led Ammann and Naveau to study
the occurrence intervals of large eruptions. Using the ice core data, the frequency of large
tropical events was found to follow a rather regular fluctuation of currently unknown origin
(http://www.cgd.ucar.edu/ccr/ammann/76).

Judith Berner collaborated with Grant Branstator (CGD) to address the effects of a limited
sample size for the estimation of the probability density functions of observed states. Their
works demonstrates that multiple modes found in GCM datasets comparable in length to
that of observed states are artifacts of the short sample size and disappear when more
data are used.

Richard Cullather (CGD) has been working with Climate Analysis Section scientists in the
Climate and Global Dynamics Division on topics related to the climate and tropospheric
circulation in the polar regions. As part of his Ph.D. studies, Cullather diagnosed the
annual cycle of sea level pressure over the Arctic Basin using observations and gridded
analyses. Above the Canada Basin/Laptev Sea side of the Arctic, the annual cycle of
surface pressure was dominated by the first harmonic, which has amplitude of about 5
hPa and maximum pressure occurring in March. Along the periphery of northern
Greenland and extending to the North Pole, a weak semiannual cycle was found in
surface pressure with maxima in May and November. The presence of the semiannual
variation over time was found to be highly variable. The progression of the annual cycle
was further characterized through an examination of the divergent atmospheric mass
field, which indicated a transfer from Eurasia and into the Canadian Archipelago in spring
and the reverse condition in autumn. Over the central Arctic Basin, springtime pressure
increases result from an enhanced poleward mass transport from Eurasia. An increase of
equatorward transport over the Canadian Archipelago in May and June results in central
Arctic pressure decreases into summer. A less distinct temporal separation between the
poleward Canadian transport and the equatorward Eurasian transport results in the
weaker second pressure maximum in autumn. Additional dissertation material was
presented in May 2003 at the Seventh American Meteorological Society Conference on
Polar Meteorology and Oceanography in Hyannis, Massachusetts. This presentation
reviewed computations of atmospheric static stability parameters from gridded analyses
and twentieth century rawinsonde observations in the Arctic basin and surrounding land
surfaces. The geographic relation between large values of convective available potential
energy (CAPE) and the summertime baroclinic zone surrounding the basin, known as the
Arctic Front, were examined. Long-term trends towards more frequent convective activity
that has been determined in Arctic native-knowledge studies were unconfirmed, although
a trend towards more frequent instances of small values of CAPE in Siberian locations
was noted.

In coordination with James Hurrell (CGD), Cullather evaluated the Community Climate
System Model, Version 2, using a feature-tracking algorithm applied to synoptic sea level
pressure fields. The focus of the study was an assessment the model storm tracks in
comparison to observation-based analyzed fields from a unique perspective. The study
was made using a control simulation of the fully coupled model and an integration of the
atmospheric model forced with observed 20th Century sea ice and sea surface
temperature fields. Principal results highlighted the North Atlantic storm track which was
found to have a more zonal depiction in both coupled and uncoupled simulations than is
observed, and the character of anticyclones over the central Arctic Basin, which are
generally weaker and shorter lived in the model as compared with observations. These
results were presented at the June 2003 CCSM Workshop in Breckenridge, and are being

http://www.cgd.ucar.edu/ccr/ammann/76
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prepared for publication.

Carrie Morrill (CGD) studied climate variations during the present interglacial and last
glacial time periods. Her current research is focused on two areas. First, she is using the
NCAR Climate System Model to study the influence of the El Niño-Southern Oscillation on
climate in the extratropics since the last glacial maximum. Second, she is using published
paleoclimate proxy records to test several hypotheses about the spatial patterns, timing
and causes of abrupt climate changes that occurred between 4000 and 6000 years ago.

Cloud radiative forcing has important roles in global climate. As a contribution to
understanding the possible impact of altered climate regimes on marine clouds, variations
of ship observed marine clouds and precipitation frequency (FQ) associated with ENSO
are examined. Marine cloud variations associated with ENSO could be roughly grouped
into the following three categories: 1) storm track cloud variations in association with
modulated mid-tropospheric stability, 2) marine boundary layer (MBL) cloud variations in
association with modulation of MBL static stability, and 3) deep convective cloud
variations in association with modulated mid-tropospheric stability. Sungsu Park (CGD)
also found significant ENSO signals in ship observed visible sky conditions over the
northeastern Atlantic and western Mediterranean Sea (WM) region during late summer
and autumn. Analysis of atmospheric flows indicates that the strong ENSO-WM
correlation in the August through October (ASO) season arises from two components: a
previously unreported quasi-stationary Rossby wave propagating eastward from the
western equatorial Pacific, and an anomalous component of the Asian wet monsoon
circulation.

A new single column model is being developed to study mechanisms responsible for the
properties of stratocumulus clouds in the upper part of the MBL. The key feature of the
model is an algorithm for evaluating decoupling parameters used to specify the statistical
properties of thermodynamic and moisture variables at the base of the MBL inversion.
Model behavior is tested under homogeneous static conditions and advective conditions
over the northeastern subtropical and southeastern subtropical Pacific Oceans. Simulated
variations of MBL and cloud properties are in good agreement with observations along
selected trajectories. This model represents a kind of maximum simplification of the MBL
in the sense that omission of any major component would cause it to fail badly. Park is
trying to directly apply the new single column parameterization of MBL clouds discussed
to a GCM. He is analyzing satellite cloud product using the Medium Resolution Imaging
Spectroradiometer (MODIS) for realistic tuning of internal model parameters over the
Californian and Peruvian stratocumulus deck during September-October, 2000.

Eugene Wahl (ESIG/CGD/MMM) focused on three areas of research in FY-03. The first
area, reducing uncertainty in paleoenvironmental reconstruction with fossil pollen records,
he focused on technical issues in the calibration of fossil pollen records for environmental
reconstruction, specifically how modern pollen assemblages can be used to reconstruct
modern and paleoenvironmental conditions and vegetation. The results of this work will
help to establish new methods and calibration benchmarks in this field, and are applicable
to other micro-fossil paleoenvironmental archives, such as foraminifera and diatoms.

The second area, use of millennium-length climate model hindcasts to examine
fundamental uncertainty in proxy-based measures of ENSO activity, was done in
conjunction with Caspar Ammann (CGD), and involved using fully-forced global climate
simulations over the period AD 1000-1999 to compare model-derived proxy measures of
ENSO activity with the model's actual ENSO activity over very long time scales.
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The final area was the ethics of generation and use of climate and short-term weather
forecasts, which was worked on with Rebecca Morss (ESIG/MMM), to systematically
analyze assumptions, methods, limitations, and uses/abuses of weather and climate
forecasts from an ethical perspective. Criteria and methods were drawn from modern
applied ethics (in particular, the "Georgetown School" of analytical criteria and the method
of iterative "reflective specification" developed by John Rawls) and developed into a
framework specifically oriented to quandaries that arise in the preparation and provision of
forecasts.

Turbulence

In collaboration with D. Muraki (Simon Fraser University, Burnaby, Canada) and Chris
Snyder (MMM), Riwal Plougonven (MMM) investigated the coupling of balanced motions
and gravity waves in a shear flow. Idealized situations allow the analytical quantification of
the amplitude of the gravity waves as a function of flow parameters. This fundamental
study contributes to the understanding of the relation between balance and gravity waves
in a shear flow. This relation is investigated in more complex flow configurations with
numerical simulations using the Weather Research and Forecasting (WRF) model. The
generation of gravity waves by the mid-latitude jet is also important because the waves
can cause turbulence in the vicinity of the tropopause. Plougonven participated in the
Upper Troposphere/Lower Stratosphere initiative headed by Laura Pan (ACD). The
altitude range where those waves cause turbulence also corresponds to important aircraft
traffic. Plougonven collaborated in a study led by Todd Lane (RAP) on turbulence caused
by gravity waves above the jet.

Jai Sukhatme (GTP) started his postdoctoral fellowship in the last part of FY-2003 and is
in the process of identifying suitable research projects. One of the problems he worked on
concerns the advection-diffusion of passive scalars. He aims to develop a statistical
characterization of a passive scalar field under the action of both advection via smooth
velocity fields and molecular diffusion. Sukhatme is now investigating the effect of
boundary conditions.

Mark Miesch (HAO) studies turbulence, shear, and instabilities in the solar convection
zone and tachocline using high-resolution numerical simulations. A major step forward in
the past year has been the incorporation of magnetic fields into these models. Simulations
of turbulent MHD convection in rotating spherical shells have yielded sustained dynamo
action and are providing new insight into the generation and transport of magnetic fields in
the solar envelope. Collaborators in this work include J. Toomre (University of Colorado,
Boulder) and A.S. Brun (Saclay). Studies of convective penetration and sub-grid scale
modeling techniques are also being pursued with collaborators at NASA Ames including
N. Mansour, M. Rogers, and Y.-N. Young. A separate set of models has focused on the
solar tachocline, which is a stably-stratified shear layer located below the convective
envelope. Miesch and P. Gilman (HAO) have derived a new system of equations to study
the tachocline which are based on a thin-shell limit of the 3D MHD equations. In one of
the first applications of this thin-shell system, they have demonstrated that the meridional
circulation in the convective envelope cannot penetrate as deep into the stable interior as
required by some current solar dynamo models.

Geophysical Turbulence Program
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Scientific highlights of specific GTP members are included below.

Aimé Fournier continued research on the use of the Spectral Element Method (SEM) for
high-order, adaptive computation of atmospheric fluid dynamics. Part of this work,
including a priori adaptive SE refinement for shallow-water flow on the sphere, is reported
in an article co-authored with M. A. Taylor at LANL and J. J. Tribbia in CGD/CDP, in press
at Mon. Wea. Rev. (2003). In collaboration with G. Beylkin and V. Cheruvu at CU,
Fournier also helped develop dynamically adaptive SEM for the 2D Burgers dynamics, a
model of atmospheric front formation, reported in Proc. Chicago Workshop on Adaptive
Mesh Refinement Methods (2003). Fournier also developed a new form of turbulent
energetics, describing cascades across scales, localized in space, reported in J. Atmos.
Sci. (2003) and J. Climate (2003).

In collaboration with Miroslaw Andrejczuk and Szymon Malinowski (Warsaw University,
Poland), Wojciech Grabowski and Piotr Smolarkiewicz (MMM) extended a modeling study
of decaying moist turbulence reported previously. This problem is important, beyond
fundamental understanding, for applications such as radiative transfer through clouds,
initiation of precipitation in warm (i.e., ice-free) clouds, and parameterization of small-
scale and microscale processes in models resolving larger scales. In the moist case,
kinetic energy of small-scale motions originates not only from the classical downscale
energy cascade, but it can be also generated/enhanced internally by the phase change
processes and droplet sedimentation. The new set of simulations showed that results
obtained in a pilot low-spatial resolution simulations reported previously are confirmed by
high-resolution (direct numerical simulation-type) simulations with improved
representation of cloud microphysics. In addition, a range of diverse initial conditions was
considered to further extend previous findings. This work validated the generality of the
conclusions derived from the pilot study and improved the accuracy of quantitative
predictions.

Hanli Liu, Paul Charbonneau, Annick Pouquet, Tom Bogdan, and Scott McIntosh
investigated the continuum limit of a class of self-organized-critical lattice models for solar
flares. Such models differ from the classical numerical sandpile model in their formulation
of stability criteria in terms of the curvature of the nodal field and are known to belong to a
different universality class. A fourth-order nonlinear hyperdiffusion equation is reverse-
engineered from the discrete model's redistribution rule. A dynamical renormalization-
group analysis of the equation yields scaling exponents which compare favorably with
those measured in the discrete lattice model within the relevant spectral range dictated by
the sizes of the domain and the lattice grid. These scientists argued that the fourth-order
nonlinear diffusion equation that models the behavior of the discrete model in the
continuum limit is in fact compatible with magnetohydrodynamics (MHD) of the flaring
phenomenon in the regime of strong magnetic field and effective magnetic diffusivity
characteristic of strong MHD turbulence.

Pouquet continued work on the transition from weak to strong turbulence in the MHD
framework, applying the findings of the study of the magnetosphere of Jupiter. She also
began an investigation of singularities in MHD and development of turbulent structures at
moderate to high magnetic Reynolds numbers; modeling MHD flows as it applied to the
geo-dynamo at low magnetic Prandtl numbers is in the planning stage, a Collaborations in
Mathematical Geosciences NSF grant having been obtained on this topic.

Sébastien Galtier came from IAS (Orsay) to continue working with Paul Swarztrauber
(SCD) and Annick Pouquet on developing, ab initio and at first for Burgers turbulence, a
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Lagrangian code using a pseudo-spectral method. The long term goal is to have a better
numerical technique to handle the long-standing and all important problem of the heating
of the solar corona, in a simplified modeling statistical framework. The results for a
stationary shock are very encouraging: at a fixed resolution (of N = 128 points), the
Reynolds number can be increased by two orders of magnitude with the new method
when compared to a computation on a fixed grid. However, for a moving shock, problems
occur in the coarsening/refining process and more work needs to be done, likely
introducing a grid diffusion term.

The idea behind inviting Sébastien Galtier, Dimitri Lavender and Alain Noullez at the
same time was to coordinate our efforts to build AMR (Adaptive Mesh Refinement) codes
for turbulent flows. More precisely, they identified a problem with Pouquet, the Hwa-
Kardar (or HK) equation, on which several codes will be inter-compared. The HK equation
was written in the context of the dynamical evolution of overlapping avalanches, as a
model of heating the solar corona. The equation was written for a scalar field u(x,y,t)
representing either the height variation of a sand-pile or a two dimensional velocity field.
The equation is that of Burgers (advection-diffusion in one space dimension) to which is
added a transverse diffusion term. It is thus one of the simplest physical set-up one can
think of to test the two-dimensionality of an algorithm, since there is no pressure term in
that case. It is well known that the shocks that form in a standard Burgers equation in a
finite time along the parallel direction leads to a catastrophic growth of the parallel
dissipation. In the HK case, these shocks are also responsible for an exponential growth
of gradients in the perpendicular direction, with moreover an e-folding factor that itself
grows catastrophically in time. The four codes used in this study were: (I) a fixed grid
pseudo-spectral algorithm taken as the fully resolved case; (II) a finite difference low-
order AMR developed by Dimitri Lavender in Nice and using the PARAMESH library; (III)
a spectral element high-order AMR code (GASPAR) developed by Duane Rosenberg at
NCAR and finally (IV) a spectral-Lagrangian code, developed with P. Swarztrauber
(SCD). GASPAR will be tested both with and without dynamical adaptation. Errors will be
measured both with L2 and L∞ norms, examining the time and location of shocks, together
with more sophisticated statistics of the flow such as energy spectra, relative amount of
parallel and perpendicular dissipation, and self-similar decay of the energy.

The investigation of Ronald Adrian and B. J. Balakumar (both of the University of Illinois at
Urbana-Champaign) focused on a particular structure consisting of hairpin vortices
organized into a self-replicating packet and how it occurred as the dominant mechanism of
turbulence stress creation in the planetary boundary layer (PBL) as well as in the
laboratory boundary layers. They collaborated with Lenschow, Peter Sullivan and Tom
Horst (MMM and ATD) to use the turbulent velocity data from the Horizontal Array
Turbulence Study (HATS) field experiment as a test bed. They started to sift through the
database seeking maxima in the correlations between the HATS time series and velocity
signatures found in the laboratory. Demonstration studies with another experiment in the
PBL indicated that a large fraction of the seemingly random PBL time series could be
represented in detail by sequences of a small number of signatures from the lab flow, the
tentative conclusion being that the deterministic mechanism underlying the signatures is
ubiquitous. Adrian and Balakumara hope to add weight to this conclusion by applying a
similar but more advanced analysis to the HATS data. During their visit an idea formed for
extending this approach by developing a library of signature from different coherent
structures in turbulence and applying it to the analysis of large data sets so as to
determine the occurrence of different coherent forms at various points throughout the data
set (i.e., plumes, vortex packets, etc.). This might prove useful in an automatic means of
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classifying segments of data sets and streamlining their analysis.

David Gurarie (Case Western Reserve University) collaborated with Don Lenschow
(MMM) on atmospheric transport models of reactive species and tracer gases. They
published a paper: "A simple model for relating concentrations and fluctuations of trace
reactive species to their lifetimes in the atmosphere", JGR, 2002. Further plans to include
higher level model with parameterized convection, meridional transport and seasonal
variability was begun through an NSF proposal with Lenschow and Ian Faloona. Gurarie
and Sergey Danilov (Alfred Wegener Institute for Polar and Marine Research) continued
their study of quasigeostrophic turbulence (single layer and multi-layer), particularly the
effect of rotation (beta-plane).

Besides an ongoing research with William Large (CGD) on double-diffusive convection,
there are two projects with applications to the atmospheric boundary layer that Robert
Kerr (University of Warwick) is developing in collaboration with NCAR.

One is on stochastic parameterizations for convection over rough terrain, taking into
consideration the evidence for upscale energy transfer in the atmospheric boundary layer
and its implications for new reduced models for the equatorial convection zone. The
simulations are idealized thermal convection in a box and the observational data is from
scatterometer data, a source of surface velocities over the oceans from remote satellites.
It appears that new results on understanding and using structure functions could aid in
data assimilation and decisions about the best reduced models for the equatorial
convection zone.

The second project, with HAO, deals with connecting artificial data generated from small-
scale simulations with large-scale observational data from the heliosphere. In particular,
one can look for signatures for small-scale turbulent bursts in the solar wind based on
results from simulations, with a possible collaboration with the Warwick group using their
new compressible, nested mesh code. A collaboration with Tom Holzer, B-C Low and
Keith MacGregor (all three with HAO) may occur along these lines.

Senior Research Associates Highlights

ASP's current Senior Research Associates (SRAs) are Guy Brasseur (Max Planck
Institute), Hans Friedli (ACD), John Latham (University of Manchester), Jerry Mahlman
(NOAA/GFDL) and Lawrence Radke(University of Rhode Island). In addition to providing
an on-going resource for current postdocs and graduate fellows, these SRAs also
represent NCAR in their community work.

Hans Friedli's investigations (with collaborators Lawrence Radke and the Canadian Forest
Service) on the emission of mercury species from wildfires has led to the conclusion that
the organic soil above the mineral layer is a major but highly variable source of mercury
emission during wildfires. New fieldwork in a boreal forest in Canada provided a mercury
inventory for live and dead vegetation and profiles of the mercury concentration in the
organic soil layer. A commonly found carbon layer on top of the mineral layer indicated
that the organic soil layer had been completely burnt in previous wildfires and thus must
have caused large spikes in mercury emission. The new data suggest that the mercury
temporarily sequestered in organic soil may be larger than the oceanic reservoir as had
been previously assumed.

Friedli (with colleagues from the University of Iowa, Carmichael et al.) characterized the
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distribution of mercury in the air around Japan/Korea/China based on airborne
measurements made during the Asian Pacific Regional Aerosol Characterization
Experiment (ACE-Asia) campaign. The mercury distribution is extremely heterogeneous,
consisting of air attributable to anthropogenic, biomass and volcanic emissions, dust
storms, as well as highly processed clean air high in mercury. The results support the use
of gaseous elementary mercury as a conserved tracer for long-range transport as well as
a tracer (with appropriate co-tracers) for the identification of individual sources. The
measurements indicate that China is a very large exporter of atmospheric mercury.

John Latham has further extended his research into a novel idea for the amelioration of
global warming by the advertent and controlled enhancement of the albedo A and
longevity L of low-Level maritime clouds. More detailed calculations coupled with some
limited computer modelling support the quantitative validity of the proposed technique,
which involves increasing the droplet concentration in such clouds, with a corresponding
increase in both A and L: and thus cooling. The idea involves the dissemination at the
ocean surface of small seawater droplets in sufficient quantities to act as the dominant
cloud condensation nucleus on which cloud droplets form. Satellite control of the overall
dissemination rate is envisaged. Collaborators include Dr Keith Bower & Prof. Tom
Choularton (UMIST, Manchester, UK), Dr Alan Blyth, Dr Alan Gadian & Prof. Mike Smith
(University of Leeds, UK), Prof. Stephen Salter, (University of Edinburgh, UK) and Dr Tom
Wigley (CGD). If this technique were to prove workable on the scales required, it could be
of great societal importance.

Latham and collaborators are continuing their examination of the extent to which it is
possible to determine thundercloud ice characteristics from satellite observations of
lightning, which are now routinely made on a global scale, using NASA/MSFC devices. A
specific goal is to ascertain whether measurements of lightning frequency f can yield
estimates of precipitating and non-precipitating ice fluxes. Our computations - and
particularly, recent data analysis - support our hypothesis that f is roughly proportional to
the product of the downward flux fg of graupel through the body of the thundercloud and
the upward flux fi of ice crystals into its anvil. This raises the possibility of determining, on
a global basis, values of fg and/or fi from the lightning measurements. Such information
could have considerable climatological and nowcasting importance. Collaborators include
Dr Hugh Christian, Dr Walt Petersen & Ms Wiebke Deierling (NASA/MSFC), Dr Alan
Gadian & Dr Alan Blyth, (University of Leeds, UK), Dr Rumjana Mitzeva (University of
Sofia, Bulgaria), Mr Scott Ellis (ATD) and Dr Jim Dye (MMM).

Jerry Mahlman served as a part-time ambassador and free agent to represent NCAR's
priorities around the world. His activities ranged from one-hour tutorials on global-warming
science to the newly formed National Council on Energy Policy to all-day interactive
sessions with ethicists and philosophers to chairing the National Research Council's
Workshop on Estimating Climate Sensitivity. Mahlman's representation of NCAR is a
different and much broader role than some other senior research associates owing to his
background at Princeton/Geophysical Fluid Dynamics Laboratory.

NCAR Aerosol Program

The NCAR Aerosol Program (NAP) serves the diverse community of aerosol researchers
at NCAR and in the research community by initiating activities that improve
communication and promote collaborative research. The main activity of FY03 was the
continuation of the NAP Research Discussion series. The purpose of the Research
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Discussion is to bring together NCAR aerosol scientists and others from outside of NCAR,
providing both researchers and students with opportunities to meet and exchange ideas.
The structure for the discussion is an informal 30-minute research presentation by an
invited speaker, which focused not on past accomplishments but current challenges and
interesting questions in aerosol research. Following this, there is a reception and poster
session, for which students and early career scientists are especially encouraged to
participate. During FY03, NAP sponsored three Research Discussions, featuring the
following speakers: Jose Jimenez (Univ. of CO), John Ogren (NOAA/CMDL) and Dan
Murphy (NOAA/AL). Each meeting included four poster presenters from NCAR, University
of Colorado, Colorado State University, and NOAA. The discussions and poster sessions
were well attended, with each presentation filling the 50-seat Damon room to capacity.
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Educational Activities

Seminar Series

The ASP continued its series of seminar presentations. They are intended to promote
greater understanding of the range of scientific activities underway at NCAR and the
scientific community and to provide postdocs with an opportunity to schedule and arrange
logistics for visiting scientists. During FY-03 ASP hosted four seminars from NCAR
scientists and three outside institutions.

The Geophysical Turbulence Program also had a full seminar series. Seminar lecturers
are invited to stay around NCAR for a day or two to collaborate with NCAR turbulence
researchers after their seminar. During FY-03 GTP hosted one seminar by a new
postdoctoral fellow here at NCAR and 17 from outside institutions.

Thompson Lectures

In 1998 ASP established the "Thompson Lecture Series," named in honor of Phil
Thompson who founded the Advanced Study Program and was NCAR's first associate
director. Under this program, prominent scientists are brought to NCAR for short visits that
promote interaction between them and the postdoctoral fellows and other junior scientists
at NCAR. In addition to presenting formal lectures, the Thompson Lecturers listen to
briefings on the research being conducted by ASP Fellows and comment and provide
advice on those research projects. They also meet with groups of scientists to discuss
some more general topics, provide career advice, and offer their perspectives on scientific
trends and priorities. In FY-03, two Thompson Lecturers were brought to NCAR: Craig
Bohren (Pennsylvania State University) and Michael Wallace (University of Washington).

Other Educational Activities

A few ASP Postdoctoral Fellows served as SOARS mentors during the summer months.
SOARS is hosted through the Human Resources department of UCAR. George Bryan
participated in the Education and Outreach Undergraduate Summer Leadership
Workshop. Jadwiga Beres participated in another UCAR function, the Building Bridges in
Education Conference, also sponsored by the Boulder County Latina Women's League.

Some of the ASP postdoctoral fellows collaborated in teaching a graduate-level course at
the University of Colorado on global climate change. Other education-related activities
included Mark Potosnak's leadership in a high school and grade school teacher instruction
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workshop through the Earthworks Program in Jamestown, Colorado. Mark Miesch served
as a volunteer for the Space Odyssey exhibit at the Denver Museum of Nature and
Science.

The Early Career Scientists Assembly (ECSA), through support of ASP, sponsored
scientific travel for several NCAR early career scientists and hosted two poster sessions
to meet and discuss topics with peers and other scientists at NCAR. During FY-03 the
ECSA hosted a visit from Susan Avery (University of Colorado) for the annual Scientific
Leaders discussion and seminar presentations. New this year, through special funds from
the NCAR Directorate, the ECSA hosted the first Junior Faculty Forum for Future
Scientific Directions in June 2003. The three-day forum consisted of 65 participants
representing 36 national universities, colleges and 25 UCAR and NCAR attendees.

http://www.asp.ucar.edu/ecsa/announce.html
http://www.asp.ucar.edu/ecsa/announce.html
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Community Service

Annick Pouquet (GTP) served as associate editor for the Journal of Turbulence and on
the editorial board for Journal of Computational Physics during the past fiscal year. She
also served as a reviewer for six different scientific journals and a proposal reviewer for
the National Science Foundation as well as four foreign agencies. Other ASP members
served as reviewers for journals including Caspar Ammann who provided reviews for
Geophysical Research Letters, Journal of Geophysical Research, AGU Geophysical
Monographs, Journal of Climate, Paleoceanography, Journal of Atmospheric Solar and
Terrestrial Physics, Climate Dynamics, and the NSF Office of Polar Programs. Huaqing
Cai served as a reviewer for Monthly Weather Review. Richard Cullather and Kim Mace
each served as a reviewer for several scientific journals, and Hatim Sharif served as a
reviewer for ASCE Journal of Hydrologic Sciences.

Annick Pouquet, GTP chair, was incorporated into the University of Colorado Department
of Astrophysics as an adjunct professor. As a Senior Research Associate Jerry Mahlman
served as a member of several panels in FY-03 including the National Academy of
Sciences (NAS) panel to prepare the new global warming room at the NAS Kortland
Museum; National Research Council Committee to review the U.S. Climate Change
Science Program; reviewer for the Program of the Institute of Atmospheric Sciences and
the Department of Atmospheric Sciences at the South Dakota School of Mines and
Technology; and as a member of the Advisory Committee to Review the NASA Earth
Sciences Directorate at Goddard Space Flight Center.

Postdoctoral Fellows also served on advisory and ad hoc committees. Caspar Ammann
participated on the Science Advisory Group for the Climate Time Line exhibit, co-wrote
the Volcanic Forcing Theme-Page for NOAA-NGDC-Paleoclimatology web site with G.
Zielinski (University of Maine), and gave presentations to the Leadership Workshop and
NCAR Climate and Global Change Teachers Workshop. Richard Cullather was a member
of the NASA Interdisciplinary Studies Proposal Review Panel. David Dowell served as a
member of the Severe Local Storms Program Committee. David Gochis was a member of
the North American Monsoon Experiment (NAME) Science Working Group and the NAME
Support team. As a member of the systems subcommittee, Hatim Sharif participated with
the Consortium of Universities for Advancement of Hydrologic Science in developing the
Hydrologic Information Systems.

Graduate fellow Amanda Cox served as a member of the Microwave Radiometry Standard
Terminology Project during FY-03.
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Awards

Five postdoctoral fellows received special honors and awards during FY-03. Caspar
Ammann received funding on three proposals: Climate variability of past centuries-
regional and climate mode response (NSF Strategic Initiative with Linda Mearns of ESIG
and Warren Washington of CGD); Development of spatio-temporal and multi-resolution
methods for detecting the impact of volcanic and solar forcings in climate (NSF
Collaborations in Mathematical Geosciences with Philippe Naveau of the University of
Colorado); and Volcanic forcing of climate over the past 2000 years: an improved ice-
core-based index for climate models (NSF-ESH/NOAA-OGP with Alan Robock of Rutgers
University).

Shui Bin was the recipient of SysTem for Analysis, Research and Training (START)
research seed grant funds.

Emma Kavanaugh was appointed as a Fellow of the Royal Astronomical Society in the
United Kingdom (UK), member of the Institute of Physics of the UK, and a member of the
European Geosciences Union.

Matthias Rempel received the Otto Hahn Medal of the Max-Planck Gesellschaft Award for
his Ph.D. work.

Craig Stroud was appointed as an AAAR Fellow as well as an ACS Fellow.
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Momentum flux distribution at 100mb from convectively forced
gravity waves estimated using the Beres et al. 2003 analytical
method and distribution of convection from the WACCM model.
Wave flux is shown as a function of wave phase speed and
latitude for a) January and b) July. The dashed lines represent
zonal mean wind at 750 mb, whereas the thick line depicts zonal
mean wind at 100mb. (Note that the amplitudes of the waves are
still uncertain)
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Director's Message
Robert Harriss

I am delighted to report that this has been a year of unprecedented scientific
collaboration and outreach for the Environmental and Societal Impacts Group
(ESIG). The character of the highly successful programs conducted during
FY2003 range from the rapid expansion of NCAR Strategic Initiative efforts to
workshops and projects that include many other elements of the NCAR research
program, UCAR Office of Programs, university faculty and researchers, and
international scientific organizations. For example, several years ago GIS

(Geographic Information Systems) had a negligible presence at NCAR/UCAR. Today, this tool has become a
crucial element of the NCAR strategy for serving weather and climate information to a broad audience of
users in universities, non-governmental organizations, and public agencies. The leadership of the GIS
Initiative is a collaborative effort involving ESIG and RAP. A GIS Laboratory is being planned that, together
with NCAR's Cyberinfrastructure Initiative, will be a toolkit for the seamless delivery of weather and climate
information to researchers and other users around the nation and the world.

The NCAR Weather and Climate Impact Assessment Initiative, co-led by ESIG and CGD, is focused on
a top-priority issue identified in the US Climate Change Science Program: quantifying and understanding the
uncertainties associated with climate model products and impact assessment methods. An improved
understanding of the "cascade of uncertainties" provides essential feedback to guide the technical evolution
of models and assessment methods associated with climate projections and impact scenarios. Knowledge of
uncertainties is also critical in establishing national and international strategies for mitigation and adaptation
to future climate variability and change. The Assessment Initiative and ESIG research on Use and Value of
Weather and Climate Information combine to form an end-to-end program on how to reduce the loss of lives
and property related to extreme meteorological events.

ESIG convened two workshops and a Summer Institute that resulted in a banner year for national and
international scientific collaboration and outreach. A November 2002 workshop sponsored by ESIG and the
US Weather Research Program on "Increasing the Value of Weather Information in the Operation of the
Electric Power System" was prescient in recommending a variety of strategies for increasing the
robustness of the aging national electricity transmission network. The massive electrical blackout in the
eastern United States and Canada in August 2003 was a dramatic reminder of how the vulnerability of this
essential lifeline can threaten the economy and national security. Workshop participants recommended a
variety of projects aimed at the rapid transition of advances in weather analysis and forecasting to
operational applications in the management of electric power production and transmission systems.

Following the destruction of the World Trade Towers on September 11, 2001, there has been a significant
increase in awareness of the need for effective disaster warning systems. An innovative ESIG workshop on
"Early Warning Systems: Do's and Don'ts" brought together participants from 12 different nations to
examine ways to improve the theory and practice of designing and implementing warning systems. The
mobility of people and products in today's global economy was a central theme of the recommendations.
Future warning systems will require "thinking globally, acting locally and globally." We look forward to the
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final workshop report in FY2004.

Finally, ESIG, in partnership with the global change SysTem for Analysis, Research and Training (START),
sponsored a three-week Summer Institute for early and mid-career scientists from developing countries on
the topic of "Urbanization, Emissions, and the Global Carbon Cycle." Participants from Asia, Latin
America, and Africa participated in the intensive program of scientific lectures and professional skill-building
exercises during August 2003 at NCAR. During the Institute, participants developed research proposals for
projects in their home cities. The START participant proposals were peer-reviewed, revised, and funded.
The participants have two years to complete their projects. An appropriate forum will be selected for
presentation and synthesis of the project results. The David and Lucile Packard Foundation provided primary
funding for this Institute

In the coming year, ESIG research, education, and outreach activities will be given increased emphasis by
being designated as the NCAR Institute for the Study of Society and Environment. Elevation to Institute
status includes ambitious plans for an expansion of the research staff and agenda related to science that
serves society. It is urgent that scientific results be relevant and usable for decision making in the fast-
moving, turbulent world of the twenty-first century.
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Director's Message
Robert Harriss

I am delighted to report that this has been a year of unprecedented scientific
collaboration and outreach for the Environmental and Societal Impacts Group
(ESIG). The character of the highly successful programs conducted during
FY2003 range from the rapid expansion of NCAR Strategic Initiative efforts to
workshops and projects that include many other elements of the NCAR research
program, UCAR Office of Programs, university faculty and researchers, and
international scientific organizations. For example, several years ago GIS

(Geographic Information Systems) had a negligible presence at NCAR/UCAR. Today, this tool has become a
crucial element of the NCAR strategy for serving weather and climate information to a broad audience of
users in universities, non-governmental organizations, and public agencies. The leadership of the GIS
Initiative is a collaborative effort involving ESIG and RAP. A GIS Laboratory is being planned that, together
with NCAR's Cyberinfrastructure Initiative, will be a toolkit for the seamless delivery of weather and climate
information to researchers and other users around the nation and the world.

The NCAR Weather and Climate Impact Assessment Initiative, co-led by ESIG and CGD, is focused on
a top-priority issue identified in the US Climate Change Science Program: quantifying and understanding the
uncertainties associated with climate model products and impact assessment methods. An improved
understanding of the "cascade of uncertainties" provides essential feedback to guide the technical evolution
of models and assessment methods associated with climate projections and impact scenarios. Knowledge of
uncertainties is also critical in establishing national and international strategies for mitigation and adaptation
to future climate variability and change. The Assessment Initiative and ESIG research on Use and Value of
Weather and Climate Information combine to form an end-to-end program on how to reduce the loss of lives
and property related to extreme meteorological events.

ESIG convened two workshops and a Summer Institute that resulted in a banner year for national and
international scientific collaboration and outreach. A November 2002 workshop sponsored by ESIG and the
US Weather Research Program on "Increasing the Value of Weather Information in the Operation of the
Electric Power System" was prescient in recommending a variety of strategies for increasing the
robustness of the aging national electricity transmission network. The massive electrical blackout in the
eastern United States and Canada in August 2003 was a dramatic reminder of how the vulnerability of this
essential lifeline can threaten the economy and national security. Workshop participants recommended a
variety of projects aimed at the rapid transition of advances in weather analysis and forecasting to
operational applications in the management of electric power production and transmission systems.

Following the destruction of the World Trade Towers on September 11, 2001, there has been a significant
increase in awareness of the need for effective disaster warning systems. An innovative ESIG workshop on
"Early Warning Systems: Do's and Don'ts" brought together participants from 12 different nations to
examine ways to improve the theory and practice of designing and implementing warning systems. The
mobility of people and products in today's global economy was a central theme of the recommendations.
Future warning systems will require "thinking globally, acting locally and globally." We look forward to the
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final workshop report in FY2004.

Finally, ESIG, in partnership with the global change SysTem for Analysis, Research and Training (START),
sponsored a three-week Summer Institute for early and mid-career scientists from developing countries on
the topic of "Urbanization, Emissions, and the Global Carbon Cycle." Participants from Asia, Latin
America, and Africa participated in the intensive program of scientific lectures and professional skill-building
exercises during August 2003 at NCAR. During the Institute, participants developed research proposals for
projects in their home cities. The START participant proposals were peer-reviewed, revised, and funded.
The participants have two years to complete their projects. An appropriate forum will be selected for
presentation and synthesis of the project results. The David and Lucile Packard Foundation provided primary
funding for this Institute

In the coming year, ESIG research, education, and outreach activities will be given increased emphasis by
being designated as the NCAR Institute for the Study of Society and Environment. Elevation to Institute
status includes ambitious plans for an expansion of the research staff and agenda related to science that
serves society. It is urgent that scientific results be relevant and usable for decision making in the fast-
moving, turbulent world of the twenty-first century.
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Executive Summary

The Environmental and Societal Impacts Group (ESIG) conducts an interdisciplinary research program that
focuses on the evaluation of the societal consequences of weather and climate variability, change, and
extreme meteorological events. ESIG aims to be a leading provider and integrator of the scientific knowledge
necessary to design new strategies, methods, and tools to prepare for highly uncertain climate futures.

ESIG's fundamental mission connects advances in the atmospheric sciences with the societal need to better
anticipate and respond to the detrimental impacts of weather, climate variability, and climate change. This
mission is closely tied to NSF's strategic goal to "promote the discovery, integration, dissemination, and
employment of new knowledge in service to society." ESIG also integrates and disseminates new knowledge
through education and outreach activities that emphasize enhancing the societal "usability" of atmospheric
and related science information.

During FY03, ESIG convened two important workshops, finished the planning of another workshop, and
produced numerous peer-reviewed publications, including two books published in 2003. ESIG's research
falls into three major categories:

(1) The science of weather and climate impact assessment; 
(2) Use and value of weather and climate information; and 
(3) Developing communication informatics for education and outreach.

The following narrative contains highlights from ESIG's significant accomplishments during FY03. A complete
description of NCAR's FY03 research is available in the full Annual Scientific Report.

The Science of Weather and Climate Impact Assessment

Weather and Climate Impact Assessment Strategic Initiative

During FY03, ESIG began several new projects in this Strategic
Initiative. ESIG co-leads this Initiative with CGD and RAP. The
Initiative expanded significantly during FY03 to include greater
development of current research, as well as adding new
directions. Many ESIG scientists are currently engaged in
characterizing uncertainty in impact assessment work and
assessing extreme weather and climate events. The three main
thrusts of this Initiative are to (1) characterize uncertainty in
impact assessment science; (2) assess and model extreme
weather and climate events; and (3) develop a climate/human
health program. The Initiative also involves scientific
collaborators from the university community, including Johns
Hopkins U, U Arizona, U Colorado, U Kansas, U Michigan, U
North Carolina, and U Washington, as well as several federal
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laboratories (e.g., National Severe Storms Lab, Lamont-Doherty
Earth Observatory). During FY03, an "extremes toolkit" was
developed to make software available that provides a web-
based tutorial to better communicate meteorological extremes in
a form accessible to the broader atmospheric community.

Additionally, a preliminary climate/health document was produced to assist in establishing an education and
research program designed to address the relationship between climate and human health. As a first step in
this process, ESIG and ASP will convene an interdisciplinary Summer Institute on Climate and Health during
FY04. More information on this Strategic Initiative is available on the website at
www.esig.ucar.edu/assessment, or see the Strategic Initiatives link of this Annual Scientific Report for
more explanation of current projects.

GIS (Geographic Information Systems) Strategic Initiative

The GIS Strategic Initiative promotes and supports the use of GIS as an analysis
and infrastructure tool in atmospheric research, as well as addressing the broader
issues of spatial data management and interoperability. It helps to integrate NCAR
data and knowledge across disciplines. ESIG and RAP co-lead this Strategic
Initiative. During FY03, a GIS coordinator was hired from the Environmental Systems
Research Institute (ESRI), and a lecture series on GIS was initiated to encourage
the use of GIS at NCAR and UCAR through training and education. This year, the
Initiative has partnered with GIS technology leaders in the public realm (the
OpenGIS Consortium) and the private sector (ESRI). Through these partnerships,
the GIS Initiative has been working with ESRI to develop an atmospheric data model
to provide a structure for seamless integration of atmospheric data in GIS format. A
new website has been created that contains extensive information on the four
expanded program elements: (1) education, training, and user support; (2) research enabled by GIS; (3) data
integration and distribution, and (4) research in GIS technology. More information is available at the newly
redesigned website at www.gis.ucar.edu.

Issues in the Impacts of Climatic Variability and Change on Agriculture

ESIG scientists published findings that concluded several
years of research in a special issue of Climatic Change
(September 2003) on "Issues in the Impacts of Climate
Variability and Change on Agriculture: Applications to the
Southeastern United States." The papers in this issue are
interdisciplinary in nature, from climate modeling to remote
sensing to economics. The Southeast is agriculturally quite
diverse, growing a wide variety of crops, and research
suggests that the region could be highly vulnerable to
climate change. In carrying out this multidisciplinary
research, ESIG scientists learned to appreciate the
importance of defining conceptual frameworks that reach

across disciplines. Team members included climatologists, geographers, economists, remote sensing
experts, and statisticians. A book containing the collection of articles has also just been published by Kluwer
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Academic Publishers (Mearns, L.O. (ed.), 2003: Issues in the Impacts of Climate Variability and Change on
Agriculture: Applications to the Southeastern United States).

Use and Value of Weather and Climate Information

Early Warning Systems: Do's and Don'ts

An early warning system is made up of several
components: the formulation of the warning, the
issuance of the warning, and the reception of and
response to the warning - each of which has to be
considered in the evaluation of an early warning system.
A weakness in any part of the process can render the
early warning system ineffective, and a system that does
not warn effectively will not be taken seriously. ESIG
received funds in FY02 to convene an international
workshop on "Usable Science VIII: Early Warning
Systems," co-sponsored by the Chinese Meteorological
Administration and the Chinese Academy of
Meteorological Sciences, and held in Shanghai, China, in
mid-October. Thirty-two participants from 12 different countries (Australia, Brazil, China, India, Italy, Japan,
Malaysia, Russia, Spain, Switzerland, the UK, the US) and from several different disciplines and funding
agencies gathered in Shanghai to examine ways to improve early warning systems, including types of early
warning systems in theory and practice, sustainable development, politics, capacity building for early
warning, and much more. A comprehensive workshop report will be available in early FY04.

Increasing the Value of Weather Information in the Operation of the Electric Power System

On 6-7 November 2002, ESIG convened a workshop
sponsored by the US Weather Research Program on
Increasing the Value of Weather Information in the
Operation of the Electric Power System. Reliable and high
quality electric service is central to public welfare and
economic productivity, yet much of electric power decision-
making and consumption remains highly exposed to the
vagaries of weather. Advance knowledge of the weather's
influence on electric power has the potential to greatly
reduce society's vulnerability. Thirty-five representatives

from the electric power industry, electric power research, academics, and research meteorologists were
invited to participate in the two-day workshop. Several suggested action items emerged, which included (1)
the development of a common data format in archives and forecasts; (2) coupling of forecasts to GIS-based
frameworks; (3) detailed analysis of the causes for failure in different weather events; (4) demonstrations of
new weather products and their value in industry decision-making; and (5) education programs to inform the
industry of cutting-edge capabilities in meteorology. Full workshop results are available on the website and
in the workshop report.

International Fisheries and Climate Variability

Expanding upon previous studies in fisheries research, ESIG has created a
collaborative project on International Fisheries and Climate Variability that
encompasses three separate activities to examine the impacts of climate
variability on fish abundance and distribution, as well as the implications of that
variability on efforts to maintain effective cooperative international fisheries
management. The three components of the project are: (1) climate variability
and Pacific salmon, which describes the evolution of the institutional framework
for US/Canadian cooperation on Pacific salmon management; (2) climatic
regime shifts and cooperative fishery management, which focuses on the
general problems posed by climatic regime shifts to international fisheries
management; and (3) climate variability: implications for tuna management,
which addresses the question of how to achieve stable management of
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multinational marine fisheries in an unstable climatic environment. The ESIG
project lead scientist is collaborating with colleagues from the University of
Montana, the University of British Columbia, and Moscow State University,
among others. The international project was begun in FY03 and continues into
FY04.

Developing Communication Informatics for Education and Outreach

Advanced Institute on Urbanization, Emissions, and the Global Carbon Cycle

For three weeks in August 2003 (4-22
August), 18 outstanding natural and
social scientists, engineers, and urban
planners from 12 countries (Brazil, Chile,

China, Columbia, India, Indonesia, Japan, Mexico, South Africa, Sri Lanka, Thailand, and Uganda) were
invited to NCAR to examine the interaction of cities with their environments, particularly emissions of both
long-lived greenhouse gases and short-lived polluting gases and particulates. This Advanced Institute is the
second in a series implemented by START (the global change SysTem for Analysis, Research and Training)
that aims to enhance early- to mid-career professionals from developing countries to play a leadership role in
key issues of global environmental change and sustainable development. Sponsored by NCAR and START,
and supported by the David and Lucille Packard Foundation and the Inter-American Institute for Global
Change, this Advanced Institute emphasized trans-disciplinary thinking and interdisciplinary collaboration.
Curriculum topics during the intensive seminar session in Boulder included: (1) conceptual frameworks for
the study of urban ecosystems and urban metabolism; (2) methodologies for estimating and measuring
emissions of greenhouse gases from metropolitan regions and their application in developing regions; (3)
socioeconomic factors that control urban emissions; (4) institutions and incentive/disincentive systems for
managing urban carbon and greenhouse gas emissions; (5) innovative technologies and their potential
impact on emissions; and (6) future trajectories of urban emissions as a component of the global carbon
cycle.

Climate Affairs: A Primer

The idea to look at climate and climate-related issues through the
multidisciplinary lens of Climate Affairs has been catalyzed by the
spirit of the times: an obvious growing concern about a broad
range of climate-related issues that affect society and the
environment. In May 2003, after more than two years of
preparation, Island Press published Climate Affairs: A Primer.
Stimulated by the notion of Marine Affairs, a multidisciplinary
activity that emerged during the negotiations to establish a "Law
of the Sea" in the post-World War II period, Climate Affairs is
designed to foster a multidisciplinary "Law of the Atmosphere" in
the twenty-first century. Basically, this program fosters the
training of educators and professionals in six areas: Climate
Science, Climate Impacts on Ecosystems and Societies, Climate
Policy and Law, Climate Politics, Climate Economics, and Climate

http://www.isse.ucar.edu/start/
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Ethics and Equity. Establishing a Climate Affairs program will
enable undergraduate as well as graduate students to
concentrate their educational training in areas of research, impact
assessment, and policy implications that center on climate and
climate-related issues. They will be better prepared than those
without such training to work in various disciplinary areas such as
industry, agriculture, fisheries, mining, insurance, education, health, civil defense, government agencies, and
disaster prevention.
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NCAR Strategic Initiatives

ESIG spearheads two of NCAR's strategic initiatives in collaboration with several other NCAR/UCAR
divisions, and contributes to two more.

Geographic Information Systems (GIS) Initiative

In early 2001, NCAR recognized a need to explore and reevaluate the capabilities
of GIS as an integrating tool for scientific research and applications NCAR, as
well as in the geosciences community at large. The GIS Strategic Initiative
promotes and supports the use of GIS an an analysis and infrastructure tool in
atmospheric research, addresses the broader issues of spatial data management,
interoperability, and geoinformatics, and helps to integrate NCAR data and
knowledge across disciplines. Olga Wilhelmi co-leads the Initiative with Terri
Betancourt (RAP). During FY03, Jennifer Boehnert (ESIG/RAP) was hired from
the Environmental Systems Research Institute (ESRI) to become the GIS
Coordinator at NCAR. The newly redesigned website at www.gis.ucar.edu
contains extensive information on the expanded four major program elements: (1)
education, training, and user support; (2) research enabled by GIS; (3) data
integration and distribution, and (4) research in GIS technology. This year, the
Initiative partnered with GIS technology leaders in the public realm (the OpenGIS
Consortium) and the private sector (ESRI). Through these partnerships, NCAR
participated in the OpenGIS Consortium Conformance and Interoperatibility Test
and Evaluation (CITE) project, and has been working with ESRI to develop an

atmospheric data model that will provide a structure for seamless integration of atmospheric data in GIS. A
lecture series on GIS was also initiated in FY03 to encourage the use of GIS at NCAR and UCAR through
training and education. 

Weather and Climate Impact Assessment Initiative

Linda Mearns is the Director of this multiyear Intiative and co-leads it with scientists Doug Nychka and Jerry
Meehl (both of CGD), with significant involvement from RAP. Begun in FY02, the Initiative expanded in FY03
to include several new projects. Many ESIG scientists are currently engaged in characterizing uncertainty in
impact assessment work and assessing extreme weather and climate events. More information on each
project is available in other parts of this Annual Scientific Report. (Click on the project to access this
information.) The three main thrusts of this Initiative are:

(1) Characterizing Uncertainty in Impact Assessment Science, containing the following projects:

Hindcasting Little Ice Age and Last Millennium, NCAR team: Caspar Ammann and Bette Otto-
Bleisner (both of CGD), Gene Wahl (ASP/ESIG), Doug Nychka (CGD), and Susan Foster (E&O).
External collaborators located at U. Colorado, Lamont-Doherty Earth Observatory, U. Bern, and U.
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Arizona.
Land Cover Forcing from the SRES (Special Report on Emission Scenarios) Scenarios in
Climate Models, NCAR team: Linda Mearns, with Gordon Bonan, Jerry Meehl, and Keith Oleson (all
with CGD). External collaborators are located at U. Kansas and RIVM (Netherlands Environmental
Assessment Agency).
Managing Wildland Fire Risks, NCAR team: Kathleen Miller and Robert Harriss, with external
collaborators from U. Washington and U. Colorado.
Uncertainty in Climate Model Simulations, NCAR team: Linda Mearns, Doug Nychka (GCD),
Claudia Tebaldi (ESIG/RAP), Jerry Meehl and Tom Wigley (both of CGD). External collaborator
located at U. North Carolina.

(2) Methods and Assessment of Extreme Weather and Climate Events:

Climate Variability and Uncertainty in Flood Hazard Planning, NCAR team: Mary Downton,
Rebecca Morss (ESIG/MMM), Olga Wilhelmi, and Melissa Crandall. External collaborator at U.
Colorado.
Downscaling of Extreme Weather Events, NCAR team: Linda Mearns; external collaborator from
NOAA's National Severe Storms Laboratory.
Extreme Events in Climate Models and Spatial Scaling, NCAR team: Linda Mearns, with Jerry
Meehl and Doug Nychka (both of CGD). External collaborators located at U. North Carolina and U.
Colorado.
Extremes in Aviation-Related Weather, NCAR team: Barb Brown and Marcia Politovich (RAP);
external collaborator from U. Colorado.
Extremes Toolkit, NCAR team: Rick Katz and Barb Brown (RAP). External collaborators located at U.
North Carolina and U. Colorado.

(3) Development of a Climate/Human Health Program:

NCAR team: Robert Harriss, Linda Mearns, and Sasha Madronich (ACD). External
collaborators at Johns Hopkins U., U. South Florida, U. Washington, and U.
Michigan.

A preliminary climate/health document was produced in FY03 to assist in
establishing an education and research program designed to address the
relationship between climate and human health. As a first step in this process, ESIG will convene an
interdisciplinary Summer Institute on Climate and Health during FY04.

More information on this comprehensive Strategic Initiative can be found on the website at
www.assessment.ucar.edu.

Wildland Fire Collaboratory Initiative

The Wildland Fire Collaboratory began in FY02 and is led by RAP, with ESIG
contributing to the societal impacts research of the Initiative's three major
components. Those components are (1) wildland fire science, (2) societal impacts,
and (3) operational applications. During FY03, Olga Wilhelmi worked with Christine
Wiedinmyer (ACD) and Janice Coen (MMM/RAP) on developing techniques for
wildfire fuel characterization and assessing the impacts of spatial resolution of the
vegetation cover information on fire modeling. Wilhelmi is continuing to develop a
methodology that allows the integration of fire models with GIS (geographic
information systems). The project website can be found at
www.rap.ucar.edu/projects/wfc.

IT Cyberinfrastructure Strategic Initiative

Formed in November 2002, the Web Outreach and Redesign

http://www.assessment.ucar.edu/
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(WORD) effort is one of the primary components funded out of
NCAR's IT Cyberinfrastructure Initiative. Jennifer Oxelson has
represented ESIG in this project, which aims to redesign NCAR's
web presence and elevate our ability to use the Web to
communicate, share, and work with NCAR's stakeholders and the
general public. WORD membership spans NCAR, UCAR, and
UOP to facilitate coordination and communication among the web
activities of the three organizations. The first phase of the
prototype website is expected to be on line in early 2004. The
project website can be found at word.ucar.edu.
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Fundamental Research

Assessing Socioeconomic Value of Weather and Climate Forecasts

The goal of this research is to develop methodology for
evaluating the societal and economic value of imperfect weather
and climate forecasts, as well as to incorporate this information
into decision-making. ESIG continued its contribution during
FY03 to the planning of an international research program (i.e.,
design of appropriate measures of value of potential
improvements in weather forecasts as a consequence of The
Hemispheric Observing System Research and Predictability
Experiment [THORPEX]). In FY03, Rebecca Morss (ESIG/MMM)
collaborated with Lenny Smith (U Oxford), Melvyn Shapiro
(NOAA), Alan Thorpe (U Reading) and a number of other
societal impacts and THORPEX researchers to develop the
Societal and Economic Applications (SEA) subprogram for the
International THORPEX Science Plan. With F. Martin Ralph and
Zoltan Toth (both of NOAA), she also developed the
Applications subprogram for the NOAA THORPEX plan,
including an FY04 NOAA Announcement of Opportunity for
THORPEX. She took the lead in developing a similar
subprogram for the US and North American THORPEX Science
Plans.

Also during FY03, Morss collaborated with Bill Mahoney (RAP), Robert Harriss, and Bob Gall (MMM) and
others to initiate a collaborative program on the societal and economic benefits of weather information. An
NCAR proposal to develop the program was submitted to the USWRP/NOAA and was recently funded. The
program is an important step toward developing the capacity to conduct the societal impacts research and
data gathering necessary to meet USWRP, NOAA, NCAR, and THORPEX goals to improve weather
forecasts for the benefit of society.

In collaboration with Martin Ehrendorfer (U Innsbruck, Austria), Richard Katz developed a Bayesian approach
to decision making using ensemble weather forecasts. Whether in terms of reliability, skill, or economic
value, the apparent effects of ensemble size on forecasting performance are smaller than those previously
obtained.

Designing "optimal" observing systems requires balancing the costs and benefits of different observations.
Although the meteorological community has discussed the question of optimal investment in observations for
more than three decades, it still lacks a practical, systematic framework to analyze the issue. In FY03,
Rebecca Morss collaborated with two economists, Kathleen Miller and Maxine Vasil (U Colorado-Boulder) to
develop such a framework using an economic approach. To demonstrate the framework, they are analyzing

http://www.rap.ucar.edu/asr2003/
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the appropriate level of investment in observations for an idealized example, based on previous research
results. This work will continue in FY04.

Carbon Cycle Science

As governments and corporations evaluate their options
to respond to climate change, carbon sequestration and
active management of the carbon cycle are now being
considered. Since the carbon cycle is an integrated
system, the need to make integrated data and knowledge
available to decision-makers and scientists has become
more acute. Lisa Dilling and colleagues are developing
supporting projects and human dimensions research for
the North American Carbon Program (NACP). Dilling is
providing input into developing the implementation plan
for the NACP as a member of the drafting committee.
During FY03, in preparation for possible participation in a
community-based "State of the Carbon Cycle" report,
Dilling is collaborating with the NCAR GIS Initiative, the
USGS National Atlas, and the Consensus Building
Institute to explore developing stakeholder-centered
communication of carbon cycle information, using GIS as one of the central tools. Another area of
exploration is the study of the role of different scales of decision-making in determining land use patterns
(and hence carbon storage and release patterns over land). The ultimate goal of this research is to compare
social and physical scales to determine how scientific information might be appropriately focused to support
decision-making at different scales. Proposals have been submitted for possible funding in FY04. During
FY03, Dilling and colleagues completed a review paper highlighting the potential role of carbon cycle science
in carbon management and calling for an expanded dialogue between scientists and decision-maker (Dilling
et al., 2003).

Circle of Knowledge: Climate, Weather and Environmental Change

Shannon McNeeley attended a workshop in May 2003 in Huslia, Alaska, that
began an extensive collaboration with Alaska Natives along the Koyukuk River
in Alaska and scientists who study Arctic and global climate change. A paucity
of data and observations in this region have increased interest in the
integration of western science with indigenous knowledge and Native
observations of climate change. Native elders and hunters possess a legacy of
traditional knowledge and observations of weather and environmental change,
and they are concerned about the dramatic changes they are witnessing.
McNeeley proposes to formulate a model for documenting Native observations
of climate change, while exchanging information on climate, weather, and
environmental changes between Natives and scientists. This project will
continue through FY04. (Click on thumbnail at left for larger image showing

Alaska Native concerns about weather and climate change 1998-2000.)

Effects of Climate on Simulated Crops

While most studies of the impacts of climate change on ecosystems have examined the effect of mean
change in climate, it is widely believed that climate variability, in addition to the mean, has substantial effects
on ecosystems. This issue is becoming more important as we learn more about how climate may vary in
coming decades. During FY03, Linda Mearns and colleagues continued examination of the possible
additional effects of changes in variability on simulated crops. Mearns, with Cynthia Rosenzweig and Richard
Goldberg (NASA Goddard, New York), continued research on the effect of changes in variability of climate
on simulated crop yields at other locations in the Great Plains and Midwest. They applied time series of
temperature and precipitation with changed variances to CERES-corn and CROPGRO-soybean models.
Results so far indicate that increased variance of temperature and precipitation cause substantial decreases
in yield, while decreases in variability cause only slight increases in yield. They have begun applying
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changes in variance from two major atmosphere-ocean general circulation models (AOGCMs), the NCAR
Parallel Climate Model (PCM), and that of the NASA Goddard Institute for Space Studies, for the region of
the Midwest and Great Plains to these crop models for the end of the twenty-first century. With Marta
Vinocur (National University of Redo, Cordoba, Argentina), Mearns has investigated simulated peanut crop
responses to climate variability in Cordoba, Argentina. Using PeanutGRO, they explored the effects of
different combinations of mean and variance changes of temperature. They found that the crop model was
sensitive to both mean and variance changes, but that increases in temperature variance substantially
exacerbated decreases in yield and greatly increased the likelihood of crop failures. They are currently
exploring the causes for these crop model responses.

Ethics of Generation and Use of Weather and Short-Term Climate Forecasts

This research effort systematically analyzes the assumptions, methods, limitations, and uses/abuses of
weather and climate forecasts from an ethical perspective. Criteria and methods are drawn from modern
applied ethics; in particular the "Georgetown School" of analytical criteria and the method of iterative
"specification of reflection" developed by John Rawls. In collaboration with Rebecca Morss, Eugene Wahl is
using these tools to develop a framework specifically oriented to quandaries that arise in the preparation,
provision, and use of weather and short-term climate forecasts. Specific case situations are being analyzed
with this set of tools, such as the allocation of scarce observational resources in the face of competing
demands for the additional accuracy and length of the forecast period that these resources can provide. The
initial design phase of this research was completed in FY03. Completion of case analyses and submission of
research findings to Science and Engineering Ethics is planned during FY04. Dale Jamieson (City U of New
York) is acting as adviser on systematic and applied ethics for this project.

Exploration of GIS Interoperability Technologies for International H2O Project

A research project funded by NSF and conducted by Terri Betancourt
(RAP), Olga Wilhelmi and Jennifer Boehnert (ESIG/RAP) explored
interoperability technologies currently available in the realm of GIS
(Geographic Information Systems). In particular this project was
designed as a demonstration of technology options from the
OpenGIS standards community, as well as from ESRI, the leading
commercial vendor of general-purpose GIS software. The
atmospheric context of the GIS demonstration project was tied to the
International H2O Project (IHOP) conducted during 2002. The
extensive array of heterogeneous atmospheric data collected during
IHOP provided an exceptional opportunity to address the question of
how GIS and related interoperability technologies can address the
question of how GIS and related interoperability technologies address

the need to integrate a wide range of existing atmospheric data into a common geospatial framework. The
spatial data interoperability was addressed in this research project from the perspectives of different user
communities. More information can be found on the new designed GIS website at www.gis.ucar.edu.

Hindcasting Little Ice Age and Last Millennium

The Hindcasting component of the Weather and Climate
Impact Assessment Strategic Initiative focuses on the
uncertainty characteristics of external forcing and their
influences on climate, including variability on different
spatial and temporal scales. This project was initiated in
FY03 in cooperation with CGD to involve simulations of
multiple centuries, including an initial period of the Little
Ice Age. This multiyear project will "fingerprint" volcanic
and solar impacts on climate (forcings). During FY03,
Caspar Ammann (CGD), Philippe Naveau (U Colorado)
and Hee-Seok Oh (U Alberta, Canada) generated and
applied new statistical tools to extract external forcing

http://www.atd.ucar.edu/dir_off/projects/2002/IHOP.html
http://www.gis.ucar.edu/
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fingerprints from climate time series. The ESIG
component for FY03 involved using millennium-length
climate simulations to compare model-derived proxy measures of El Nino-Southern Oscillation (ENSO)
activity with the model's actual ENSO activity over a very long time scale. Linda Mearns and Eugene Wahl,
along with Caspar Ammann, Doug Nychka, and Bette Otto-Bleisner of CGD, have completed initial
processing phases of this research. Research findings will be submitted to the appropriate journals in FY04.
Additional information is available on the following website: www.cgd.ucar.edu/ccr/asr03

Land Cover Forcing from SRES Scenarios in Climate Models

The most recent Intergovernmental Panel on Climate
Change (IPCC) SRES (Special Report on Emissions
Scenarios) was released in 1998 to assist in the
development of a new set of emissions scenarios in
order to provide input to the IPCC Third Assessment
Report. This current project was begun in FY03 as part
of the Weather and Climate Impact Assessment
Strategic Initiative in collaboration with CGD to extend
future climate change scenarios to include human
impacts on land cover and soils. Linda Mearns and
colleagues in ESIG and Gordon Bonan in CGD, with
involvement from Johannes Feddema (U Kansas) have
created two alternative present-day land cover

representations and run them in the Parallel Climate Model (PCM). Initial results indicate that the model is
very sensitive to land cover change. Additionally, they found that when changing from potential vegetation to
an equivalent present-day land cover, the PCM predicts significant cooling, particularly in the Northern
Hemisphere midlatitude regions. Continuing work in FY04 includes the creation of a time series of land cover
change for the PCM from 1870 to the present, to simulate land-cover change in the twentieth century, as
well as continued development of an Urban Canyon Model to be incorporated into the Community Land
Model.

Problem Definitions for Designing Observing Networks

Because resources for meteorological observations are limited, choices must be made among proposed
enhancements to the weather prediction observing system. In FY03, Rebecca Morss wrote a manuscript
(submitted to BAMS) analyzing choices among observing systems from a public policy research perspective.
The paper explains the role and importance of problem definition in policy research to a meteorological
audience, using five alternate definitions of the observing system design problem in order to demonstrate
how different problem definitions can lead to different results. The problem definitions presented build toward
an appropriate problem definition for observing system design, an important prerequisite for designing a
more cost-effective, integrated global observing system.

Reducing Uncertainty in Paleoenvironmental Reconstruction

Eugene Wahl's research activity on this project centers on

http://www.cgd.ucar.edu/ccr/asr03/


Fundamental Research: ESIG Annual Scientific Report 2003

http://www.isse.ucar.edu/asr03/research.htm[7/6/2015 2:42:18 PM]

technical issues in the calibration of pollen records of fossils for
environmental reconstruction. The work covers a wide range of
topics focused on the use of the Modern Analog Technique
(MAT) that examines how modern pollen assemblages can be
used to reconstruct modern and paleoenvironmental conditions
and vegetation. Wahl is concentrating on (1) designing
mathematical methods for optimizing numerical thresholds used
to determine analogs; (2) examining algorithms and rules for
converting chosen analogs into climate and vegetation
reconstructions, and (3) developing Monte Carlo simulation
methods to examine how thresholds and reconstruction rules
interact with count sizes of pollen samples in order to optimize
scientific efforts toward the development of greater spatial and
temporal resolution of pollen-based records. The results of this
work will help to establish new methods and calibration
benchmarks in this field, and are applicable to other micro-fossil paleoenvironmental archives. 

Superstorm '93

On 12-15 March 1993, a major winter storm affected 26 US states, Cuba, and
eastern Canada, causing high winds, severe weather, storm surges, heavy rain,
record snowfalls, and record low temperatures. Several weather prediction models
and forecasters at the National Meteorological Center recognized the threat of a
significant storm and were able to predict the storm several days in advance.
However, both models and forecasters failed to predict the extent of the rapid
deepening of the storm. During FY03, Michael Glantz gathered together
researchers to begin a project that will explore the potential for improving different
types of forecasts of similar winter storms, as well as the potential value of such
improvements to society. This two-year project involves NCAR scientists across
three divisions: MMM, ESIG, and CGD. They are studying the event as being

representative of a class of events and are approaching the project as a unique and exploratory effort to
integrate meteorological and societal impacts knowledge, research, and research applications. The project
involves external collaborators from Cuba, Canada, and the University of Colorado. This project will continue
through FY04.

Uncertainty in Climate Model Simulations

This continuing project of the Weather and Climate
Impacts Assessment Strategic Initiative developed new
techniques during FY03 for quantifying uncertainty in
climate model projections and began to apply these
techniques to recent transient runs of AOGCMs
(atmosphere-ocean general circulation models). Linda
Mearns joined colleagues from CGD (Doug Nychka,
Jerry Meehl, and Tom Wigley), along with Claudia
Tebaldi (ESIG/RAP) to analyze "super ensembles" of
climate change runs in order to characterize the
uncertainty in the AOGCMs. The same team, with the
addition of Bruno Sanso (U California) and C. Forest
from MIT, examined statistical models for interpolating
between scenarios in order to infer climate change responses under patterns of anthropogenic forcings that
have not been directly simulated by general circulation models. These human-caused effects can be
approximated by combining results from patterns of emissions. This work will continue development during
FY04.
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Enhancing Productivity and Resilience of Natural Resources

Climate Variability in the Alaskan North Slope Coastal Region

The environmental issues affecting the Alaskan North Slope coastal
region are the decline in ice extent in the Beaufort and Chukchi Seas,
gouging of shelves and coast by sea ice, sea level rise, and storm
hazards. The focus of this project is to understand, support, and enhance
the local decision-making process on the North Slope of Alaska in the
face of climate variability on seasonal-to-decadal time scales, both
natural and as a result of anthropogenic changes. This will help
stakeholders clarify their common interests by exchanging information
and knowledge concerning climate and environmental changes. During
FY03, Linda Mearns and Claudia Tebaldi (ESIG/RAP) examined statistical models for downscaling large-
scale climate signals into fine-scale meteorological information, such as winds, temperature, precipitation
time series at specific locations or over high-resolution spatial fields. In addition, Matt Pocernich (RAP) and
Mearns analyzed extreme damaging winds in Barrow and, using extreme value theory, calculated their
return periods. The project website is available at nome.colorado.edu/HARC/ and will continue through
FY04.

Coral Reefs and Climate Change

For some time, researchers have been making dire predictions for the world's
reefs if the impact of humans is not curtailed. A new FY03 focus of research in
ESIG includes research on the effects of climate change on coral reef
ecosystems. Joan Kleypas is examining how two consequences of increased
atmospheric CO2 concentration, greenhouse warming and changes in seawater
chemistry, are affecting both coral reef organisms and the reef structures that
they build. A major threat to coral reefs is the significant increase in
summertime maximum temperatures, which induces a "coral bleaching" stress
response that can lead to large-scale mortality of reef organisms. Kleypas and
colleagues are combining CCSM (Community Climate System Model) output to
help predict the probability of coral bleaching in future greenhouse scenarios. A
second threat to reefs is the increase in ocean acidity, which hampers calcium
carbonate production. On this front, Kleypas and colleagues at NOAA and
Columbia University have designed a field program to document seawater
chemistry changes on a reef at the Caribbean Marine Research Center (CMRC)

in the Bahamas. Through the NCAR Opportunity Fund, the group will deploy an automated seawater
sampling system onto an existing time-series station on a reef near the CMRC, which will enable
documenting the diurnal cycle in seawater carbonate chemistry on the reef. This information will be used
along with other time-series data (e.g., temperature, salinity, light, wind) to model coral reef calcification and
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organic production in response to environmental variables. This project continues through FY04.

Issues in the Impacts of Climatic Variability and Change on Agriculture

Linda Mearns and colleagues published findings during FY03 that
concluded several years of research in a special issue of Climatic Change
(September 2003) on "Issues in the Impacts of Climate Variability and
Change on Agriculture: Applications to the Southeastern United States."
Mearns and colleagues created methods to aggregate different types of
data over space in the Southeast to determine appropriate scale matches.
The papers in this issue are interdisciplinary in nature, from climate
modeling to remote sensing to economics. The Southeast is agriculturally
quite diverse, growing a wide variety of crops, and research suggests that
the region could be highly vulnerable to climate change. In carrying out
this multidisciplinary research, ESIG scientists learned to appreciate the
importance of defining conceptual frameworks that reach across
disciplines. Team members included climatologists, geographers,
economists, remote sensing experts, and statisticians. A website for the
project was created in FY02 at www.esig.ucar.edu/soeast/. A book
containing the collection of articles has also been published by Kluwer Academic Publishers (Mearns, L.O.
(ed.), 2003: Issues in the Impacts of Climate Variability and Change on Agriculture: Applications to the
Southeastern United States).

International Center for Desert Affairs (ICDA)

In 1999, the Chinese government began an agressive development plan
in the western part of China. A major component of this strategy is the
sustainable development of its arid and semiarid regions. Michael Glantz
and Qian Ye (ESIG visitor) launched ICDA as an international center in
October 2002 at Xinjiang University in Urumqi, China, in collaboration
with Wei Gao (Colorado State U). The plan has been given official
approval by the government of the Xinjiang Uygur Autonomous Region
and focuses on establishing a series of graduate and undergraduate
courses on a range of desert issues, including human impacts on desert

environments, the policies, laws, and politics of the development of arid and semiarid lands, and the costs
and benefits of developing fragile desert environments. During FY03, the center located on the campus of
Xinjiang University, was remodeled and furnished, and approval from China's Ministry of Education has
allowed ICDA to be eligible to train graduate students at the PhD level. This provides ICDA scientists the
opportunity to choose graduate research assistants. In early August 2003, the Ministry of Education and
UNESCO sent a delegation to visit the center. Initial planning for a workshop to be organized in FY04 was
launched, and funds are being sought for this endeavor.

International Fisheries and Climate Variability

Building upon previous studies in fisheries research, Kathleen Miller and
colleagues have created a collaborative international project focused on
fisheries and climate variability that encompasses three separate
activities to examine the impacts of climate variability on fish abundance
and distribution, as well as the implications of that variability on efforts to
maintain effective cooperative international fisheries management. The three components of the project are:

1. Climate variability and Pacific salmon, which describes the evolution of the institutional framework for
US/Canadian cooperation on Pacific salmon management. Because fish spawned in the rivers of one
jurisdiction are vulnerable to harvest in other jurisdictions, the United States and Canada have
attempted to cooperatively manage salmon harvests under the Pacific Salmon Treaty. Their efforts,
however, have been stymied by repeated disagreements and by episodes of aggressive competitive
harvesting. This project has already generated three publications during FY03 and another is in press.

http://www.isse.ucar.edu/soeast/
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2. Climatic regime shifts and cooperative fishery management, which focuses on the general problems
posed by climatic regime shifts to international fisheries management. As an outgrowth of the Climate
Variability and Pacific Salmon project, Kathleen Miller is collaborating on a paper with Gordon Munro,
describing the general problems posed by climatic regime shifts for international fisheries
management. The paper surveys the evidence for the significance of climatic regime shifts and calls
for greater attention to the issue on the part of the marine resource economics and fishery
management communities. The paper is to be submitted to Marine Resource Economics. 

3. Climate variability and implications for tuna management, which addresses the question of how to
achieve stable management of multinational marine fisheries in an unstable climatic environment.
There are currently five international regional fishery management organizations (RFMOs) that govern
fisheries for tuna and other highly migratory fish stocks in different parts of the world's oceans. In
addition, there is a proposed new RFMO for the Central and Western Pacific. These organizations
face many common challenges. A systematic comparative history of these organizations will be
coupled with game-theoretic modeling and simulation to examine the effectiveness of alternative treaty
arrangements for joint management of these fisheries. 

Miller is collaborating with colleagues from the University of Montana, the University of British Columbia, and
Moscow State University, among others. The international project was begun in FY03 and continues into
FY04. For more information, see the comprehensive website that was created during FY03 at
www.esig.ucar.edu/fisheries

Water and Climate

Kathleen Miller will serve as the co-Principal Investigator with David Yates
(RAP) on a new project begun in ESIG during FY03 on "Climate
Information for Water Supply Planning." Because water utilities must plan
updates to their facilities decades in advance, effective planning requires
an adequate understanding of the possible range of climate variability
over the planning horizon. This project will convene an international
workshop to bring members of the atmospheric, hydrologic, and water-
resource scientific communities together with representatives of the water
supply industry to examine the current knowledge of potential effects of
global climate change on water supply. Another important development to emerge from this project will be
the completion of a useful and timely document to aid with future planning. ESIG has secured funds from the
American Water Works Association Research Foundation (AWWARF) to develop an educational report and
to host a workshop during FY04. Miller is working together with Yates to coordinate the collection of
materials and the drafting of reports.
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Protection of Life and Property

Challenges to Resort Communities in the Face of Drought

While numerous drought studies focus on the agricultural sector, where the effects of this particular slow-
onset hazard (drought) are the most obvious, impacts on the tourism industry are less well understood. The
recent Colorado drought provided an opportunity to investigate how resort communities are affected by
drought and the types of issues they face from this environmental hazard. An interview series was conducted
by Olga Wilhelmi, in collaboration with Deborah Thomas (U Colorado-Denver) and Michael Hayes (U
Nebraska), as well as Megan Connors during the summer of 2003 as part of a Quick-Response Grant from
the Natural Hazard Center at the University of Colorado in order to evaluate the impacts of the 2002-2003
Colorado drought on resort communities. This study investigates drought perceptions, key concerns, and
"lessons learned" as identified by people from across Colorado. An upcoming report will provide a series of
recommendations to communities, states, and the federal government that could be used in drought
mitigation and planning, thereby potentially reducing the impacts of future droughts on this important
economic sector of society.

Climate Variability and Uncertainty in Flood Hazard Planning

Extreme storms create serious flood hazards in the
Colorado Front Range, making flood risk an important
aspect of state and local planning. Development of
floodplain maps, design of storm drainage systems, and
construction of bridges and flood-control structures
must satisfy established standards of risk. However, the
probabilities of extreme precipitation and flooding are
particularly uncertain in mountainous areas of the
western United States, because of high spatial and
temporal variability in precipitation and sparse data.
Recent multidisciplinary research has raised serious
questions about the accuracy of precipitation frequency
estimates currently being used for flood hazard planning
in Colorado and other Rocky Mountain states. The
project seeks to bring together recent research in
meteorology, hydrology, and paleohydrology to suggest ways that new information and methods can be
incorporated within existing regulatory structures and processes. The research team includes Mary Downton,
Rebecca Morss, Olga Wilhelmi, and Melissa Crandall (all of ESIG), Uli Schneider (GSP), and Eve Gruntfest
(U Colorado). Work in FY03 included meeting with floodplain managers and technical experts, studying
regulations and decision processes, identifying major uncertainties, and acquiring and analyzing data on
extreme storms and floods using tools for extreme value statistics developed within the Assessment Initiative.
(This project is also part of the Weather and Climate Impact Assessment Strategic Initiative.)
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Development of a Climate/Human Health Program

As the third component of the Weather and Climate Impact Assessment Strategic
Initiative, the development of the Climate/Human Health module was initiated in
FY03. Jonathan Patz (Johns Hopkins U) collaborated with Linda Mearns and
colleagues to develop plans for implementation of an interdisciplinary research
program that will bring together leading institutions in health and climate science.
Such a program is necessary to successfully tackle research questions in climate-
society-health interactions. This program will require the collaboration of a wide range of experts: health
professionals, climatologists, biologists, and social scientists in order to analyze the relationships among
physical, biological, ecological, and social systems relevant to health impacts. As a first step, a two-week
joint ASP/ESIG Summer Colloquium will be held in FY04 to bring together these experts in order to begin
implementation of this component of the Strategic Initiative.

Early Warning Systems

During FY02, Michael Glantz received funds from NSF
and NCAR to convene a workshop on "Usable Science
VIII: Early Warning Systems Do's and Don'ts." An early
warning system is made up of several components: the

formulation of the warning, the issuance of the warning, and the reception of and response to the warning --
each of which has to be considered in the evaluation of an early warning system. A weakness in any part of
the process can render the early warning system ineffective, and a system that does not warn effectively will
not be taken seriously. The workshop was co-sponsored by the Chinese Meteorological Administration and
the Chinese Academy of Meteorological Sciences, and held in Shanghai, China, in mid-October 2003.
Thirty-two participants from 12 different countries (Australia, Brazil, China, India, Italy, Japan, Malaysia,
Russia, Spain, Switzerland, the UK, the US) and from several different disciplines and funding agencies
gathered to examine ways to improve early warning systems, including types of early warning systems in
theory and practice, sustainable development, politics, capacity building for early warning, and much more. A
comprehensive workshop report will be available in early FY04. These lessons and experiences can be used
to inform others about how to prepare effective warnings and inform the media and general public about how
to interpret such warnings, as well as demonstrate the value of atmospheric science research findings to
national needs. 

Estimating Landscape Values

A survey was designed by Adrienne Gret-Regamey and Jennifer Oxelson using the
Web as a medium for gathering data on scenic preference for landscapes around
Davos, Switzerland. To determine the willingness of people to pay for preferred
landscapes, a choice-modeling questionnaire was designed that asked participants to
view pairs of pictures from landscape views. Two photographs were selected as base
images and other views were simulated. To estimate the contribution of each land
cover to the image, a three-dimensional GIS model was developed. The survey was
tested with 129 employees from NCAR/UCAR. Posted on the Davos website
(www.davos.ch) and sent to people in Switzerland by email, the survey was filled
out by 263 people. Preliminary analyses show that the base image was preferred
over urban growth by 25%, over the building of ski slopes by 18%, and over the
forest expansion by 4%. Further statistical analyses will be conducted to estimate the
final values of willingness to pay for each view.

Evaluating Societal Needs for Improved Quantitative Precipitation Forecasts (QPFs)

Although improving QPFs has been identified as a near-term
priority by a number of meteorological organizations
(including NCAR's MMM Division, the US Weather Research
Program [USWRP], and the National Weather Service),
different types of improvements are likely to lead to different

http://www.ccb.ucar.edu/warning
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benefits, as well as require different research and operational
efforts. To address this issue, Rebecca Morss (ESIG/MMM)
is conducting an in-depth, comprehensive assessment of
users' needs for warm-season QPFs along the Colorado
Front Range. The assessment includes gathering and
synthesizing existing information about current and potential
forecast use, interviews, and surveys. The interviews and
surveys are being conducted in collaboration with Eve

Gruntfest (U Colorado-Colorado Springs). This assessment is being conducted in conjunction with a
USWRP-funded project to develop object-oriented methods for evaluating QPFs in a way that is more user-
relevant. Collaborators on the verification project include Barb Brown (RAP), Chris Davis (MMM/RAP), Kevin
Manning (MMM), Cindy Mueller (RAP), and Randy Bullock (RAP). This assessment will continue through
FY04.

Extreme Weather and Climate Events

Many NCAR divisions are involved in research aspects of extreme weather and climate events. ESIG plays a
significant role in modeling and statistical analysis of climate extremes. The following three projects are part
of the Weather and Climate Impact Assessment Strategic Initiative. This work is important in order to
understand and reduce societal vulnerability and impacts, as well as to link the social sciences to new
discoveries in physical meteorology and climate in order to enhance protection of life and property.

Downscaling of Extreme Weather and Climate Phenomena

This project involves the development of methods for downscaling information on the
potential for severe thunderstorms, using upper air variables from global reanalysis data,
regional models, and global model data. Begun in FY03 as part of the Assessment
Initiative, Linda Mearns and Harold Brooks (NOAA's National Severe Storms Laboratory)
have used reanalysis data to develop relationships between tornadoes, large hail, and
strong winds with environmental conditions, using observed weather in the United States.
The resulting relationships have been applied to the reanalysis data from the rest of the
world for a three-year period in order to provide an estimate of the frequency of
environmental conditions that are likely to support severe thunderstorms. Currently, Brooks
is processing the remaining reanalysis data in order to look at interannual variability and

possible trends in the global data. This research will continue into FY04.

Extremes Toolkit

This project is another activity within the Assessment Initiative.
During FY02, work was begun on the toolkit, primarily by Greg
Young (RAP), in collaboration with Richard Katz. The "extremes
toolkit" is web-based software that allows for the statistical
analysis of meteorological extremes and their impacts, including a
tutorial and software interface designed to be accessible to the
broader atmospheric community. During FY03, Eric Gilleland
(RAP/GSP) replaced Young as the individual with the task of
continuing development of the extremes toolkit, in collaboration
with Rick Katz. They completed the development of the graphical
user interface and the tutorial, which are available on Rick Katz's
website at www.esig.ucar.edu/extremevalues/extreme.html
(click on "toolkit" to view the publicly available software). Doug
Nychka (CGD/GSP) assisted with making the software available
for downloading on the web. Other than minor changes that may occur after field testing, the extremes
toolkit is now available to the general public and atmospheric impact community. (click on above figure to

http://www.isse.ucar.edu/extremevalues/extreme.html
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enlarge)

Extreme Events in Climate Models

This part of the Assessment Initiative also began in FY03. Linda Mearns, in collaboration with Doug Nychka
and Jerry Meehl (both of CGD) began an analysis of the frequency and intensity of various extreme events
that have particular relevance to climate impacts in regional and global climate models. Extreme value
theory is being used in these analyses, along with undertaking a detailed examination of the spatial scaling
characteristics of extremes in climate models. This research will continue through FY04.

Statistics of Extremes: Ecological Disturbances

In collaboration with Grace Brush and Mark Parlange (both of Johns Hopkins U), Richard Katz began a
project in FY03 using the statistics of extremes to model ecological disturbances. Extreme value theory is
applied to time series of sediment rates, attempting to identify both the influence of extreme hydrologic
events (e.g., heavy rainfall) and of human activities (e.g., land use). A review paper is in preparation for a
Special Feature in the journal Ecology.

Increasing Value of Weather Information in Operation of the Electric Power System

The vulnerability of the electric power system to routine
weather, as well as to weather extremes, modifies and
amplifies the direct impacts of weather on society. Precise
advance knowledge of the weather's influence on the
electric power system may reduce some of the most
common and expensive societal impacts of weather. On 6-
7 November 2002, Jeremy Hackney convened a workshop
sponsored by the US Weather Research Program on
Increasing the Value of Weather Information in the
Operation of the Electric Power System. Reliable and high

quality electric service is central to public welfare and economic productivity, yet much of electric power
decision-making and consumption remains highly exposed to the vagaries of weather. Thirty-five
representatives from the electric power industry, electric power research, academics, and research
meteorologists were invited to participate in the two-day workshop. Several suggested action items emerged,
which included (1) the development of a common data format in archives and forecasts; (2) coupling of
forecasts to GIS-based frameworks; (3) detailed analysis of the causes for failure in different weather events;
(4) demonstrations of new weather products and their value in industry decision-making; and (5) education
programs to inform the industry of cutting-edge capabilities in meteorology. Full workshop results are
available on the website and in the workshop report.

Managing Wildland Fire Risks

The vulnerability of individual property, as well as whole
communities, to wildland fire events is the product of a large
number of autonomous (but mutually interdependent) decisions
made over time by individuals whose interests and objectives
may conflict. This project, headed by Kathy Miller and Robert
Harriss, models the interconnections between land-use and
management decisions made by adjacent property owners and
local government entities. The significance of such
interconnections will be assessed by conducting a local case
study of wildfire risk mitigation activities, focusing on analyzing
the effects of uncertainty and information in such situations. This
research will contribute to the development of policy alternatives, decision support tools, and risk
communication methods to improve societal management of wildland fire risks. This project entails major
collaboration with the Wildland Fire Strategic Initiative, and also some with the Water Cycle Strategic
Initiative. During FY03, Robert Harriss and Seth McGinnis, in collaboration with Brian Muller (U Colorado
College of Architecture and Planning) contributed to the development of a decision support tool for wildfire

http://www.isse.ucar.edu/electricity/workshop/Report/Electricity_All.html
http://www.isse.ucar.edu/electricity
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mitigation of loss of life and property at the urban-wildland fire interface. In a collaborative project with
Ernesto Arias (U Colorado College of Architecture and Planning), Harriss contributed to the design and
implementation of an educational website on the mitigation of fire hazards.
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Education & Outreach

Advanced Institute on Urbanization, Emissions, and the Global Carbon Cycle

For three weeks in August 2003 (4-22 August), 18 outstanding natural and social scientists, engineers, and
urban planners from 12 countries (Brazil, Chile, China, Columbia, India, Indonesia, Japan, Mexico, South
Africa, Sri Lanka, Thailand, and Uganda) were invited to NCAR to examine the interaction of cities with their
environments, particularly emissions of both long-lived greenhouse gases and short-lived polluting gases and
particulates. This Advanced Institute is the second in a series implemented by START (the global change
SysTem for Analysis, Research and Training) that aims to enhance early- to mid-career professionals from
developing countries to play a leadership role in key issues of global environmental change and sustainable
development. Sponsored by NCAR and START, and supported by the David and Lucille Packard Foundation
and the Inter-American Institute for Global Change, this Advanced Institute emphasized trans-disciplinary
thinking and interdisciplinary collaboration. Curriculum topics during the intensive seminar session in Boulder
included: (1) conceptual frameworks for the study of urban ecosystems and urban metabolism; (2)
methodologies for estimating and measuring emissions of greenhouse gases from metropolitan regions and
their application in developing regions; (3) socioeconomic factors that control urban emissions; (4) institutions
and incentive/disincentive systems for managing urban carbon and greenhouse gas emissions; (5) innovative
technologies and their potential impact on emissions; and (6) future trajectories of urban emissions as a
component of the global carbon cycle. More information is available on the website.

AMS (American Meteorological Society) Committee on Probability and Statistics

During FY03, Katz continued maintenance of the website for the American Meteorological Society
Committee on Probability and Statistics. He redesigned and updated this site, whose purpose is to promote
the sound use of statistical methods in the atmospheric sciences. www.esig.ucar.edu/ams

Case Studies of Forecast Value Website

This comprehensive website categorizes recent case studies of the value of weather and climate forecasts
and is maintained and updated by Richard Katz. Originally developed by Shelly Knight (U Colorado, now
RAP), its scope is focused on prescriptive studies that obtain quantitative estimates of forecast value. Katz
continued to update the site regularly during FY03. www.esig.ucar.edu/HP_rick/esig.html

Climate Affairs Developments

http://www.rap.ucar.edu/asr2003/
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Michael Glantz's notion of Climate Affairs continued to develop
during FY03. Glantz has been working with Columbia
University's Earth Institute to establish a Climate Affairs master's
program. Such a program is in the final stages of university
approval and is scheduled to begin in the fall semester of 2004
as a "Climate and Society" Master's program. Following a
keynote lecture at the Asian Institute of Technology (AIT) in
Bangkok in 2002 on "El Niño Affairs" and subsequent
discussions, AIT has also decided to develop a Climate Affairs
education program. Work continues with the United Nations
University and NCAR in bringing to fruition an education and
training program on Climate Affairs in Malaysia at the University
of Malaya. A program is expected to begin by the summer of
2004. Two spin-off activities include Water Affairs and Weather
Affairs, which will be developed during FY04 with the
appropriate academic institutions. Additionally, Glantz published
a book about Climate Affairs (see below) with Island Press that
outlines the need for this concentration of study. For more
information about Climate Affairs, see the ESIG Alert on the
topic.

Shannon McNeeley is working on initiating a Climate Affairs education and outreach program with the
Alaska Native Science Commission and the University of Alaska. It will focus on the impacts of climate and
environmental changes in Alaska, with a particular focus on Alaska natives. This program combines
knowledge and techniques from western science and from indigenous traditional knowledge and wisdom.
Begun in FY03, this project will continue through FY04.

Climate Affairs: A Primer

The idea to look at climate and climate-related issues through the multidisciplinary lens of Climate Affairs has
been catalyzed by the spirit of the times: an obvious growing concern about a broad range of climate-related
issues that affect society and the environment. In May 2003, after more than two years of preparation, Island
Press published Climate Affairs: A Primer. Stimulated by the notion of Marine Affairs, a multidisciplinary
activity that emerged during the negotiations to establish a "Law of the Sea" in the post-World War II period,
Climate Affairs is designed to foster a multidisciplinary "Law of the Atmosphere" in the twenty-first century.
Basically, this program fosters the training of educators and professionals in six areas: Climate Science,
Climate Impacts on Ecosystems and Societies, Climate Policy and Law, Climate Politics, Climate
Economics, and Climate Ethics and Equity. Establishing a Climate Affairs program will enable undergraduate
as well as graduate students to concentrate their educational training in areas of research, impact
assessment, and policy implications that center on climate and climate-related issues. They will be better
prepared than those without such training to work in various disciplinary areas such as industry, agriculture,
fisheries, mining, insurance, education, health, civil defense, government agencies, and disaster prevention.
See the website for more information.

Climate Discovery Exhibit

The history of the earth's climate is a major focus of the Climate Discovery exhibit unveiled in June in the
Mesa Lab. Linda Mearns, along with Caspar Ammann and Bette Otto-Bleisner of CGD, and Roberta
Johnson and Susan Foster (both of E&O) have joined forces to outline a plan and draft preliminary content
addressing the period of the Little Ice Age. Through this effort, ESIG will be the first NCAR division to focus
E&O resources on building a prototype K-12 teachers' resource guide about a topic featured in an NCAR
Mesa Lab exhibit. Products to date include an outline for an overall Climate Discovery Teachers' Guide and
Little Ice Age section, draft content describing the Little Ice Age, lists of hands-on activities, a concept for an
interactive electronic and three-dimensional global greenhouse-gas model that might be developed for the
exhibit, and links to related websites. Scientists and UCAR staff are also exploring how this content can be
incorporated into Mesa Lab classroom presentations and disseminated locally and remotely to the E&O
website.

http://www.isse.ucar.edu/alerts/alert4.html
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Clim-Econ Discussion List

The Economics of Climate Variability and Global Change list (Clim-Econ) is a moderated electronic
discussion group, created and managed by Kathleen Miller, which serves to facilitate interdisciplinary
discussion on the economic aspects of climate variability and change. The initial subscribers included the
participants in the Institute on the Economics of the Climate Resource held at NCAR in June 1995. The list
currently has more than 500 subscribers from around the world, including individuals with a variety of
backgrounds and professional affiliations. csf.colorado.edu/clim-econ/

Disaster Dynamics

During FY03, Seth McGinnis and Eric Scharff joined the Disaster Dynamics
project. The team has created several computer-based simulation prototypes
targeted at undergraduate emergency management education. In addition to
creating new tools, the team has researched and facilitated existing games to
encourage systems-thinking skills. The primary prototype emphasizes the
planning and consensus-building surrounding hurricane mitigation and the
consequences of those decisions. The team has presented work at emergency
management education workshops and is working with users to design the
learning modules. The goal for FY04 is to test prototypes with users and refine
the game content and structure. Prototypes and documentation can be found on
the project website.

Empowering an Alliance for Environmental Research and Education

Robert Harriss and Shannon McNeeley began a collaboration in FY02 with universities, colleges, and
communities along the Texas-Mexico border on a strategy for an "educational alliance" or "virtual college"
dedicated to environmental research, education, and professional training. During FY03, Susan Foster (E&O)
joined the team. Focus has expanded to developing tools, training, and support needed to enrich the
region's middle school early science curriculum through access to community-based and real-time data
about severe weather, climate, and the impact of climate change. Partners now include representatives from
U Texas Brownsville-Texas Southernmost College (UTB-TSC), Brownsville School District, City of
Brownsville, ENLACE-BASE program based at UTB-TSC, ESRI, USGS, the Texas Natural Resources
Information System, and faculty at U Texas-Austin. Grant proposals are being developed to support this
endeavor. ESIG's goal is to facilitate collaboration and to provide opportunities and infrastructure for faculty
and student career development in border universities, colleges, and communities. The long-term outcome of
this program will be an enhanced capacity for increased Hispanic representation in professional careers in
the natural, engineering, and social sciences.

Fragilecologies Website

Michael Glantz continues to maintain a website of environmental editorials since the late 1990s. He wrote a
column for the Boulder Daily Camera for six years and the Boulder Planet for two years thereafter. He then
established this website focused primarily on climate-society-environment issues. It includes guest editorials,
an Idea Bank, and other editorials on a wide range of climate-related topics. At present, this website
receives approximately 6,000 "hits" per week and is growing. www.fragilecologies.com

Geophysical Statistics Project (GSP)

Richard Katz serves as co-Principal Investigator, along with Joe Tribbia (CGD) and Doug Nychka (GSP) on
a five-year grant (renewal started in FY99) from the National Science Foundation's Division of Mathematical
Sciences for a GSP Program at NCAR. Nychka serves as the project leader of GSP. The FY03
accomplishments of the GSP are included under the FY03 ASR section for the Climate and Global
Dynamics Division (CGD).

http://csf.colorado.edu/clim-econ/
http://www.isse.ucar.edu/scharff/disaster_dynamics.html
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Network Newsletter/ENSO Signal

The Network Newsletter has been published quarterly in ESIG for the past nineteen years. This
international, multidisciplinary newsletter was combined in January 2003 with the ENSO Signal, which is
intended for those interested in the ENSO cycle and its impacts on ecosystems and societies. The
newsletter fosters a network of those interested in climate-related impact assessment. The ENSO Signal
was originally published at NOAA's Office of Global Programs and has been published in ESIG since
January 2000. Michael Glantz, Editor, and D. Jan Stewart, Managing Editor, continue to work on networking
research centers, nongovernmental organizations, universities, institutes, and individuals in the production of
these publications. The online version of the ENSO Signal receives hundreds of "hits" every month and
continues to grow its list of electronic subscribers. The printed version of the Newsletter is sent to more than
1,500 foreign subscribers and more than 2,000 domestic subscribers, who contribute articles, publications,
and meeting news to the Managing Editor. NCAR continues to support the combined publication, which is
distributed free of charge, and both versions are available in electronic format.

Statistics of Weather and Climate Extremes

Richard Katz designed a website on the statistics of weather and climate extremes. Besides being a
gateway to the "Extremes Toolkit" (part of the Assessment Initiative), this site is intended to serve as a
resource for the use of the statistical theory of extreme values in the analysis of weather and climate
extremes and their impacts. The full site is available at www.esig.ucar.edu/extremevalues/extreme.html. 

Telementoring

This refers to relatively long-term computer-based mentoring activities
with colleagues in other countries as well as in the United States.
Telementoring includes students as well as professionals wishing to know
more about climate-society interactions, as well as those who ask for
guidance on identifying topics, resources, and networks for research,
which includes the physical, biological, and social sciences, and the
humanities. ESIG scientists expanded and continued several
telementoring activities during FY03.
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Additional Educational Activities

Formal Teaching Arrangements

Michael Glantz holds an appointment as Adjunct Professor, Division of Marine
Affairs, Rosensteil School, University of Miami, Florida.

Michael Glantz holds an appointment as Professor Adjoint, Center for
Environmental Journalism, School of Journalism and Mass Communication,
University of Colorado, Boulder, Colorado.

Michael Glantz holds an appointment as Adjunct Professor, Department of Philosophy, University of
Colorado, Boulder, Colorado.

Michael Glantz holds an appointment as an Affiliate Professor, Bard Center for Environmental Policy, Bard
College, Annandale-on Hudson, New York.

Michael Glantz holds an appointment as Adjunct Professor, Columbia Earth Institute, Columbia University,
New York.

Richard Katz, Invited Professor, "Stochastic Modeling of Environmental Time Series," Statistics Group of the
Swiss Federal Institute of Technology, Lausanne, Switzerland, in May-June 2003.

Richard Katz, Guest Professor, "Statistical Methods for Weather and Climate Forecasting and Decision
Making," University of Innsbruck, Innsbruck, Austria, July-October 2003.

Linda Mearns holds an appointment as Graduate Faculty Member, Department of Agricultural Meteorology,
School of Natural Resources, University of Nebraska, Lincoln, Nebraska.

Linda Mearns acts as external reviewer of tenure applications, Department of Geography, North Carolina
State University, Charlotte, North Carolina.

Kathleen Miller holds an appointment as Faculty Affiliate, Colorado State University, Department of Earth
Resources, Fort Collins, Colorado.

Olga Wilhelmi, holds an appointment as Adjunct Assistant Professor, College of Engineering and Applied
Sciences, University of Colorado at Denver, Colorado.

Dissertation Committees

Michael Glantz, Masters Committee for Brock Adam McCarty, Department of Geography, University of
Colorado. Thesis title: "Use of Famine Early Warning in African Development Strategies."
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Joan Kleypas, PhD Committee for John Guinotte, Tropical Environmental Studies and Geography, James
Cook University. Thesis title: "Projected Climate Change and Potential Effects on Suitable Coral Reef Habitat
for the Great Barrier Reef."

Joan Kleypas, PhD Committee for Derek Manzello, Marine Science and Biology, University of Miami. Thesis
title: "Effects of Seawater Chemistry on Coral Reef Development."

Workshops and Colloquia

Robert Harriss, in collaboration with START (global change SysTem for Analysis,
Research and Training), held the "Advanced Institute on Urbanization, Emissions,
and the Global Carbon Cycle" on 4-22 August 2003 in Boulder, Colorado.

Kathleen Miller collaborated with Tom Graziano (National Weather Service) to
organize a four-day "Symposium on the Impacts of Water Variability: Benefits and
Challenges" at the American Meteorology Society's 83rd Annual Meeting on 10-13 February 2003 in Long
Beach, California.

Jeremy Hackney convened a workshop on 6-7 November 2002 on "Increasing the Value of Weather
Information in the Operation of the Electric Power System" in Boulder, Colorado.

Scientific or Technical Seminars

Richard Katz gave a talk on "Assessing Changes in Climate Extremes" at the
ROES Seminar on 30 September 2003 at the ROeS Seminar in St. Gallen,
Switzerland.

Richard Katz gave a presentation on "Misconceptions about the Use of Extreme
Value Theory in Climate Change Assessments" on 29 September 2003 at the

PRUDENCE Workshop on Regional Climate Change in Europe: Processes and Impacts in Wengen,
Switzerland.

Richard Katz gave a talk on "Misconceptions about the Use of Extreme Value theory in Climate Change
Assessments" 26 September 2003, at the International Centre for Theoretical Physics in Trieste, Italy.

Jennifer Boehnert gave a presentation on 21 August 2003 entitled "Using Weather and Climate Information
for Integrated Natural Resource Management" at the Intertribal GIS Council Conference in Worley, Idaho.

Michael Glantz gave a presentation on 14 August 2003 at the Conference on Challenges for Drylands in the
New Millennium on "A Cross-Cutting Approach for Assessment" in Tashkent, Uzbekistan.

Richard Katz presented "Assessing Changes in Climate Extremes" on 17 July 2003 at the International
Statistical Institute Conference on Environmental Statistics and Health in Santiago de Compostela, Spain.

Olga Wilhelmi gave an invited presentation on 24 June 2003 entitled "GIS for Atmospheric Sciences: The
Evolution of NCAR's GIS Initiative" and participated in the panel discussion at the Unidata Workshop,
Expanding Horizons: Using Environmental Data for Education, Research, and Decision Making in Boulder,
Colorado.

Joan Kleypas was an invited speaker on 19 June 2003 on "Seawater Chemistry Change in a Greenhouse
Earth and Why Some Scientists Worry About it" at the Coral Reefs, Climate and Coral Bleaching Conference
in Oahu, Hawaii.

Michael Glantz was a key speaker on 13 June 2003 at the NATO Advanced Research Workshop on
Desertification Problems, "Are Solutions to Desertification in Central Asia Known But Not Applied?" in
Samarkand, Uzbekistan.

Michael Glantz gave an invited public lecture on 12 May 2003 at Carleton College on "Problem Climates or
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Problem Societies" in Carleton, Minnesota.

Linda Mearns gave a presentation on 25 March 2003 at the Conference on Monsoon Environments on "The
Issue of Spatial Scale in Integrated Assessments: An Examine of Agriculture in the Southeastern United
States" in Trieste, Italy.

Michael Glantz gave a presentation on 9 May 2003 at the Conference on Scenario Building in Central Asia,
"Relationships between Water and Conflict in Asia" at the Science Applications International Corporation in
Washington, DC.

Olga Wilhelmi gave a poster presentation on 7 April 2003 entitled, "Exploration of GIS Interoperability
Technologies for Atmospheric Science Research" at the EGS-AGU-EUG Joint Assembly in Nice, France.

Michael Glantz gave the keynote lecture on 17 March 2003, "Extreme Events in the Asia Pacific: Enhancing
Resilience and Improving Decision Making" at the Pacific Science Congress in Bangkok, Thailand.

Linda Mearns gave a talk on 16 February 2003 on "Water Resources, Agriculture, and Interactions with
Climate" to the AAAS Panel on Implications of Climate Change on Soil and Water Conservation in Denver,
Colorado.

Olga Wilhelmi gave a presentation on 12 February 2003 entitled "Exploration of GIS Interoperability
Technologies for the International H2O Project" at the American Meteorological Society's 83rd Annual
Meeting in Long Beach, California.

Linda Mearns gave a presentation on 11 February 2003 on "The Influence of the NAO/AO on Mean,
Variance, and Extremes of Temperature in the Northeastern US and Canada" at the AMS's 83rd Annual
Meeting in Long Beach, California.

Michael Glantz presented on 1 February 2003 "Challenges in Assessing the Environment and Security" at
the Workshop on Knowledge, Security, and the Environment in Wilton Park, Sussex, United Kingdom.

Michael Glantz gave a presentation on 21 January 2003 on "Lessons Learned: Challenges and Rewards of
Interdisciplinary Approaches to Environmental Teaching and Research" at the inauguration of the Center for
Ecosystems Science and Policy, Coral Gables, Florida.

Michael Glantz gave the keynote presentation on 10 January 2003 on "Socioeconomic Impacts of ENSO" at
the inauguration of CIIFEN (El Niño Center) in Guayaquil, Ecuador.

Linda Mearns gave a presentation on 19 December 2002 on "Quantification of Uncertainty of Regional
Climate Change" at the GFDL Seminar in Princeton, New Jersey.

Michael Glantz gave a presentation on 9 December 2002 on an "Overview of Ag-En Hotspots" to the FAO
Agricultural-Environmental Hotspots Meeting in Rome, Italy.

Olga Wilhelmi gave an invited presentation on 31 October 2002 on "Vulnerability of the High Plains to
Drought and Depleting Water Resources" at the 15th Conference on Biometeorology and Aerobiology, held
jointly with the International Congress of Biometeorology in Kansas City, Missouri.

Linda Mearns gave a talk on 28 October 2002 at the 16th International Congress of Biometeorology on
"Climate Changes in the 21st Century" in Kansas City, Missouri.

Kathleen Miller gave an invited presentation on 25 October 2002 on "Climate Variations and the International
Management of the North American Pacific Salmon Fishery: A Game Theoretic Perspective" at the Office of
Global Programs' Human Dimensions of Global Change Research meeting in Seabrook Island, South
Carolina.

Michael Glantz presented the "Initiative on Desert Affairs Program" on 25 October 2002 at SPIE's Third
International Asia-Pacific Environmental Remote Sensing Symposium in Hangzhou, China.

Michael Glantz gave an invited presentation on 18 October 2002 on "Implications of a New Center in
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Western China" at the inauguration of the International Center for Desert Affairs at Xinjiang University in
Urumqi, China.

Michael Glantz presented the Kuehnast Distinguished Lecture on 11 October 2002 on "Global Climate
Change: Uncertainties, Risks, and Values in Determining Public Policy" at the University of Minnesota in
Minneapolis, Minnesota.

Linda Mearns gave a presentation on 10 October 2002 at the Workshop on Interstate Waters, "Future
Climate: What We Know, What We Don't Know" in Snowbird, Utah.

Kathleen Miller gave an invited presentation on 6 October 2002 entitled "North American Pacific Salmon: A
Case of Fragile Cooperation" at the Norway-FAO Expert Consultation on the Management of Shared Fish
Stocks in Bergen, Norway.

Non-Technical, Popular Presentations

John Firor spoke to a group of science teachers attending the NCAR Teachers
Workshop on 6 August 2003 at NCAR.

Michael Glantz gave an informal lecture on 13 May 2003 to a class at Carleton
College on "Climate Affairs: A Notion Whose Time Has Come" in Carleton,
Minnesota.

Olga Wilhelmi gave a talk about the NCAR GIS Initiative to a group from the Denmarks Ministry of Education
during their visit to NCAR on 9 May 2003.

Eric Scharff gave an invited presentation on 1 May 2003 to the UCAR Web Advisory Group on
"Collaborative Web Building with Swiki" at NCAR.

John Firor gave a talk on 27 April 2003 to the Society of Architectural Historians about climate change and
population pressures in Denver, Colorado.

John Firor gave an informal presentation about climate change at the Denver University Chancellor
Symposium on 23 April 2003 in Denver, Colorado.

John Firor contributed a presentation on 31 March 2003 to the Denver Area Broadcasters meeting in
Denver, Colorado.

Linda Mearns participated in the Climate Modeling Breakout Session on 3-5 December 2002 at the CCSP
Planning Workshop in Boulder, Colorado.
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ESIG FY03 Publications

Note: Bold denotes university affiliation; * denotes non-NCAR author

Refereed

Adams, R.M., B.A. McCarl, and L.O. Mearns, 2003: The effects of spatial scale of climate scenarios on
economic assessments: An example from US agriculture. Climatic Change, 60(1-2), 131-148.

Adeel, Z., and M.H. Glantz, 2003: Climate Affairs in the South and Southeast Asian Region. Findings from
the First Training Workshop, 25-28 February 2002. Tokyo: Environment and Sustainable Development
Programme, United Nations University.

Carbone, G.J., L.O. Mearns, T. Mavromatis, *E.J. Sadler, and *D. Stooksbury, 2003: Evaluating
CROPGRO-Soybean perforamcne for use in climate impact studies. Agronomy Journal, 95, 537-544.

Carbone, G.J., W. Kiechle, C. Locke, L.O. Mearns, L. McDaniel, and M.W. Downton, 2003: Response of
soybean and sorghum to varying spatial scales of climate change scenarios in the southeastern United
States. Climatic Change, 60(1-2), 73-98.

Committee on Atmospheric Dispersion of Hazardous Material Releases (R.J. Serafin, Chair), 2003: Tracking
and Predicting the Atmospheric Dispersion of Hazardous Material Releases: Implications for Homeland
Security. Board on Atmospheric Sciences and Climate, Division of Earth and Life Studies, National Research
Council. Washington, DC: National Academies Press.

Commitee to Review the NASA Earth Science Enterprise Strategic Plan (R.J. Serafin, Chair), 2003:
Assessment of NASA's Draft 2003 Earth Science Enterprise Strategy. Space Studies Board, National
Research Council. Letter Report. (PDF file format)

Dilling, L., S. Doney, *J. Edmonds, K.R. Gurney, R. Harriss, D. Schimel, B. Stephens, and *G. Stokes, 2003:
The role of carbon cycle observations and knowledge in carbon cycle management. Annual Review of
Environment and Resources, 28, 521-558.

Doherty, R.M., L.O. Mearns, K.R. Reddy, M.W. Downton, and L. McDaniel, 2003: Spatial scale effects of
climate scenarios on simulated cotton production in the southeastern U.S.A. Climatic Change, 60(1-2), 99-
129.

Doney, S.C., and J.A. Kleypas (eds.), 2003: The US JGOFS Synthesis and Modeling Project: Phase 2.
Special issue of Deep-Sea Research II (in press).

*Ebi, K.L., L.O. Mearns, and *B. Nyenzi, 2003: Weather and climate: Changing human exposures. Chapter
in: J. McMichael et al. (eds.), Climate Change and Human Health: Risks and Responses. Geneva: World
Health Organization. 333 pp.
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*Giorgi, F., and L.O. Mearns, 2003: Probability of regional climate change calculated using the Reliability
Ensemble Averaging (REA) methods. Geophysical Research Letters, 30(12), 1629,
doi:10.1029/2003GL017130.

Glantz, M.H., 2003: Climate Affairs: A Primer. Washington, DC: Island Press. 291 pp.

Glantz, M.H. (ed.), 2003: Societal Impacts. Editor, Section 3 of Handbook of Weather, Climate and Water (T.
Potter and B. Colman, eds.). New York: John Wiley and Sons, 711-954.

Glantz, M.H., 2003: Climate and society. In: Handbook of Weather, Climate and Water (T. Potter and B.
Colman, eds.). New York: John Wiley and Sons, 711-718.

Glantz, M.H., 2003: The Aral Sea. Encyclopedia of World Environmental History. Great Barrington, MA:
Berkshire Publishing (in press).

Glantz, M.H., 2003: El Nino: Spawner of Hazards. Encyclopedia of World Environmental History. Great
Barrington, MA: Berkshire Publishing (in press).

Glantz, M.H., and H. Cullen, 2003: Zimbabwe's food crisis. Environment, 45(1), 9-11.

*Guinotte, J.M., *R.W. Buddemeier, and J.A. Kleypas, 2003: Future coral reef habitat marginality: Temporal
and spatial effects of climate change in the Pacific basin. Coral Reefs (in press).

*Hayes, M.J., O.V. Wilhelmi, and *C.L. Knutson: 2003: Reducing drought risk: Bridging theory and practice.
Natural Hazards Review (in press).

Hughes, T.P., A.H. Baird, D.R. Bellwood, *M. Card, S.R. Connolly, C. Folke, R. Grosberg, O. Hoegh-
Guldberg, J.B.C. Jackson, J. Kleypas, *P. Marshall, M. Nystrom, S.R. Palumbi, *J.M. Pandolfi, *B. Rosen,
and J. Roughgarden, 2003: Climate change, human impacts, and the resilience of coral reefs. Science,
301(5635), 929-933.

Katz, R.W., M.B. Parlange, and C. Tebaldi, 2003: Stochastic modeling of the effects of large-scale
circulation on daily weather in the southeastern U.S. Climatic Change, 60(1-2), 189-216.

Kleypas, J.A., 2003: Constraints on predicting coral reef response to climate change. Chapter in: R. Aronson
(ed.), Geological Approaches to Coral Reef Ecology. New York: Springer-Verlag (in press).

Lamarque, J.-F., D.P. Edwards, L.K. Emmons, J.C. Gille, O. Wilhelmi, *C. Gerbig, *D. Prevedel, M.N.
Deeter, J. Warner, D.C. Ziskin, B. Khattatov, G.L. Francis, V. Yudin, S. Ho, D. Mao, J. Chen, and J.R.
Drummond, 2003: Identification of CO plumes from MOPITT data: Application to the August 2000 Idaho-
Montana forest fires. Geophysical Research Letters, 30(13), 1688, doi:10.1029/2003GL017503.

*Leung, L.R., L.O. Mearns, *F. Giorgi, and R.L. Wilby, 2003: Regional climate research. Bulletin of the
American Meteorological Society, 84(1), 89-95.

Li, C., *Y. Zhuang, *S. Frolking, J. Galloway, R. Harriss, B. Moore, D. Schimel, and *X. Wang, 2003:
Modeling soil organic carbon change in croplands of China. Ecological Applications, 13(2), 327-336.

McKelvey, R., K.A. Miller, and *P. Golubtsov, 2003: Fish-wars revisited: A stochastic incomplete-information
harvesting game. In: Risk, Economic Response and the Environment (J. Wesseler, H.P. Weikard, and R.D.
Weaver, eds.). Cheltenham, UK: Edward Elgar Publishing, Inc. (in press)

Mearns, L.O. (ed.), 2003: Issues in the Impacts of Climate Variability and Change on Agriculture:
Appllications to the Southeastern United States. Reprinted from Climatic Change 60:1-2. Dordrecht: Kluwer
Academic Publishers. 224 pp.

Mearns, L.O., 2003: Issues in the impacts of climate variability and change on agriculture. Climatic Change,
60(1-2), 1-6.

Mearns, L.O., *F. Giorgi, *C. Shields, and L. McDaniel, 2003: Climate scenarios for the southeastern US
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based on GCM and regional modeling simulations. Climatic Change, 60(1-2), 7-35.

Miller, K.A., 2003: International salmon management: Challenges and tools. In: X. Augerot (ed.), Atlas of the
North Pacific Salmon Ecosystem. Portland, OR: Wild Salmon Center (in press).

Miller, K.A. and M.W. Downton, 2003: Transboundary fisheries: Pacific salmon. In: T. Potter and B. Colman
(eds.), Handbook of Weather, Climate and Water. New York: John Wiley & Sons, 851-864.

Miller, K.A., and *S. Gloss, 2003: Climate variability: Social, policy and institutional issues. In: W.L. Lewis
(ed.), Water and Climate in the Western United States. Boulder, CO: University of Colorado Press, 251-269.

Reilly, J., *F. Tubiello, B. McCarl, *D. Abler, *R. Darwin, *K. Foglie, *S. Hollinger, *C. Izaurralde, *S. Jagtap,
*J. Jones, L.O. Mearns, *D. Ojima, *E. Paul, *K. Paustian, *S. Riha, *N. Rosenberg, and *C. Rozenzweig,
2003: US agriculture and climate change: New results. Climatic Change, 57(1-2), 43-69.

Sanchez-Azofeifa, G.A., K.L. Castro, B. Rivard, M.R. Kalascka, and R.C. Harriss, 2003: Remote sensing
research priorities in tropical dry forest environments. Biotropica, 35(2), 134-142.

Sarmiento, S., *R. Barber, *L. Bopp, S. Doney, *A.C. Hirst, J. Kleypas, *R. Matear, *U. Nikolajewicz, *P.
Monfray, *V. Soldatov, *S. Spall, R. Slater, and *R. Souffer, 2003: Response of ocean ecosystems to
climate warming. Global Biogeochem. Cycles (in press).

*Smolinski, M.S., *M.A. Hamburg, *J. Lederberg et al. (including L.O. Mearns), 2003: Microbial Threats to
Health: Emergence, Detection, and Response. Report of the Institute of Medicine, National Academy of
Sciences. Washington, DC: National Academies Press. 398 pp.

Stone, M.C., R.H. Hotchkiss, and L.O. Mearns, 2003: Water yield responses to high and low spatial
resolution climate change scenarios in the Missouri River basin. Geophysical Research Letters, 30(4), 1186
doi:10.1029/2002/GLO16122.

Tsvetsinskaya, E.A., L.O. Mearns, T. Mavromatis, W. Gao, L.R. McDaniel, and M.W. Downton, 2003: The
effect of spatial scale of climatic change scenarios on simulated maize, winter wheat, and rice production in
the southeastern United States. Climatic Change, 60(1-2), 37-72.

Wilhelmi, O.V., and J.C. Brunskill, 2003: GIS in weather, climate, and impacts. Bulletin of the AMS, 84(10),
1409-1414.

Non-Refereed

Adeel, Z., and M.H. Glantz, 2003: The growing need in developing countries for experts in Climate Affairs.
APN Newsletter, 9, 7-8.

Downton, M.W., H. Cullen, R. Morss, O. Wilhelmi, and B. Rajagopalan, 2003: Problems of climate variability
and uncertainty in flood hazard planning for the Colorado Front Range. Long Beach, CA: American
Meteorological Society, 83rd Annual Meeting. Combined preprints CD-ROM. (PDF format)

Glantz, M.H., 2003: Guidelines for Establishing Audits of AGricultural-ENvironmental (AG-EN) Hotspots.
Environment and Natural Resources Working Paper No. 15. Rome: United Nations Food and Agricultural
Organization. 36 pp.

Hackney, J., 2003: Increasing the Value of Weather Information in the Operation of the Electric Power
System. Report of Workshop held 6-7 November 2003. Boulder, CO: ESIG/NCAR. 

Miller, K.A., 2003: North American Pacific salmon: A case of fragile cooperation. Report of Norway-FAO
Expert Consultation on the Management of Shared Fish Stocks, 7-10 October 2002, Bergen, Norway. FAO
Fisheries Report No. 695, Supplement. Rome, Italy: FAO, 105-122. (in PDF format)

Morss, R.E., 2003: Assessing the needs of users of warm season qualitative precipitation forecasts in
Colorado. 17th American Meteorological Society Conference on Hydrology, held February 2003 in Long
Beach, California. (in PDF format)
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Pan.W., W. Gao, M.H. Glantz, and *Y. Honda (eds.), 2003: Ecosystem Dynamics, Ecosystem-Society
Interactions, and Remote Sensing Applications for Semi-Arid and Arid Lands. Proceedings of SPIE
Conference held 24-27 October 2002 in Hangzhou, China. Vol. 4890. Bellingham, WA: SPIE (Interantional
Society for Optical Engineering).

Ye, Q., M.H. Glantz, X. Pan, W. Gao, and Y. Ma, 2003: Desert Affairs Program: An initiative on integrating
research, education, and application for sustainable development in arid and semiarid lands. In: X. Pan, M.H.
Glantz, W. Gao, and Y. Honda (eds.), Ecosystem Dynamics, Ecosystem-Society Interactions, and Remote
Sensing Applications for Semiarid and Arid Lands. Proceedings of SPIE, Vol. 4890, 230-236.
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Community Service

Editorships of Peer-Reviewed Journals

Michael Glantz, Editorial Board, Advances in Atmospheric Sciences (2000-present).

Michael Glantz, Editorial Board, Global Environmental Change (1990-present).

Michael Glantz, Editorial Board, Colorado Journal of International Environmental Law (1989-present).

Michael Glantz, Editorial Board, Problems of Desert Development, Journal of the Desert Institute, Turkmen
Academy of Sciences (1994-present).

Michael Glantz, Editorial Board, Reports to the Nation on Our Changing Planet (1997-present).

Robert Harriss, Associate Editor, Chemosphere-Global Change (1993-present).

Robert Harriss, Editorial Board, Journal of Earth System Science Education (2000-present).

Richard Katz, Editorial Board, Extremes: Statistical Theory and Applications in Science, Engineering and
Economics (1997-present).

Richard Katz, Editorial Board, Climatic Change (1985-present).

Linda Mearns, Editorial Board, Climatic Change (1990-present).

Linda Mearns, Editorial Board, Climatic Research (1989-present).

Linda Mearns, Editorial Board, Bulletin of the American Meteorological Society (January 2001-present).

Scientific, Policy, or Educational Committees, Advisory Panels, Boards

John Firor, Scientific Advisory Committee, Winslow Foundation (1991-present).

John Firor, Advisory Board, Natural Resources Law Center, University of Colorado (1998-present).

John Firor, Trustee, Environmental Defense (1974-present).

Michael Glantz, Nominated Expert in support of the UN Framework Convention on Climate Change
(UNFCCC) (January 1997-present).

Michael Glantz, US Representative, Trade Convergence Climate Complex International Network (TC3Net).
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Also on Regional Coordinating Committee of TC3Net (January 1997-present).

Michael Glantz, Member of Environmental Literacy Council, a program focusing on environmental education
K-12 (1998-present).

Michael Glantz, Member of the Scientific Advisory Panel, Southeast Asian Regional Committee for START
(Global Change System for Analysis, Research and Training) (1996-present).

Michael Glantz, Member of the Scientific Advisory Committee (SAC) for the World Climate Impact
Assessment and Response Strategies Programme (WCIRP) of the UN Environment Programme (1980-
present).

Michael Glantz, Steering Committee, Center for Environmental Journalism, University of Colorado (1992-
present).

Robert Harriss, Member, Scientific Advisory Board, National Institute of Aerospace (2003-present).

Robert Harriss, Member, NSF Advisory Committee for Geosciences (2003-2005).

Robert Harriss, Member, Board of Trustees, New Earth Organization (2003-present).

Robert Harriss, Chair, USWRP Science Implementation Planning Committee on Societal Impacts (2000-
present).

Robert Harriss, NASA Stennis Space Center, Commercial Remote Sensing Program, Academic Advisory
Board (1999-present).

Robert Harriss, National Research Council, Committee on Global Change Research (1999-2003).

Robert Harriss, Earth Data Analysis Center Advisory Board, U New Mexico (1998-present).

Robert Harriss, Houston Advanced Research Center, Policy Advisory Committee (1998-present).

Robert Harriss, Rio Grande Institute, Senior Fellow (1999-present).

Robert Harriss, Chair, Project on Sustainable Management, Water Environment Research Foundation (1999-
present).

Richard Katz, Secretary, International Environmetrics Society (2002-present).

Richard Katz, Program Co-Chair, American Meteorological Society 17th Conference on Probability and
Statistics in the Atmospheric Sciences (2003).

Richard Katz, Member, Scientific Committee, 13th International Conference on Quantitative Methods for the
Environmental Sciences (2002-2003).

Richard Katz, Member, American Meteorological Society Committee on Probability and Statistics (2001-
present).

Joan Kleypas, Secretary, Colorado Fulbright Association Board (2000-present).

Joan Kleypas, Member, NCAR Realignment Committee (2003).

Joan Kleypas, Co-Chair, ESIG-CGD Seminar Series (2003-2004).

Linda Mearns, Internal Oversight Committee of the Review of NCAR by the American Physics Society for
Climate for Women Scientists at NCAR (2000-present).

Linda Mearns, Proposal Review Panel, Canadian Climate Change Action Fund, Sectoral Climate Change
Scenarios for Canada (2000-present).
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Linda Mearns, Member, NIGEC National Office Committee on Integrated Assessment (1999-present).

Linda Mearns, Member, AMS Committee on the Status of the Bulletin of the AMS (1999-present).

Linda Mearns, Member, National Agricultural Sector Team, US National Assessment (1998-present).

Linda Mearns, Member, Climate Change Scenarios Writing Team, US National Assessment (1998-present).

Linda Mearns, Member, Regional Assessment Teams for the Southwest, and Rocky Mountain Basin and
Range Regions (1998-present).

Linda Mearns, Member, Land Surface Working Group, Climate System Modeling Project, NCAR (1996-
present).

Linda Mearns, Member, IPCC Task Force on Climate Change Scenarios (1996-present).

Kathleen Miller, Member, AMS 2003 Annual Meeting Organizing Committee (2002-2003)).

Kathleen Miller, Member, NCAR Opportunity Fund Proposal Review Committee (2003).

Rebecca Morss, Co-chair, Societal and Economic Assessment sub-program, and Member, International
Scientific Steering Committee, THORPEX: A Global Atmospheric Research Program (2002-present).

Rebecca Morss, Representative on Societal Impacts, US and North American THORPEX Science Planning
Committees (2003-present).

Susanne Moser, Member, Union of Concerned Scientists and member of Union of Concerned Scientists
Sound Science Initiative (1998-present) .

Susanne Moser, Member, Association of American Geographers (AAG) (1992-present) and Chair, AAG
Human Dimensions of Global Change Specialty Group (2002-present).

Susanne Moser, Member, National Council for Geographic Education (1998-2003).

Susanne Moser, Co-Chair of the ESIG-CGD Seminar Series (2003-2004).

Susanne Moser, Member, Scientific Steering Committee, Rocky Mountain Climate Organization (2003-
present).

Robert Serafin Member of the American Meteorological Society (AMS) Executive Committee and AMS
Planning Commission (2002-present).

Robert Serafin, NRC Space Studies Board and its Executive Committee (1999-present).

Olga Wilhelmi, leading the Geographic Information Systems (GIS) Initiative at NCAR (2000-present).
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Staff, Visitors and Collaborators

Staff

Robert C. Harriss, Director

Steven Bailey (casual, 9/8-11/1/03)
Randall Barnhart (casual, 4/2-8/15/03)
Jennifer Boehnert (from 4/1/03; 64% ESIG, 36% RAP)
Megan Connors (casual, 3/10/03)
Maxine Cram (casual, 1/22-8/31/03)
Melissa Crandell (from 5/5/03)
Heidi Cullen (to 7/1/03; on leave 7/1/03-6/30/04)
Lisa Dilling (from 7/21/03)
Mary Downton (80%)
John Firor, NCAR Director Emeritus
Michael Glantz
Jeremy Hackney (to 3/29/03)
Victoria Holzhauer 
Janet Hopper (50%)
Richard Katz
Joanie Kleypas (from 5/12/03)
Larry McDaniel 
Seth McGinnis (from 6/2/03)
Shannon McNeeley
Linda Mearns 
Kathleen Miller 
Rebecca Morss (50% ESIG, 50% MMM) 
Susanne Moser (from 9/2/03)
Anne Oman 
Jennifer Oxelson (80% ESIG, 20% HIAPER)
Jean Renz (80%) 
Eric Scharff (from 7/21/03)
Robert Serafin, NCAR Director Emeritus 
Joshua Sidon (casual, 3/24/03)
D. Jan Stewart
Claudia Tebaldi (80% ESIG, 20% RAP)
Olga Wilhelmi
Qian Ye (casual)

Long-Term Visitors

Lisa Dilling, National Oceanic and Atmospheric Administration Office of Global Programs, Silver Spring,

http://www.rap.ucar.edu/asr2003/
http://www.acd.ucar.edu/science/asr03/index.htm
http://www.mmm.ucar.edu/asr2003/
http://www.hao.ucar.edu/public/asr/asr2003/index.html
http://www.cgd.ucar.edu/asr03/dir_msg.html
http://www.scd.ucar.edu/docs/asr2003/
http://www.atd.ucar.edu/dir_off/ASR/FY2003/index.html
http://www.ncar.ucar.edu/ASR02
http://www.nsf.gov/
http://www.ucar.edu/
http://www.ncar.ucar.edu/
http://www.ncar.ucar.edu/ASR03/index.htm
http://www.isse.ucar.edu/HP_harriss.html
http://www.isse.ucar.edu/HP_Boehnert.html
http://www.isse.ucar.edu/dilling/index.html
http://www.isse.ucar.edu/downton/index.html
http://www.isse.ucar.edu/staff/HP_firor.html
http://www.ccb.ucar.edu/glantz/
http://www.isse.ucar.edu/HP_vicki.html
http://www.isse.ucar.edu/HP_hopper.html
http://www.isse.ucar.edu/HP_rick
http://www.isse.ucar.edu/HP_linda.html
http://www.isse.ucar.edu/HP_kathy.html
http://www.isse.ucar.edu/HP_morss.html
http://www.isse.ucar.edu/HP_anneoman.html
http://www.isse.ucar.edu/scharff/index.html
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Maryland; 7 October 2002 to 21 July 2003.

Adrienne Gret-Regamey, Swiss National Science Foundation, Bern, Switzerland, 12 August 2002 to 12
February 2004.

Seth McGinnis, University of Colorado, Boulder, Colorado; 6 January 2003 to 2 June 2003.

Eric Scharff, University of Colorado, Boulder, Colorado; 6 January 2003 to 21 July 2003.

ASP Postdoctoral Fellows

Shui Bin (from 6/2/03)
Eugene Wahl

Visitors and Collaborators

Luc Anselin, Department of Agricultural and Consumer Economics, University of Illinois at Urbana-
Champaign, Urbana, Illinois, 4-22 August 2003; System for Analysis Research and Training, Advanced
Institute on Urbanization, Emission and the Global Carbon Cycle.

Ernesto Arias, University of Colorado, Boulder, Colorado; Disaster Dynamics; Course Knowledge
Management Systems.

Jesse Ausubel, The Rockefeller University, Program for Human Environment, New York, New York, 2-4 April
2003; Climate Change: The Known, The Unknown, the Unknowable.

Estelle Levetin Avery, University of Tulsa, Tulsa, Oklahoma, 24-26 November 2002; Collaborate on
Bioaerosol Proposal.

David Battisti, University of Washington, Seattle, Washington; ENSO Observing Networks.

Michele Betsill, Department of Political Science, Colorado State University, Fort Collins, Colorado; 18 April
2003; Cities and Climate Change: A Multilevel Governance Approach.

Harold Brooks, University of Oklahoma/National Severe Storms Laboratory, Norman, Oklahoma; Weather
and Climate Impacts Assessment Strategic Initiative: Severe Climatology via Reanalysis Soundings.

Jeffrey Brunskill, Department of Geography, State University of New York, Buffalo, New York; GIS in
Weather, Climate and Impacts.

Grace Brush, Johns Hopkins University, Baltimore, Maryland; Climate, Ecological, and Hydrologic Extremes.

Geoffrey W. Burg, Xcel Energy, Denver, Colorado, 6-7 November 2002; United States Weather Research
Program, Increasing the Value of Weather Information in the Operation of the Electric Power System.

Leslie Carman, Xcel Energy, Denver, Colorado, 6-7 November 2002; United States Weather Research
Program, Increasing the Value of Weather Information in the Operation of the Electric Power System.

Carlo Casty, Department of Geography, Climatology and Meteorology, University of Bern, Bern, Switzerland,
23 September-11 December 2003; Weather and Climate Impacts Assessment Strategic Initiative: Little Ice
Age Hindcasting.

Greg Characklis, Department of Environmental Sciences and Engineering, University of North Carolina,
Chapel Hill, New Jersey, 27-28 October 2002; Collaborative Research of Water Affairs.

Steve Colt, University of Alaska-Anchorage, Institute of Social and Economic Research, Anchorage, Alaska,
27-28 January 2003; Alaskan Climate Affairs Program Development.

Rich Conant, Colorado State University, Fort. Collins, Colorado; Supply and Demand of Carbon Cycle
Information.

http://www.isse.ucar.edu/gret/index.htm
http://www.isse.ucar.edu/scharff/index.html
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Todd Davis, Science Applications International Corporation, McLean, Virginia, 6-7 November 2002; United
States Weather Research Program, Increasing the Value of Weather Information in the Operation of the
Electric Power System.

Scott Denning, Colorado State University, Fort. Collins, Colorado; North American Carbon Program (NACP)
Implementation Strategy Working Group.

Lesanna Dobrahner, Carleton College, Carleton, Minnesota, 1 June-21 August 2003; Climate Impacts.

Scott Doney, Woods Hole Oceanographic Institute, Woods Hole, Massachusetts; Carbon Management and
Carbon Cycle Observations.

Izabela Dyras, Satellite Research Department, Institute of Meteorology and Water Management, Krakow,
Poland; GIS in Meteorlogogy and Climatology.

William Easterling, The Pennsylvania State University, College Station, Pennsylvania; Scales of Decision-
Making in Land Use.

Hal Eden, University of Colorado, Center for Lifelong Learning and Design, Boulder, Colorado, 4-22 August
2003; System for Analysis Research and Training, Advanced Institute on Urbanization, Emission and the
Global Carbon Cycle.

Jae Edmonds, Pacific Northwest National Laboratory/Joint Global Change Research Institute, University of
Maryland, College Park, Maryland; Carbon Management and Carbon Cycle Observations.

Martin Ehrendorfer, University of Innsbruck, Innsbruck, Austria; Economic Value of Ensemble Forecasts.

Johannes Feddema, Department of Geography, University of Kansas, Lawrence, Kansas, 2 June-31 July
2003; Weather and Climate Impacts Assessment Strategic Initiative: Land Cover Change, Special Report on
Emissions Scenarios, 16-22 March 2003; Weather and Climate Impacts.

Susan Firor, La Grande, Oregon, 10 January 2003; Water in the Intermountain West: Envisioning a
Sustainable Future.

Nicholas Flores, Department of Economics, University of Colorado, 8 April 2003; Market Failure in
Information: The National Flood Insurance Program.

Chris E. Forest, Joint Program on the Science and Policy of Global Change, Massachusetts Institute of
Technology, Cambridge, Massachusetts; Weather and Climate Impacts Assessment Strategic Initiative:
Uncertainty in Climate Models' Parameterization.

Shari Fox, Geography Department, University of Colorado, Boulder, Colorado, 12 December 2002;
Innovating Communication between Local Inuit Communities and Climate Researchers.

Daniel Gavin, University of Illinois, Urbana, Illinois; Characterization and Reduction of Uncertainty in Paleo-
climate and paleo-vegetation Reconstructions.

John Gaynor, National Oceanic and Atmospheric Administration, Office of Aerospace Research, Silver
Spring, Maryland, 6-7 November 2002; United States Weather Research Program, Increasing the Value of
Weather Information in the Operation of the Electric Power System.

Robert Gough, Intertribal Council on Utility Policy, Rosebud, South Carolina, 6-7 November 2003; United
States Weather Research Program, Increasing the Value of Weather Information in the Operation of the
Electric Power System.

Kevin Gurney, Colorado State University, Fort. Collins, Colorado; Carbon Management and Carbon Cycle
Observations.

George Gerstle, Colorado Department of Transportation, Office of Environmental Policy and Planning,
Denver, Colorado, 4-22 August 2003; System for Analysis Research and Training, Advanced Institute on
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Urbanization, Emission and the Global Carbon Cycle.

David Getches, University of Colorado, School of Law, Boulder, Colorado, 10 January 2003; Water in the
Intermountain West: Envisioning a Sustainable Future.

Michael Goodchild, Department of Geography, University of California, Santa Barbara, California, 29
September 2003; Presentation on Geographic Information Systems Advances, 9-10 January 2003; Water in
the Intermountain West: Envisioning a Sustainable Future.

Thomas Graff, Environmental Defense, Oakland, California, 9-11 January 2003; Water in the Intermountain
West: Envisioning a Sustainable Future.

Eve Gruntfest, University of Colorado, Colorado Springs; Flood Risk in Colorado.

Minh Ha-Duong, Carnegie Mellon University, Engineering and Public Policy, Pittsburgh, Pennsylvania, 17-20
February 2003, Possible Global Warming Future: An Imprecise Probability Theory Approach.

Tom Hamill, National Oceanic and Atmospheric Administration, Boulder, Colorado, 6-7 November 2002;
United States Weather Research Program, Increasing the Value of Weather Information in the Operation of
the Electric Power System.

Felicity Hannay, State of Colorado, Deputy Attorney General, Denver, Colorado, 10 January 2003; Water in
the Intermountain West: Envisioning a Sustainable Future.

Spenser Havlick, University of Colorado, College of Architecture and Planning, Boulder, Colorado, 4-22
August 2003; System for Analysis Research and Training, Advanced Institute on Urbanization, Emission and
the Global Carbon Cycle.

David Hawkins, California Independent System Operator, Folsom, California, 6-7 November 2002; United
States Weather Research Program, Increasing the Value of Weather Information in the Operation of the
Electric Power System.

Michael Hayes, National Drought Mitigation Center, University of Nebraka, Lincoln, Nebraska; Drought Risk,
Vulnerability and Impacts Mitigation.

John Henz, HDR Engineering, Denver, Colorado, 5 November 2002; Importance of Meteorologic Information
for Floodplain Management in Colorado.

William Hooke, American Meteorological Society, Washington, DC; Outlook for Meteorological Research.

Julius Caesar Falar Herrera, Vice Governor of Bohol Province, Central Visayas, Philippines, 21 August 2003;
Urban Environmental Issues.

Tim Hughes, University of Oklahoma, Oklahoma Wind Power Initiative, Norman, Oklahoma, 6-7 November
2002; United States Weather Research Program, Increasing the Value of Weather Information in the
Operation of the Electric Power System.

Brian Hyde, Colorado Water Conservation Board, Denver, Colorado, 11 December 2002; Colorado's
Floodplain Mapping Program and Needs for Meteorology and Climate Information.

Marija Ilic, Massachusetts Institute of Technology, Cambridge, Massachusetts, 6-7 November 2002, United
States Weather Research Program, Increasing the Value of Weather Information in the Operation of the
Electric Power System.

Marc Imhoff, National Aeronautics and Space Administration/Goddard Space Flight Center, Greenbelt,
Maryland, 14 January 2003; Human Demands on Global Net Primary Production: Can the Earth Keep Up?

Judy Jacobsen, Boulder, Colorado, 10 January 2003, Water in the Intermountain West: Envisioning a
Sustainable Future.
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Shaleen Jain, National Oceanic and Atmospheric Administration, Cooperative Institute for Research in the
Environmental Science, Climate Diagnostics Center, Boulder, Colorado, 6-7 November 2002; United States
Weather Research Program, Increasing the Value of Weather Information in the Operation of the Electric
Power System.

Dale Jamieson, Carleton College, Northfield, Minnesota; Ethics of Weather and Short-term Climate
Forecasting.

Luke Jaramillo, Denver, Colorado, 6-7 November 2002; United States Weather Research Program,
Increasing the Value of Weather Information in the Operation of the Electric Power System.

Edward Johnson, National Oceanic and Atmospheric Administration, Silver Spring, Maryland, 6-7 November
2002; United States Weather Research Program, Increasing the Value of Weather Information in the
Operation of the Electric Power System.

Michael Kintner-Meyer, Pacific Northwest Laboratory, Richland, Washington, 6-7 November 2002; United
States Weather Research Program, Increasing the Value of Weather Information in the Operation of the
Electric Power System.

Cody Knutson, National Drought Mitigation Center, University of Nebraska, Lincoln, Nebraska; Drought Risk
and Vulnerability.

Eric Kuhn, Colorado River Water Conservation District, Glenwood Springs, Colorado, 10 January 2003;
Water in the Intermountain West: Envisioning a Sustainable Future.

Doug Larson, Western Interstate Energy Board, Denver, Colorado, 6-7 November 2002, United States
Weather Research Program, Increasing the Value of Weather Information in the Operation of the Electric
Power System.

Jeffrey K. Lazo, Stratus Consulting Inc., Boulder, Colorado, 5 June 2003; What Are Weather Forecasts
Worth?

Sohyun Park Lee, University of Colorado, College of Architecture and Planning, Boulder, Colorado, 4-22
August 2003; System for Analysis Research and Training, Advanced Institute on Urbanization, Emission and
the Global Carbon Cycle.

Stephen Lee, Electric Power Research Institute, New Orleans, Louisiana, 6-7 November 2002; United States
Weather Research Program, Increasing the Value of Weather Information in the Operation of the Electric
Power System.

Connie Lewis, Meridian Institute, Dillon, Colorado, 10 January 2003; Water in the Intermountain West:
Envisioning a Sustainable Future.

Kenneth Lloyd, Regional Air Quality Council, Denver, Colorado, 4-22 August 2003; System for Analysis
Research and Training, Advanced Institute on Urbanization, Emission and the Global Carbon Cycle.

James Lochhead, Brownstein, Hyatt and Farber, Glenwood Springs, Colorado, 10 January 2003; Water in
the Intermountain West: Envisioning a Sustainable Future.

Dan Luecke, Boulder, Colorado, 10 January 2003; Water in the Intermountain West: Envisioning a
Sustainable Future.

Toni Lyke, Xcel Energy, Denver, Colorado, 6-7 November 2002; United States Weather Research Program,
Increasing the Value of Weather Information in the Operation of the Electric Power System.

David Lytle, United States Forest Service, Grand Rapids, MN; Characterization and Reduction of Uncertainty
in Paleo-climate and paleo-vegetation Reconstructions; Simulating Forest Change and Net Carbon
Sequestration Dynamics Using Linked Climate and Vegetation.

Andrea Madigan, United States Environmental Protection Agency, Denver, Colorado, 4-22 August 2003;
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System for Analysis Research and Training, Advanced Institute on Urbanization, Emission and the Global
Carbon Cycle.

Julian Marshall, University of California, Berkeley, California, 3-20 August 2003; System for Analysis
Research and Training, Advanced Institute on Urbanization, Emission and the Global Carbon Cycle.

Jim Martin, Natural Resources Law Center, Boulder, Colorado, 10 January 2003; Water in the Intermountain
West: Envisioning a Sustainable Future.

Frank McElvain, Tri-State Generation and Transmission Association, Westminster, Colorado, 6-7 November
2002; United States Weather Research Program, Increasing the Value of Weather Information in the
Operation of the Electric Power System.

Frank A. Monforte, Itron Inc., San Diego, California, 5-7 November 2002; United States Weather Research
Program, Increasing the Value of Weather Information in the Operation of the Electric Power System.

Larry Mugler, Denver Regional Council of Governments, Metro Vision Planning and Operations Division,
Denver, Colorado, 4-22 August 2003; System for Analysis Research and Training, Advanced Institute on
Urbanization, Emission and the Global Carbon Cycle.

Brian Muller, University of Colorado, Denver, Colorado; Disaster Dynamics; Wildfire Hazard and the Urban-
Wildland Interface; Course Knowledge Management Systems.

Gordon Munro, Department of Economics, University of British Columbia, Vancouver, British Columbia,
Canada, 21-26 April 2003; Pacific Salmon Treaty Project.

Richard Murnane, Bermuda Biological Station for Research Inc., Risk Prediction Initiative, Garrett Park,
Maryland, 24-27 October 2002; Collaborate in Planning for United States Weather Research Program.

Michael C. Moore, National Renewable Energy Laboratory, Golden, Colorado, 6-7 November 2002; United
States Weather Research Program, Increasing the Value of Weather Information in the Operation of the
Electric Power System.

Ranga Myneni, Boston University, Boston, Massachusetts, 29 April 2003; A Greener Earth.

Mikiyasu Nakayama, Tokyo University of Agriculture and Technology, United Graduate School of Agricultural
Science, Tokyo, Japan, 15-17 September 2003; Collaboration on Capacity-Building Projects in Japan.

Louisa Nance, National Oceanic and Atmospheric Administration, Environmental Technology Laboratory,
Boulder, Colorado, 6-7 November 2002; United States Weather Research Program, Increasing the Value of
Weather Information in the Operation of the Electric Power System.

Philippe Naveau, University of Colorado, Boulder, Colorado; Weather and Climate Impacts Assessment
Strategic Initiative: Extreme Events in Climate Models and Spatial Scaling.

Victor Niemeyer, Electric Power Research Institute, Palo Alto, California, 6-7 November 2002; United States
Weather Research Program, Increasing the Value of Weather Information in the Operation of the Electric
Power System.

W. Wyatt Oswald, University of Washington, Seattle, Washington; Characterization and Reduction of
Uncertainty in Paleo-climate and paleo-vegetation Reconstructions.

Elvida Pallaska, Ministry of Environmental and Spatial Planning, Institute for Spatial Planning, Kosovo,
Albania, 21 August 2003; Urban Environmental Issues.

Marc Parlange, Johns Hopkins University, Baltimore, Maryland; Climate, Ecological, and Hydrologic
Extremes.

John Parr, Center for Regional and Neighborhood Action, Denver, Colorado, 4-22 August 2003; System for
Analysis Research and Training, Advanced Institute on Urbanization, Emission and the Global Carbon Cycle.
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Edward Parson, Harvard University, John Fitzgerald Kennedy School of Government, Cambridge,
Massachusetts, 7-8 November 2002; Adaptive Environmental Policy and Technological Change: Learning
from International Protection of the Ozone Layer.

Jonathan A. Patz, Johns Hopkins University, Program on Health Effects of Global Environmental Change,
Bloomberg School of Public Health, Baltimore, Maryland, 29 June-9 August 2003; Weather and Climate
Impacts Assessment Strategic Initiative: Climate and Health.

Lucy H. Pavlovic, Xcel Energy, Denver, Colorado 6-7 November 2002; United States Weather Research
Program, Increasing the Value of Weather Information in the Operation of the Electric Power System.

Steve Peterson, High Performance Systems Inc., Lebanon, New Hampshire, 19-24 January 2003; STELLA
Modeling.

Roger A. Pielke Jr. Center for Science and Technology Policy, University of Colorado, Boulder, Colorado;
Supply and Demand of Carbon Cycle Information; "A Reanalysis of the U.S. National Weather Service Flood
Loss Database."

Carlo Pona, Rome, Italy, 24 November-20 December 2002; Crop Production in Italy.

Jane Preuss, GeoEngineers Inc., Redmond, Washington, 5-7 November 2002; United States Weather
Research Program, Increasing the Value of Weather Information in the Operation of the Electric Power
System.

Rosemdo Pujol, University of Costa Rica, School of Civil Engineering, San Jose, Costa Rica, 4-22 August
2003; System for Analysis Research and Training, Advanced Institute on Urbanization, Emission and the
Global Carbon Cycle.

Roger Pulwarty, Cooperative Institute for Research in Environmental Sciences/National Oceanic and
Atmospheric Administration, Boulder, Colorado; Crafting Effective Interagency Relationships.

Kathleen Purvis, The Claremont Colleges, Claremont, California; Heat Wave Hazards in Urban Areas.

Andrea J. Ray, National Oceanic and Atmospheric Administration Climate Diagnostics Center, Boulder, 22
April 2003; Climate Variability and Multipurpose Reservoir Management in the Gunnison Basin, Colorado.

Paul Rich, Earth and Environmental Sciences Division, Los Alamos National Laboratory, Los Alamos, New
Mexico, 11 September 2003; Topography, Microclimate, and Vegetation: GIS-based Modeling Approaches.

David Sailor, Department of Mechanical Engineering, Tulane University, New Orleans, Louisiana, 6-7
November 2002; United States Weather Research Program, Increasing the Value of Weather Information in
the Operation of the Electric Power System.

Scott Samuelsen, Department of Mechanical and Aerospace Engineering, University of California, Irvine,
California, 5-7 November 2002; United States Weather Research Program, Increasing the Value of Weather
Information in the Operation of the Electric Power System.

Fahriye Sancar, University of Boulder, College of Architecture and Planning, Boulder, Colorado, 4-22 August
2003; System for Analysis Research and Training, Advanced Institute on Urbanization, Emission and the
Global Carbon Cycle.

G. Arturo Sanchez-Azofeifa, Department of Earth and Atmospheric Sciences, University of Alberta,
Edmonton, Alberta, Canada, 4-22 August 2003; System for Analysis Research and Training, Advanced
Institute on Urbanization, Emission and the Global Carbon Cycle.

Bruno Sanso, Department of Applied Mathematics and Statistics, University of California, Santa Cruz,
California; Weather and Climate Impacts Assessment Strategic Initiative: Uncertainty in Climate Models'
Parameterization.

Dan Sarewitz, Columbia University, New York, New York; Supply and Demand of Carbon Cycle Information.
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Stephen Saunders, Rocky Mountain Climate Organization, Denver, Colorado, 30 September 2003; The
Rocky Mountain Climate Organization and Impacts of Climate Change.

Marc Schwartz, National Renewable Energy Laboratory, Golden, Colorado, 6-7 November 2002; United
States Weather Research Program, Increasing the Value of Weather Information in the Operation of the
Electric Power System.

Babu Raja Shrestha, Silt Consultants, Integrated Solid Waste Management, Nepal, 21 August 2003; Urban
Environmental Issues.

Lenny Smith, Oxford University, Oxford, United Kingdom; THORPEX: A Global Atmospheric Research
Programme.

Richard Smith, University of North Carolina, Chapel Hill, North Carolina, 7-15 July 2003; Weather and
Climate Impacts Assessment Strategic Initiative: Extreme Events in Climate Models and Spatial Scaling.

James Spensley, Spensley and Associates, Denver, Colorado, 4-22 August 2003; System for Analysis
Research and Training, Advanced Institute on Urbanization, Emission and the Global Carbon Cycle.

Meghan Stock; University of Colorado Cooperative Institute for Research in the Environmental Science,
Center for Science and Technology Policy Research, Boulder, Colorado, 24 June-8 August 2003; Impacts of
Global Climate Change on Water Utilities.

Gerald Stokes, Pacific Northwest National Laboratory/Joint Global Change Research Institute, University of
Maryland, College Park, Maryland; Carbon Management and Carbon Cycle Observations.

Michael Stortz, Tri-State Generation and Transmission Association, Westminster, Colorado, 6-7 November
2002; United States Weather Research Program, Increasing the Value of Weather Information in the
Operation of the Electric Power System.

Susan Subak, University of East Anglia, Norwich, United Kingdom, 15-17 January 2003; Presentation on
Climate and Health; 22 June-4 August 2003; Climate and Heath Impacts: Lyme Disease.

Eric Sundquist, U.S. Geological Survey, Woods Hole, Massachusetts; State of the Carbon Cycle Report.

Ron Sznaider, Meteorlogix Inc., Minneapolis, Minnesota, 5-7 November 2002; United States Weather
Research Program, Increasing the Value of Weather Information in the Operation of the Electric Power
System.

Katherine Teter, United States Environmental Protection Agency, Denver, Colorado, 4-22 August 2003;
System for Analysis Research and Training, Advanced Institute on Urbanization, Emission and the Global
Carbon Cycle.

Deborah Thomas, Department of Geography, University of Colorado, Denver; Drought Impacts on Resort
Communities.

Robert Thresher, National Renewable Energy Laboratory, Golden, Colorado, 6-7 November 2002; United
States Weather Research Program, Increasing the Value of Weather Information in the Operation of the
Electric Power System.

Zoltan Toth, National Centers for Environmental Prediction, Camp Springs, Maryland; THORPEX: A Global
Atmospheric Research Programme.

William Travis, Department of Geography, University of Colorado, Boulder, Colorado, 10 January 2003;
Water in the Intermountain West: Envisioning a Sustainable Future.

Michael Trolier, Friedwire Inc., Boulder, Colorado, 6-7 November 2002; United States Weather Research
Program, Increasing the Value of Weather Information in the Operation of the Electric Power System.

Juli Trtanj, National Oceanic and Atmospheric Administration/Office of Global Programs, Silver Spring,
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Maryland; Crafting Effective Interagency Relationships.

Compton Tucker, National Aeronautics and Space Administration, Goddard Space Flight Center, Laboratory
for Terrestrial Physics, Greenbelt, Maryland, 5-8 June 2003; Geographic Information Systems Strategic
Initiative Seminar Series.

Patti Tyler, United States Environmental Protection Agency, Denver, Colorado, 4-22 August 2003; System
for Analysis Research and Training, Advanced Institute on Urbanization, Emission and the Global Carbon
Cycle.

Peter Van de Water, Salem Oregon, 24-27 November 2002; Bioaerosol Proposal.

Sarah Van de Wetering, Missoula, Montana, 9-11 January 2003; Water in the Intermountain West:
Envisioning a Sustainable Future

Patrick Walshe, Tennessee Valley Authority, Chattanooga, Tennessee, 6-7 November 2002; United States
Weather Research Program, Increasing the Value of Weather Information in the Operation of the Electric
Power System.

James Weber, Powerworld Corporation, Champaign, Illinois, 5-7 November 2002; United States Weather
Research Program, Increasing the Value of Weather Information in the Operation of the Electric Power
System.

Patricia Wells, Denver Water Board, Denver Colorado, 10 January 2003; Water in the Intermountain West:
Envisioning a Sustainable Future.

Jim Westcott, State of Colorado, Denver, Colorado, 10 January 2003; Water in the Intermountain West:
Envisioning a Sustainable Future.

Gilbert White, Department of Geography, University of Colorado, Boulder, Colorado, 10 January 2003; Water
in the Intermountain West: Envisioning a Sustainable Future

John Wiener, Environmental and Behavior Program, University of Colorado, Boulder, Colorado, 10 January
2003; Water in the Intermountain West: Envisioning a Sustainable Future.

John Williams, University of Minnesota, Minneapolis, Minnesota; Characterization and Reduction of
Uncertainty in Paleo-climate and paleo-vegetation Reconstructions.

Wendell Winger, Public Utilities Commission, Denver, Colorado, 6-7 November 2002; United States Weather
Research Program, Increasing the Value of Weather Information in the Operation of the Electric Power
System.

Connie Woodhouse, National Oceanic and Atmospheric Administration, Paleoclimate Program, Boulder,
Colorado, 10 January 2003; Water in the Intermountain West: Envisioning a Sustainable Future.

 

Table of Contents | Director's Message | Executive Summary 
Strategic Initiatives | Fundamental Research | Enhancing Productivity | Protection of Life and Property

Education & Outreach | Additional Educational Activities | Publications | Community Service
Staff, Visitors and Collaborators | ASR 2003 Home

http://www.ncar.ucar.edu/ASR03/index.htm


http://www.isse.ucar.edu/asr03/img/carbon_full.jpg[7/6/2015 2:42:24 PM]



http://www.isse.ucar.edu/asr03/img/circle_full.jpg[7/6/2015 2:42:25 PM]



http://www.isse.ucar.edu/asr03/img/toolkit2_full.jpg[7/6/2015 2:42:25 PM]



 Working Paper No. 15 

Environment and Natural
Resources GUIDELINES 

FOR ESTABLISHING 
AUDITS OF 
AGricultural-
ENvironmental 
(AG-EN) HOTSPOTS



Environment and Natural Resources Service
Sustainable Development Department

FOOD AND AGRICULTURE ORGANIZATION OF THE UNITED NATIONS
Rome, 2003

 Working Paper No. 15 

Environment and Natural
Resources GUIDELINES 

FOR ESTABLISHING 
AUDITS OF 
AGricultural-
ENvironmental 
(AG-EN) HOTSPOTS

by 
Michael H. Glantz



All rights reserved. Reproduction and dissemination of material in this
information product for educational or other non-commercial purposes are
authorized without any prior written permission from the copyright holders
provided the source is fully acknowledged. Reproduction of material in this
information product for resale or other commercial purposes is prohibited
without written permission of the copyright holders. Applications for such
permission should be addressed to the Chief, Publishing Management
Service, Information Division, FAO, Viale delle Terme di Caracalla, 00100
Rome, Italy or by e-mail to copyright@fao.org

© FAO 2003

The designations employed and the presentation of material in
this information product do not imply the expression of any
opinion whatsoever on the part of the Food and Agriculture
Organization of the United Nations concerning the legal status of
any country, territory, city or area or of its authorities, or
concerning the delimitation of its frontiers or boundaries.



GUIDELINES FOR ESTABLISHING AUDITS OF AGricultural-ENvironmental (AG-EN) HOTSPOTS

Michael H. Glantz

28 pp, 4 Figures, 1 Appendix, Environment and Natural Resources Working Paper No. 15

ABSTRACT

Starting in 1999, the Food Insecurity and Vulnerability Information and Mapping Systems (FIVIMS) Secretariat
in FAO has published an annual report on global Food Insecurity and Vulnerability (see:
http://www.fao.org/DOCREP/005/Y7352E/Y7352E00.HTM). The report, - The State of World Food Insecurity, known
as SOFI - assembles, analyses and disseminates information on who are the food insecure, where they are
located, and why they are food insecure, nutritionally vulnerable or at risk.
The Environment and Natural Resources Service (SDRN) of the Sustainable Development Department, FAO, has
been involved through the preparation of maps and analyses. As food insecurity can often be correlated with
difficulties in making proper use of natural resources, it was considered that it would be useful to produce regular
analyses about areas where ecological processes or agricultural production are disrupted due to conflicts between
environment and agriculture. Such areas are termed agricultural-environmental hotspots, or Ag-En hotspots.
The emphasis is thus on non-optimal functioning of ecosystems, agriculture, or both. "Environment" includes
natural, social, economic and cultural aspects.
A brainstorming meeting was organized on 9-10 December 2002 in FAO headquarters to define Ag-En hotspot
products that could be prepared based on data availability and on demand, with internal (FAO) and external
partners. A discussion paper was prepared in advance by Michael Glantz, Senior Scientist in the Environmental
and Societal Impacts Group at the National Center for Atmospheric Research (NCAR) in Boulder, Colorado.
Based on the discussions held at the meeting, Dr Glantz revised the discussion paper, which is presented here as
Guidelines for Establishing Audits of Agricultural-Environmental (Ag-En) Hotspots. 
The report serves multiple objectives, starting with terminology and delineation of concepts. Terms like
hotspots, risk, vulnerability, extreme factor, hazard, chronic vs acute hotspots, and the scale at which hotspots
are defined demand closer consideration. 
Ag-En hotspots themselves can be analysed from twin points of view: first, the mechanisms that cause them, and,
second, themes such as soil, water shortage, land degradation, biodiversity, food security (as in FIVIMS),
livelihoods and nutrition.
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The following points are also listed among those to which the meeting participants were asked to pay particular
attention: monitoring issues, including mapping, thresholds and the possibility of "predicting" future probable
hotspots 5 or 10 years ahead; conceptual, causal and thematic links between hotspots, disasters and
sustainability; variables and indicators that will be required as a function of an Ag-En hotspot typology,
including geographical location, scale, reliability, etc. Appropriate emphasis should be given to non-
environmental forcing variables, such as civil unrest, poor resource endowment, and trade. 
As mentioned above, the meeting also drew attention to the possibility of identifying mechanisms or patterns
that could lead to the development of hotspots in the future, as, for instance, when well-known chronic stresses
become acute problems confronting policy-makers.

Keywords: Environment, Impact, Risk, Extreme factor, Prediction, Present futures, Creeping and Environmental
Problems.
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THE OVERRIDING OBJECTIVES FOR ESTABLISHING A HOTSPOTS
ACTIVITY ARE TO AVERT NEW AGRICULTURAL-ENVIRONMENTAL
(AG-EN) HOTSPOTS FROM DEVELOPING, AS WELL AS TO BETTER
MANAGE EXISTING HOTSPOTS, BEFORE THEY DEGRADE FURTHER
INTO ENVIRONMENTAL FLASHPOINTS (I.E., EXTREMELY CRITICAL
STAGES OF ENVIRONMENTAL DEGRADATION AND UNWANTED
ECOLOGICAL AND SOCIETAL CHANGE). Such an activity provides an
additional, reinforcing approach to draw attention to growing concerns about
the adverse interplay between human activities related to agriculture and a
naturally varying environment (especially climate). It can help to identify and
provide early warning about emerging hotspots.

This paper aims to identify key issues related to the purpose and potential
value of developing a sustained activity focused on the identification and

monitoring of potentially adverse impacts and the responses that
might result from interactions between agricultural activities

and environmental processes. Where the adverse impacts of
such interactions have reached levels detrimental to
sustained human activities or to environmental processes,
the term "hotspots" is used. The concept of "foreseeability"
is introduced and applied to agriculture-environment

interactions.
This report approaches the possible development of a

multifaceted hotspots activity by posing and then addressing
the following basic questions: 

How to define the term "hotspots"? 
What can be done with respect to hotspots? 
Why do we need to do it? 
Who might benefit from a hotspots assessment? 
Who could undertake the hotspots activity? 
When might it begin?  
How would the various elements of a hotspots activity be carried out?  
Whose responsibility is it to oversee a hotspots programme? Does an
organization such as FAO have a responsibility to address the hotspots areas
and problems that it identifies and monitors?

Responses to these questions are followed by suggestions about potential
indicators, benefits, and costs of a hotspots activity, educational aspects and
overall benefits. 

Introduction
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OVERVIEW

IT IS NOW WELL KNOWN THAT
AGRICULTURAL ACTIVITIES AFFECT AND
ARE AFFECTED BY THE QUALITY OF THE
ENVIRONMENT … AND VICE VERSA.
Examples are plentiful: an increase in population
prompts the movement of new settlement into
regions with fragile ecosystems; land that is
suitable for grazing livestock is encroached upon
by people seeking to find new lands to cultivate;
people are moving increasingly into what in the
past were probably viewed as either pristine areas
in need of protection to maintain biodiversity, or
as areas marginal to agricultural production
because of the fragility of their vegetative cover,

soil structure, highly variable rainfall, or
a mismatch between environmental

conditions and land-use
practices. Governments have
encouraged (or at least not
discouraged) many of these
migrations into fragile areas.
There are scores upon scores

of such examples, drawn from
the past several decades and

from all parts of the globe, and
from areas at all levels of economic

development, where agriculture-related
activities have interacted in adverse ways with
environmental processes, often leading to the
degradation of both. It is important to note that
there are also examples of successful interactions
between agriculture and the environment. 

Individuals acting on their own will continue,
either out of preference or necessity, to seek new
areas on which to grow food or graze livestock, as
their demand for food and fibre increases.

Concepts



Assuming that the best rainfed agricultural lands have
already been put into production, indirect as well as
direct anthropogenic pressures on different
ecosystems will undoubtedly continue to increase
(Glantz, 1994). The paradox here is that while people
(and their governments) seek new lands to cultivate in
order to increase food and fibre production, there is
considerable evidence to support the view that proper
care is not being taken of lands already proven to be
agriculturally productive. 

It is important to note that every ecosystem
(forests, mangroves, inland waters and wetlands,
grasslands, arid, marine, coastal, etc.) is at risk from
exogenous influences, regardless of whether the
causes of those influences are purely natural or
anthropogenic, or are a combination of the two. As an
example, tracking the findings of desertification
studies over the past few decades underscores how
difficult it can be to determine long-term
consequences of the impacts of desertification
processes (Tucker, Dregne and Newcomb, 1991).

Environmental changes can be abrupt or can be of
the creeping kind: long term, low grade, slow onset
and cumulative. Every change to the natural
environment, however slight, could eventually prove
to disrupt the sustainability of a specific ecosystem in
the long term. Whether an uncontrolled (i.e. runaway)
disruption eventually occurs will depend as much on
decisions taken by individuals and governments as on
natural factors. In many cases, changes to
environmental conditions at the interface with human
activities cannot be avoided. However, careful
monitoring and timely analyses of the changes at this
Ag-En interface can lead to appropriate management
of those possibly adverse changes. As a result, many of
these potentially adverse impacts can be minimized
and mitigated, if not prevented.

This is not a new revelation. In a 1955 geography
book, Dohrs and colleagues noted (p. 295) that 

Because man must eat to survive, and because nearly
all of man's food is either directly or indirectly a

product of the soil, agriculture is one of the most
important activities on the earth. … Shortage of
productive land is one of the major problems facing the
world, and the development of world agriculture is
that of too little land for the rapidly increasing
population. 
More than a decade later, Borgstrom (1972) coined

the term "ghost acres". This notion was used in
reference to the amount of land that would have been
required to produce an amount of protein equal to
that then being extracted from the marine
environment. For example, the Japanese diet
consisted of large amounts of seafood. Japan would
have needed three or more times its then-existing
agricultural land in order to compensate or replace
the equivalent amount of protein it had been
extracting from the sea. That amount of land was and
still is not available. In other words, protein retrieved
from the sea relieves considerable pressure on land-
based resources to produce food.

HOW WE TEND TO DESCRIBE
ENVIRONMENTAL CHANGES

Many different terms have been used to identify the
way societies perceive the interactions between
agricultural activities and environmental processes.
Such terms include syndrome, dilemma, paradox and
diagnosis. Each of these terms seeks to highlight some
aspect of the serious attention merited by these
interactions.

Syndrome
Researchers at the Potsdam Institute for Climate
Impact Research (PIK) are concerned about climate
change and human health issues. They refer to an
environmental distress syndrome and its health
effects. They note their concern about the depletion
or disruption of the natural biophysical processes that
are the basic sources of sustained good health
(Petschel-Held et al., 1999).

4



Dilemma
Representatives of the International Crops Research
Institute for the Semi-Arid Tropics (ICRISAT) have
referred to the "productivity-environment" dilemma
and the "agricultural intensification" dilemma,
noting that "low productivity accelerates degradation
and keeps people poor" (see www.icrisat.org). Others
have referred to the environment vs jobs dilemma,
the climate change and nuclear energy dilemma, the
pesticide use vs productivity and jobs dilemma, and
so forth (Schiermeier, 2001).

Paradox
The Deep Ecology Movement has referred to the
"living" paradox (Drengson and Inoue, 1995). From
the Movement's perspective, governments must make
a choice: should they leverage off death-giving
technologies to save lives, or avoid technological
misuse and live in ecological integrity? There also
exists a public interest vs private gain paradox:
people want a cleaner environment but do not want
their lives to be disrupted and do not want to pay
very much more to achieve it (Montgomery, 1996).
In other words, do we take for granted that
economic growth must adversely affect the
environment? Yet another paradox related to the Ag-
En interface is the challenge of "preserving access to
the environment and its resources AND improving
the standard of living" (Brower and Malcolm, 1991).

Diagnosis
This term is related to the others, but in a

different way. It is increasingly being used in an
environmental context: the Earth is sick and we need
to diagnose the sickness by its symptoms and root
causes, and then to identify possible cures - an
analogy taken from the medical profession. For
example, UNEP undertook an Aral Sea Basin
Diagnostic Study in the early 1990s in order to
obtain a clearer picture of the causes and effects of a
desiccating inland sea (UNEP, 1992). The UNEP

study catalysed considerable interest and political
action in the fate of the Aral Sea. There are calls for,
and attempts to, identify appropriate indicators of
objective environmental diagnosis. One corporation
refers to the need for distance diagnostics through
digital imaging. One can even apply for a Master of
Science degree in Environmental Diagnosis at
Imperial College in the UK (see:
www.ic.ac.uk/default.asp?P=3608). 

Thus, there are many ways to describe what goes
on at the Ag-En interface. While attempting to stay
focused on the notion of Ag-En hotspots, it is clear
that any FAO-wide hotspots activity could provide a
framework for a wide range of activities, with the Ag-
En activity being central. Other hotspots assessments
could include, for example, food insecurity, fisheries,
livestock, nutrition or disease. Hotspots
identification, monitoring and analyses would help
to identify numerous environmental policy-making
dilemmas, paradoxes and syndromes of interest to
FAO, as well as to identify locations where diagnostic
environmental studies need to be undertaken and
tools are needed.   

POTENTIAL INDICATORS TO IDENTIFY
HOTSPOTS

In any hotspots monitoring arrangement, it is
imperative to establish baseline conditions. As an
example, one way to develop a hotspot baseline
would be to use an approach taken to investigate the
slow-onset, low-grade, incremental but cumulative
degradation in the Aral Sea Basin in Central Asia
(Glantz, 1999). In that assessment of several of the
Basin's creeping environmental problems, a group of
researchers from different disciplines and countries
sought to identify thresholds over time of various
environment-related changes (physical, biological
and societal). The suggested thresholds of change that
follow could provide a baseline and a timeline for
tracking the development of Ag-En hotspots, many

CONCEPTS
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of which hotspots are already active: 
Threshold 1: When was there an initial awareness
of change?
Threshold 2: When was there a realization that the
change had become a problem?
Threshold 3: When was concern expressed that
the problem had become a crisis?
Threshold 4: When was there an awareness of the
need for action?
Threshold 5: When was action taken?

It might be interesting to consider undertaking
such a hotspots assessment for Lake Victoria in
eastern Africa, using the creeping environmental
problems approach, as various groups in FAO and
elsewhere have already undertaken studies on
various specific environmental changes in the Lake
Victoria basin. The accompanying box provides an
example. 

FORESEEABILITY

The concept of "foreseeability" has been used for
over a century as a legal test for liability.  It is 

"a concept used in various areas of the law to limit
the liability of a party for the consequences of his/her
acts to consequences that are within the scope of a
foreseeable risk, i.e., risks whose consequences a
person of ordinary prudence would reasonably expect
might occur… In tort law… a party's actions may be
deemed negligent only where the injurious
consequences of those actions were 'foreseeable'" 
(Gifis, 1991).

There are several variations of the meaning of
foreseeability. For example, 

"the foreseeability element of proximate cause is
established by proof that the actor or person of
reasonable intelligence and prudence should
reasonably have anticipated danger to others created
by his or her negligent act" (Gifis, 1991).

Note that inaction is also considered to be a form of
action. The negligence referred to is that of the
authority who failed to have foreseen adverse
impacts. 

"Foreseeability encompasses not only that which the
defendant foresaw, but that which the defendant
ought to have foreseen" (Gifis, 1991).

The concept of foreseeability can be extremely useful
for identifying the possible impacts of human
activities related to agriculture on the environment in
general, as well as on specific ecosystems of concern.
"Foreseeability" differs from the concept of "forecast"
or "predictability" because it neither depends on nor
implies any quantitative description of probability of
occurrence. It suggests, for example, that a
reasonable person can conclude that certain
agricultural practices in certain types of ecosystems,
in the absence of any action to change them, will
have knowable adverse impacts on environmental
quality. Those adverse impacts can lead to such
degrading processes as soil erosion, deforestation,
fertilizer and pesticide overuse, excessive water
diversions, poor irrigation practices, mechanization
of land-clearing activities in marginal lands, and
inappropriate land-clearing and wood gathering for
cooking and heating (including charcoal-making for
income) and construction. 

Today, researchers have collected scores of
examples of what happens when agricultural activities
expand into new areas. In some instances, the land is
transformed from one use to another. In other
instances, however, that land use leads to varying
degrees of degradation. What appears at first to be a
harmless and productive change in the use of the
land can (and often does) lead to a greater level of
degradation that is harmful to both the environment
and to the people whose livelihoods are based on the
sustained productivity of that environment. People
and governments need to be alerted as soon as
possible to environmental changes that are often

6



CONCEPTS

7

Box 1. Lake Victoria as a hotspot?
Considerable attention has been focused on Lake Victoria in eastern Africa during the last few
decades of the twentieth century. At first, scientific researchers focused their efforts on the
variations in lake levels to determine global and continental climate history on millennial to
century time scales. Today, research concerns centre on environmental degradation taking place
in various ecosystems and in areas surrounding the lake. As an example, many changes have
taken place since the Nile perch was introduced to the lake around 1960. What seemed to have
been a good idea in terms of economic development for the region turned into a nightmare for
local inhabitants dependent on basin resources.

Briefly, the Nile perch was introduced to create a fishing industry producing fish for export.
Factories and large boats were then introduced to increase capture and processing activities. The
Nile perch lived off the smaller fish species in the lake. Soon the number of smaller fish was
greatly reduced, with a notable negative impact on the livelihood of small-scale fishers and
fishmongers. 

This led to worsening nutrition of local people around the lake. People bought the discarded Nile
perch bones from the fish factories, because it was not easy for machines to remove the remaining
ten percent of fish flesh from the carcass. Nile perch is an oily fish, unlike the local smaller fish, which
could be sun-dried. The carcasses had to be boiled and, therefore, charcoal was needed for the fires.
This led to an increase in the cutting down of trees and shrubs around the lake.

All the time the population around the lake increased, putting more pressure on the lake as
well as on the surrounding land. Raw sewage and factory-produced effluents from the riparian
states (Kenya, Tanzania and Uganda) as well as from other basin states (Rwanda and Burundi)
flowed into the lake via rivers and streams. This nutrient loading of the aquatic ecosystem led to
a sharp and uncontrolled increase in water hyacinth, which in turn adversely affected lake
navigation and blocked sunlight from reaching the water's surface layer. This reduced the amount
of oxygen in the water column, further reducing biological productivity of the lake's ecosystem.

Health conditions deteriorated markedly in the region for a variety of reasons, some of which
are mentioned above. HIV too added to the deterioration of health conditions in the region of
the lake. Many fishers and fishmongers became unemployed and had fewer resources with which
to buy or barter food for their families. Poverty increased sharply in those once successful, even
if only at a subsistence level. 

Today, there are several studies focused on Lake Victoria and its basin: physical and
biological, scientific, socio-economic, health and safety, equity and humanitarian,
anthropological, sustainable development, sectoral (fisheries, forestry, agronomy, livestock), and
so forth. There are many organizations that could work together to identify hotspots, even
flashpoints, as well as Areas of Concern in the lake's basin. This regional case study could serve
as a prototype for other regional hotspots audits and for identifying the many hotspots partners
that could be brought together to address lake-related hotspots and flashpoints 

Michael Glantz



incremental, but are cumulative and foreseeably
damaging in the medium to long term. Taking
agricultural practices into new areas, perhaps even
into pristine ecosystems, launches one onto a
proverbial "slippery slope" in the absence of
precautionary policies and practices. The concept of
foreseeability can help decision-makers evaluate long-
term impacts of Ag-En decisions before those
decisions are taken.

The notion of "present futures" is an important
aspect of foreseeability.  Identifying the rates and
processes of land transformation in different
ecosystems and identifying extreme hotspots (i.e. the
hottest) that already exist can save considerable time,
energy and resources, if that information is properly
used to show responsible parties how a pursuit of
their "business-as-usual" activities will ultimately affect
the environment on which a country's citizens and
economy depend. This could be viewed as
"foreseeability analysis".

The use of recent analogous situations, i.e.
"hindcasting", in a search for present futures can
provide a reality check with regard to presenting
realistic projections of societal and environmental
changes within the region of the hotspots. They
would be "case-based" and "place-based" scenarios;
that is, scenarios that have already occurred
somewhere else and in the relatively recent past.
Reviewing past responses of decision-making
authorities to the forecast and impacts of an adverse
climate- or weather-related event can help to identify
where, when and why good decisions as well as bad
ones had been taken. 

DEFINING "HOTSPOTS"

"Hotspots" has become a popular term in recent
years. It is increasingly being used to draw attention
to particular situations of interest or concern. 

"Hotspots" is, in fact, a strange notion. Its specific
meaning depends on the context in which it is used.

It brings to mind a location, activity or situation that
is beyond the usual or out of the ordinary. 

The term also has societal aspects: cultural
hotspots, skiing hotspots, tourist hotspots, scuba
hotspots, and so forth. Thus there are at least two
general uses: one category uses hotspots in a positive
sense, and the other in a negative way. For the
general public, the term more than likely suggests a
positive experience: hotspots for dancing, fishing,
vacationing, and so forth. The negative sense
suggests something unwanted or unfavourable that is
likely to occur or is already in progress. 

In the world of environmentalists, hotspots refer
for the most part to negative changes. For FAO in
particular, it refers to adverse aspects of the interface
between agricultural activities and environmental
processes, its primary concern. Some people might
consider the recent surge in the use of the term
"hotspots" to be a new environment-related fad.
However it is viewed, the hotspots concept can be
used to identify situations that, if left unattended,
could prove harmful, both to the environment and to
those dependent on it. 

Recently, Conservation International (CI)
published a map identifying biological and soil
hotspots1 (locations at risk to biodiversity loss).
Interestingly, on the same map, the CI also
introduced the notion of "bright spots," i.e. areas in
which the degradation of soils had been either
arrested or perhaps even reversed. 

For our purposes, hotspots can be defined as
locations or activities of interest to a group or
organization where human interactions with the
environment are considered to be adverse to the
sustainability of an ecosystem or the human activities
dependent upon it. It is a segment along a
continuum of environmental change. This definition
is purposely quite broad in order to allow for entry
points into an FAO-wide hotspots programme for
other activities related to agriculture, forest, fisheries,
food security, and nutrition. 

8
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WHAT SHOULD BE THE FIRST STEPS 
IN A HOTSPOTS ACTIVITY?

The first concrete action to be taken in setting up a
hotspots activity is to decide on an operational
definition of hotspots, and then to define it more
specifically in the context of the adverse interactions
between agricultural activities and environmental
processes. 
It will be necessary to distinguish hotspots from
flashpoints, critical zones (or areas of concern
(AOCs)), and areas where land is transformed as a
result of agriculture-related activities. 
It is important to keep in mind the fact that not
every interaction between agriculture and the
environment is a negative, zero-sum interaction,
where either the environment or agriculture wins
and the other loses.  For example, mixing
agriculture and forested areas could be beneficial for
both agriculture and the environment. 
Mixing livestock rearing and cultivation has also
proven to be beneficial to both activities, as well as to
the environmental setting in which they are taking
place.

The overriding objective of a hotspots focus is to
avoid creating them where they do not yet exist. A
hotspot of environmental change (such as
degradation) encompasses only a portion of a
continuum of the full range of environmental
changes. 

While the hotspots portion of that continuum is
the one that usually captures the attention of the
media and policy-makers, in fact it is the portion of
the process of change that precedes hotspots - the
AOCs - that deserves more attention. Intervention in
a potentially emerging hotspot can provide the most
timely and least costly response to environmental
problems.

A useful way to look at the notion of hotspots is
to put it in a broader context. Schematically, it can
be represented in the form of a pyramid. 

The bottom five layers of this pyramid represent
place-based conditions, that is, they are
geographically defined areas. The upper two layers
are time-based conditions, that is, they can occur
anywhere and still have an influence on what happens
to the place-based conditions. This graphically
portrays one way to view the hierarchy of Ag-En
interactions. It is important to note that there are
human aspects to be considered at each level of the
pyramid, such as why those interactions are taking
place with adverse consequences.

The base of the pyramid represents the pristine
environment. The next level focuses on land that is
being or has been transformed, for example, from
rangeland to irrigated or rainfed cultivation or
transformed from a forested area to rangelands or
cultivated areas, or from a mangrove forest into
shrimp farms. Such changes are not necessarily
degradation of the land's surface or of the vegetative
cover, but are a change in land-use practices and a
conversion in value from a societal perspective,
depending on the spatial scale and the type of land
conversion taking place.

CONCEPTS
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The next level in the pyramid represents zones
critical to human activities (AOCs). These are fragile
zones, such as the tropical rainforests, semi-arid and
arid lands, and inland water bodies or coastal waters.
They are known to be highly susceptible to degradation
in the face of inappropriate land-use activities or a
variable or changing climate regime, or both. 

Areas that have been transformed for agricultural
purposes often become AOC critical zones and
potentially hotspots. Critical zones can encompass
entire countries, regions within them, or specific
ecosystems. It could be an area "invaded" by people in
search of lands to cultivate or by refugees from war or
from degraded environments. Refugees tend to use
the known farming practices that they had relied on
in the areas from whence they came, techniques that
were probably relatively more suitable for those soil or
climatic conditions. Arid lands provide a good
example of AOCs. While they can be sustainably
exploited under certain known (i.e. tried and tested)
land-use practices, the arid land surface (its vegetative
cover and soils) becomes easily degraded in the
absence of those practices. The irrigation of dry lands
can be successful and sustainable in the long term,
and in many places it has been. However, in the
absence of proper drainage facilities, salinization and
waterlogging of the soils can appear. Salinized soils
must be repeatedly flushed of salts before planting
can begin. If not flushed with clean water, the land
may eventually have to be abandoned. Mangrove
forests in general also represent an AOC. 

The next level of the pyramid refers to hotspots.
As noted earlier, these are locations where changes in

the way the land is used for agriculture-related
activities impinge on the ecological health of the
environment in which those activities are taking place
(CENR, 2001). Hotspots are areas where the
degradation of the land surface (reduced soil fertility,
as manifested by declining crop yields) has begun to
appear. The hotspot level of degradation can be sub-
divided into hot, hotter and hottest.

The next level of the pyramid represents the type
of change referred to as "flashpoints". Flashpoints
represent catalysts within the hotspots regions. They
are time-based, whereas hotspots are place-based.
Flashpoints can contribute to the instability in
governments, economies, cultures or ecosystems. 

A severe drought, for example, can become a
climate-related flashpoint that generates or worsens
political instability (e.g. the fall of the Selassie regime
in Ethiopia in 1974, or the 1994 Rwandan crisis that
coincided with unusually high food prices brought
about by drought and an influx of refugees from
Burundi). 

Most often, meteorological drought by itself is not
the only problem facing a country at a given time.
Thus, the source of instability is a combination, often
of drought with another adverse socio-economic or
political change. For example, drought + high food
prices can lead to famine; drought + political
instability can lead to regime change; drought +
poverty can lead to migration into marginal areas by
the poor in search of farmland. This might be
referred to as the "drought +" factor. Flashpoints
convert severe land degradation problems into high-
visibility political issues.
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UNDERTAKE A HOTSPOTS AUDIT

AS A MAJOR CONTRIBUTION TO A HOTSPOTS INITIATIVE,
SDRN COULD UNDERTAKE WHAT COULD BE CALLED AN
FAO "HOTSPOTS AUDIT". The purposes of such an audit would
be twofold. First, to identify hotspots identification and monitoring
activities that are currently carried out by various groups within
FAO. In fact, a first step toward such an audit was taken when
SDRN convened its hotspots workshop in Rome in mid-December
2002. An audit would require a survey of FAO activities that
relevant to the agreed definition of hotspots. Second  a follow-up,
involving undertaking a similar audit (assessment) within other
organizations that focus at least some of their activities on
hotspots-like detection and monitoring. These organizations
include, but are not limited to, the World Bank, the World

Resources Institute, Lamont-Doherty Earth Observatory,
Conservation International, International Strategy

for Disaster Reduction, World Meteorological
Organization, World Health Organization, and

NASA. The results of these audits, as well as
the definitional context of hotspots, would be
placed on the Internet at a special Web site
(with URLs like <www.FAOhotspots.org> or

<www.hotspotsaudit.org>. 
Ease of identification and monitoring of

hotspots will probably vary, depending on the type
of hotspot. For example, for climate-related hotspots,

there is often an identifiable climate catalyst, such as
drought, flood, fire, an El Niño or a La Niña event. For Ag-En
hotspots, there are unlikely to be obvious thresholds of adverse
impact, such as a rapid step-like change in environmental conditions
(e.g. how many trees must be cut down before a change is referred to
as deforestation?). Instead, one can expect  a series of small,
incremental (creeping), slow-onset cumulative changes. Nevertheless,
for any one of the changes in the impacts at the Ag-En interface,
there are sure to be underlying as well as precipitant causes that can
be identified. It is most important to identify them early and, if
possible, in the AOC stage, before they reach hotspot status.

Options for Action



A hotspots audit within FAO could be beneficial and
serve several purposes at the same time, some of
which include: early warning; crisis avoidance;
minimizing "surprises;" and advise (or alert)

governments, international agencies and NGOs
about the increased likelihood of severe
environmental degradation that can result from
human activities.
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Box 2. Nutritionists are very familiar with hotspots …
Malnutrition frequently occurs in food insecure areas and reflects breakdown of local livelihoods or their
inherent unsustainability.

Traditional farming systems - which are still prevalent in many remote areas - were usually fairly
complex: they were based on local natural resources and were geared to provide basic needs, ensure
community survival and minimize risk. Although clearly not perfect, they focused on local resilience since
external assistance was not expected. With economic development, increased external involvement and
new expectations, these systems have evolved. Abandonment of traditional farming practices and changes
in rules and regulations have in some cases resulted in increased vulnerability to shocks (be they climatic
or economic).

Poor people are clearly the first and the most affected. They may have had to migrate into forest or
mountain areas under population pressure or civil unrest; tenure issues may be an obstacle to
environmentally sound agricultural practices; conservation policies and projects limit access to forest
resources (for fuelwood, fodder, timber or food); and survival strategies may lead to further environment
degradation (e.g. charcoal production).

Coping strategies of food insecure (and therefore nutritionally at-risk) people often directly affect the
environment:  refugees exert an excessive toll on the wood resources; fields and traditional conservation
practices are abandoned due to labour constraints (e.g. male migration in search of income, high
incidence of disease - such as HIV/AIDS - or disability); cropping patterns undergo changes leading to
overexploitation of soil resources. Typically, farmers are forced into growing more marginal land, i.e. land
more difficult to work, stony, with low natural fertility or poor water storage capacity. Fallows also become
shorter and shorter, thereby degrading the land and preventing the build-up of nutrients between
cultivations. Marginal land will also tend to amplify environmental fluctuations (increase rainfall
variability) instead of alleviating them, so that even a slight deficit of rainfall can trigger an agricultural or
hydrologic drought and initiate the poverty spiral. Decrease in production is clearly reflected in decreased
food consumption and limited food diversity, leading to stunting, micronutrient deficiencies and,
eventually, wasting, which in turn affects the productive capacity of the household.

"Malnutrition hotspots" would include, for example, drought-prone areas of southern Africa and of the
Horn of Africa, many mountain areas (Afghanistan, Nepal, etc.), forests in Central America, countries
affected by conflict in the Great Lakes area of Central Africa, and many fast expanding cities.

It is therefore desirable that a hotspots audit approach involve specialists from both environment and
social-related disciplines. 

Florence Egal, FAO Nutrition Programmes Service, ESNP



THE INTERFACE WITH RELATIVELY FRAGILE
ENVIRONMENTS 

The SDRN workshop deliberations in December
2002 in Rome could serve as a preliminary survey of
the various activities and units in FAO already
engaged in a form of early warning or hotspots-like
identification. The groups represented at the
workshop included those dealing with fisheries, food
insecurity, nutrition, wetlands, forests, mangroves,
rangelands, climate change and desertification. 

Each organizational unit has its set of discrete
functions to perform and objectives to achieve. Given
the wide range of concerns, these objectives cannot
be met by using only one universal set of indicators.
For example, an early warning system for
environmental degradation linked to agricultural
practices will, to some extent, depend on the type of
ecosystem affected and, depending on the ecosystem,
will require different but overlapping sets of
indicators. Thus, early warnings will vary for food
security hotspots, Ag-En hotspots, rangelands
hotspots, climate-related hotspots and nutrition
hotspots. Thus, SDRN can develop a broad but
usable definition of hotspot, and the other units can
develop discrete operational definitions. All hotspots
activities, however, could be listed on and linked to a
"meta-hotspots" Web site, even though operating
independently.

A second audit should be undertaken to identify
the actual Ag-En hotspots around the globe in
regions of primary concern to SDRN. Other FAO
units interested in the hotspots concept could be
encouraged to undertake a search for hotspots in
their areas of interest. The results of all these audits
would be placed on the meta-hotspots Web site.

Considerable research interest has focused on
assessments of environmental processes of change,
with less attention, relatively speaking, paid to the
rates at which many of those changes are taking
place. However, one could argue that the rates of

change are as important as the processes of change.
Fast rates of change tend to stimulate if not
accelerate decision-making processes in societal
attempts to cope with the impacts of such changes.
Slow rates of change, however, tend to be ignored as
more urgent issues capture the attention of policy-
makers. Ag-En audits would need to be undertaken
periodically in order to monitor the rates of changes
at the Ag-En interface, as well as monitoring
processes (causes and effects) and trends.

The notion of Ag-En hotspots, broadly
considered, requires thoughtful definition, even if
aspects of the definition appear to be too qualitative
to quantitatively-minded individuals. The type(s) of
adverse Ag-En interfaces must be identified and
prioritized in order to keep the activity manageable.
It can become more inclusive as time progresses. 

To undertake an Ag-En hotspots activity, it is
important to maintain efforts for at least a three- to
five-year period, during which the activity should be
re-evaluated at a mid-course correction workshop
(comparing objectives with achievements). There are
several potential hotspots "auditors." For example, in-
house FAO personnel, non-FAO personnel such as
private consultants, or representatives of an
environmental NGO could undertake an audit. It
could also be undertaken by a combination of the
above, or in cooperation with a yet-to-be-developed
network of hotspots observers (e.g. volunteer hotspots
monitors). Monitors could be identified in different
regions defined as AOCs, as well as within areas
already designated as hotspots. The expertise needed
by the auditors would depend in part on the
indicators and methods chosen for monitoring
changes in the hotspots. Because those indicators are
likely to be an effective mix of quantitative,
qualitative and anecdotal, as well as physical,
biological and social, auditor selection will be very
important.

In fact, two sets of Ag-En auditors will be needed:
the first set of auditors would be responsible for an

OPTIONS FOR ACTIONS
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initial (first-time) audit, and would be guided by the
indicators chosen by experts selected by SDRN. Once
those indicators have been chosen and the first audit
carried out, a second set of auditors (or a consultant
alone) would have the responsibility for subsequent
audits, undertaken at a proposed two-year interval.
The second set of auditors would be responsible for
the presentation and publication of results of the
audit and the projection of hotspot trends into the
near future. These results would appear at first on
the Internet, and eventually, as funding permits, as
printed reports.

Information and data needs related to monitoring
changes in hotspots, or perhaps AOCs, can be
derived from existing data sources and time series of
many types, inter alia: satellite imagery, NDVI, GIS,
production statistics, environmental change
indicators (soil erosion, soil moisture, extent and type
of vegetative cover, deforestation rates, desertification
data), food security and insecurity information,
climate and climate-related time series, ENSO time
series and forecasts, teleconnections projections for
ENSO's warm and cold extremes (El Niño and La
Niña, respectively) and historical accounts.

WHAT IS THE PRIMARY AUDIENCE 
FOR AN FAO AG-EN HOTSPOTS ACTIVITY?

There are many target audiences for the results and
outputs of hotspots audits and activities (i.e. the
identification, monitoring and reporting system).
They include various groups within FAO and in
other UN agencies, national policy-makers,
researchers, specific government ministries, NGOs,
and individuals and groups at the local and regional
levels. Because it would be difficult to meet the
specific needs and interests of each of such a wide
range of potentially interested parties, it is
important that those undertaking a hotspots activity
identify and prioritize the primary audiences they
wish to reach.

WHEN TO UNDERTAKE HOTSPOT AUDITS?

An Ag-En hotspots audit could be undertaken at two-
year intervals. An audit would include documenting
changes that had taken place in the previous
biennium and, more importantly, projecting expected
changes in the AOCs and hotspots at two-, five- and
ten-year intervals. A two-year time interval (or greater)
for a review of changes and adjustments to previous
projections is considered adequate to capture the level
of degradation at the Ag-En interface where hotspots
are likely to appear or intensify but are not likely to
have changed very rapidly from one year to the next,
exceptions notwithstanding. In the two-year interval
between successive audits, emergency bulletins in the
form of watches, warnings or alerts could be issued if
rapid changes were to occur, either for better or for
worse. The projections would be based on changes in
hotspot conditions under a "business-as-usual"
scenario (i.e. based on changes in the physical,
biological and societal hotspots indicators used for
monitoring). This means that in the event of an
absence of political or social responses to the
continued degradation of the Ag-En hotspot, the
hotspot could worsen to become a hotter or hottest
hotspot: a location with severe degradation that
sharply affects agricultural productivity and impinges
almost irreversibility on the ecological health of the
environmental setting. 

WHAT PROBLEMS ARE ASSOCIATED 
WITH AG-EN INTERACTIONS?

With growing worldwide demand for food, fibre and
cash crops, and with expanding populations in recent
decades, an increasing number of locations around
the globe have seen agricultural activities and
environmental conditions (e.g. land, water, air,
ecosystem and human health) interacting in adverse
ways (e.g. the Ag-En interface: farm-forest, forest-
plantation, food vs cash crops, farm-rangeland, etc.).

14



Depending on the eco-setting and the type of
agricultural activity, these interactions can result in,
for example, farmers encroaching on forested areas to
cultivate new areas, or shrimp farmers carving out
shrimp ponds in the mangroves to engage in short-
term lucrative shrimp farming, or cultivators
converting grazing areas into farms either for food or
cash crop production. 

In many instances, the movement of human
activities has been into areas that are marginal for the
those newly introduced agricultural or rangeland
activities. When crop failures ensue, governments as
well as farmers tend to blame drought, for example.
This process has been referred to as "drought follows
the plough" and has been described for processes in
the United States of America, Africa, northeast Brazil
and the Former Soviet Union (Glantz, 1994).
Marginal areas can be defined by soil quality, rainfall
characteristics, slope of the terrain, water availability
and altitude).

To a certain extent, some land-use changes in
various types of landscapes can be viewed simply as
land transformation; that is, land transformed from
one use perceived to be of value by one group, to a
different use considered to be valuable by another
group, without permanent harm to the environment:
rangelands turned into cultivated areas, forested areas
into sources of firewood, mangroves into a few small
shrimp farms. However, if those transformations in a
given locale continue, and certain (usually
unanticipated) thresholds of adverse change in the
environment are crossed, what was initially viewed as
seemingly harmless land transformation has
incrementally turned into severe land degradation.
These locales can be viewed as Ag-En hotspots, where
agricultural practices and environmental conditions
interact to cause environmental degradation. If the
processes of degradation are allowed to continue, the
hotspot will become hotter and, if still left
unattended, it could become a region's hottest
hotspot. In addition, changes in the productivity of

the land are likely to occur as a result of reduced soil
fertility or reduced yields.

The creation and evolution of Ag-En hotspots can
be identified and observed on the ground, from
aircraft, and from space - and even in libraries, with
each data source providing unique, as well as
overlapping, information. For example, local histories
of land, vegetation and land-use changes, based on
anecdotal, qualitative and quantitative data, can be
used to track the history of land transformation in
specific locations of concern, in order to identify when
and where the path to hotspots emerged, as well as to
provide leads about why they became problematic. 

As another example, satellite imagery is used to
detect changes in land cover over time, as has been
clearly demonstrated in monitoring changes in the
Brazilian rainforest in the Amazon basin, as well as
with salinization of soils in arid areas, such as in
Central Asia's Aral Sea Basin.  

Anecdotal information, especially for early
warning activities, can often prove to be as important
as other types of information that are considered
more scientific (e.g. quantitative) and, therefore,
perceived to be more objective and reliable. However,
stories about how the land and its vegetative cover
have changed over time provide rich accounts of
underlying, often hidden, factors and changes that
might not have been captured by other methods of
detection. Novelist Chaim Potok (2001) wrote that
"without stories there is nothing. The past is erased
without stories" (on the use of analogies and
qualitative information for forecasting purposes, see
also Glantz, 1991; Jamieson, 1988). 

Perceptions of agriculture-related environmental
changes do not always reflect reality. Nevertheless,
people tend to act in response to their perceptions of
reality, not necessarily on objective, quantifiable
measures of reality.  Their actions will have real
consequences for agriculture and the environments
affected by their perception-based actions. 

A hotspots audit worldwide could help to avoid

OPTIONS FOR ACTIONS
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crisis situations, and it could also serve to monitor
existing creeping environmental problems. Creeping
environmental problems (CEPs) usually prove to be an
environmental change involving both human activities
and natural processes, such as  soil erosion,
deforestation, forest die-back, desertification,
mangrove destruction, coastal pollution, soil
salinization or waterlogging. It is important to note
that no government - rich or poor, industrial or
agricultural, capitalist or communist - has as yet dealt
effectively and efficiently with CEPs until those
problems reached a crisis stage. Land degradation
resulting from human activities is often a slow, low-
grade, incremental but cumulative adverse change. In
fact, most environmental changes in which human
activities have been implicated have been of this
creeping kind. If left unaddressed, such incremental,
cumulative creeping changes often turn into CEPs
(Glantz, 1994, 1999). Today's CEPs are likely to
become tomorrow's environmental crises.

For some ecosystems, there may already be readily
identifiable thresholds of change, when, for example,
one type of vegetation is seen to invade an area
previously occupied by another type. Unfortunately,
for many ecosystems, those thresholds usually become
visible only after they have been transgressed. This
suggests that thresholds of environmental changes
(transformation and degradation) need to be
subjectively determined by concerned observers for
purposes of monitoring as well as for pro-action
(prevention or mitigation). 

EARLY WARNING AND HOTSPOTS

Political interest in land transformation, degraded
areas of concern, hotspots and flashpoints generally
centres on a desire for early warning. Every
government wants to know as early as possible about
impending changes that can impinge, usually in a
negative way, on the routine processes of government,
normal politics and societal well-being. A focus on

hotspots is a focus on a transition zone where societal
mitigative or preventive actions are needed, if
continued degradation of the environment and the
eventual degradation of the land's productive
resources are to be avoided.

Government agencies, departments or ministries,
each with their different bureaucratic jurisdictions, are
interested in the earliest credible warning of potential
problems they may have to face in their areas of
responsibility. Thus, they are interested in identifying
as far in advance as possible the factors that might
add to cultural, environmental or governmental
instability. 

Nature-induced hotspots can, for example, be
caused by naturally occurring volcanic eruptions or
by El Niño events. Societally generated instability
related to hotspots can be caused by ethnic conflicts,
transboundary political differences over ownership of
land or water, religious differences, and so forth. The
causes for the emergence or continued degradation
of climate and climate-related hotspots, for example,
could be drought, flood, fire, frost, severe storms and
the like. Ag-En hotspots, as noted earlier, occur when
agricultural activities and the environmental setting
in which they take place interact in a potentially
adverse way. 

Identifying the parameters of and value for the
"earliest warning possible" of the likely emergence or
worsening of an Ag-En hotspot falls under the
purview of FAO. Hotspots, if left unattended, become
hotter spots and can lead to any one or a combination
of a range of impacts such as: a reduction in food
production, a loss of soil productivity, food shortages,
deforestation and environmental and societal
problems related to desertification. Even if a
government is not in a position to take action using its
own limited resources to slow down or arrest the
degradation of the Ag-En hotspot, it will have been at
the least forewarned. This would allow the
government enough lead-time to seek assistance from
other countries. 
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Box 3. Nutrient overload hotspots in Asia

Overfertilization of crops, overfeeding of fish in ponds, improper management of agricultural and
industrial wastes and other forms of mismanagement often result in nutrient overloads. Their
major effects include surface water pollution with low oxygen contents and resulting mortality of
aquatic organisms, threatening aquatic ecosystems and the quality of water for further uses,
deterioration of the quality of groundwater, accumulation of nutrients and pollutants in the soil,
and impact on natural areas such as wetlands, often leading to biodiversity losses.

The map above shows balances of phosphate on agricultural land, calculated on the basis of
livestock densities, crop uptake, and chemical fertilizer use. If the balance is positive (red), there
is an environmental risk due to oversupply of nutrients; large negative balances (green) point to
a risk of nutrient depletion. Average values (light green to ochre) indicate that there is a potential
equilibrium in the crop-livestock and crop-fertilizer-nutrient situation. Nutrient overloads are
found in north-east India, east China, coastal areas of Viet Nam, Java (Indonesia), central and
north Thailand, with especially high surpluses at the margins of urban centres, such as Bangkok,
Ho Chi Minh City and Manila. It is estimated that about 25 percent of the agricultural land in
the study area is subject to phosphorus oxide surpluses, while 15 percent suffers high surpluses
(more than 20 kg P2O5/ha agricultural land). Livestock is the dominant source of nutrient
around urban centres and in livestock-specialized areas (southern and north-eastern China),
while chemical fertilizers are dominant in crop (rice) intensive areas.

Pierre Gerber, Pius Chilonda and Gianluca Franceschini (FAO Livestock Environment and
Development Initiative) and Harald Menzi (Swiss college of Agriculture, Zollikofen)



HOW TO PROCEED?

The hotspots auditors should collect information and
views about real and perceived hotspots from various
individuals and from reports (published and
unpublished), noting the definitions of hotspots and
the indicators used to identify them. FAO could then
select the set of indicators appropriate to its concerns
in order to make its own selection of hotspots to be
monitored and highlighted. Alternatively, it could
collect from various organizations all of the identified
hotspots, including those mentioned earlier, describe
them and discuss the indicators that had been used to
identify them.

The various factors involved in the creation and
evolution of the hotspots of concern can then be
analysed. The auditors would then project the likely
progression of the hotspot over time. The likelihood
(i.e. foreseeability) of a reversal or slowing down of the
underlying processes that generate or maintain the
hotspot can be assessed.

The auditors can use this information to search
for, using analogues, "present-day futures" (e.g.,
present futures). Present futures refers to a belief that
somewhere on the globe one can find a situation of
degradation that closely resembles what the Ag-En
hotspot of concern would most likely become, under a
"land-use-as-usual" scenario.

As an operationalized notion, present futures
underscores the belief that many processes of land
degradation as a result of agricultural activities are
neither new nor unique to a given ecological setting
(see Box 4). Many of the Ag-En hotspots of concern
today are likely to have already occurred somewhere
on the globe. They have not only been experienced
elsewhere, but many of those experiences have already
been described in academic journals, popular
magazines and in the "grey literature" (unpublished
reports). This notion also reinforces the value of
historical research for hotspots projections. By using
historical examples of what could happen under a

"business-as-usual" scenario (i.e. no changes in human
or climate behaviour or decision-making policy
concerning the adverse interactions between
agriculture practices and environment processes),
potentially surprising outcomes of those interactions
can be exposed to policy- and other decision-makers
before they occur. Hence, some supposedly unknowable
surprises can be revealed before they have a chance to
occur … and surprise policy-makers (Streets and
Glantz, 2000).

BENEFITS

Undertaking Ag-En hotspots audits represents a
unique niche for FAO. It would also help to identify
FAO's "competitors" in a hotspots monitoring activity
and would help to avoid duplication of effort. It
would also help to identify partners for a collaborative
hotspots monitoring and reporting effort. 

Some overlap among environmental hotspots-
related activities could prove to be beneficial. The first
global hotspots audit should be undertaken in the
near future, and its initial findings placed on a user-
friendly Web site. If the information derived from the
global hotspots audit can be shown to be of value to
governments and individuals, it could draw additional
attention to hotspots themselves, as well as to the
hotspots activity's contribution to environmental
management from sources within FAO, and from
other sources such as governments and research
institutes.

If the audit is a cooperative effort among, for
example, various groups in FAO and other
organizations, such as the US National Center for
Atmospheric Research (NCAR), or a UN agency, or a
combination of UN agencies and private consultants,
the task would be to the benefit of all partners. Such a
cooperative Ag-En hotspots audit would probably
generate a higher level of reliability in the hotspots
products (i.e. outputs) and would increase the use and
value of the hotspots Web site. SDRN would be in a
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position to become an authoritative voice on Ag-En
hotspots.

Undertaking hotspots audits at two-year intervals
provides a "breathing space" for the auditors. Within
this time interval, they can review and re-evaluate the

appropriateness of their indicators, monitoring and
methods. It allows for a review (also called a
"hindcast") of previous forecasts, projections and
responses that had been made in the preceding two
years. The five-year interval for the projection of
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Box 4. Land Degradation
On about one-fourth of the world's agricultural land, soil degradation is widespread, and the
pace of degradation has accelerated in the past 50 years. In developing nations, productivity has
declined substantially on about 16 percent of agricultural land   especially on cropland in Africa.
The annual loss of agricultural land due to degradation is thought to range from 5 million to 12
million hectares, or about 0.3 1.0 percent of the world's arable land.

Estimates of the effect of degradation on agricultural productivity vary, but clearly the impact is
significant in some regions. From 1945 to 1990, the cumulative crop productivity losses from
land degradation have been estimated at about 5 percent worldwide, which is equivalent to a
yield decline of 0.11 percent per year. In Africa, however, it is estimated that cumulative crop
yield reductions due to past erosion have averaged about 8.2 percent for the entire continent and
6.2 percent for sub-Saharan Africa.

Source: Global Environment Facility, 2002: The Challenge of Sustainability. Washington, DC: GEF. 20 21.
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hotspots developments is a time frame of concern to
political decision-makers, as it is often within their
period of political responsibility. These medium-term
projections could be made on the basis of a
"foreseeability analysis", as discussed earlier. 

Decision-makers are not likely to feel a great deal
of responsibility for future events that might occur
well beyond their time in office. While a ten-year
projection can be extrapolated under a "business-as-
usual scenario," it runs the risk of being treated as too
speculative. 

COSTS

The financial costs associated with the first audit
and with the development of the Web site will depend
on several factors. The least expensive and perhaps
fastest way to develop a hotspots activity would be for
an FAO person to undertake, in a preliminary way, the
initial audit within FAO. Alternatively, a combination
of an FAO person or persons with  an outside
consultant could be invited to undertake the task.
Also, a consultant could be retained to undertake the
worldwide audit, which could be viewed as a
prototype. By labelling the activity as a prototype, it
would be considered for what it is: an experiment
that, if meaningful, would be continued. The various
audits could be undertaken in parallel rather than in
series. A more comprehensive audit would also be of
considerable value, but would require more resources,
more time and possibly involve more people.

As a prototype, the audit could be carried out at
least three times in a five-year period. This would
provide the SDRN with time to review and assess the
value of the hotspots assessment and its use by
decision-makers. There is a risk, however, that if the
activity is not labelled as a prototype and the audit is
not a comprehensive one, it could be seen by others
as an opportunistic, non-authoritative endeavour. 

"Present futures" has been used in a different form
elsewhere and has even been proposed by the IPCC as

one approach that could be undertaken for impact
scenarios for climate change [see IPCC Web site]. It is
referred to as "forecasting by analogy" (Glantz, 1988,
2001). Similarities as well as differences among Ag-En
hotspots in different geographical locations need to
be explicitly identified in order to minimize the
possibility of relying on misleading or false analogies.
Thus, analogies for present-day hotspots must be
carefully and thoughtfully identified.

Those who identify hotspots could become
involved in a "blame game" by, for example, having to
identify governments, groups or policies that were
responsible for or contributed to the adverse impacts
of the interactions between agricultural activities and
environmental processes. This is not an insignificant
consideration, as potentially sensitive political issues
are often involved.. While government leaders like
early warnings, they do not like to be identified in a
bad light, that is, they do not want to appear as the
party responsible for inaction. Hence, there is a need
to identify how best to inform decision-makers and
the public at the same time. This, however, could be a
more balanced activity if in the hotspots of concern
one also identifies "bright spots," locations where
positive changes are or have taken place at the Ag-En
interface.

EDUCATIONAL ASPECTS

There is a need for hotspots education. Creating an
Ag-En hotspots audit and reporting the results on the
Internet is an important step toward educating policy-
makers at all levels of society, from local to global, and
the general public about where, when, how and why
such hotspots can and do develop. Some of the
educational lessons drawn from an audit will be case-
or time-specific, while other lessons will prove to be
more generally applicable to Ag-En interactions.
Creating awareness, if not taking immediate action, is
a major as well as necessary step toward eventually
addressing the underlying causes of Ag-En hotspots,
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and not just reacting to the apparent catalyst.
Without awareness, there can be no hope for timely
and appropriate intervention to arrest and possibly
reverse the change from hot toward the hottest of
hotspots.

There is also a need for hotspots re-education.
Because education is not a one-time activity, constant
reinforcement will be needed of the original
educational activities relating to Ag-En hotspots. This
will require periodic updating with new information
about positive and negative changes in hotspots,
identification of emerging hotspots, adverse changes
in AOCs, and the identification of potential
flashpoints. Doing so will minimize a tendency of
policy-makers and the public to "backslide," that is, to
stop paying attention to what is happening around

the globe with regard to the Ag-En interface.
However important the Ag-En hotspots might be now
or in the future, people making decisions at all levels
of society are confronted by many situations that
require immediate attention. Thus, once begun, a
hotspots activity should include continuing re-
education (i.e. reminding readers of the "basics"), in
addition to providing updates on new hotspots as
well as bright spots. 

A HOTSPOTS WEB SITE

For a hotspots Web site, FAO has the option to
develop and maintain either a passive, an active, or
an interactive Web site. A passive Web site would
provide baseline information on Ag-En hotspots,



which would be updated infrequently and presented
on a "take it or leave it" basis. At the least, a passive
Web site would provide FAO with a presence in the
area of hotspots identification and monitoring. It
would demonstrate an institutional interest in the
notion of hotspots.

An active site would require frequent and routine
updating, as new information becomes available and
additional links to new sources of information are
identified. New material would be added, as the
monitoring of the specific hotspots progresses beyond
the baseline. 

An interactive Web site does all that an active one
does, but it allows for active, almost real-time
participation by visitors to the Web site. It can do this
by:

posing questions to visitors interested in
agriculture's impacts on the environment; 
encouraging feedback on controversial issues; and 
by engaging visitors in the search for or
monitoring of areas of concern (AOCs) and
hotspots. 

There are many interesting aspects of an interactive
Web site that could be developed to the benefit of
FAO and the visitors to site, which could also include
short guest editorials.

IDEA BANK FOR A HOTSPOTS WEB SITE

The SDRN should consider creating a "hotspots idea
bank". Located on the hotspots Web site, suggestions
about various aspects of hotspots would be raised for
open discussion in an electronic forum, managed by
those in charge of maintaining the Web site. People
would be encouraged to provide information on
worrisome land transformation, and on potential and
actual hotspots that might have been overlooked in
an annual hotspots assessment. An Idea Bank would
also introduce to the general public the notions of
present futures, forecasting by analogy, business-as-

usual scenarios, CEPs related to agriculture,
foreseeability analysis, and so forth. In this regard,
the hotspots Web site would fulfil an educational
function, making it interactive as well as active.

OVERALL BENEFITS 

The notion of an audit is a effective one; everyone
knows about audits. An Ag-En audit, however, would
be user-friendly, and would necessarily be undertaken
in cooperation with the group(s) being reviewed
within FAO, other UN agencies, and the
geographical regions being audited. Such an audit
would be a benefit to all, i.e. a win-win situation.
Governments would be alerted to emerging or
worsening environmental problems involving
agriculture. FAO, for its part, would be in a position
to give support to those governments or decision-
makers who are willing to address Ag-En hotspots.

An FAO hotspots activity can build (i.e.
"piggyback") on the efforts of other hotspots-related
activities already underway. By building on and
working in cooperation with other activities related to
hotspots, FAO can avoid duplication of effort. More
importantly, FAO would not have to start from zero
with respect to identifying Ag-En hotspots, nor would
it have to rely on its own resources for such a
potentially major ongoing task. 

Putting the findings of the first and future
hotspots audits on the Internet would give FAO and
SDRN a definite presence in the area of Ag-En
hotspots identification, monitoring, forecasting and,
perhaps more importantly, "foreseeing". Hotspots
audits would place SDRN/FAO in a leadership
position on Ag-En hotspots, using an invisible hand
(for example, this could be accomplished by
assembling people who have the same Ag-En hotspots
concerns). Aside from the FAO December 2002
workshop on hotspots, there has not yet been any
formal meeting focused on Ag-En hotspots, although
there have been publications on related topics.
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MEETING AGENDA

SESSION I: Introductory session
Monday, 9 December, 09.00-10.30

Chair: Barbara Huddleston, Former Chief, Food Security and Agricultural Projects Analysis Service
09.00-09.10 Welcoming statement

Dietrich Leihner, Director, Research, Extension and Training Division, oic, Environment and Natural
Resources Service

09.10-09.25: Objective and scope of the meeting. Practical arrangements.
R. Gommes, Environment and Natural Resources Service

09.25-09.35: Introduction of participants.
09.35-10.05: OVERVIEW OF AGRO-ENVIRONMENTAL HOTSPOTS

Michael H. Glantz, Environmental and Societal Impacts Group,
National Center for Atmospheric Research, Boulder, CO, USA

10.05-10.30: Discussion
10.30-11.00: Coffee break

SESSION IIa: Presentations by participants
Monday, 9 December, 11.00-12.30

Chair: Jelle Hielkema, Senior Officer, SDRN
11.00-11.20: THE DIALOGUE ON WATER, FOOD AND THE ENVIRONMENT

Jean-Marc Faurès,Water Resources, Development and Management Service,Agriculture Department
11.20-11.40: FOREST-RELATED CONSERVATION AND SUSTAINABLE FARMING ISSUES IN SOME

HOT SPOTS OF LOW FOREST COVER COUNTRIES
Syaka Sadio and Patricia Negreros, Forest Conservation, Research and Education Service, Forest
Department

11.40-12.10: CALCULATION OF AGRICULTURAL NITROGEN QUANTITY FOR EU15;
SPATIALIZATION OF THE RESULTS TO RIVER BASINS
Jean-Michel Terres, EU Joint Research Centre, Ispra

12.10-14.00: Lunch break

SESSION IIb: Presentations by participants
Monday, 9 December, 14.00-17.00

Chair: Jean-Michel Terres, EU Joint Research Centre, Ispra
14.00-14.20 LAND DEGRADATION ASSESSMENT

Freddy Nachtergaele, Land and Plant Nutrition Management Service,,Agriculture Department

December 2002 
Brainstorming at FAO HQ
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December 2002 
Brainstorming at FAO HQ

14.20-14.40: HOTSPOTS MAPPING: LIVESTOCK AND ENVIRONMENT INTERACTIONS
Pierre Gerber and Tim Robinson, Livestock Information, Sector Analysis and Policy Branch,
Agriculture Department

14.40-15.00: NARROWING THE RICE YIELD GAP FOR FOOD SECURITY  AND POVERTY
ALLEVIATION UNDER THE ENVIRONMENT OF GLOBAL WARMING
Nguyen Nguu and Dat Tran, Crop and Grassland Service,Agriculture Department.

15.00-15.20: Coffee break
15.20-15.40: AN OVERVIEW OF NEEDS

Francisco Perez Trejo,World Agricultural Information Centre, General Affairs and Information
Department.

15.40-16.00: HOTSPOTS. LOOKING AT PEOPLE AND INSTITUTIONS: NUTRITION 
MAY HELP...
Florence Egal, Nutrition Programmes Service, Economic and Social Department

16.00-17.00: Discussion (Chair: Michael H. Glantz)

SESSION IIc: Presentations by participants (continued from 9 December)
Tuesday, 10 December, 09.00-10.50

Chair: Henri Josserand, Chief, Global Information and Early Warning Service 
09.00-09.20: FOOD INSECURITY AND VULNERABILITY INFORMATION 

AND MAPPING SYSTEMS
Jenny Riches, Food Insecurity and Vulnerability Information and Mapping System, Economic and Social
Department

09.20-09.40: ECOLOGICAL SERVICES AS PRODUCTIVE AGRICULTURAL INPUTS
Nadia Scialabba, Environment and Natural Resources Service

09.40-10.00: AN OVERVIEW OF ENVIRONMENTAL ISSUES FROM AT 2015-2030
(AGRICULTURE TOWARDS 2015-2030)
Gerold Boedeker, Global Perspectives Studies Unit, Economic and Social Department

10.00-10.30: Coffee break
10.30-12.00: Discussion (Chair: Michael H. Glantz)
12.00-14.00: Lunch break

Session III: Brainstorming
Tuesday, 10 December, 13.30-16.15

Chair: Michael H. Glantz
14.00-15.00: Discussion
15.00-16.00: Coffee break
16.00-16.15: Wrap-up session, conclusions and recommendations Jose Aguilar-Majarrez, FIRI
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Jean-Michel Terres Joint Research Centre of the EC
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 Working Paper No. 15

Environment and Natural
Resources

The overriding objectives for estab-
lishing a hotspots activity are to avert 
new agricultural-environmental (Ag-
En) hotspots from developing, as well 
as to better manage existing hotspots, 
before they degrade further into envir-
onmental flashpoints (i.e., extremely 
critical stages of environmental degra-
dation and unwanted ecological and 
societal change). Such an activity pro-
vides an additional, reinforcing ap-
proach to draw attention to growing 
concerns about the adverse interplay 
between human activities related to 
agriculture and a naturally varying en-
vironment (especially climate). It can 
help to identify and provide early 
warning about emerging hotspots.
This paper aims to identify key issues 
related to the purpose and potential 
value of developing a sustained activi-
ty focused on the identification and 
monitoring of potentially adverse im-
pacts and the responses that might re-
sult from interactions between agricul-
tural activities and environmental 
processes. Where the adverse impacts 
of such interactions have reached lev-
els detrimental to sustained human ac-
tivities or to environmental processes, 
the term "hotspots" is used. 
The concept of "foreseeability" is intro-
duced and applied to agriculture-envir-
onment interactions. 

This report approaches the possible development of a multifaceted 
hotspots activity by posing and then addressing the following basic 
questions: 
•  How to define the term "hotspots"? 
•  What can be done with respect to hotspots? 
•  Why do we need to do it? 
•  Who might benefit from a hotspots assessment? 
•  Who could undertake the hotspots activity? 
•  When might it begin?  
•  How would the various elements of a hotspots activity be carried out?  
•  Whose responsibility is it to oversee a hotspots programme? Does 
an organization such as FAO have a responsibility to address the 
hotspots areas and problems that it identifies and monitors?

Responses to these questions are followed by suggestions about 
potential indicators, benefits, and costs of a hotspots activity, educa-
tional aspects and overall benefits. 
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Director's Message

Mission and Perspective

The Research Application Division's central mission is in concert with
that of NCAR/UCAR: to conduct significant applied scientific research and
to facilitate the transfer of the information, expertise, and technology it
develops to the public and private sectors. This mission is rooted in the
founding philosophy of Walter O. Roberts, the first Director of NCAR, who
originally saw NCAR's mission as "science in service to society." The role
of UCAR/NCAR as an integrator is very much at the heart of our work.
RAP collaborates with the national community (e.g., federal agencies,
national laboratories, universities, and various industries), and also with
the international community with projects in places such as Taiwan, the
People's Republic of China, the Republic of Korea, the United Arab
Emirates and the Sultanate of Oman this year. The division contributes to
the depth of fundamental understanding in atmospheric science and
works to develop new sources of support for such research. Through its
program of technology transfer, RAP expands the reach of atmospheric

science into weather-sensitive human endeavors that are not currently using weather information or are
using such information in inefficient ways. Educating potential users of weather information in the "art of the
possible" is an important element in securing new investments in research and development for application
towards the betterment of society.

Twenty years ago, RAP began as a small effort from within the Atmospheric Technology Division aimed at
weather issues involved in aviation safety. Today the division is one of the largest in NCAR with a staff of
150, comprised of approximately 75 scientists, 50 software engineers, 16 managers and administrative staff,
and 9 student assistants. Our total expenditures in FY03 were just over $21M, with $12M in modified total
direct costs.

Aviation weather still represents the majority of our work, but significant research and development efforts
exist in other sectors including: test ranges and other DoD applications, forecast improvements for
dissemination to the general public, surface transportation, hydrologic applications, marine weather, and
wildland fires.

Within these application areas, our current research emphases are: in-flight icing; snowfall and freezing
precipitation; convective storm and rainfall nowcasting and forecasting; atmospheric turbulence; numerical
weather prediction; remote sensing; data assimilation; surface hydrology; land-surface modeling; precipitation
physics; ceiling and visibility; oceanic weather; and verification methods.

The pursuit of science applications that are truly useful to society means that we must have a strong
connectivity between our work and the needs of end users, and so end-user requirements are considered at
each step along the development path. Our work tends to be heavily oriented towards real-time operational
systems, and this leads to an emphasis on algorithm development, specialized graphical displays, systems
engineering, operational demonstrations, and the associated scientific validations as well as user-oriented
evaluations. We occasionally deliver turn-key operational systems, and accordingly we strive to maintain a
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high standard in software engineering process.

Technology transfer associated with the above activities include the development and transfer of decision
support systems for surface transportation, the Aviation Digital Data Service for the FAA and NWS, a
turbulence warning system for Juneau, Alaska, and four-dimensional weather systems for the U.S. Army.
Our work in each of these areas is detailed in the "Major Scientific Achievements" section of the ASR.

Accomplishments in 2003

The Annual Scientific Report presents an opportunity for reflection and consideration of the accomplishments
of the Research Applications Division over the past year. Let me summarize a few of them.

Several key milestones were reached in our FAA-sponsored Aviation Weather Research Program. The
NCAR Forecast Icing Potential product (FIP), the Graphical Turbulence Guidance product (GTG), and the
Aviation Digital Data Service (ADDS) were all designated "operational" by the FAA and NWS. This was a
critical final step in the technology transfer process. FIP combines information from a numerical weather
prediction model and observations to provide a 3D-gridded depiction of the likelihood of icing over the
CONUS. GTG provides aviation forecasters, airline dispatchers, and pilots, with accurate, easy-to-
understand nowcasts and forecasts of regions in which turbulence is likely to be encountered. ADDS serves
as a vehicle for disseminating these and a host of other weather products to the aviation community via the
Internet.

As part of our on-going development of a Juneau Airport Wind System, RAP staff conducted a major
scientific field program in Juneau, Alaska, this past winter. An Alaska Airlines 737, the Wyoming King Air
and the University of Oklahoma's Doppler on Wheels collected data on winds and atmospheric turbulence at
and around the airport. That data will play an important role in the development of an operational system
designed to detect and warn of wind hazards.

2003 marked the expansion of our work in developing 4-Dimensional Weather Systems (4DWX) for U.S.
Army Test and Evaluation Command ranges. New sponsors, both within the Department of Defense and,
more recently, the Department of Homeland Security, have emerged, and new applications and capabilities
are being developed. RAP scientists and engineers have, for example, built a version of the MM5 model
called Global Meteorology on Demand (GlobalMOD). This system allows even a non-specialist to launch a
limited-area numerical forecast for any region of the globe using a simple graphical user interface (which
now resides on wireless hand-held devices as well as desk-top computers). This system has been used for
forecasts in Afghanistan and Iraq, and in metropolitan-area studies in Washington, D.C. and Oklahoma City
aimed at forecasting the dispersion of hazardous materials.

Closer to home, we continue to lead interdivisional activities associated with three NCAR strategic initiatives:
Water Cycle Across Scales, the Wildland Fire Research and Development Collaboratory, and Geographic
Information Systems. RAP scientists and engineers participate actively in these collaborations, as well as in
the Weather and Climate Impact Assessment initiative. We also led the effort, in collaboration with ESIG and
COMET, to establish a new USWRP Societal Impacts Program at NCAR. This program, to be launched in
2004 under NOAA and NSF sponsorship, is aimed at understanding the societal benefits of better weather
information for end users and policy makers. By bringing together the social science and atmospheric
science communities, federal agencies that support weather research, and those who will ultimately benefit
from that research, NCAR truly serves as an integrator working in service to society.

- Brant Foote, Division Director

[Top]
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Executive Summary of Accomplishments in FY2003

RAP's research and development emphases are: in-flight icing; snowfall and freezing precipitation;
convective weather forecasting; ceiling and visibility; atmospheric turbulence; numerical weather prediction;
water resources; land-surface modeling; remote sensing; precipitation enhancement; oceanic weather;
surface transportation; and verification. Significant technology transfer activities include formal acceptance by
the FAA and NWS of the Operational Aviation Digital Data Service (ADDS), the Forecast Icing Product, and
the Graphical Turbulence Guidance algorithm; transfer of a variety of new modeling capabilities to DoD and
DHS; and a road weather maintenance decision support system. In addition, RAP is leading strategic
initiatives in the areas of Wildland Fire and Water Cycle Across Scales, co-leading the Geographic
Information Systems initiative, and has significant involvement in the Weather and Climate Extremes
Assessment initiative.

A. In-Flight Icing

In-flight icing research has been conducted at RAP for thirteen
years, providing interesting and challenging studies in cloud
physics, remote sensing, and mesoscale meteorology. The goal of
this research is to develop more accurate and timely diagnoses and
forecasts of conditions leading to ice accretion on aircraft during
flight. A major milestone was reached this year with the operational
acceptance, by the FAA and NWS, of the Forecast Icing Product
(FIP) and of an experimental diagnosis of icing in Alaska (CIP-AK).
These algorithms, which combine observational data with

numerical weather model output using fuzzy logic techniques, have shown superior skill in diagnosing and
forecasting locations of inflight icing conditions. Improvements to the MM5 and WRF models, particularly in
the area of microphysical parameterizations to more accurately forecast cloud liquid, freezing drizzle and
rain, continue to be made. Marcia Politovich leads this program. Collaborators include NOAA/ETL, the
National Center for Environmental Prediction (NCEP), Cold Regions Research and Engineering Laboratory
(CRREL), CSU, University of Alaska, Fairbanks, NASA Glenn Research Center, Radiometrics, Inc., and
NCAR's MMM and ATD. 

Achievements include:

1. Acceptance of the Forecast Icing Product (FIP) for operational use by the FAA and NWS. 
2. Acceptance of the Alaska version of the Current Icing Forecast (CIP-AK) for experimental use. 
3. Development of a 15-year climatology of supercooled large drop icing for Europe
4. Implementation of improvements in microphysics and boundary layer parameterizations for MM5.

 

B. Snowfall and Freezing Precipitation

RAP has a successful history of involvement with airport and
aircraft operations dealing with the impact of snow and freezing
precipitation. The operation of aircraft during snow and freezing
rain or freezing drizzle conditions is a significant safety issue due to
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the rapid loss of lift and increase in drag produced by ice on
aircraft. Snow and freezing rain accumulations on taxiways and
runways also impact the safety and efficiency of ground operations.
Collaborators include the Desert Research Institution (DRI), Texas
A&M, Rutgers, Univ. of Quebec at Montreal, Univ. of Pecs,

Hungary, United Airlines, and MMM.

Achievements include: 

1. Commercialization of the hotplate precipitation gauge. This instrument, developed and patented by
scientists at RAP and DRI, will be commercially produced and distributed by Yankee Environmental Systems.

2. Development of a new algorithm to monitor the NWS's Automated Surface Observing System (ASOS)
icing sensor and issue advisories or alerts for freezing drizzle, a serious hazard to jet engines awaiting
departure. Results of this research were published by C. Wade in the Journal of Atmospheric and Oceanic
Meteorology. 

3. Implementation of the Weather Support to Deicing Decision Makers (WSDDM) at Denver International
Airport (DIA). This system will provide real-time winter weather information for operations at the airport.

C. Convective Weather Forecasting

Predicting the initiation, location, and dissipation of new convection 30 min to 2 h in advance is one of the
challenges of convective weather forecasting. RAP conducts research and development efforts aimed at
improving thunderstorm nowcasting systems on both the regional scale (the Autonowcaster [ANC]) and
national-scale (National Convective Weather Forecast [NCWF]). Cindy Mueller leads this work. Collaborators
include MIT/Lincoln Lab, the U.S. Army Test and Evaluation Command (ATEC), NOAA/NSSL, CSU, Univ. of
Wisconsin, and MMM.

Achievements include: 

1. Permanent installation of the ANC at the White Sands Missile Range in New Mexico as part of the ATEC
program. 

2. Participation in a collaborative demonstration of convective weather forecast products in Indiana and
Illinois in the summer of 2003. 

3. Enhancements to the Variational Doppler Radar Analysis System (VDRAS) so that it now runs efficiently
on a larger, multi-radar domain. In the Regional Convective Weather Forecast (RCWF) field program last
summer, VDRAS was robust, producing smooth wind analyses over a 600km x 550km domain at a
resolution of 5km.

4. Development of a new technique for combining radar and satellite data to forecast convective storm
initiation. This technique has been integrated into the ANC.

5. Analysis of International International H2O (IHOP) data for large convective storm systems demonstrated
the inability of numerical models to correctly forecast which storms will produce gust fronts and what those
fronts will look like.

 

D. Atmospheric Turbulence

RAP is involved in a number of research and development

http://www.rap.ucar.edu/projects/wsddm
http://www.atd.ucar.edu/dir_off/projects/2002/IHOP.html
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programs aimed at minimizing the number and severity of aircraft
encounters with turbulence. Under the leadership of Bob Sharman
and Larry Cornman, work continues to improve and implement
methods for better measurements of turbulence, using in-situ
instruments or remote sensing devices such as radar and lidar; and
to develop, implement and verify automated forecasts of upper and

mid-level aircraft-scale turbulence. RAP also continues to develop a Juneau Airport Wind System for the
FAA; this effort is led by Bob Barron. Collaborators include NOAA/FSL, NASA, Univ. of Alaska, Fairbanks
and Anchorage, UCLA, Marquette, Univ. of Wyoming, Univ. of Oklahoma, Univ. of Colorado, MMM, ATD,
and UOP/GST.

Achievements include: 

1. Acceptance of the Graphical Turbulence Guidance (GTG) product for operational use by the NWS and
FAA. (GTG is the new name for the Integrated Turbulence Forecasting Algorithm [ITFA]). 

2. Enhancement, testing and verification of an on-board turbulence detection algorithm which is currently
installed on over 100 United Airlines planes. 

3. Development of an automated scoring algorithm that mimics the subjective human scoring previously used
to assess the quality of the turbulence detection algorithm. 

4. Conduct of a major scientific field program in Juneau, Alaska. Data were gathered from an Alaska Airlines
737, the Wyoming King Air, anemometers, profilers, and the Oklahoma Doppler on Wheels. Excellent
measurements of air flow within and around complex terrain were obtained and are currently being analyzed.

E. Numerical Weather Prediction 

Numerical weather prediction at RAP is focused on developing, testing,
and implementing operational forecasting systems for new areas of the
world. This entails better understanding of local dynamical processes
through the use of special data, development of improved representations
of physical processes in the models, and objectively verifying the skill of
the models at predicting local meteorological processes. Tom Warner
directs modeling activities within the division. Collaborators include the
Univ. of Colorado, Univ. of Utah, UCLA, CSU, and MMM.

Achievements include: 

1. Development and testing of an ensemble prediction system for the US.
Army Test and Evaluation Command which produces 10-hr forecasts
using a 16-member ensemble with a 1-km grid increment. 

2. Development of a GUI-relocatable version of the 4-dimensional weather (4DWX) MM5 model. This
system called Global Meteorology on Demand (GlobalMOD) allows non-meteorologist users to set up and
launch the operational modeling system anywhere in the world. GlobalMOD was used during Operation
Enduring Freedom and in homeland security applications in Washington, D.C.

3. Adaptation of 4DWX for use in metropolitan area forecasting. The new capability was successfully tested
during the Joint Urban 2003 field study in Oklahoma City.

4. Adaptation of VDRAS for the assimilation of Doppler lidar radial wind data. The new Variational Lidar
Assimilation System (VLAS) produces gridded analyses and 30-minute forecasts of the complete wind field.

F. Water Resources 

http://www.4dwx.org/
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Water resource activities in 2003 were focused in the following areas: surface hydrology for urban flash flood
autonowcasting; hydrologic and water resource assessment of rainfall enhancement benefits in the United
Arab Emirates and the Sultanate of Oman; land-atmosphere interactions associated with the Cooperative
Atmospheric Surface Exchange Study (CASES) and the International H2O (IHOP) experiment; municipal
water and climate change studies; the North American Monsoon Experiment (NAME); and distributed land
surface modeling of large watersheds. David Yates and Tom Warner provide leadership for this effort.
Collaborators include the USGS, Denver Urban Drainage and Flood Control District (UDFCD), Univ. of
Colorado, Univ. of Arizona, MMM and ESIG.

Achievements include: 

1. Collaboration with the UDFCD in demonstrating the ability of Rap's Thunderstorm Identification, Tracking,
Analysis and Nowcasting (TITAN) system to add radar-based, hydrometeorological information to its flood
warning system. 

2. Development of a methodology to analyze groundwater recharge processes in the UAE. This will be
important in evaluating the impact of rainfall increases due to cloud seeding.

3. Enhancement of the Water Evaluation and Planning Model (WEAP) to better accommodate hydrologic
processes and to include a cost-benefit module.

4. Conduct of a new study to assess the potential for cloud seeding to enhance rainfall in the Sultanate of
Oman.

5. Initiation, with ESIG, of a new effort to produce an educational report for the drinking water utility industry
on the current state of understanding with regard to the impact of climate change on water supply and
quality.

6. Participation in the NAME project's installation of a network of 80 automated raingauges in northern
Mexico. Analysis of data from these gauges is providing new understanding, and improved ability to predict,
streamflow and general availability of water in the region.

G. Land-Surface Modeling (LSM)

Through both theoretical and observational studies, RAP scientists work to understand the complex
interactions (including biophysical, hydrological, and bio-geochemical interactions) between the land-surface
and the atmosphere at micro- and meso-scales, and to improve land-surface models. The ultimate goal is to
integrate such knowledge into numerical mesoscale weather prediction and regional climate models in order
to improve prediction of the impacts of land-surface processes on regional weather, climate, and hydrology.
Fei Chen directs this effort. Collaborators include the Univ. of Colorado, Oregon State, North Carolina State,
Japan Atomic Research Institute, MMM, ATD, and ESIG.

Achievements include:

1. Organization of a WRF/LSM workshop at NCAR in June to define the implementation and testing strategy
for the coupled Noah LSM system. NCEP, Air Force Weather Agency (AFWA), NOAA, NCAR and a number
of universities were represented.

2. Determination that the WRF/Noah LSM model forecasts significantly improved precipitation skill for the
majority of rain categories.

3. Development of a High-Resolution Land Data Assimilation System (HRLDAS) to support NWP models.
The new system uses a variety of data to simulate the evolution of soil moisture.

4. Coupling an advanced one-layer urban canopy model with the Noah LSM for ultimate implementation into
mesoscale models. This work is aimed at better understanding urban effects (e.g., "urban heat islands") on
the atmosphere.

H. Remote Sensing 

In efforts funded by the FAA, USWRP and the NCAR Water Cycle initiative, RAP has been actively involved

http://www.atd.ucar.edu/dir_off/projects/2002/IHOP.html
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in the development of techniques to retrieve drop-size distribution information from remote measurements
made with polarimetric radars, and in development of new air motion-sensing techniques. Ed Brandes
directs this work. Collaborators include NOAA/NSSL, CSU, and ATD.

Achievements include: 

1. Development, in collaboration with NSSL, of an interferometric technique that uses a single antenna to
measure both radial and transverse winds. Improvement of multi-parameter radar estimates of precipitation
using a relationship between the shape of a gamma raindrop size distribution and the slope of the
distribution. 

2. Development of a theory for characterizing the accuracy of baseline winds, estimated using spaced
antennas and a full correlation analysis method to process signals in the presence of noise. 

3. Design of a new method for obtaining accurate, high-resolution liquid water content measurements from
dual-wavelength radar data.

I. Precipitation Enhancement

In many regions of the world, particularly in arid or semi-arid lands,
traditional sources and supplies of ground water, rivers and reservoirs are
either inadequate or under threat from ever increasing water demands.
This has prompted atmospheric scientists to explore the possibility of
augmenting water supplies by means of cloud seeding. During FY2003,
RAP scientists concluded a multi-year feasibility plan for cloud seeding in
the UAE and implemented the second phase of the program, conducting
a randomized cloud seeding experiment. Studies were also conducted on
hygroscopic flare characteristics. Roelof Bruintjes directs this effort.
Collaborators include Arizona State University; University of

Witswatersrand, South Africa; South Dakota School of Mines; Al-Ain University, and MMM.

Achievements include: 

1. Determination that aerosol concentrations are very high in the UAE (comparable to polluted and
continental environments). Thus, clouds formed there are typically continental and colloidally stable, making
them more likely to be successfully seeded. 

2. Discovery that summer storms in northeastern UAE and over the Oman Mountains were of sufficient
number and duration to make a cloud seeding program feasible.

3. Expansion of the radar network from two to five weather radars. Implementation of RAP's TITAN/CIDD
software greatly expanded the data display and archival capabilities.

4. Implementation of the Radar Echo Classifier software to remove ground and sea clutter from the radar
data, thus improving the radars' ability to correctly estimate rainfall.

J. Ceiling and Visibility

Adverse ceiling and visibility (C&V) conditions are a contributing factor in over 35% of all weather-related
aviation accidents in the US and are a major cause of flight delays nationwide. RAP research directly
addresses hazardous C&V conditions both on the national scale (NCV) and in the airport terminal area
(TCV). The C&V program has also formed an effective collaboration with the FAA's Winter Weather
Research Product Development Team in looking at C&V conditions in the northeastern U.S. Paul Herzegh
and Wes Wilson lead the C&V program at NCAR. Collaborators include NRL, NOAA/FSL, MIT/Lincoln
Laboratory, Brookhaven National Laboratory, Univ. of Quebec at Montreal.

Achievements include: 

1. Approval of new National C&V analysis and forecast displays as FAA Test Products. This designation
allows structured trials and evaluations by user groups.

http://www.rap.ucar.edu/projects/UAE/
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2. Development of a new database of historical observations and corresponding forecast values at 1600 sites
in the US.

3. Improvements in NCV infrastructure, particularly with regard to its ability to use satellite data, model runs,
and NRL's cloud classification code.

4. Continued development of a heavily-instrumented field site at Brookhaven National Laboratory on Long
Island for the Northeast Winter Ceiling and Visibility Project. An important focus is on acquiring, processing
and understanding the measurement capabilities of the profiling microwave radiometer at the site. 

5. Preparation of a fog climatology for the New York area. Fog events from 1977 to 1996 have been
identified and their characteristics analyzed. A classification system reflecting the mechanisms producing
them has been created.

K. Oceanic Weather 

The Oceanic Weather program addresses the international need for better nowcasts and forecasts of
weather-related aviation hazards in data-sparse oceanic regions. The program, sponsored by the FAA and
led by Tenny Lindholm, works to develop products that forecast hazards associated with convection, clear air
turbulence, and volcanic ash, as well as improved wind information to aid nowcasting, navigation and air
traffic control. Collaborators include the Univ. of Alaska, Fairbanks, Univ. of Wisconsin, NRL, MIT/Lincoln
Lab, and the NWS/Aviation Weather Center.

Achievements include: 

1. Acceptance of the Cloud Top Height (CTH) display as a test product by the FAA this year. This
designation allows structured trials and evaluations by user groups.

2. Implementation of a prototype data fusion system to diagnose the presence of deep convection. This
convective diagnosis over the ocean combines three satellite-based diagnosis techniques. 

3. Development of a new capability to interpret and graphically display aviation warning statements issued by
countries around the world. This is an important step both in standardizing aviation warning statements
globally and in developing a prototype for a volcanic ash warning system.

4. Collaboration with NASA's Advanced Satellite Aviation Weather Products (ASAP) program. RAP now acts
as a bridge between NASA and the FAA, serving to ensure that satellite remote sensing data produced by
NASA are integrated into aviation weather products developed by the FAA's Product Development Teams.
Satellite data are clearly a critical input to the Oceanic Weather effort.

L. Surface Transportation

RAP has worked for the past three years to develop a prototype winter road Maintenance Decision Support
System (MDSS) for the Federal Highway Administration. The MDSS ingests, processes, and integrates
existing road and weather data into a user-friendly display of current conditions, thus creating a decision
support tool that provides recommendations on road maintenance courses of action and their anticipated
consequences. A second surface transportation program, in railroad weather, focused on working with Union
Pacific Railroad to understand how it uses weather information, what its unmet needs are, and what future
research and development opportunities exist. Bill Mahoney, Bill Myers, and Rich Wagoner play key
leadership roles in these programs. Collaborators include NOAA/ETL, FSL, NSSL; CRREL, MIT/Lincoln Lab,
Federal Railroad Administration, and ESIG.

Achievements include:

1. Conduct of an 8-week field demonstration of MDSS for state highway routes in Iowa. A technical
performance assessment and validation of the operational concept were successfully performed. Several
new research areas were identified as critical to improving the MDSS.

http://www.rap.ucar.edu/projects/rdwx_mdss/
http://www.rap.ucar.edu/projects/rdwx_mdss/
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2. A technical review of how Union Pacific Railroad uses weather information in its operations. A research
agenda focusing on the railroad's highest priority need: mitigating railcar "blow overs" in high cross winds
was established.

M. Verification 

The RAP Verification Group continues to provide independent verification of improved aviation weather
forecasting systems developed both at NCAR and at external laboratories. The group, in conjunction with the
Verification Branch of NOAA/FSL, plays a key role in evaluating the forecasting capabilities of experimental
products being considered for operational status by the NWS and the FAA. The group also works to develop
new methods and approaches for verification. Barbara Brown directs the verification program at NCAR.
Collaborators include NOAA/FSL, MMM, and ESIG.

Achievements include: 

1. Conduct of the verification studies for the Forecast Icing Potential algorithm which was subsequently
elevated to operational status by NWS and FAA.

2. Development of an object-oriented approach to verify quantitative precipitation forecasts.

Technology Transfer Programs

The application of scientific research to societal problems is at the heart of the RAP mission. Decision
makers in a variety of agencies and weather-sensitive industries need improved weather information and
tools, and RAP works to transfer new capabilities into their hands. Transfer of technologies to the aviation
community continues to be a major emphasis with improved capability for the automated forecasting of
aircraft icing, thunderstorms, snowfall affecting airport ground operations, turbulence, ceiling and visibility,
and oceanic weather occurring each year. Other significant technology transfers have occurred within the
context of RAP's work for the Departments of Defense and Homeland Security, as well as in surface
transportation programs. Greg Thompson, Scott Swerdlin, and Bill Mahoney direct these technology transfer
efforts.

Achievements include: 

1. Approval of operational status for the Aviation Digital Data Service (ADDS) and the Flight Path Tool by
the NWS and FAA. ADDS disseminates weather products to the aviation community via the Web. An
Experimental ADDS which showcases new products still under development has also been approved. 

2. Expansion of the sponsor base for the 4DWX system, originally developed for the US Army's Test and
Evaluation Command. 

3. Advances in high-performance, stable, cost-effective linux cluster computing program have been made.
Backup capabilities are also supplied via the Global Meteorology on Demand (GMOD) tool which allows
users to deploy model runs on backup clusters within seconds. 

4. The Maintenance Decision Support System, described above under "Surface Transportation", represents
an on-going effort to accelerate the time between research and market for new capabilities. To that end,
components of the system are made available to the public on a non-exclusive basis via registry on the RAP
web site.

NCAR Strategic Initiatives 

RAP has made significant contributions to four NCAR initiatives: Water Cycle Across Scales, Wildland Fire
Collaboratory, Geographic Information Systems, and the Weather and Climate Impact Assessment.

1. Water Cycle Across Scales 

http://www.rap.ucar.edu/projects/watercycles
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This initiative is focused on understanding the complex interactions among the processes that drive the
hydrologic cycle. Participants include CGD, MMM, ATD, and RAP, with Roy Rasmussen of RAP leading the
initiative. Research activities in FY03 focused on studies aimed at improving cloud microphysical
parameterizations to improve mesoscale models' prediction of the atmospheric water cycle. An extensive
study of IHOP data to help determine the 0-6 hr predictability of precipitation was begun. This study is
focused on improving understanding of the factors controlling storm initiation and evolution, the predictability
of the triggering mechanisms in storms, and an improved model capability to capture and forecast those
factors controlling initiation and evolution. Work continues in land-atmosphere interactions with a focus on
processing IHOP data; NASA satellite data are being compared with King Air flight data as well as with
measurements from surface-tower stations. Simulations using the WRF/Noah LSM coupled modeling system
are also being run for IHOP cases. Other LSM-related activities include an effort to use streamflow data to
validate the High-Resolution Land Data Assimilation System (HRLDAS); development of a runoff database
based on streamflow data from the USGS over the IHOP domain; and an investigation of the relationship
between surface temperatures and land surface and soil moisture features.

2. Wildland Fire Collaboratory

Rich Wagoner leads this initiative. Participating divisions include ESIG, MMM, ATD, ACD, CGD and ASP.
Fire-related research conducted by these divisions is documented in their respective sections of the ASR.
The RAP effort continues to focus on building the Wildland Fire Collaboratory, an international forum for
exchanging information relative to wildland fire research and development activities and for accelerating the
transfer of knowledge and technology from the research community to the operational community. Extensive
outreach to the wildfire community has resulted in the successful recruitment of a diverse group of federal
laboratories and agencies, universities, and state forestry departments. Over the past year this group has
worked to identify and prioritize the fire science and social science tasks that are needed to ultimately design
and build decision support systems to implement the National Fire Plan. The group also co-sponsored an
international workshop on fire weather in Melbourne, Australia, with the new Bushfire Cooperative Research
Centre.

3. Geographic Information Systems

The GIS initiative, co-led by Terri Betancourt of RAP and Olga Wilhelmi of ESIG, is focused on supporting
the use of GIS as both an analysis tool and an information system framework. To that end, work proceeds in
four areas: education, training and user support; research enabled by GIS; data and web services; and
research in GIS technology. A variety of research questions are under investigation to gain a better
understanding of the needs of the GIS-user community, and to understand what GIS can offer the
atmospheric science community with its legacy data and information systems. The work continues in
evaluating the strengths of the two primary GIS technologies: OpenGIS and commercial products from
Environmental Systems Research Institute (ESRI). Partnerships with ESRI, IBM, and the Open GIS
Consortium, as well as collaborations with GIS experts at universities and national laboratories, have been
established. In addition, a Special Interest Group of GIS users in the atmospheric sciences has been formed
and is working to develop a community-based atmospheric data model.

4. Weather and Climate Impact Assessment

One aspect of the Weather and Climate Assessment Initiative concerns investigation of weather extremes.
Two projects on this topic have involved RAP scientists. First, E. Gilleland, a RAP statistician, has developed
a software toolkit to apply extreme value theory to weather and climate observations. This work has been
coordinated by R. Katz of ESIG. In addition to the toolkit, Eric has developed a web-based tutorial to provide
guidance to atmospheric scientists and others regarding the use and application of extreme value theory to
their work. The second project concerns aviation weather extremes. This project will eventually consider a
variety of types of aviation weather extremes, including in-flight icing conditions, large-scale turbulence,
convection, and so on. The initial focus of the research has been in-flight icing and the application of
statistical approaches to provide improved forecasts of this extreme weather phenomenon. M. Pocernich, a
statistician in RAP, has undertaken this work and has successfully developed an approach to improve the
interpretation of icing signals in sets of icing-related observations and numerical weather predictions The next
phase of this work will involve similar applications to observations from icing research aircraft, followed by
applications of extreme value approaches to convection. Several convection-related research problems (e.g.,

http://www.rap.ucar.edu/projects/wfc/index.html
http://www.gis.ucar.edu/
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identifying storms that will become severe) have been identified for possible application of extreme value
theory approaches as part of this study.
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Roy Rasmussen Affiliate Faculty Atmospheric &
Oceanic Sciences

Univ. of Colorado, Boulder

J. Vivekanandan Adjunct Professor Electrical
Engineering Univ. of Washington

J. Vivekanandan Adjunct Professor
Civil &
Environmental
Engineering

Univ. of Connecticut

Tom Warner Research Professor
Program in
Atmospheric &
Oceanic Sciences

Univ. of Colorado
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Roelof Bruintjes Abdulla Al Mangoosh Climatology
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Univ. of Witwatersrand
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Fei Chen Jeff Fung, Ph.D
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and Atmospheric
Sciences

Hong Kong Univ. of Science
& Techology

Fei Chen Becky Eager, M.S.

Dept. of Marine,
Each and
Atmospheric
Sciences

North Carolina State
University

Fei Chen Ethan Gutmann Dept. of Geology University of Colorado

David Gochis Edgar Uribe, Ph.D Hydrology and
Water Resources Univ. of Arizona

David Gochis Kazungu Maitaria, Ph.D Hydrology and
Water Resources Univ. of Arizona

Kent Goodrich Kristy Davis, M.S. Mathematics Univ. of Colorado, Boulder

Roy Rasmussen Robert Tardif, Ph.D
Program in
Atmospheric &
Oceanic Sciences

Univ. of Colorado, Boulder

David Yates Joseph Alfieri, M.S. Dept. of Geography University of Colorado

[Top]

Staff Name Thesis Committee Department Institution

Roelof Bruintjes Kristy Ross Climatology
Research Group

Univ. of Witwatersrand
(South Africa)

Roelof Bruintjes Abdulla Al Mandoos Climatology
Research Group

Univ. of Witwatersrand
(South Africa)

Roelof Bruintjes Abdulla Al Mangoosh Climatology
Research Group

Univ. of Witwatersrand
(South Africa)

Fei Chen Jeff Fung, Ph.D
Center of Coastal
and Atmospheric
Sciences

Hong Kong Univ. of Science
& Techology

Dept. of Marine,
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Fei Chen Becky Eager, M.S. Each and
Atmospheric
Sciences

North Carolina State
University

Fei Chen Ethan Gutmann Dept. of Geology University of Colorado

Kent Goodrich Emily Silverman, Ph.D Mathematics Univ. of Colorado, Boulder

Kent Goodrich John Schmacher Mathematics Univ. of Colorado, Boulder

Roy Rasmussen Robert Tardif, Ph.D
Program in
Atmospheric &
Oceanic Sciences

Univ. of Colorado, Boulder

J. Vivekanandan Marios Anagnostou, Ph.D
Dept. of Civil &
Environmental
Engineering

Univ. of Connecticut

Tom Warner Jamie Wolff, M.S.
Program in
Atmospheric &
Oceanic Sciences

University of Colorado

Tom Warner Eric Thaler, Ph.D
Program in
Atmospheric &
Oceanic Sciences

University of Colorado

Tom Warner Robert Tardif, Ph.D
Program in
Atmospheric &
Oceanic Sciences

University of Colorado

Tom Warner Thomas Hopson, Ph.D
Program in
Atmospheric &
Oceanic Sciences

University of Colorado

Wes Wilson Aaron Daley, M.S. Meteorology California State Univ. at San
Jose

[Top]

Workshops and Colloquia

Staff Name Title/Subject Dates Sponsor

Bruce Carmichael
Weather/ATM DSS
Workshop Series (Co-
Leader)

May, 2003 NCAR, MIT/LL, Mitre,
NASA/Ames

Bruce Carmichael
Friends/Partners in Aviation
Weather (Program
Chairman)

3 Oct. 2003 NBAA

Dan Breed 3rd WRF/LSM workshop 17-18 June 2003 Water Cycle Initiative

Paul Herzegh Oceanic Weather: 4th
Science Meeting 15-16 July 2003 FAA, NCAR

Cathy Kessinger Radar Development &
Applications Workshop 23-25 April 2003 NCAR ATD

Cathy Kessinger Intelligent Systems
Workshop 5-6 May 2003 NCAR RAP

Tenny Lindholm
AOPA Expo &
Friends/Partners of Aviation
Weather

21-25 Oct. 2002 AOPA

Tenny Lindholm
AWRP Program
Review/NASA Weather 18-21 Nov. 2002 FAA, NASA
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Accident Prevention Review

Tenny Lindholm RTCA Special Committee
195 Plenary

2-4 Dec. 2002; 3-5
Feb. 2003; 12-14
Aug. 2003

FAA/Industry

Tenny Lindholm (co-
chair)

Turbulence Joint Safety
Implementation Team 7-9 Jan. 2003 FAA/Industry

Tenny Lindholm
Air Traffic
Management/Decision
Support Systems Workshop

13-15 Jan. 2003;
3-5 June 2003

FAA/Industry/ATM R&D
Community

Tenny Lindholm AWRP Program Review 21-24 April 2003 FAA

Tenny Lindholm Oceanic Weather Science
Workshop 15-16 July 2003 RAP

Bill Mahoney Winter Road Maintenance
Training Program 4-5 Dec. 2002 RAP

Marcia Politovich FAA Intl. Icing Conference
(Organizing Committee) June, 2003 FAA

Marcia Politovich Gov't. Remote Sensing
Coordination Workshop Sept., 2003 FAA/NASA/CRREL

Jenny Sun

Colloquium on data
assimiliation for Atmospheric
and Climate system
Prediction

7-18 July 2003 NCAR/ASP

J. Vivekanandan Radar Development
Applications Workshop 23-25 Apr. 2003 NCAR

Guifu Zhang
Single Antenna
Interferometry (correlation)
Technique to Measure Wind

22 April 2003 NCAR Radar Workshop

[Top]

Seminars and Presentations

Staff Name Name of Presentation Date Group presented to

Terri Betancourt NCAR GIS Demonstration
Project Overview 25 Oct. 2002 NOAA, NESDIS

Terri Betancourt
Engineering Details of
NCAR's AutoNowcast
System

3 Mar. 2003 Beijing Meteorological
Bureau, China

Jennifer Boehnert Introduction to the
Geodatabase 13 May 2003 NCAR

Jennifer Boehnert Introduction to ArcIMS 11 June 2003 NCAR

Jennifer Boehnert ArcSDE & the Geodatabase 22 July 2003 NCAR

Jennifer Boehnert Working with Raster data in
ArcGIS 7 Oct. 2003 NCAR

Jennifer Boehnert Introduction to ArcGIS 25 Nov. 2003 ESIG

Dan Breed UAE Experimental Design 15 June 2003
Field project participants,
UAE meteorologists,
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management people

Dan Breed

Design and Overview of the
Feasibility Study for Rainfall
Enhancement in the United
Arab Emirates

8 April 2003 WMO Weather Modification
Conference

Dan Breed
Rainfall and Air Chemistry
Study in the United Arab
Emirates

24 April 2003 Weather Modification
Assoc. meeting

Dan Breed
Overview and Results of
Phase 1 of the UAE
Feasibility Study

12 Aug. 2003 Omani meteorologists and
management

Barb Brown Quality Assessment PDT Nov., 2002 FAA AWRP Program
Management Review

Barb Brown Object Based Approach to
Verification Jan., 2003

3rd Workshop on Aviation
Weather for ATM (Boulder,
CO)

Barb Brown
Ideas for Operationally
Relevant Verification
Approaches

Jan., 2003
Convective Forecast
Verification Meeting
(Boulder, CO)

Barb Brown Verification Issues Jan., 2003
Convective Forecast
Verification Meeting
(Boulder, CO)

Barb Brown Verification of Spatial
Forecasts June, 2003

Canadian Meteorological &
Oceanographic Society
(Ottawa, Canada)

Barb Brown
Development of an Object-
Oriented Approach for
Verification of QPFs

Aug., 2003
USWRP Proposal
Presentation, (NCAR,
Boulder)

[Top]

Barb Brown
WWRP/WGNE Joint
Working Group on Forecast
Verification

Sept., 2003 WMO WWRP Science
Steering Committee (Oslo)

Roelof Bruintjes
Cloud Physics and Air
Chemistry studies in the
UAE

13 Nov. 2002 RAP Panel Review Meeting

Roelof Bruintjes
Hygroscopic seeding with
flares: Current status and
recent progress

14 May 2003 NOAA/ETL Seminar

Roelof Bruintjes

Similarities between the
effects of hygroscopic
seeding and anthropogenic
pollution on clouds

April, 2003 WMO Conf. on Weather
Modification

Roelof Bruintjes

Program for the
Augmentation of rainfull in
Coahuila: Overview and
results

April, 2003 WMO Conf. on Weather
Modification

Roelof Bruintjes
Review of hygroscopic
seeding experiments
(Invited)

April, 2003 WMA Annual Meeting

The use of an Evaporation
Scheme in a Boundary-
Layer Model for Real-Time AMS 31st Conf. on Radar
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Alain Caya 4D-Var Radar Data
Assimilation and Forecasting
of Convergence Lines

6-12 Aug 2003 Meteorology (Seattle,
Washington)

Bruce Carmichael
Explicit modeling of gravity-
wave breaking above deep
convection

4-7 Nov. 2003
12th Conf. on Middle
Atmosphere (San Antonio,
TX)

Bruce Carmichael

An investigation of
turbulence generation
mechanisms above deep
convection

22 Nov. 2002 MMM/RAP Divisional
Seminar

Bruce Carmichael
Gravity wave breaking in a
high-resolution model of
deep convection

18 April 2003 Univ. of Washington Dept.
of Atmospheric Sciences

Bruce Carmichael
Numerical modeling of
turbulence above the jet
stream during SCATCAT

18 April 2003
University of Washington
Dept. of Atmospheric
Sciences

Janice Coen Wildland Fire Modeling 9 Oct. 2002 Wild Fire Collaboratory

Janice Coen
Computational Science &
Engineering Aspects of
Wildland Fire Modeling

11 Feb. 2003 SIAM Conf. (San Diego,
CA)

Janice Coen

Coupled Atmosphere Fire
Modeling, Analysis of
Infrared Imagery & Wildland
Fire Technology Transfer

13 Mar. 2003 Florida State University

[Top]

Andrew Crook Generation of Convection by
Heated Terrain 6 Dec. 2002 Dynamics Seminar (NCAR,

Boulder)

Andrew Crook
Assimilation & Forecasting
of Supercell Storms using
4DVar Data Assimilation

16 July 2003 Reading University, England

Eric Gilleland

Statistical Models for
Monitoring & Regulating
Ground-level Ozone
(Poster)

16-18 July 2003
1st Intl. Conf. on
Environmental Statistics &
Health

Paul Herzegh
Progress of the FAA
National Ceiling & Visibility
Product Development Team

19 Nov. 2002
FAA Aviation Weather
Research Program Public
Forum

Paul Herzegh

Development of Automated
Analysis & Forecast
Products for Adverse Ceiling
& Visibility Conditions

12 Feb. 2003 19th AMS IIPS Conference

Paul Herzegh
Observing the Structure of a
Colorado Freezing Drizzle
Event

23 Apr. 2003
FAA Aviation Weather
Research Program Science
Review

Paul Herzegh

The Structure, Evolution &
Cloud Process of a
Colorado Upslope Storm as
Shown by Profiling
Radiometer, Radar & Tower
Data

12 Aug. 2003 31st Conf. on Radar
Meteorology

David Johnson TDWR and LLWAS
Integration Options 4 Dec. 2002 Civil Aviation Authority of

Singapore
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Cathy Kessinger
The NEXRAD Data Quality
Optimization Program and
TEP Data Quality Issues

8-9 Oct. 2002 NRL Radar Data Quality
Workshop

Cathy Kessinger Update on NEXRAD Data
Quality Optimization 18 Nov. 2002

Radar Operations Center
Technical Interchange
Meeting

Cathy Kessinger Navy Nowcasting Nov. 2002 NCAR RAP Advisory Panel
Meeting

Cathy Kessinger Update on NEXRAD Data
Quality Optimization 19 Nov. 2002 NEXRAD Technical

Advisory Committee

Cathy Kessinger
Oceanic Weather
Convective Diagnosis &
Forecasting

4 Dec. 2002 FAA Program Mgmt.
Review Face Time

Cathy Kessinger
Oceanic Weather
Convective Diagnosis &
Forecasting

21-23 April 2003 FAA Science Review

Cathy Kessinger Update on NEXRAD Data
Quality Optimization 28 May 2003 NEXRAD Technical

Advisory Committee

Cathy Kessinger Convective Diagnosis &
Forecasting 15-16 July 2003 FAA Oceanic Weather PDT

Meeting

[Top]

Cathy Kessinger The Radar Echo Classifier 30 July 2003 Representatives from the
University of Oklahoma

Cathy Kessinger The AP Clutter Mitigation
Scheme for the WSR-88D Aug. 2003 AMS Radar Meteorology

Conf.

Cathy Kessinger
The Radar Echo Classifier:
A fuzzy logic algorithm for
the WSR-88D

Feb. 2003
AMS Conf. on Artificial
Applications to the
Environmental Sciences

Cathy Kessinger
Using the NCAR
Autonowcast System to
nowcast oceanic convection

Feb. 2003 AMS Satellite Meteorology
Conf.

Cathy Kessinger

Processing realtime satellite
information to nowcast
convective initiation and its
characteristics

Feb. 2003 AMS Satellite Meteorology
Conf.

Cathy Kessinger
Mitigating ground clutter
contamination in the WSR-
88D

Feb. 2003 AMS Conf. on IIPS

Cathy Kessinger

Using the SPY1/TEP to
nowcast oceanic
thunderstorms for naval
operations

Sept. 2003 BACIMO Conf.

Todd Lane
Numerical modeling of
thunderstorm-generated
turbulence

7 Nov. 2002 Texas A&M University Dept.
of Atmospheric Sciences

Todd Lane Convective weather
research update 14-15 Jan. 2003

3rd Workshop on Aviation
Weather for ATM (Boulder,
CO)

Todd Lane A modeling investigation of
cloud-induced turbulence 6-9 Jan. 2003

41st AIAA Aerospace
Sciences Meeting & Exhibit
(Reno, NV)
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Todd Lane
Explicit modeling of gravity-
wave breaking above deep
convection

4-7 Nov. 2002
12th Conf. on Middle
Atmosphere (San Antonio,
TX)

Todd Lane

An investigation of
turbulence generation
mechanisms above deep
convection

22 Nov. 2002 MMM/RAP Divisional
Seminar

Todd Lane
Gravity wave breaking in a
high-resolution model of
deep convection

18 Apr. 2003 Univ. of Washington Dept.
of Atmospheric Sciences

Todd Lane
Numerical modeling of
turbulence above the jet
stream during SCATCAT

27 June 2003 10th Conf. on Mesoscale
Processes (Portland, OR)

[Top]

Tenny Lindholm Aviation Weather Research
Program 6-8 Oct. 2002 ADF Symposium; ADF,

ALPA

Tenny Lindholm Oceanic Weather PDT 18-21 Nov. 2002 AWRP PMR/NASA WxAP
Review; FAA, NASA

Tenny Lindholm Oceanic Weather PDT 9-13 Feb. 2003 AMS ARAM

Tenny Lindholm Volcanic Ash R&D Status 3 April 2003 ATA Met Committee

Tenny Lindholm Oceanic Weather 4 April 2003 ATS WG; FAA NASA

Tenny Lindholm Oceanic Weather Status 21-24 April 2003 AWRP PMR; FAA

Tenny Lindholm Turbulence Detection &
Forecasting 10 July 2003 Southwest Airlines

operations

Tenny Lindholm Volcanic Ash Research
Program 6 Aug. 2003 Washington Volcanic Ash

Advisory Center

Tenny Lindholm Turbulence & Icing
Detection, in situ 22 Aug. 2003 American Airlines, DFW

Tenny Lindholm
Turbulence Forecasting;
Turbulence Detection; Icing
Detection

26-29 Aug. 2003 ICAO METLINKSG

Yubao Liu
Data impact experiments
using NCAR/ATEC
RTFDDA system

Sept. 2003 BACIMO-2003 Conf.,
Monterey, CA

Bill Mahoney Winter Maintenance
Decision Support System 1-3 June 2003

Canadian Meteorological &
Oceanographic Society
(CMOS)

Bill Mahoney Maintenance Decision
Support System Project 17-18 June 2003

Federal Highway
Administration Stakeholder
Meeting

Bill Mahoney
Transportation Security,
Emergency Evacuation &
Advanced Weather

12-16 Jan. 2003 Transportation Research
Board

Bill Mahoney Surface Transportation
Weather 12-16 Jan. 2003 Transportation Research

Board

Bill Mahoney
Surface Transportation
Weather - Opportunities for
Radar Data

11-12 Aug. 2003 AMS Radar Conf. (Seattle)

Bill Mahoney
Maintenance Decision
Support System Project 18-23 May 2003 Intelligent Transportation
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Status Society of America

Bill Mahoney Railroad Weather
Opportunities 8-9 July 2003 Union Pacific Railroad

[Top]

Bill Mahoney
Winter Maintenance
Decision Support-Project
Planning

25-27 Aug. 2003 Aurora Board, State D.O.T.s

Marcia Politovich In-Flight Icing Progress Nov., 2002
FAA Aviation Weather
Program Management
Review

Marcia Politovich Characteristics of Large
Drop Icing Regions Jan., 2003 AIAA Aerospace Sciences

Meeting

Marcia Politovich Science Review: In-Flight
Icing April, 2003

FAA Aviation Weather
Program Management
Review

Marcia Politovich

Current Icing Potential
Product; Summary of
Meteorological Breakout
Session

June, 2003 FAA Icing Conf.

Matt Pocernich Model output statistics using
ensemble predictors 18-21 Sept. 2003

Workshop on Ensemble
Weather Forecasting in the
Short to Medium Range
(Val-Morin, Montreal)

Roy Rasmussen Winter Weather Nowcasting
(Invited) 11-12 Aug. 2003 AMS Radar Conf. (Seattle)

Roy Rasmussen Snow and Visibility Nov. 2002 Office of the Federal
Coordinator

Daran Rife
Predictability of Low-level
Winds by Mesoscale
Meteorological Models

20 June 2003 George Mason University

Rita Roberts
Radar detection of
convective weather and
radar data quality issues

3 Mar. 2003
Sino-NCAR Convective
Weather Nowcasting
Workshop (Beijing, China)

Rita Roberts Specifics of the NCAR Auto-
nowcaster (ANC) System 4 Mar. 2003

Sino-NCAR Convective
Weather Nowcasting
Workshop (Beijing, China)

Rita Roberts
Poster and oral presentation
on the 8 July 2001 Denver
flashflood case

2-6 Sept. 2002
WWRP-sponsored Intl.
Conf. on QPF (Reading,
England)

Rita Roberts Presentation to IHOP CI
workshop

30 Sept. - 1 Oct.
2002

NASA and Univ. of
Maryland

Rita Roberts
Two presentations given at
FAA Science Meeting (via
teleconference)

28-30 Oct. 2002 NCAR/RAP, MIT/LL

Rita Roberts Presentation on
Autonowcaster 24 April 2002 Tom Filiaggi (NWS/MDL)

[Top]

Rita Roberts Presentation on 3-year
plans using IHOP data 19 July 2002

Watercycle Strategic
Initiative Steering
Committee
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Rita Roberts
Presentation on Surface
water vapor from S-Pol
refractivity

6 Aug. 2002 IHOP Surface, Soil, and
Vegetation (ABL) Workshop

Rita Roberts Presentation on RAP's IHOP
research plans 13 Nov. 2002 RAP Advisory Committee

Rita Roberts Oral presentation 6-12 Aug. 2003 31st Conf. on Radar
Meteorology

Rita Roberts
Transitioning refractivity
processing onto operational
radars

28 Oct. 2003 Radar TAC committee

Rita Roberts

Presentation on forecaster-
computer nowcasting
capability & integrating
activities with the NWS
NDFD & IFPS systems

16 Sept. 2003 NWS, FAA PDT leads at
NCAR

Rita Roberts
Informal presentation on
proposed refractivity
experiment

19 Sept. 2003
Mark Weber and Nathan
Parker (MIT/LL) and Joe
VanAndel (ATD)

Rita Roberts Lecture on Convection
Initiation 4 Nov. 2003 NWS SOO's during

COMET's Fall training

Vidal Salazar Cloud Seeding, Past and
Future Aug. 2003

Presentation in Saltillo
Coahuila Mexico as part of
a workshop in water
resources

Vidal Salazar
Review of Cloud Seeding
programs and critical issues
in climate

29 Jan. 2003

Guest Lecture for ATOC
4800/5000 Critical Issues in
Climate and Policy,
University of Colorado

Vidal Salazar Aerosol - Cloud interactions
in the UAE 13 Feb. 2003 AMS Meeting (Long Beach,

CA)

Vidal Salazar Numerical modeling of
hygroscopic flares 9 April 2003

Roelof Bruintjes presented
this paper written by Vidal
Salazar at WMO Conf.
(Casablanca, Moroco)

Hatim Sharif Hydrologic Modeling in the
Southern Great Plains Nov. 2002 NCAR

Hatim Sharif
Two-Dimensional Modeling
of Flood Events in Denver,
Colorado

Dec. 2002 American Geophysical
Union

[Top]

Hatim Sharif

An investigation of scale &
spatial variability using fully-
and semi-distributed
TOPLATS at the Whitewater
Watershed, Kansas

Feb. 2003 AMS

Hatim Sharif

Comparison of Reflectivity
and Precipitation Fields
Estimated by Two Radar
Systems

Feb. 2003 AMS

Hatim Sharif

An Evaluation of a 30-year
Land Surface Model
Simulation using Feb. 2003 AMS
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Observational Forcing

Hatim Sharif Flash Flood Nowcasting in
an Urban Watershed Apr. 2003 American Geophysical

Union

Hatim Sharif

Radar-Rain Gauge
Adjustment & its Sensitivity
to the Method of
Comparison

Aug. 2003 AMS

Bob Sharman
Improving the small scale
turbulence structure for fluid
dynamics computations

6 Jan. 2003
41st Aerospace Sciences
Meeting & Exhibit (Reno,
NV)

Bob Sharman

Aircraft scale turbulence
isotropy derived from
measurements and
simulations

6 Jan. 2003
41st Aerospace Sciences
Meeting & Exhibit (Reno,
NV)

Jenny Sun
Assimilation of radar
observations for short-term
weather prediction

11 Dec. 2002
Korea Meteorological
Administration (Seoul,
Korea)

Jenny Sun Low-level wind retrieval for
nowcasting 4 Mar. 2003

Sino-US Workshop on
Convective Storm
Nowcasting (Beijing, China)
Invited

Jenny Sun
Explicit thunderstorm
nowcasting with a numerical
model

4 Mar. 2003

Sino-US Workshop on
Convective Storm
Nowcasting (Beijing, China)
Invited

Jenny Sun

Initialization and Forecasting
of a supercell thunderstorm
using single-Doppler
observations

3 Apr. 2003 MMM, RAP joint seminar

Jenny Sun
Initialization and forecasting
thunderstorms: a case study
using STEPS data

5 Aug. 2003 31st Intl. Conf. on Radar
Meteorology (Seattle, WA)

[Top]

Jenny Sun Convective-scale data
assimilation 17 July 2003

Colloquium on data
assimilation for atmospheric
and climate system
prediction (NCAR, Boulder)

Agnes Takacs
Data for verification of
diagnoses and forecasts of
oceanic weather elements

23 April 2003 AWRP Science Review

Agnes Takacs
Verification of diagnoses
and forecasts of oceanic
weather elements

18 Sept. 2003 National Weather Service
visit to NCAR

Agnes Takacs

Forecasters assessment of
Mountain wave empirical
forecasting algorithm:
Summary of the results for
the winter 2003 study

25 Sept. 2003 AWC Seminar

Agnes Takacs
Preparing subjective
evaluation of GTG for winter
FY04

25 Sept. 2003 AWC Seminar

Claudia Tebaldi Probabilistic Assessment of 11 Dec. 2002 Univ. of Colorado Applied
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Visual Clinate Change Math Dept.

Claudia Tebaldi Bayesian Analysis of Multi-
model Ensembles 24 Feb. 2003 Univ. of Washington,

Statistics Dept.

Claudia Tebaldi Bayesian Analysis of
Climate Change Projections 11 Apr. 2003 Joint ACU-EGS Meeting

(Nice)

Claudia Tebaldi

Improving numerical
weather prediction using
recent observations and
spatial composition

21 Feb. 2003 Univ. of Washington,
Statistics Dept.

Mei Xu
Short term forecasting of
snowbands using a
mesoscale model

23 Aprl. 2003 FAA

Mei Xu

Radar data assimilation for
real-time short term
forecasting 
of snowbands

6 Aug. 2003 AMS 31st Radar Conf.

Mei Xu Winter weather nowcasting"
(for Roy Rassmussen) 16 Sept. 2003 at NCAR for NWS visitors

Mei Xu
Short term forecasting of
snowstorms using a
mesoscale model

18 Sept. 2003 at NCAR for NWS visitors

Mei Xu

Short-term forecasting of
winter storms using radar
data and
numerical models

25 Sept. 2003 Shanghai Institute for
Typhoon Research

[Top]

Chuck Wade
Using an Acoustic Sensor to
Detect Ice Pellets and Hail
on ASOS

9-13 Feb. 2003 AMS 83rd Annual Meeting
(Long Beach, CA)

Tom Warner

Taught 10-week course on
weather and forecasting for
non-meteorologists at
UCAR.

 

Spring-Summer,
2003 UCAR

Tom Warner
Four-Dimensional
Meteorological Data
Assimilation Methods

24 Sept. 2003 Dept. of Defense

Tom Warner

Dispersion Modeling Using
Real-Time Variational
Assimilation of Radar &
Lidar Radial Velocities

10 Sept. 2003 Dept. of Defense

Tom Warner

Dispersion Modeling Using
Real-Time Variational
Assimilation of Radar &
Lidar Radial Velocities

18 June 2003 Dept. of Defense & George
Mason University

Rob Weingruber JADE Presentation August, 2003 RAP/NCAR

John Williams
Remote Sensing of
Turbulence with Ground-
based Radars

20 Feb. 2003 FAA Turulence PDT
Science Review Meeting

John Williams
Progress in Development
and Validation of WSR-88D 22 Apr. 2003 FAA AWRP Science Review

Meeting
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Turbulence Algorithm

John Williams

Retrieving Cloud Liquid
Water Content from Dual-
wavelength Radar
Measurements

6 May 2003 RAP Intelligent Systems
Workshop

John Williams

Enhanced Dual-Wavelength
Technique for Remote
Detection of Cloud Liquid
Water Content

6 Aug. 2003 AMS 31st Conf. on Radar
Meteorology

John Williams
Verification of an Airborne
Radar Turbulence Detection
Algorithm

7 Aug. 2003 AMS 31st Conf. on Radar
Meteorology

John Williams

NCAR's ATDS Automated
Scoring Algorithm:
Motivation, Design and
Results

26 Aug. 2003
TPAWS Research &
Technical Forum Meeting
(NASA Langley)

Jamie Wolff Aviation Turbulence
Research & Forecasting 25-26 March 2003 Aviation Weather Center

[Top]

Jamie Wolff Aviation Turbulence
Research & Forecasting 21 Aug. 2003 Southwest Airlines

David Yates Global Change Impacts on
Aquatic Ecosystem Services 1 Aug. 2003 Energy Modeling Forum, IX

(Snowmass, CO)

Guifu Zhang

Constrained Gamma Drop
Size Distribution Model for
Polarimetric Radar Rain
Estimation:......

6 Aug. 2003 31st Conf. on Radar
Meteorology

Guifu Zhang
Single Antenna
Interferometry to Measure
Wind

10 Aug. 2003 31st Conf. on Radar
Meteorology

Editorships

Staff Name Description

Barb Brown Associate Editor, Weather & Forecasting

Roelof Bruintjes Associate Editor, Journal of Applied Meteorology

Marcia Politovich In Situ Instrumentation Editor, AMS Journal of Atmospheric & Oceanic
Technology

Hatim Sharif Reviewer, Journal of Hydrologic Engineering

J. Vivekanandan Associate Editor, Radio Science

Awards and Honors

Staff Name Description

Larry Cornman, Bob
Sharman

Awarded on the "Scientific American 50" list. The list, which recognizes
outstanding acts of leadership in technology, names project scientists Larry
Cornman and Robert Sharman as research leaders in aerospace.

http://www.ucar.edu/communications/newsreleases/2003/scientific.html
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Greg Meymaris, Bob
Sharman, John Williams

“Turning Goals into Reality—Revolutionize Aviation” award, NASA, June
2003, as part of Aviation Safety Turbulence Prediction and Warning
Systems (TPAWS) Team

Carol Park Presidential Award Recipient for 5 Years of Service to the SOARS
mentoring program

Marcia Politovich AMS Fellow 2003

Jim Wilson Remote Sensing Lecture Award, January 2003 AMS Mtg.

Guifu Zhang Microwave Radar Technique for Retrieving Temperature (US Patent)

[Top]

Panels

Staff Name Description

Barb Brown Chair, WMO WWRP/WGNE Joint Working Group on Forecast Verification

Barb Brown Member, Scientific Review Panel for NWS Methods Development
Laboratory

Barb Brown Member, Weather Applications Working Group, FAA Collaborative Decision
Making (CDM) program

Roelof Bruintjes
Panel Member, Committee on the Status and Future Directions in US
Weather Modification Research and Operations, National Research Council,
National Academy of Sciences

Janice Coen Panel Member, National Resource Allocation Committee(NRAC)

Janice Coen Panel Member, Alliance Allocation Board (AAB)

Bill Mahoney Panel Member, Insurance Workshop, Symposium Wrapup Panel, Scientific,
Representing NCAR's technology transfer program.

David Johnson
Panel Member, Natural Hazards Pannel at the GOES Users Conference II.
Made recommendations for instrument requirements for the next generation
of GOES meteorological satellite.

Cathy Kessinger Panel Member, AMS Program Committee on Artificial Intelligence
Applications in the Environmental Sciences

Marcia Politovich Committee Advisor, FAA In-Flight Icing Steering Committee

Marcia Politovich Panel Member, COMET Advisory Panel

Marcia Politovich Panel Member, NSF RICO Review Panel

Bob Sharman Chaired AIAA turbulence session at AMS Conf. in Reno, NV Jan., 2003

Jenny Sun Committee Member, AMS Committee on Radar Meteorology

Jim Wilson Panel Member, WWRP Working Group on Nowcasting

Jim Wilson Panel Member, NEXRAD Technical Advisory Committee

Jim Wilson Panel Member, AMS Radar Committee

[Top]

Education and Outreach (K-12 including college)

Staff Name Name of Presentation Date Group presented to

Two First Grade
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Dan Breed Water and Clouds 19 Sept. 2003 classrooms at
Montmorency School,
Rock Falls, IL

Dan Breed Storms and Lightning 28 April 2003

Two 4-5 Grade
classrooms at Mapleton
Elementary School,
Boulder

Dan Breed UAE Weather and Culture Nov. 2002

Two 7th Grade Social
Studies classes at
Casey Middle School,
Boulder

Steve Carson Present weekly science lesson

weekly topics
are related to
school
curriculum

Rocky Mountain School
for the Gifted

Steve Carson

Volunteer member of Rocky Mt. School
Information Technology Committee doing
linux and windows and network
administration

ongoing Rocky Mountain School
for the Gifted

Jim Cowie Weather Talk 21 Feb. 2003 Hygiene Elementary
School - 5th grade

Jim Cowie Weather Talk 9 May 2003 Hygiene Elementary
School - 3rd grade

Andrew Crook Talk on Weather 11 Feb. 2003 St. Louis Primary

Andrew Crook Talk on Weather 3 Mar. 2003 Niwot Elementary

Tressa Fowler Florence Nightingale the statistician 6 Mar. 2003 Kohl Elementary

David Johnson Member, District Facilities Committee 1 Oct. 2002 -
28 Feb. 2003

Boulder Valley School
District

Doug Lindholm
Coached a Destination Imagination team
offering my engineering experience towards
creative problem solving/improv)

Each week
during the
school year.

(They made it
past regionals
and took 4th at
the state
competition,
the highest
showing of any
team in the
school's
history.)

Stargate

Carol Park Class presentation on science and non-
science careers at NCAR 11 Feb. 2003 St. Louis School,

Louisville

Vidal Salazar Day of the Dead talk 7 Nov. 2002 Boulder Community
Center

Bob Sharman Aviation Turbulence Research Activities 12 Feb. 2003
NCAR/RAP/National
Assoc. of Science
Writers
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Education & Training outside K-12 college world

Staff Name Description

Terri Betancourt Providing T170 model data for ESRI International User conference
demonstration.

Terri Betancourt
NCAR representation at ESRI Intl. User Conference, San Diego, July 7-10,
2003 (NCAR booth and established Atmospheric Special Interest Group for
GIS users).

Terri Betancourt Demonstration of Atmospheric Information Systems to ESRI GIS software
development team, Redlands, CA, Feb. 13-14, 2003.

Dan Breed Lightning Data Center meetings (monthly), St. Anthony Hospital, Denver

Dan Breed Science Fair project guidance for 7th graders at Casey Middle School,
Boulder (4 class periods), Dec. 2002

Dan Breed Judge for science fair at Rocky Mountain School for the Gifted and
Talented, Boulder Jan. 2003

Dan Breed Judge for Boulder Valley Science Fair, 6 Feb. 2003

Barb Brown Provided tour and information for student visitor from BYSD high school
science seminar program, Sept., 2003

David Gochis Writing and Communication Mentor for Lee Rossiter through SOARS

David Gochis Advise undergraduate student, James Foster, from Univ. of Colorado

Tressa Fowler Assist with science fair.

Tressa Fowler Worked RAP booth at NBAA.

Paul Herzegh
Served as a member of NCAR's Science Advisory Committee for Scientific
Exhibits & Displays. Contributed to the development of the new Climate
Discovery exhibit at the NCAR Mesa Lab.

Tara Jensen
Maintenance of the MM5 Real-Time Forecast Model for the UAE Rainfall
Enhancement Assessment Program (7 part lecture series), Aug.-Sept. 2003,
DWRS staff

Tara Jensen Aircraft Instrumentation (8 part tutorial series), June-July 2003, DWRS staff

David Johnson One-page flyer on Volcanic Ash Monitoring for Aviation for NASA (Apr.
2003)

Tenny Lindholm Lab demonstrations for 30 undergraduate meteorology students, 20 June
2003

  

Niles Oien Helped out at NCAR booth Memorial Day weekend, May 2003

Matt Pocernich

Treasurer for the CO/WY Chapter of the American Statistical Assoc.
Attended the Spring and Fall meetings here in Colorado. Attended the
national Joint Statistical Meeting in San Francisco-including the Council of
Chapters meetings.

Marcia Politovich Provided meteorological content for NASA Glen Research Center training
module for pilots on supercooled large drop icing conditions.

Marcia Politovich SAE AC-9C In-Flight Icing subcommittee

Marcia Politovich Turning pizza into dense smoke.

Daran Rife
On-site client visits at Army Test & Evaluation Command test ranges:
Dugway Proving Grounds, 15-18 July 2003; Aberdeen Proving Ground, 25-
28 June 2003; White Sands Missile Range 30 July-3 Aug. 2003

Interviewed by the Weather Channel regarding tornadoes and Ted Fujita's
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Rita Roberts work for their middle school teaching program. (10 Sept. 2002)

David Yates Global Climate Change & Society (GCCS): a summer research program for
undergraduates sponsored by NSF (Univ. of Colorado) Summer, 2003

David Yates

Mentored two students: Christopher Bochicchio. "Synopsis of Works
Pertaining to Paleo-stream flow in the Sacramento & Colorado Rivers"

Meghan Stock. "Restoration, Climate Change and Reality"

[Top]

Communicating NCAR science to the public

Staff Name Description

Rose Lundeen, Rich
Wagoner, Bill Mahoney,
Brant Foote

Intelligent Transportation Systems (ITS) World Congress/Chicago Lakeside
Center, 13-19 October 2002

Rose Lundeen, Bruce
Carmichael, Rich Wagoner,
Tenny Lindholm

Air Traffic Controllers Association (ATCA) DC Marriott Wardman Park Hotel,
3-7 November 2002

Rose Lundeen, Rich
Wagoner, Bill Mahoney

Transportation Research Board (TRB) DC Marriott Wardman Park Hotel, 12-
16 January 2003

Bill Mahoney, Barb Brown,
Joanne Dunnebecke, Rich
Wagoner, Rose Lundeen,
Rhonda McGaffic, Bruce
Carmichael

AMS/Long Beach Convention Center, 9-13 February 2003

Rose Lundeen, Rich
Wagoner, Bill Mahoney ITS America/Minneapolis, 19-22 May 2003

Rose Lundeen, Brant Foote,
Terri Betancourt, Hank
Fisher, David Hahn, Scott
Swerdlin

ESRI Conference/San Diego, 6-11 June 2003

Jim Wilson, Bill Mahoney, et
al.

"Nature's Invisible Killer" - video presented on the Discover Channel
featuring interviews with RAP staff on microburst research by Ted Fujito. 2
Oct. 2003

[Top]
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[RAP Staff 2003] [RAP Visitors 2003]

Director's Office

G. Brant Foote (director)
Richard Wagoner (deputy director) 
Maureen Donovan
Joanne Dunnebecke  
Inger Gallo
Dara Houliston
Rose Lundeen
Rhonda McGaffic
William Mahoney
Mary Pronk 
Jennifer Wilson
Lara Ziady

Applied Science Group (ASG) 
*Joint Appointment with MMM
** Joint Appointment with ATD

Roy Rasmussen (group head) * 
Joseph Alfieri 
Richard Bateman (student)
Ben Bernstein
Carter Borst (long-term visitor)
Jamie  Braid 
Edward Brandes
Daniel Breed *
Barbara Brown
Roelof Bruintjes *
Randy Bullock
Michael Chapman
Fei Chen
Janice Coen *
Jeffrey Cole
Larry Cornman
Andrew Crook *
Christopher Davis *
Tressa Fowler
Rodney Frehlich (long-term visitor)
Danika Gilbert
Eric Gilleland 
David Gochis (post-doc)
Kent Goodrich (long-term visitor)

Jothiram Vivekanandan **
Charles Wade
Thomas Warner (long-term visitor)
Kathryn Welsh (student assistant) 
Kimberly Wey 
John Williams
James Wilson **
Cory Wolff
Jamie Wolff
Mei Xu
David Yates (long-term visitor)
Guifu Zhang

Engineering Systems Group (ESG)

Bruce Carmichael (manager of engineering)
Tenny Lindholm 

Operational Systems Group (OSG)

Michael Dixon (group head)
Tom Acierno
Celia Chen
Teresa Eads
O. Tres Hofmeister
Jeffrey Stolte
Anne-Marie Tarrant
Kim Webster
Linda Zhang

Systems Development Group (SDG)

Gerry Wiener (group head)
Dave Albo
Karen Arp
Robert Barron
Terri Betancourt
Gary Blackburn
Jennifer Boehnert (join with ESIG) 
Al Bourgeois
Aaron Braeckel
Curtis Caravone
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http://www.acd.ucar.edu/science/asr03/index.htm
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http://www.rap.ucar.edu/staff/albo-staff.html
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Angel Gutierrez (student assistant)
William Hall *
Benjamin Hendrickson (student assistant)
Paul Herzegh
Alan Hills
Hsiao-ming Hsu
Kyoko Ikeda
Tara Jensen 
David B. Johnson
Teddie Keller (long-term visitor)
Cathy Kessinger **
Scott Landolt
Todd Lane
Yubao Liu
Carol Makowski
Frank McDonough
Dan Megenhardt
Greg Meymaris
Cynthia Mueller
Eric Nelson (student assistant)
Carol Park 
Marcia Politovich
Matthew Pocernich
Alexander Praskovsky
Eleanor Praskovskaya
Daran Rife
Rita Roberts
Vidal Salazar 
Thomas Saxen
David Serke
Hatim Sharif (post-doc)
Robert Sharman
Rong-Shyang Sheu
Jenny Sun *
Agnes Takacs
Robert Tardif (graduate research assistant)
Claudia Tebaldi (joint with ESIG, CGD)
Mukul Tewari
Gregory Thompson
Matthew Tryhane 
Francois Vandenbergh

Laurie Carson
Steve Carson
Marcel Casado
Beth Chorbajian
Julien Chastang
James Cowie
Gary Cunning
Susan Dettling
Arnaud Dumont
John Eckhardt
Henry Fisher
Deirdre Garvey
Shel Gerding
Frank Hage
David Hahn
Anne Holmes
Shelly Knight
Kay Levesque
Martha Limber
Seth Linden
Doug Lindholm
Padhrig McCarthy
Corinne Morse
Steven Mueller
William Myers
Niles Oien
Paul Prestopnik
Nancy Rehak
Rebecca Ruttenberg
Troy Sandblom
Scott Snodgrass (student assistant)
Scott Swerdlin
Steven Webb
Andrew Weekley
Robert Weingruber 
Adrian Wilksch 
Wesley Wilson 
Alan Yates
Jaimi Yee

[Top]

Visitors
International Visitors (Bold)

Visitor Affiliation Dates Host

Kristy Ross Univ. of Witwatersrand,
South Africa May-Dec 2003 MMM/RAP

http://www.rap.ucar.edu/staff/kessinge/cathy.html
http://www.rap.ucar.edu/staff/makowski/
http://www.rap.ucar.edu/staff/hardt/cover.html
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http://www.rap.ucar.edu/staff/park-staff.html
http://www.rap.ucar.edu/staff/marcia-staff.html
http://www.rap.ucar.edu/staff/sheu/sheuhome.html
http://www.rap.ucar.edu/staff/sheu/sheuhome.html
http://www.rap.ucar.edu/staff/tardif/index.html
http://www.rap.ucar.edu/staff/gthompsn/
http://www.rap.ucar.edu/staff/vandenb/home.html
http://www.rap.ucar.edu/staff/carson/carson.html
http://www.rap.ucar.edu/staff/deirdre/
http://www.rap.ucar.edu/staff/fhage/
http://www.rap.ucar.edu/staff/sknight/
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http://www.rap.ucar.edu/staff/smueller/
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Jim Gunkelman Ice Crystal Engineering, Inc. May, 2003 RAP

Doncho Anchovski HEMOD May, 2003 RAP

Claude Duchon Univ. of Oklahoma
numerous visits
throughout FY
2003

Winter Weather

Istvan Geresdi University of Pecs-Hungary April, 2003 and
August, 2003 FAA Icing

Andy Reehorst NASA Glenn Research
Center Sept., 2003 FAA Icing

Edward Puqacz FAA Tech Center Sept., 2003 FAA Icing

Chuck Ryerson CRREL Sept., 2003 FAA Icing

Barbara Casati Univ. of Reading 15 Jan.-1Mar. 2003 FAA Verification

MDCRS Working Group Airlines, NOAA, FAA 14-15 Oct. 2002 MDCRS

David Fleming United Airlines, United
Meteorology 11-12 Nov. 2002 AWRP

Jim Sheets FAA 21-24 April 2003 AWRP

Danny Sims FAA 21-24 April 2003 AWRP

Tom Schlatter NOAA 21-24 April 2003 AWRP

Lynn Sherretz NOAA 21-24 April 2003 AWRP

Marilyn Wolfson MIT 21-24 April 2003 AWRP

Jennifer Mahoney NOAA 21-24 April 2003 AWRP

Steve Koch NOAA 21-24 April 2003 AWRP

Mike Kraus NOAA 21-24 April 2003 AWRP

David Knapp NOAA 21-24 April 2003 AWRP

Kim Elmore NOAA 21-24 April 2003 AWRP

Geoff DiMego NOAA 21-24 April 2003 AWRP

Dave Clark MIT 21-24 April 2003 AWRP

Don Burgess NOAA 21-24 April 2003 AWRP

Bill Bumgarner FAA 21-24 April 2003 AWRP

Nancy Bonanno MIT 21-24 April 2003 AWRP

Ted Tsui Naval Research Lab 21-24 April 2003 AWRP

Dave Pace FAA 21-24 April 2003 AWRP

Gloria Klusea FAA 21-24 April 2003 AWRP

Ginnie Travers FAA 21-24 April 2003 AWRP

Pete Kirchoffer FAA 21-24 April 2003 AWRP

Warren Fellner FAA 21-24 April 2003 AWRP

    

Rod Potts Australia BOM 16-17 June 2003 AWRP

Warren Qualley WeatherNews 8-9 Aug 2003 AWRP

John McHugh University of New
Hampshire July-Aug. 2003 Turbulence

Abigail Matlock Texas A&M, Dept. of
Atmospheric Sciences 23-27 June 2003 Ceiling & Visibility / COBEL

model
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Abigail Matlock Texas A&M Univ. 23-27 June 2003 Ceiling and Visibility

Duncan Axisa SOARS 22 May 2003 DWRS

Christopher Bochicchio Univ. of Colorado/CIRES 24 June-8 August
2003 Global Climate Models

Al Astling Dugway Proving Ground, UT 22-23 April 2003 ATEC

George Bieberbach Grumman Information
Technology 22-23 April 2003 ATEC

Carter Borst Dugway Proving Ground, UT 22-23 April 2003 ATEC

Jim Bowers Dugway Proving Ground, UT 22-23 April 2003 ATEC

Charles Clough Aberdeen Proving Ground 22-23 April 2003 ATEC

Edward Ellison White Sands Missile Range,
NM 22-23 April 2003 ATEC

Craig England Cold Regions Test Center,
AK 22-23 April 2003 ATEC

Scott Halvorson Dugway Proving Ground, UT 22-23 April 2003 ATEC

Terry Huck White Sands Missile Range,
NM 22-23 April 2003 ATEC

Bob Malone Electronic Proving Ground,
AZ 22-23 April 2003 ATEC

Ray Rigert Ft. Belvoir, VA 22-23 April 2003 ATEC

Arnulfo Villarreal Dugway Proving Ground, UT 22-23 April 2003 ATEC

Dean Weingarten Yuma Proving Ground, AZ 22-23 April 2003 ATEC

Ching-Long Lin Univ. of Iowa 22-27 June 2003 ATEC

Allan Turner
Colorado Office of
Preparedness, Security &
Fire Safety

numerous visits
throughout FY
2003

Colorado Homeland
Security

Midge Cozzens Colorado Institute of
Technology

numerous visits
throughout FY
2003

Colorado Homeland
Security

George Leavesley USGS 12 June 2003 RAP Water Resources
Program

Steve Hunter Bureau of Reclamation,
Denver June 2003 RAP Water Resources

Program

Doncho Anchovski
Manufacture, Development,
& Promotion of Weather
Modification Technology

12-14 May 2003 Rainfall Enhancement

Gradimir Shumkovski
Manufacture, Development,
& Promotion of Weather
Modification Technology

12-14 May 2003 Rainfall Enhancement

Jim Gunkelman

Manufacturer of Weather
Modification Pyrotechnic
Flares & Chemicals for the
World

12-14 May 2003 Rainfall Enhancement

Carlos Gonzalez State Water Commission of
Sonora (Mexico) 12-13 May 2003 Rainfall Enhancement

Cesar Lagarda State Water Commission of
Sonora (Mexico) 12-13 May 2003 Rainfall Enhancement
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Jesus Ahumada State Water Commission of
Sonora (Mexico) 12-13 May 2003 Rainfall Enhancement

Jose Luis Jardines State Water Commission of
Sonora (Mexico) 12-13 May 2003 Rainfall Enhancement

Carlos Arias State Water Commission of
Sonora (Mexico) 12-13 May 2003 Rainfall Enhancement

Curt Pape Minnesota DOT 23-25 June 2003 Surface Transportation
Weather Research Program

Lee Smithson AASHTO 23-25 June 2003 Surface Transportation
Weather Research Program

John Snow Sarkeys Energy Center
(Univ. of Oklahoma) 23-25 June 2003 Surface Transportation

Weather Research Program

Elizabeth Carter Firnspeigel, LLC 23-25 June 2003 Surface Transportation
Weather Research Program

Dennis Christiansen Texas Transportation
Institute (Texas A&M Univ.) 23-25 June 2003 Surface Transportation

Weather Research Program

Brad Colman NOAA/NWS 23-25 June 2003 Surface Transportation
Weather Research Program

Paul DeLannoy Meteorological Service of
Canada 23-25 June 2003 Surface Transportation

Weather Research Program

Francis Francois AASHTO 23-25 June 2003 Surface Transportation
Weather Research Program

George Frederick Vaisala Meteorological
Systems, Inc. 23-25 June 2003 Surface Transportation

Weather Research Program

Frances Holt NOAA 23-25 June 2003 Surface Transportation
Weather Research Program

Amanda Staudt Board on Atmospheric
Sciences & Climate 23-25 June 2003 Surface Transportation

Weather Research Program

Rob Greenway Board on Atmospheric
Sciences & Climate 23-25 June 2003 Surface Transportation

Weather Research Program

Leon Shneider Vaisala

numerous project
meetings
throughout FY
2003

MDSS

Brooke Pearson Vaisala

numerous project
meetings
throughout FY
2003

MDSS

Paul Pisano FHWA/HOTO

numerous project
meetings
throughout FY
2003

MDSS

Andy Stern Mitretek

numerous project
meetings
throughout FY
2003

MDSS

Rudy Persaud FHWA

numerous project
meetings
throughout FY
2003

MDSS
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Bob Hallowell MIT/LL

numerous project
meetings
throughout FY
2003

MDSS

Paul Schultz FSL

numerous project
meetings
throughout FY
2003

MDSS

[Top]
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Publications

RAP Publications 2003
[Refereed] [Unrefereed]

Bold denotes University collaborators

* denotes non-NCAR or other collaborators    

Refereed:

Brandes, E., G. Zhang, and J. Vivekanandan, 2003: An evaluation of a drop distribution-based rainfall
estimator, to appear in J. Appl. Meteor., 42, pp. 652-660.

Brandes, E., G. Zhang, and J. Vivekanandan, 2003: Comparison of polarimetric radar drop size distribution
retrieval algorithm, J. Atmos. Ocean. Tech.

Chen, S.-H, F. Vandenberghe, G. Petty and J. Bresch, 2003: Application of SSM/I Satellite Data to a
Hurricane Simulation. Q. J. R. Meteorol. Soc., (In press)

Coen, J. L., 2003: Wildfire Weather. Encyclopedia of Atmospheric Sciences, J. Holton, J. Pyle, and J. Curry,
eds. Academic Press.

Coen, J. L., 2003: Book Review of "Burning Questions: America's fight with Nature's Fire, by David Carle",
The Environment. 45:36.

Clark, T. L., J. L. Coen, and D. Latham*, 2004: Description of a Coupled Atmosphere-Fire Model. Intl. J.
Wildland Fire. (In press)

Crook, N.A. and J. Sun, 2003: Analysis and Forecasting of the Low-Level Wind During the Sydney 2000
Forecast Demonstration Project, Weather and Forecasting . (In press)

Cucurull, L., F. Vandenberghe, D. Barker, E. Vilaclara* and A. Rius*, 2003: 3DVAR assimilation of ground
based GPS ZTD and meteorological observations during the December 14th 2001 storm event over the
Mediterranean Sea. Mon. Wea. Rev., September 2003. (In press)

Fox*, N., R. Webb*, J. Bally*, M. Sleigh*, C. Pierce*, D. Sills*, J. Wilson, and C. Collier, 2004: The impact of
advanced nowcasting systems on severe weather warnings during the Sydney 2000 forecast demonstration
project: 3 November 2000, Wea. Forecasting. (In press)

Gochis, D.J., J. C. Leal*, C.J. Watts*, W.J. Shuttleworth* and J. Garatuza-Payan*, 2003: Preliminary
Diagnostics from an Event Based Precipitation Observation Network in Support of the North American
Monsoon Experiment (NAME). J. Hydrometeorology, 4(5), 974-981.

Gochis, D.J., W.J. Shuttleworth* and Z.-L. Yang*, 2003. The hydrometeorological response of the modeled
North American Monsoon to convective parameterization. J. Hydrometeorology, 4, 235-250.

Geresdi, I., R. M. Rasmussen, W. W. Grabowski, and B.C. Bernstein, 2003: Sensitivity of freezing drizzle
formation in stably stratified clouds to ice processes. Meteor. Atmos. Physics.
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R.W. Katz, M.B. Parlange and C. Tebaldi, 2003: Stochastic Modeling of the Effects of Large-Scale
Circulation on Daily Weather in the Southeastern U.S. Climatic Change, 60: pp. 189-216.

Keenan, T.*, P. Joe*, J. Wilson, C. Collier, B. Golding*, D. Burgess*, P. May*, C. Pierce*, J. Bally*, A. Crook,
A. Seed*, D. Sills*, L. Berry, R. Potts*, I. Bell*, N. Fox*, E. Ebert*, M. Eilts*, K. O'Loughlin*, R. Webb*, R.
Carbone, K. Browning*, R. Roberts and C. Mueller, 2003 :The Sydney 2000 world weather research
programme forecast demonstration project: Overview and current status, Bull Amer. Meteor. Soc., 84, 1041-
1054.

[Top]

Kingsmill, D.E. and N.A. Crook, 2003: An Observational Study of Atmospheric Bore Formation from
Colliding Density Currents. Mon. Wea. Rev. (In press)

Koch*, S. E., B. Demoz*, F. Fabry, W. Feltz*, B. Geerts, B. Gentry*, D. Parsons, G. Schwemmer*, T.
Weckwerth, J. W. Wilson, 2003: Multi-sensor study of dual bore event observed during IHOP, Conference
on Mesoscale Processes, Portland OR, AMS.

Lane, T.P., M.J. Reeder*, and F.M. Guest*, 2003: Convectively-generated gravity waves observed from
radiosonde data taken during MCTEX. Quart. J. Roy. Meteor. Soc., 129, 1731-1740.

Lane, T.P., R.D. Sharman, T.L. Clark, and H.-M. Hsu, 2003: An investigation of turbulence generation
mechanisms above deep convection. J. Atmos. Sci., 60, 1297-1321.

Mapes*, B., T. T. Warner, and M. Xu, 2003: The Diurnal and Spatial Distribution of the Coastal Rainfall of
Northwestern South America. Part I: A satellite-based climatology. Mon. Wea. Rev., 131, 799-812

Mapes*, B., T. T. Warner and M. Xu, 2003: The Diurnal and Spatial Distribution of the Coastal Rainfall of
Northwestern South America. Part III: A model-based study of physical processes. Mon. Wea. Rev., 131,
830-844.

May*, Peter T., T. Keenan*, R. Potts*, J. W. Wilson, R. Webb*, A. Treloar*, E. Spark*, S. Lawrence*, E.
Ebert*, J. Bally* and P. Joe*, 2004: The Sydney 2000 Olympic Games Forecast Demonstration Project:
Forecasting, observing network infrastructure and data processing issues, Wea. Forecasting. (In press)

Mueller, C., T. Saxen, R. Roberts, J. Wilson, T. Betancourt, S. Dettling, N. Oien, and J. Yee, 2003: NCAR
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O. Contributions to NCAR Initiatives

[Background] [Water Cycle Across Scales]
[Wildfire] [GIS] [Climate & Weather]

1. Background

In FY01, the NCAR Director's Office organized cross-divisional research programs, the NCAR Initiatives.
RAP has lead positions in three: Water Cycle Across Scales; Wildfire; and GIS. RAP also has made
significant contributions to others, such as the Climate and Weather Impact Assessment Initiative.

2. Water Cycle Across Scales

R. Rasmussen and K. Ikeda analyzed aircraft, radar and sounding data from the IMPROVE II field program
conducted in late 2001 in the Oregon Cascades. This field program was led by scientists from the University
of Washington and its main goal was to improve microphysical parameterizations. The RAP analyses
focused on two case studies that involved mixed-phase clouds. Both cases had relatively warm cloud tops (>
-20 C) and strong flow (> 20 m/s), allowing for two-dimensional analysis due to the high Froude number.
Once the field observations are analyzed, two-dimensional simulations using the MM5 mesoscale model will
be made with newly-improved microphysics parameterizations. Both model simulations will be compared to
the observations and improvements to the microphysicsl made. Initial results suggest that the model is over
producing cloud liquid water.

J. Wilson and R. Roberts have started an extensive study of IHOP data to help determine the very short
period (0-6h) predictability of precipitation. To date two storm days have been studied in detail; both evolved
into Mesoscale Convective Systems (MCS). Although a surface low and synoptic fronts were present on
both days, details of storm initiation, growth and merger into the MCS stage were triggered by individual gust
fronts. The primary function of the surface low was to provide a strong southerly flow of warm moist unstable
air. The RUC model initially developed precipitation in approximately the correct location but the timing and
evolution of the precipitation was in error. The model developed the precipitation in relationship to synoptic
features and not the mesoscale boundaries. The evolution of the MCS was primarily controlled by the
movement and intensity of the accompanying gust front which was being under forecast by the models. It is
expected that on completion of similar analysis for all days of IHOP, statements can be made about factors
controlling storm initiation and evolution, the predictability of the triggering mechanisms and storms, and
model capabilities to capture and forecast those factors controlling storm initiation and evolution.

Figure 2.1 is an example of some of the analyses and data used for the study. The location of convergence
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lines are based on data from surface stations, radar, satellite, NCEP surface maps and RUC analysis fields.
The location and time when storms first reach 35 dBZ is based on the mosaic of twelve radars. Figure 2.1d
shows CAPE values from the GOES Sounder overlaid on visual cloud satellite imagery and analyzed
convergence lines. These observations of storm initiation and the triggering mechanisms are compared to
model forecasts to assess the corresponding skill of numerical models to capture the initiating mechanisms
and correctly forecast precipitation initiation.

(a) (b)

(c) (d)

Figure 1. Examples of data and analysis being conducted for studies into the predictability of storm triggering
mechanisms and predictability of storm evolution. a) color lines indicate analyzed convergence lines, small
plus symbols are storm initiation locations for a two-hour period centered on the time of boundary analysis
(2100 UTC, 12 June), b) boundary locations, surface station winds, composite reflectivity and storm initiation
locations at 0000 UTC, 13 June, c) same as b) at 13 June 0300, and d) CAPE from GOES sounder (blues
1000-2000 j kg-1, purples 0-1000 j kg-1) overlaid on visual satellite and analyzed boundaries at 2100 UtC,
12 June.

F. Chen started processing the 1-km Terra/Aqua Moderate Resolution Imaging Spectroradiometer (MODIS)
leaf area index and Normalized Difference Vegetation Index (NDVI) data for the IHOP domain. Data have
been downloaded from NASA and a scaling factor was identified to convert the data to the vegetation
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indices. These data, after being converted, will be output along the IHOP King Air flight tracks so they can
be compared with aircraft-measured NDVI and the measurements at IHOP surface-tower stations. 

F. Chen also completed simulations using WRF/Noah LSM coupled system for two IHOP clear-sky cases
(31 May and 2 June 2003). Near-surface weather variables (temperature, humidity, wind, and surface
sensible and latent heat fluxes) obtained from nine IHOP surface-tower stations were used to validate WRF
results. Results show the coupled model's sensitivity to the choice of initial soil conditions and boundary-
layer parameterization schemes. Further investigations, using initial soil conditions from NCEP Eta Data
Assimilation System (EDAS) and from the Air Force Global Land Data Assimilation System, are underway.

D. Gochis used naturalized streamflow from selected watersheds to validate the High-Resolution Land Data
Assimilation System (HRLDAS). Results show that HRLDAS overestimated runoff for a number of
watersheds, which may be partly responsible for drier soil moisture in those regions.

To support the validation of advanced land surface models and their ability to simulate the water cycle at the
land surface, D. Gochis developed a naturalized runoff database for the period 1 January to 1 September
2002, using streamflow data from a US Geological Survey's database. This dataset includes daily discharge
observations for more than 30 watersheds throughout the IHOP domain (residing in Colorado, Kansas,
Oklahoma, and Texas). The watersheds were rigorously defined to include only those basins that are largely
unimpaired by reservoirs and diversions, and were larger than approximately 200 square miles. A GIS
database was developed that describes the boundaries of these watersheds. This watershed database, and
the daily streamflow data were quality controlled and are to be included in the IHOP GIS database currently
being developed as part of NCAR's GIS work.

F. Chen and M. LeMone(MMM) investigated the association between ~10-km scale horizontal variation of
surface temperature and aircraft-derived fluxes of sensible heat and moisture 30-40 m above the surface.
Aircraft, surface, and satellite data from the Cooperative Atmospheric-Surface Exchange Studies 1997 field
program (CASES-97) were used to study three intensive observing periods representing diverse situations:
29 April-dry, grassland brown (water limited), winter wheat green; 10 May - moist but unsaturated, grassland
greening, winter wheat green; 20 May - saturated, grassland green (energy limited), winter wheat green,
approaching senescence. Observed radiometric surface temperatures associated with land surface and soil
moisture features are analyzed, and are compared with those simulated by an advanced land surface model.

3. Wildfire

The Wildland Fire R&D Collaboratory (WFC) is administered by R. Wagoner with strong support from J.
Coen (MMM) and R. Harriss (ESIG). RAP also has the lead within this initiative for applications of fire
science and technology. During FY03 G. Wiener, working closely with J. Coen, led an effort to derive a
preliminary design for a decision support system (DSS) to assist land managers conducting prescribed fires.
The WFC is proposing to build a first-article prototype of this DSS in FY04, given increased funding for the
initiative (internal NSF funding plus external funding from land management agencies) of two FTEs to support
the effort. The preliminary design for the RxFire DSS is shown in Figure 3.1.

a. Emissions from Wildland Fire (ACD, ASP, U. of Colorado)

J.Coen, C. Wiedinmyer, O. Wilhelmi and outside collaborators are working on a Coupled Atmospheric/Fire
Behavior Numerical Model. The Clark Model fire model has been run on recent fires in Colorado to
understand fire behavior under various atmospheric and fuels conditions. Recent experiments indicate that
the model can be run faster than real time with representative fire behaviors even though the resolution is
decreased to about 1 km. The techniques are being developed to use land cover data to specify fuel
available to a fire and assessing the relationship of data resolution to model performance. Legacy code from
the Clark-Hall model is being ported to the new WRF model to provide a fire behavior model to be run in a
WRF framework. A set of reduced chemical mechanisms that can represent most of the combustion/emission
processes in a wildland fire is being derived at RAP and ACD. Additionally, work is being done to define a
subgrid-scale turbulent combustion model for pyrolysis gas burning that will be embedded in a fire spread
predictive model.
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Figure 3.1. Preliminary design for the RxFire DSS

4. GIS

The GIS Initiative is coordinated as a joint effort between RAP and ESIG and aims to support the use of GIS
as both an analysis tool and an information system framework. The first activities of the GIS Initiative began
in 2002 and focused on assessment of current GIS practices within atmospheric research. The assessment
phase was led by O. Wilhelmi from ESIG. T. Betancourt from RAP joined the GIS Initiative efforts in 2003 as
co-leader and worked with O. Wilhelmi to expand the scope of GIS to include four major areas of activities:

1) Education, Training, and User Support
2) Research Enabled by GIs
3) Data and Web Services
4) Research in GIs Technology

Research questions under investigation by the GIs Initiative include: 

• To what extent can emerging GIS inter-operability standards address NCAR's legacy data and information
systems integration issues?

• Can we articulate abstract requirements for representing and querying time-dependent, real-time, and
volumetric data?

• What are the needs of the GIS user community for weather and climate data? 

• What are the metrics for evaluating the practical limits of general-purpose GIS and relational database
technology in atmospheric research?

• Can we develop an atmospheric data model that is general enough to be flexible and specific enough to be
useful? 

The two primary GIS technologies under investigation in the GIS Initiative include vendor-neutral OpenGIS
standards as well as commercial GIS products from Environmental Systems Research Institute (ESRI). To
facilitate a deeper understanding of these technologies and to advance the development of GIS standards
and software products with respect to atmospheric science, strategic partnerships with both ESRI and the



NCAR Initiatives

http://www.rap.ucar.edu/asr2003/NCAR%20Initiatives.html[7/6/2015 2:43:02 PM]

OpenGIS Consortium (OGC) have been established.

In addition to the organizational ties to the OGC and ESRI, the GIS Initiative has begun to facilitate a Special
Interest Group (SIG) of GIS users focused on atmospheric research and applications. With participants from
government, commercial, and research organizations, one of the main activities of the SIG is to begin
developing a community-based atmospheric data model.

Click here to visit the GIS site for more information on this initiative including seminar speakers, lecture
series, software licenses, and research activities.

5. Climate and Weather Impact Assessment

One aspect of the Weather and Climate Assessment Initiative concerns investigation of weather extremes.
Two projects on this topic have involved RAP scientists. First, E. Gilleland, a RAP statistician, has developed
a software toolkit to apply extreme value theory to weather and climate observations. This work has been
coordinated by R. Katz of ESIG. In addition to the toolkit, Eric has developed a web-based tutorial to provide
guidance to atmospheric scientists and others regarding the use and application of extreme value theory to
their work. The second project concerns aviation weather extremes. This project will eventually consider a
variety of types of aviation weather extremes, including in-flight icing conditions, large-scale turbulence,
convection, and so on. The initial focus of the research has been in-flight icing and the application of
statistical approaches to provide improved forecasts of this extreme weather phenomenon. M. Pocernich, a
statistician in RAP, has undertaken this work and has successfully developed an approach to improve the
interpretation of icing signals in sets of icing-related observations and numerical weather predictions The next
phase of this work will involve similar applications to observations from icing research aircraft, followed by
applications of extreme value approaches to convection. Several convection-related research problems (e.g.,
identifying storms that will become severe) have been identified for possible application of extreme value
theory approaches as part of this study.

[Top]
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A. In-flight Icing

[Background] [European Icing Climatology] 
[Icing Severity/Intensity] [Reported vs "Real" Icing] 
[A freezing drizzle cloud in southeastern Alaska]

1. Background

In-flight icing research has been conducted at RAP since 1989 and provides interesting and challenging
studies in cloud physics, remote sensing, and mesoscale meteorology. The goal of this research is to
develop more accurate and timely diagnoses and forecasts of conditions leading to ice accretion on aircraft
during flight. Last year the Current Icing Product (CIP) was accepted as operational guidance by the FAA
and NWS; this year saw similar acceptance of the Forecast Icing Product (FIP), and of an experimental
diagnosis of icing in Alaska (CIP-AK). These algorithms have shown superior skill in diagnosing and
forecasting locations of in-flight icing conditions. The diagnostic, or “real-time” versions combine
observational data with numerical weather model output using fuzzy logic techniques.

RAP's icing forecasting research also includes improvements to the MM5 and WRF models, including
microphysical parameterizations to more accurately forecast cloud liquid, drizzle and rain. These
improvements are transferred to operational use via the NOAA Forecasting Systems Laboratory and the
National Centers for Environmental Prediction. RAP developed good working relationships with these
organizations, which provide an effective means of technology transfer. Additionally, RAP scientists are
leaders in model improvements working together with other divisions of NCAR and with the university
community.

Remote sensing systems are being designed to utilize data from radars, radiometers, and satellites.
Simulations of the response of such systems to realistic cloud conditions are used in their design. Numerous
field programs (including the Winter Icing and Storms Project, the Mt. Washington Icing Sensors Program,
and the Alliance Icing Research Study) have provided opportunities for development of dual wavelength
techniques for remote detection and quantification of liquid water in clouds and precipitation. A second
wavelength (0.86 cm) addition to NSF's S-Pol research radar will be completed by ATD engineers in late
2003, and will be deployed in the Front Range of Colorado in spring 2004 for a small field project (WISP04)
to evaluate the hardware and liquid water retrieval software. Collaborations with the NOAA Environmental
Technology Laboratory, the U.S. Army Cold Regions Research and Engineering Laboratory, NASA Glenn
Research Center, and Radiometrics, Inc. have helped further this research, which is reported in Section H
(Remote Sensing).

RAP also continues to work in the characterization of cloud and weather conditions associated with icing
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environments. A major challenge for the next few years is incorporation of the severity of expected icing
conditions into our forecasts and our detection methods.

2. European Icing Climatology

Inferred Climatology of Supercooled Large Droplet Icing for Europe

Little information is available about the frequency, spatial and temporal distribution and extent of supercooled
large drop (SLD) icing conditions due to a lack of regular, direct measurements. Research aircraft provide in-
situ observations, but the sample set is small and can be biased. Other techniques must be used to infer the
presence of such conditions to create a more unbiased and realistic climatology. The presence and absence
of SLD can be inferred using surface weather observations in conjunction with vertical profiles of
temperature and moisture. In this study, B. Bernstein constructed a climatology of SLD icing conditions using
15 years of coincident, 12-hourly surface weather reports and balloon-borne soundings taken across Europe
and surrounding areas.

A special version of the Current Icing Potential (CIP) was used to infer the presence of SLD icing aloft.
Surface observations were checked for the presence of broken or overcast skies and their ceiling height, as
well as for six precipitation types (freezing drizzle, freezing rain, ice pellets, rain, snow and drizzle) and
thunder. The surface information was examined in the context of the thermodynamic profile from the
sounding. If clouds were present, the data were passed through a decision tree to determine the icing
"scenario". SLD icing forms via two mechanisms: classical and non-classical. Classical SLD forms when
snow falls into a layer of air with T>0oC, melts to form rain or drizzle, then falls into a layer with T<0oC, to
become freezing rain, drizzle or ice pellets. Non-classical SLD forms via the collision-coalescence process,
where cloud droplets grow to precipitation sizes by colliding with one another; the ice phase is not
necessarily involved. If clouds and an appropriate combination of surface precipitation and thermodynamic
structure are found, the SLD scenario for each sounding is identified and the likelihood (0.0 to 1.0 scale) of
the presence of SLD at each altitude in the sounding is determined. The frequency of the SLD "potential"
exceeding a certain threshold is assessed for each sounding location and for 3000 ft (~1km) altitude bins.

SLD conditions were found to be most common across northern Europe, especially over the northern U.K.,
Iceland, the Faeroe and Shetland Islands, western Norway and northern Germany (Figure 2.1). Annual
frequencies were on the order of 10% in these areas, nicely matching the high frequency of surface drizzle
and warm-topped clouds.

Low frequencies of SLD were found along the Mediterranean, where clouds and precipitation were less
frequent, and across most of Russia. The Russian minimum may be attributable to problems in accurate
reporting of surface precipitation type. Prime locations of SLD changed latitude and height during the year,
moving northward into the Arctic during the summer and southward toward the Alps and even the
Mediterranean during the winter. The frequency for all European stations combined was on the order of 2%,
when the entire column is considered (SLD>0.4 at any altitude is a "yes", while the lack of SLD>0.4 at all
altitudes is a "no"). Most events appeared to occur below 15,000 ft, were less than 2000 ft deep and formed
via the non-classical mechanism.
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Figure 2.1

3. Icing Severity/Intensity

RAP’s in-flight icing research has produced automated algorithms for determining where expected icing
conditions are present or will be in the future. However, to make these products more useful to the aviation
community, the severity of the icing should be included. To date the algorithms have not included this
important icing attribute because it was felt that sufficient information was not available from either
observations or model outputs. Additionally, the current definitions of trace, light, moderate, and severe or
heavy conditions are defined in terms that apply to pilots flying airplanes, not forecasters preparing
predictions.

Icing severity defines the effect that ice accreting on the aircraft has on flight, and the pilot’s perception of
that effect The term “icing intensity” is commonly used to separate the atmospheric condition from those
effects --- what is the liquid water content, temperature, and size of supercooled drops in a cloud?

M. Politovich ran an aerodynamic ice accretion model for various airfoils under a variety of naturally-
occurring icing conditions to predict accretion rates. By combining the results and calculating the
uncertainties of these results, a set of curves describing icing categories for a broad range of aircraft was
derived (Figure 3.1). This forms the basis for an accretion rate-based intensity index.
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However, to include severity in the automated forecasts, more information is needed. There is no relationship
between accretion rate and performance decline, even for a single airplane. The effect is quite non-linear:
the ice already accreted affects additional collection; the attitude settings affect accretion; etc. Add to that the
fact that even the best operational weather forecast models (in our case, the NCEP Rapid Update Cycle
model) vastly underforecasts the location of liquid water in clouds, and it becomes readily apparent that an
accretion rate intensity index will fail to express expected severity.

Thus, we are continuing the fuzzy logic approach found so successful in our icing algorithms to date.
Politovich worked with F. McDonough and B. Bernstein to devise a method that uses current pilot reports of
icing severity, model-based vertical velocity (which should indicate higher liquid water areas) and icing
potential from the basic algorithm to estimate icing severity (Figure 3.2). The results to date appear
reasonable; statistical verification is underway. This should appear as an experimental product on the ADDS
website (http://www.aviationweather.gov) as early as spring 2004.

Figure 3.1.
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Figure 3.2.

4. Reported Versus "Real" Icing

Twin Otter LWC vs. PIREP Icing Severity

As discussed above, the diagnosis of icing severity is the next major upgrade planned for the Current Icing
Potential (CIP) product. High amounts of supercooled liquid water (SLW) in a volume can result in high
accretion rates of ice and a fast degradation in the performance of the aircraft. However, diagnosing the
amount of liquid in the air is not an easy task with the datasets currently ingested by CIP. The NASA Glenn
Research Center flew their instrumented Twin Otter research aircraft into icing conditions for several years,
measuring liquid water content (LWC), among other things. In this study, conducted by C. Wolff and B.
Bernstein, the LWC measured by the Twin Otter was compared to the severity reported by pilots (PIREPs) in
the vicinity to determine how well these datasets correlated. The Twin Otter data are from the winters of
1997 - 2002, with 83 flight days and 147 individual flights into icing conditions. Five-minute averages of
Liquid Water Content (LWC) and Temperature (T) were calculated. Only data for level flight segments with
an averageT of < -1° C were used to eliminate most areas where temperatures were too warm for icing. To
match the Twin Otter data to a PIREP the aircraft was placed at the center of a cylinder. Initially, PIREPs
were chosen that occurred within 200 km (horizontal), 2000 ft (vertical), and 30 min (temporal) of the 5-min
average position of the Twin Otter. By using a time window of 30 min the same PIREP could be matched to
multiple 5-min average LWC values from the aircraft.

The ideal result of this study would be to have a very high percentage of null icing reports, for example,
associated with low LWC values that would decrease quickly with increasing LWC. The PIREP icing
severities were broken into 3 groups: Null (-1 or 0), Light (1 - 3), Moderate (4 - 5), and Severe (6 - 8). Along
the x-axis are bins of LWC in g m-3 and the y-axis represents the percentage of each intensity group that
occurred for each bin. The 0.0 bin represents LWC values of 0.0 to 0.05 since such small values are
considered to be irrelevant. The 0.1 bin represents 0.05 < LWC  0.15 g m-3 and so forth. LWC and
reported icing severity were poorly correlated (Figure 4.1) for the original cylinder. There was actually a
higher percentage of null icing associated with LWC of 0.2 and 0.5 g m-3 than with LWC of 0.0. By trimming
the cylinder radius a better correlation was found. Using a radius of 100 km (not shown) led to slightly better
results. However, the best relationship was found (Figure 4.2) using a radius of 50 km in the higher LWC

-3
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bins, the null and light percentages were very low, and both were near zero at 0.5 g m . Only five PIREPs
of moderate icing matched times that the aircraft measured LWC > 0.45 gm-3. Decreasing the cylinder
radius and height further showed similar trends with fewer PIREPs. This study demonstrates the importance
of scale for icing. Conditions can change dramatically over a very short distance (horizontally and vertically)
or time and it is possible to have PIREPs of varying intensities or conditions of high and low LWC within a
small volume. Changes in altitude of only a few hundred feet can be the difference between severe icing at
cloud top and no icing just above that same cloud. Similar transitions can occur in level flight as an aircraft
passes through a strong gradient in cloud top temperature, radar echo intensity, etc. The NASA Twin Otter
and other research aircraft have documented such rapid changes on several occasions, but have also
encountered cases of very consistent icing over long distances.

Figure 4.1
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Figure 4.2

5. A freezing drizzle cloud in southeastern Alaska

Clouds that form supercooled large droplets (SLD) have been an area of focus for scientists who study
aircraft icing. SLD icing can cause ice accretion in unprotected areas of the aircraft, and can sometimes
result in loss of control. They have been implicated as a contributing factor in the 1994 Roselawn, Indiana
ATR-72 accident that caused the death of 68 people. The RAP in-flight icing group has been working on
automated techniques to identify icing and SLD clouds; F. McDonough recently expanded this effort to
include Alaska. Insight gained from case studies helps us to improve our understanding of the Alaskan
environment, validates the diagnostic and forecast icing algorithms (CIP-AK and FIP-AK), and leads to
algorithm improvements.

The University of Wyoming King Air research aircraft sampled icing clouds as part of the Juneau Turbulence
Project. The icing conditions in the Juneau area involve very complex terrain and land-sea interactions. Tidal
flows regularly circulate above-freezing water into the channels and bays, which are ringed by glaciers and
mountains. This causes a wide variety of weather and clouds depending on the temperature and winds in
the overlying airmass. On the afternoon of 19 January 2000 the King Air sampled clouds producing freezing
drizzle at Juneau.

The synoptic-scale analysis showed a ridge of high pressure over eastern Alaska. Low-level, moist onshore
flow was occurring on the north side of the high-pressure area, and overrunning an existing low-level cold
pool. As the warmer moist air from the Gulf of Alaska was lifted over the cold pool it condensed and clouds
containing icing conditions and SLD were produced. The SLD fell to the surface as freezing drizzle at
Juneau.

Figure 5.1 shows an aircraft sounding through the cloud at Juneau. The cloud was subfreezing through the
entire depth, with a cloud top temperature of –10oC and a surface temperature of –1oC. The layer between
the 880 mb and 780 mb top was driven, as warm moist air was advected beneath colder air on a westerly
flow. This decreased the layer stability and formed the cloud layer. The middle cloud in the 880 -1000 mb
layer was mostly formed via the overrunning described above. Using the slope of the surfaces, a 30 cm
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s-1mesoscale ascent within this layer was present. The boundary layer cloud, from 1000 mb to the 1025 mb
surface, was likely formed via heat and moisture flux from seawater into the cold air just above the surface.
Each of these layers contained icing and SLD icing.

The Alaskan version of NCAR/RAP’s Current Icing Potential algorithm (CIP-AK; Fig. 5.2) correctly diagnosed
very high icing potential and SLD in the cloud over Juneau. A new product, the Alaskan version of the
Forecast Icing Potential algorithm (FIP-AK), was also run on this case. Figure 5.3 shows that the FIP-AK
was also able to identify the high icing potential at Juneau more than five hours before the research aircraft
flight.

Fig 5.1: The aircraft sounding temperature and dew point of the JNU cloud.
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Fig. 5.2: The Current Icing Potential algorithm (CIP-AK) plan view for 850 mb.
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Fig. 5.3: The six-hour forecast at 850mb from the Forecast Icing Potential algorithm (FIP-AK).

[Top]

Director's Message | Executive Summary | Scientific Achievements 
Education & Outreach | Staff & Visitors | Publications | ASR 2003

 

 

 

http://www.ncar.ucar.edu/ASR03/


Snowfall & Freezing Precip

http://www.rap.ucar.edu/asr2003/snowfall-freez-precip.html[7/6/2015 2:43:04 PM]

Director's Message | Executive Summary | Scientific Achievements 
Education & Outreach | Staff & Visitors | Publications | ASR 2003

 

In-flight Icing Snowfall / Freezing
Precipitation

Convective
Weather

Atmospheric 
Turbulence

NWP

Water Resources Land-Surface
Modeling Remote Sensing Precipitation

Enhancement
Ceiling and Visibility

Oceanic Weather Surface
Transportation Verification Tech Transfer

NCAR Initiatives

B. Snowfall and Freezing Precipitation

[Background] [Freezing Drizzle Damage to 737 engines at DIA]
[WSDDM system at DIA]

[Addition of Freezing Drizzle Algorithm to Denver WSDDM]
[Short-term Forecasting of Snow in the Northeast Corridor]

1. Background

Progress of Hot Plate Development

For several years NCAR (R. Rasmussen, J. Cole and M. Tryhane), in conjunction with the Desert Research
Institute (J. Hallet and R. Purcell), have developed a hotplate precipitation gauge. The principle behind the
hotplate gauge is that precipitation striking a heated surface will cool the surface as the moisture evaporates.
If the heated surface is maintained at a constant temperature, then the amount of power required to maintain
this temperature should be proportional to the precipitation rate. An identical heated plate is mounted on the
underside of the hot plate so that it is exposed to the same environmental conditions as the upper plate,
minus the precipitation. The precipitation rate is then proportional to the difference in power that is applied to
the two plates.

The hotplate concept has several important advantages over conventional precipitation gauges. It has a
small profile so that wind effects during snowfall are minimal. It eliminates the need for antifreeze in winter,
which means that it is more environmentally friendly. It is low maintenance and doesn't require a wind shield.

The major achievement this year was signing a contract with Yankee Environmental Systems for
commercialization of the hotplate. The other achievement was prototyping the system at Denver International
Airport.

2. Freezing Drizzle Damage to 737 engines at DIA

On the evening of 31 October 2002, several 737 aircraft departing Denver International Airport (DIA)
experienced engine damage resulting from an accumulation of ice on their engine fan blades. At issue is the
type of weather occurring at DIA during this event. The official NWS METAR observations at DIA show
periods of very light snow, temperatures in the range of -8 to -9oC, winds generally northeasterly at ~10 kt,
low ceilings and reduced visibilities. No mention was made of freezing drizzle, although the ASOS icing
sensor data, shown in Figure 2.1, indicated freezing precipitation. The observation of freezing drizzle was
confirmed by ground personnel responsible for deicing the aircraft. Meteorological observations at major
airports in the U.S. are generated by Automated Surface Observing System (ASOS) stations, but may be
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augmented by observers if they feel that the automated report does not represent the true weather
conditions.

Normally when freezing drizzle is reported, pilots follow procedures to eliminate the build up of ice on the
engine fan blades. Since freezing drizzle was not reported in the official NWS observation, these procedures
were not implemented. When the engines were powered up for takeoff it is believed that the ice was shed,
damaging some of the fan blades. Two of the engines on United Airlines 737 aircraft had to be completely
replaced due to the extent of the damage. This event points out an important safety hazard to 737 aircraft:
the occurrence of unreported freezing drizzle at airports resulting in damage to the fan blades. Additional
work involving a similar case in Norway indicates that there is also an issue regarding the accuracy of
drizzle intensity reporting using visibility. R. Rasmussen and C. Wade are currently writing a paper describing
these cases.

NCAR/RAP has been working with the NWS, the FAA and United Airlines to develop a solution to the
problem of unreported freezing drizzle. During 2003 an algorithm was added to the DIA WSDDM system
(see Sections 3 and 4 below) to monitor the frequency drop on the ASOS icing sensor and issue advisories
or alerts every 5 min when icing conditions are detected. These advisories are intended to supplement the
official weather observation from the NWS and are experimental at present. If successful they may be useful
in the development of a more system-wide icing alert system for the FAA and NWS.

Figure 2.1

3. WSDDM system at Denver International Airport

During 2003, NCAR/RAP signed an agreement with the City of Denver to install a WSDDM (Weather
Support to Deicing Decision Making) system at Denver International Airport (DIA). This system was installed
in April 2003 and will provide real-time weather information for the City of Denver Operations at DIA
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consisting of NEXRAD radar data, storm tracks, current precipitation rates from a network of heated gauges,
30-min forecasts of precipitation rate, and alert information when icing conditions (freezing drizzle, freezing
rain and freezing fog) are being observed on the local weather sensors. Computers located at DIA ingest
data from weather stations located within 100-km of the airport and provide displays of current and forecast
weather to various operational facilities at the airport (Figure 3.1). This information is used to improve
decision-making regarding aircraft deicing, runway plowing, and airport operations during convective weather.
This weather information is also made available at NCAR/RAP so that the performance of the system can be
monitored and improvements made to system software.

Figure 3.1. Example display of current and forecast weather to various operational facilities at DIA.

4. Addition of Freezing Drizzle Algorithm to Denver WSDDM

a. Detecting Drizzle by ASOS

The detection of drizzle, and in particular freezing drizzle, has been an issue of some concern to the
National Weather Service (NWS) ever since it began using the Automated Surface Observing System
(ASOS) in the early to mid 1990's. Currently drizzle is not reported on ASOS unless an observer is present
to augment the observation. This is due to several factors. First it was believed that the ASOS present
weather sensor, LEDWI (Light-Emitting Diode Weather Identifier), could not detect drops smaller than ~1 mm
diameter (drizzle has diameters of 0.2 - 0.5 mm). Second, there was no requirement in the ASOS
specification for the present weather sensor to detect precipitation at rates lower that 0.01 in/hr (0.25
mm/hr). Drizzle generally occurs at rates below these thresholds. Thus, no effort was made to develop a
drizzle detection algorithm for this instrument.

During the past several years C. Wade analyzed 1-min ASOS data collected during drizzle events and
determined that drizzle is indeed detectable by LEDWI, provided that data from other ASOS sensors are
used to help identify when drizzle conditions are likely. These conditions include low cloud bases (<1500 ft),
high relative humidity, and decreased visibility. During periods of clear weather the background signal level in
LEDWI is elevated due to turbulence created by heat exchange processes near the surface. The detection
threshold for precipitation is therefore set to a sufficiently high threshold so that turbulence is not falsely
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identified as precipitation. When drizzle occurs the LEDWI signal level is generally below this threshold and
therefore the drizzle goes undetected. By using data from other ASOS sensors it is possible to determine
when drizzle conditions are occurring, which allows the detection threshold to be lowered. This research,
reported by C. Wade (2003), shows how drizzle can be identified, but does not attempt to distinguish it from
freezing drizzle (see next section).

b. Detecting Freezing Drizzle by ASOS

To identify freezing drizzle it is necessary to use the LEDWI data in conjunction with data from the ASOS
icing sensor. The icing sensor was added to the ASOS suite of sensors in the mid 1990's in response to the
need for ASOS to detect freezing rain. The icing sensor consists of a small metal rod, approximately 2 cm in
length and oriented vertically, that is induced to vibrate at 40,000 Hz. When ice forms on the rod it causes
the vibration frequency to drop. This is illustrated in Figure 4.1 for a freezing drizzle event that occurred in
Denver on 22 January 2003. Periodically the rod is heated to prevent the buildup of large amounts of ice,
and these heating cycles appear as the sudden increase in frequency back to 40,000 Hz. Heating cycles
typically last for about 5 min before the temperature of the rod cools to environmental conditions. Experience
with the icing sensor has shown that it is responsive to many forms of condensed moisture when
temperatures are below freezing, including freezing fog, freezing drizzle and freezing rain. The second trace
in Figure 4.1 is from the LEDWI Particle channel and is proportional to the particle size. The small increase
in the particle signal just after 0800 UTC is consistent with the onset of freezing drizzle; while the more
significant increase at 1600 UTC represents the point at which snow began. Notice that shortly after the
snow began, the icing sensor frequency stopped decreasing, indicating that the freezing drizzle had ended.

Figure 4.1. Illustrating the behavior of the ASOS icing sensor frequency on 22 January 2003 during a period
of freezing drizzle and snow at Denver International Airport.

 

c. Demonstration of a Freezing Drizzle Algorithm on the Denver WSDDM System

Using 1-min ASOS data from freezing drizzle events like the one illustrated in the previous section, it is
possible to develop an algorithm that can indicate not only when freezing drizzle is occurring, but the icing
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rate during the event. Results from previous studies of the relationship between the rate of frequency
decrease on the ASOS icing sensor and the accumulation of ice on horizontal surfaces are used in this
algorithm as indicators of the instantaneous icing intensity and the total ice accumulation since the start of
the event. This information is displayed as a part of the WSDDM system display at Denver International
Airport. This experimental product (Figure 4.2) is intended to augment the official NWS weather observation.
The greatest difficulty in using this algorithm in an operational setting is obtaining the latest 1-min ASOS
data in near real-time. RAP is working with the NWS to develop an efficient way to do this without interfering
with the normal operation of the ASOS system.

Figure 4.2.

5. Short-term Forecasting of Snow in the Northeast Corridor

The goal of this effort, conducted by M. Xu, A. Crook and R. Rasmussen is to develop a data ingest and
numerical forecasting system for short-term forecasts of snowfall in the terminal area. During FY03, a real-
time, mesoscale prediction system, based on the real-time four dimensional data assimilation (RTFDDA)
system RAP developed for the Army test ranges, was adapted and tested. A radar data assimilation
component was added to incorporate Level II multi-radar observations. Case studies were conducted for
snowstorm events that occurred in northeastern US during winter 2002-2003 and performance of RTFDDA
and effects of assimilating radar observations in the Northeast Corridor (approximately Cleveland to New
York City) were evaluated.

The RTFDDA system is built upon a multi-grid, high-resolution MM5. Surrounding the numerical core are the
data ingest, decoding and processing modules for different types of observations. For forecasting in the
Northeast Corridor, a three-grid configuration, with grid increments of 3.3 km, 10 km and 30 km, is used
(Figure 5.1). In addition to traditional observations, real-time 3D mosaic radar reflectivity datasets are
available in an area similar to the model grid 2 (Figure 5.2, for example). An analysis nudging scheme is
used for assimilating the mosaic reflectivity. The radar reflectivity is converted to 3D rain or snow mixing
ratio (qr) and interpolated to the model grid. The mixing ratio field, together with the corresponding latent
heating, are nudged on the two inner meshes of MM5. Case studies reveal that the model is able to
simulate the formation and general movement of the storms. However, without radar data assimilation, the
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modeled storms are usually a few hours behind their observed counterparts. When the snow mixing ratio
field (qr) alone is nudged, at the end of nudging, the model qr field is comparable to that observed. When the
latent heat is nudged in addition to qr, its effect on the temperature and wind is significant. The changes in
temperature and wind, though noisy, are in the direction of reproducing the observed snowbands. The
vertical velocity produced by latent heat nudging is in general consistent with the observed qr, but not in
exact balance. As a result, there is still a period (~3 h) of spin-down/spin-up after nudging. Overall, the
correlation between forecast and observed snowfall is improved when the mosaic reflectivity is nudged
(Figure 5.3).

 

Figure 5.1 The model grid used in RTFDDA for snowfall forecast in New York. The grid increments are 3.3
km, 10 km and 30 km, respectively.
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Figure 5.2 Mosaic reflectivity observations of winter storm on Dec. 11, 2002.

Figure 5.3 Mean correlation between the forecast and observed qr fields. The curves are for RTFDDA
without any data assimilation (dashed); with traditional observations but no radar data (solid); and with radar
and other observations (dotted dashed).
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C. Convective Weather Forecasting

[Background] [Field Deployments in FY 2003]
[Variational Doppler Radar Analysis System]

[Forecast Demonstrations] 
[Quantitative Precipitation Nowcasting]

1. Background

Part of the challenge in forecasting convective weather is to be able to predict the initiation and location of
new convection, i.e., thunderstorms, 30-min to 2-h in advance. Other parts of the challenge is to anticipate
the merger of thunderstorm cells and predict the onset of thunderstorm dissipation. Over the past few years,
effort has been focussed on developing automated thunderstorm nowcasting systems that combine
information from observation based feature detections, Numerical Weather Prediction (NWP), and human
forecaster input. Features or forecast parameters relevant to thunderstorm evolution include boundary-layer
convergence zones, boundary-storm interactions, cumulus cloud detection and growth, boundary-relative
shear profile, boundary-relative updraft strength and storm trends and tracks. The output from algorithms
used to identify these features are combined using fuzzy logic in the form of user-defined membership
functions, interest fields, and weighting schemes to produce forecasts of thunderstorm initiation, growth and
decay. Two operational systems were deployed this year: a regional-scale forecast system called the
AutoNowcaster (ANC) and a national scale system called the National Convective Weather Forecast
(NCWF).

2. Field Deployments in 2003

The AutoNowcaster is now a permanent installation at the Weather Forecast Offices at the White Sands
Missile Range (WSMR) in New Mexico as part of the Army Test and Evaluation Command (ATEC) 4DWX
program.

A collaborative demonstration of convective weather forecast products for the FAA Aviation Weather
Research program took place in summer 2003. NCAR ran forecast systems over Illinois and Indiana
(implemented and supported by S. Dettling, N. Oien, T. Betancourt, R. Roberts, and T. Saxen), the
Northeastern United States, and over the CONUS domains (N. Rehak, G. Cunning, D. Meganhardt, and C.
Mueller). Each system varied in terms of input data, predictor fields, and resolution. Efforts to forecast
initiation were limited to the Illinois/Indiana domain. All systems forecast storm location, growth and decay.

3. Variational Doppler Radar Analysis System (VDRAS)

http://www.ncar.ucar.edu/ASR02
http://www.nsf.gov/
http://www.ucar.edu/
http://www.ncar.ucar.edu/
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http://www.hao.ucar.edu/public/asr/asr2003/index.html
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http://www.atd.ucar.edu/dir_off/ASR/FY2003/index.html
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http://www.acd.ucar.edu/science/asr03/index.htm
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http://cdm.aviationweather.noaa.gov/ncwf/
http://www.4dwx.org/
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The Variational Doppler Radar Analysis System (VDRAS) was modified and enhanced to assimilate data
from multiple radars over a mesoscale domain (~500 km). A number of modifications to VDRAS were
necessary to allow it to run efficiently on a larger, multi-radar, domain. The temporal and spatial smoothness
coefficients, as well as the weighting given to the surface data compared to the radar data. A further
enhancement to VDRAS by A. Caya further enhanced VDRAS by adding an evaporative cooling term to the
dry model based on the observed reflectivity field. The inclusion of this term produced stronger cold pools in
the region of convection, which in turn increased the low level convergence.

VDRAS was successfully implemented in the RCWF field program to perform low-level wind analysis with
observations from four WSR-88D radars [Chicago (LOT), Northern Indiana (IWX), Indianapolis (IND) and
Cincinnati (ILN)]. The analysis domain covered an area 600 km x 550 km with a resolution of 5 km. VDRAS
ran robustly and produced smooth wind analyses throughout the field season. Wind shifts along convergence
lines were displayed well in several severe weather cases.

[Top]

Figure 3.1. An example of a VDRAS wind analysis on 26 August 2003. A large, isolated storm moved from
west to east across the analysis domain. The low-level reflectivity field from the IWX radar is overlaid on the
VDRAS wind analysis at 180 m, AGL (every second vector is displayed). The analysis captures the wind
surge along the leading edge of the storm's gust front.

4. Forecast Demonstrations

a) Regional AutoNowcaster (ANC)

During the summer of 2003, D. Albo and T. Saxen developed and tested a new algorithm that allows a
forecaster to enter boundaries (both moving and stationary) with minimal effort to be utilized in the forecast
logic in real-time. Boundaries were entered using the mouse to draw a line on the display and proved to be
a fairly straightforward and quick process. The system continues to extrapolate and display the extrapolated
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positions of the boundary until it is removed via a control window on the display. Boundaries tracked quite
well and were seldom adjusted once entered. Most of the interaction was in the initial entering of the
boundary and removal.

Forecaster-entered boundaries were usually frontal features that significantly affected convective
development and evolution but were difficult for the automated algorithms to detect. These large-scale
boundaries spanning ultiple radars had indistinct features associated with them (i.e., thin lines in the
reflectivity field and/or sharp shear features). By using surface observations, satellite imagery, and VDRAS
output in conjunction with the radar data, these boundaries were generally easy for the human user to
identify.

Figure 4.1 shows time-series plots of performance statistics that illustrate the effects of the human inserted
boundaries on the forecast. Boundaries were only entered during the hours shown on the plots. The
boundaries had a dramatic effect on statistics, especially the POD during the late morning and early
afternoon when a significant amount of growth and new initiation occurs. Increases in the POD of 10% to
40% were not uncommon during these time periods. It should be noted that the three different levels of
initiation shown as blue, green, and black lines are initiation likelihood. The exact location of storm initiation
is extremely difficult to forecast. The ANC algorithm forecasts regions where initiation is likely to occur. Thus,
FAR for these initiation nowcasts is higher than expected from an extrapolation forecast. Roberts et al.
(2003) prepared a paper for the 31st Radar Conference that illustrates a case where dramatically improved
storm initiation nowcasts were obtained when the forecaster entered a synoptic front.

Figure 4.1. Time series plots of CSI (top), POD (middle) and FAR (lower) for four days: 18 June ; 29 June; 1
July; and 8 July. The black arrows in the figures indicate periods of forecaster-input boundaries. The lines
represent persistence (yellow), extrapolation (cyan), and three levels of initiation likelihood (blue, green, and
black) forecasts.

In the AutoNowcast system, the growth/decay and the initiation components of the forecast are handled
separately. For the growth/decay part of the forecasts, the overall results from this summer were favorable.
Failures and false alarms decreased while successes increased relative to the extrapolation forecasts. This
was the case for 25% and 40% of the days (from June - August) for the north and south parts of the domain
respectively. An example growth and decay forecast is shown in Figure 4.2. Growth (decay) areas are
indicated where the white contours are outside (inside) of the green contours. The majority of the line of
storms was forecast to grow, but some areas to the northeast were forecast to decay completely. Some
convection on the back side of the convective line to the southwest was forecast to decay. The AutoNowcast
forecast nearly closed the gap found near the center of the line. The decay trends at the northeast and the
back side of the southwest parts of convective the line were quite accurate as were the growth areas in the
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other parts of the line.

Figure 4.2. The 2.5 km reflectivity CAPPI from 1557UTC on 29 August 2003 with extrapolation (green) and
Auto-Nowcast growth and decay forecast (white) contours are shown on the left. The forecast performance
image (forecast super-positioned on the reflectivity data at valid time) is shown on the right.

b) Probability forecasts over CONUS – NCWF

D. Megenhardt, N. Rehak, G. Cunning and C. Mueller ran an experimental version of the NCWF (NCWF-2)
that provides 1- and 2-h probability forecasts for convection updated every 5 min (Fig. 4.3). Regions of
growth are captured by use of Rapid Update Cycle (RUC) output along with radar trending and diurnal
considerations. Dissipation is trended based on storm area coverage. During the summer, the NCWF was
run in real time at NCAR using commercial vendor 2-km radar reflectivity data and national lightning
detection network (cloud-to-ground) data.

NCWF-2 high probability regions are primarily the result of extrapolation and area trending. Several
improvements have been implemented in motion vector calculations over the operational NCWF that runs at
the Aviation Weather Center (AWC). The operation at NCWF provides motion vectors for storms > 512 km2

and have a history of at least 30 min. NCWF-2 uses RUC steering-flow winds to forecast motions for small
storms when history is not available. This largely eliminates some of the criticisms of NCWF, including lack
of forecasts when storms are too small, delay of forecasts when storms are growing and there is no storm
history, and intermittent forecasts when the storm area straddles the threshold (512 km2). Another issue that
plagues the operational NCWF is noisy motion vectors, especially during times of storm development and
growth. NCWF-2 addresses this issue by inclusion of more rigorous thresholding of motions. RUC outputs
are used to provide initial motions until storm tracking has stabilized, and improved methods for storm motion
prediction include the ability to apply thresholds based on change in storm area. This helps eliminate false
motion due to inaccuracies in the algorithm’s ability to define and track storms when the storm's area and
shape significantly change. Finally NCWF-2 provides trending of dissipation based on grids as opposed to
total storm area. This allows large storm systems to dissipate in one region and grow in another (Figure
4.3).
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Figure 4.3. A 2-h NCWF-2 probability forecast. The green regions indicate storm observations based on
radar and lightning data at valid time.

Standard CSI, POD, FAR, and Bias (Figure 4.4) were calculated based on binary grid-to-grid (no relaxation)
comparisons for each probability level. In convective forecast verification statistics, the POD and CSI are
often a reflection of the ratio of the forecast area to observation area (bias). This is evident in these
performance statistics where the increased bias at low probability areas leads to higher PODs and CSIs.

Figure 4.4. Verification statistics compiled for 1-hr forecasts between 5 June and 15 August 2003. Each box
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plot represents verification for a different probability level (forecast 1 is >=10%, forecast
2 is >=20% etc.)

To better understand and calibrate the probabilities, reliability plots were compiled for various forecast
periods using different filter sizes. Figure 4.5 shows an example reliability plot is shown for 0, 15, 30, 45, 60,
75, 90, 120, and 180 min NCWF-2 nowcasts from 10 July 2003. Relaxation was applied to the verification
that allowed a margin around forecasts and observations of 10 km. The probabilities are calculated based on
2-km radar data and a 60x12-km elliptical filter. The 10 July case represents a mix of initiation, growth, and
decay as well as various convective structures. The primary linear feature exhibits steady-state structure for
about 6 h of the 24 h evaluation period.

Figure 4.5. Reliability chart for NCWF-2 at different forecast intervals. Forecast probabilities are along the x-
axis and the percent of time observed along the y-axis. Perfectly-calibrated forecasts would lie along the
straight black diagonal line. The forecast periods shown are 0 min (black), 15 min (red dashed), 30 min
(green), 45 min (blue), 60 min (cyan), 75 min (magenta), 90 min (yellow), 120 min (gray) and 180 min
(dashed blue).

c) Use of RUC Analyses and Forecasts for Guidance for 0-3 h Nowcasts of Deep Convection.

S. Trier and A. Ahijevych (MMM) continued an ongoing collaboration with C. Mueller, D. Megenhardt and N.
Rehak (RAP) to determine how RUC-2 analyses and forecast products can be used to assess the potential
for growth and/or dissipation of mesoscale regions of deep convection over 0-3 h periods. Efforts this past
year focused on combining, in a fuzzy logic framework, an objective algorithm that diagnoses the depth of
thermodynamic instability weighted by other environmental conditions with RUC-2 3-h convective
precipitation forecasts and a large-scale forcing field derived from RUC output.

This work began by examining how these elements were individually associated with the short-term
evolution of deep convection for four test cases during summer 2002. The cases included meteorological
situations in which mesoscale regions of thermodynamic instability were diagnosed, but the areal coverage
and organization of deep convection differed. Combining an interest field based on large-scale forcing with
the other interest fields, forecasts of mesoscale regions of organized convection were improved. At the same
time, the technique reduced areal coverage of false alarms common in areas of thermodynamic instability
that were previously removed from fronts or other linear regions of large-scale forcing. The new combined
interest field was calculated during the FAA RCWF period during summer 2003. Point verifications confirmed
that combinations of these fields provided better guidance for short-term convective forecasts than did use of
any of the individual fields alone. Future work will examine how output from the combined interest field can
be used to modulate short-term forecasts of convective growth based primarily on extrapolation of
preexisting convection along a preferred orientation of strongest synoptic forcing.

5. Quantitative Precipitation Nowcasting
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The goal of this USWRP-sponsored project is to enhance operational capabilities for quantitative
precipitation nowcasting (QPN). During the past year activities took place in the following efforts.

a) Evaluation of the Sydney 2000 QPN efforts

A special issue of Weather and Forecasting is scheduled for February 2004 containing ten papers based on
the Sydney 2000 Forecast Demonstration Project. RAP USWRP scientists were first authors on two of these
papers (A. Crook and J. Sun [2004] and J. Wilson, et al. [2004]). and supporting authors on four other
papers. This special issue helps establish the baseline capability for QPN and provide directions for future
efforts.

b) Boundary-layer wind forecasts

A primary need for improved QPN is correct identification and forecast of the movement of boundary-layer
convergence lines and characterization of their thermodynamic and kinematic properties. A major step was
accomplished by parameterizing and incorporating evaporative cooling from precipitation into the dry version
of VDRAS. This is accomplished by 4-D variational assimilation of radar data into VDRAS. The results
clearly show improvement in forecasting the convergence and movement of gust fronts for a case from the
STEPS project (Figure 5.1).

  
                 a) Analysis (initial conditions)                                  b) 1-hour forecast

Figure 5.1. Model 1-h forecast of gust front movement and evolution on 25 June 2002 from the Fort Wayne,
IN NEXRAD radar. a) initialization time (1836 UTC) vectors are retrieved by model and overlaid on
reflectivity. b) 1-hr model forecast (wind vectors) overlaid on 1936 UTC reflectivity field. White lines
represent the leading edge of the gust front forecast by the model. The actual position can be seen as a
reflectivity thin line.

c) Examination of new water vapor/stability measurement capabilities

The IHOP field project was conducted during 2002 partially for the purpose of determining if higher resolution
measurements of water vapor would improve QPF. R. Roberts and J. Wilson are evaluating the use of
visual, IR and reflectance satellite data and radar refractivity data to improve QPN. Roberts is working with J.
Mecikalski and Feltz at the University of Wisconsin to obtain from satellite high-resolution stability fields for
the IHOP period. A paper by R. Roberts and Rutledge (2003) was published during the year which describes
a procedure for combining radar and satellite data to forecast convective storm initiation. The technique has
been integrated into the AutoNowcaster.

J. Wilson and R. Roberts are also working closely with the Weckwerth Water Vapor USWRP/NCAR team to
evaluate the quality of the S-Pol radar refractivity data to quantify near-surface water vapor. The radar-
estimated water vapor is highly correlated with surface measurements, and with water vapor obtained from
low-flying research aircraft. Results are reported in a paper by Pettet et al. (2003). Figure 5.2 is an example
of the radar reflectivity and corresponding refractivity field for dry line case during IHOP.



Convective Weather Forecasting

http://www.rap.ucar.edu/asr2003/convective-wx-forecasting.html[7/6/2015 2:43:06 PM]

 

     (a)                                                                         (b)

Figure 5.2. S-pol radar observation of a double-structured dry line on 22 May 2002. a) S-pol radar
reflectivity field. The dry line (white arrow) appears as a thin line in the clear-air reflectivity field. A secondary
dry line (black arrow) appears as a weaker thin line, b) S-pol radar refractivity field at the same time as the
reflectivity image. There is a 2-3 gkg-1 water vapor difference across both the primary and secondary dry
lines.

d) Origin and predictability of boundaries and predictability of convection.

An extensive study is underway by J. Wilson and R. Roberts to examine the initiation of all storms during
IHOP. The predictability of QPN is closely tied to the predictability of the triggering mechanisms. All
boundary-layer convergence lines and their influence on storm initiation and evolution are being identified
and characterized. This includes characterizing the stability field within the region of storm initiation which
makes use of special data sets acquired during IHOP. Based on these observations of storm initiation and
triggering mechanisms the corresponding skill of numerical models to capture the initiating mechanisms and
correctly forecasting precipitation initiation is examined. Two models are being examined, the RUC and
MM5/LAPS. They were specifically run by FSL for IHOP. Preliminary results are reported by J. Wilson and
R. Roberts, 2003 at the 31st Conference on Radar Meteorology. Figure 5.3 is an example of the type of
analysis being conducted.
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(a) (b)

(c) (d)

Figure 5.3. Examples of data and analysis being conducted for studies into the predictability of storm
triggering mechanisms and predictability of storm evolution. a) color lines indicate analyzed convergence
lines; (+) are storm initiation locations for a two-hour period centered on the time of boundary analysis (2100
UTC, 12 June 2003);b) boundary locations, surface station winds, composite reflectivity and storm initiation
locations 0000 UTC, 13 June; c) same as b) for 0300 UTC, 13 June; d) CAPE from GOES sounder (blues
1000-2000 jkg-1, purples 0-1000 jkg-1) overlaid on visual satellite and analyzed boundaries at 2100 UTC,
12 June.

e) Temporal and spatial variability in atmospheric stability

R. Roberts and E. Nelson are examining several data sets collected during IHOP 2002 to address temporal
and spatial variability in atmospheric stability and the effect on convective initiation. Objectives of this
research are to document this variability and to demonstrate the resolution of data needed to improve
forecasts of convective initiation. As a first step, S. Dettling developed a computer algorithm that ingests
measurements from surface station networks (Figure 5.4) and sounding data collected by IHOP vertical
profiling and rawinsonde systems. A Barnes analysis methodology was used to put the all of the station
information onto a common grid spanning the IHOP domain.

The algorithm computes near-surface convergence as well as CAPE and CIN estimates at every mesonet
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station location every 5 min. The sounding closest to the station in distance and time (the user defines these
limits) is used to update the sounding surface temperature (T) and dewpoint temperature (Td) values with
their current mesonet values. The CAPE and CIN are updated using the new T and Td values. The resulting
CAPE and CIN gridded fields are being examined in conjunction with hourly satellite sounder-derived CAPE
and CIN fields (Figure 5.4-b), model-based stability fields and radar reflectivity images (Figure 5.4-c).
Additional related research is discussed as part of the Water Cycle Strategic Initiative.

(a) Figure (b) missing - placeholder   (c)

Figure 5.4. Integrating IHOP 2002 data for addressing the variability in atmospheric stability as it relates to
convection initaion. a) Convergence plot produced from a Barnes analysis of data from 18 different surface
station networks on 12 June 2002 at 2200 UTC. b) CAPE field at 2200 UTC derived from GOES-8 satellite
sounder data (courtesy of CIMSS) with satellite visible cloud field overlaid, c) Corresponding radar mosaic
image over the same domain. Colored polylines represent convergence boundaries observed from radar,
satellite and a subset of the surface stations shown.

f) IHOP Data Analysis

IHOP data are being used to study the details and predictability of convective storm initiation and evolution.
The observations are being used to identify times and locations of storm initiation to determine the
thermodynamic and kinematic mechanisms responsible for storm initiation and evolution. The predictability of
storm initiation by numerical models and/or heuristic1 techniques depends on their ability to predict the
initiation mechanisms. For example, if storms are initiated in a conditionally-unstable atmosphere from an
updraft forced by the collision of two boundary-layer convergence lines, the predictability will be dependent
on the ability to anticipate these phenomena.

Two IHOP periods with large mesoscale convective storm systems have been studied in detail. The study
includes examining 3h and 6 h precipitation forecasts from a special 10-km grid version of the Rapid Update
Cycle (RUC) model.

In both cases a weak synoptic-scale low and associated synoptic fronts were present. While the storms
initially developed along the fronts or near the low pressure area, evolution to the mesoscale convective
storm system phase was controlled by individual gust fronts. Characteristics of the gust fronts, such as the
magnitude of the associated convergence and relative motion between the storms and gust front, were
controlling factors for storm evolution. In each case the RUC forecasted the initial storms in about the
correct locations. However, the timing of the initiations, evolution and motion of subsequent convection was
incorrect. This is likely due to the inability of the numerical models to correctly forecast which storms will
produce gust fronts and the characteristics of these gust fronts.

These preliminary findings have important implications for modeling activities. If numerical models are to
correctly forecast the evolution and propagation of convective storms they need to be able to forecast the
evolution and characteristics of the associated gust fronts. The magnitude of the outflows from
thunderstorms is heavily dependent on the characteristics of precipitation in thunderstorm downdrafts. A
promising area for research is to use polarimetric radar to estimate these microphysical parameters and
assimilate them into explicit storm numerical forecast models.
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-------------------------

1Heuristic is defined here as forecast rules based on experiment, numerical simulations, theory and
forecaster rules of thumb.

[Top]
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D. Atmospheric Turbulence

[Background] [In situ measurement and reporting system]
[Remote Sensing of Turbulence] [Turbulence forecasting]

[Turbulence Characterization]
[Juneau Terrain-Induced Turbulence Project]

[Comparison of Juneau DOW with aircraft turbulence estimations]

1. Background

RAP has been involved in a number of research and development areas over the past several years aimed
at minimizing the number and severity of aircraft encounters with turbulence. The work areas are divided into
two complementary sections: improve and implement methods for better measurements of turbulence, either
in-situ or using remote devices such as radar and lidar; and develop, implement, and verify automated
forecasts of upper- and mid-level aircraft-scale turbulence.

To support both areas, research is being conducted to improve our understanding of aircraft-scale
turbulence, based primarily on field measurement campaigns and high-resolution numerical simulations to
recreate and study in detail actual turbulence encounters. This research is being sponsored by the FAA
Aviation Weather Research Program (AWRP) and the NASA Aviation Safety Program (AvSP).

2. In situ measurement and reporting system

The only method currently available to obtain routine observations of aircraft-scale turbulence is the manual
pilot reporting system (PIREPS). These reports are subjective measures in that it is the pilot’s perception of
the turbulence that is reported. The pilot’s perception is a function of the aircraft type, altitude, and airspeed,
as well as the fact that the pilot is sitting in the front of the aircraft where perceived turbulence may vastly
differ from that felt further aft. Typically, pilots only report turbulence after the encounter; hence the location
and time of the event can be in error. Null reports, which are very valuable from both a scientific and
operational perspective, are relatively rare.

In order to remove the subjective nature of turbulence PIREPs and to provide a more comprehensive data
set, NCAR/RAP scientists have developed a methodology that turns commercial aircraft into automated
turbulence reporting sensors. The method uses existing sensors along with computational and
communication capabilities already on the aircraft to compute a quantitative measure of turbulence (the eddy
dissipation rate) once per minute and automatically transmit the data to the ground. Currently, over 100
United Airlines aircraft are flying with this software package, and 100 more aircraft are being equipped.
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This year, RAP Project Scientists L. Cornman and G. Meymaris continued verification of the algorithm,
implemented it on United Airlines aircraft, and developed and tested several updated algorithms. The
automated reports were compared to the PIREPS from those same aircraft to look for potential data quality
problems with the downlinked data, as well as to provide some notion of scaling between the turbulence
intensity reported by the pilot and the measured eddy dissipation rate.

The currently-implemented algorithm uses vertical acceleration measurements, combined with a model of
the aircraft response to turbulence, to estimate the turbulence intensity. This is an indirect method that
assumes the structure of the atmosphere as well as the aircraft response to estimate the eddy dissipation
rate. For future implementations, on-board sensor data will be used to estimate the vertical component of
the wind vector, which will be used to directly estimate the eddy dissipation rate. Time- and frequency-
domain methods have been considered for the vertical wind data. Two approaches are being used to
analyze these methods: simulations and research-quality data. The simulated wind fields allow a quantitative
analysis, comparing the algorithms’ output against known values. Many realizations of a random wind field
can be generated with the spatial statistics of a Von Kármán wind field with known eddy dissipation rate.
Each realization is regarded as a time series recorded, at 8 hz, on an aircraft flying at 250 m s-1.

For the results shown in Figure 2.1, 40,000 wind realizations were run through a maximum likelihood
algorithm which calculates the eddy dissipation rate. The maximum likelihood algorithm, in this example,
uses a 5-s window over which the discrete Fourier spectrum is computed. This plot shows the resulting
distribution of eddy dissipation rates. The sample mean of the eddy dissipation rates is within 0.3% of the
theoretical mean. Many permutations of the analysis shown above are performed to investigate the
sensitivity of the algorithm to its various parameters, and to determine the optimal setting for them.

Figure 2.1. Frequency histogram showing the edr’s from a maximum likelihood wind algorithm run on
simulated data. This data was generated using 40,000 wind realizations with an expected edr of 0.81
m2/3/sec2. The maximum likelihood algorithm here used a 5 second window to compute the spectrum over.

3. Remote Sensing of Turbulence
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Accurate and timely remote detection of hazardous turbulence would be useful both for validating turbulence
forecasts and for integration into real-time decision support products for the aviation community. RAP
scientists L. Cornman, J. Williams, and G. Meymaris, along with software engineers D. Albo, B. Chorbajian,
and M. Limber have been working to develop, implement and verify turbulence detection algorithms that
make use of data from existing airborne and ground-based Doppler radars. The NASA Aviation Safety
Program has funded the airborne radar work, while the FAA’s Aviation Weather Research Program supports
the ground-based radar efforts.

The primary accomplishment for the airborne radar work in the past year is the development of an
automated scoring algorithm (ASA) that mimics the subjective human scoring previously used to evaluate the
FY02 NASA B-757 flight test results. This human expert scoring, performed in July 2002, was based on
plots of each radar-based turbulence diagnosis overlaid with an aircraft track depicting the turbulence
experienced during the aircraft’s subsequent flight through the scanned region. The scoring criteria were
subjective, but centered on whether the detection algorithm had provided a timely, accurate, operationally-
useful warning of hazardous turbulence ahead. The ASA was designed to perform the same sort of analysis,
incorporating warning time, turbulence intensity, proximity, and persistence as adjustable parameters. For
each flight test event, a pre-processing step extracts radar data statistics from discs centered on each
aircraft position, and the resulting radar time series are compared with the aircraft’s RMS g-load computed
over a sliding 5-s window (see Figure 3.1). Scores are produced using “seatbelt on”, “pilot confirmation”, and
“bulk comparison” scoring procedures; roughly speaking, these methods evaluate the detection algorithm’s
performance from the perspective of passengers, pilots, and point-by-point comparisons of the aircraft’s
experienced turbulence and the hazard prediction, respectively. Figure 3.1 shows an example plot depicting
the aircraft and radar-derived time series, along with the ASA scoring results and other diagnostics; score
summary tables and contingency tables are also generated automatically. The ASA is intended to support
the FAA’s certification of airborne turbulence detection systems by providing a capability for evaluating
candidate systems based on flight data and numerous simulated data cases, thereby obviating the need for
a panel of human experts to do so and guaranteeing radar manufacturers a uniform, objective benchmark.

Figure 3.1. “Stacked track” comparison plot for event 232-10 from the FY02 NASA B-757 flight test,
described in the text.

Figure 3.1 depicts the radar turbulence diagnosis and reflectivity category timeseries for each radar scan
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(horizontal tracks numbered 1-31 at right) and the aircraft’s experienced turbulence category (the bottom
track labeled “Truth”). With Ys or No referring to whether or not the radar predicted moderate-or-greater
turbulence (RMS g-load above 0.2 g), NaN representing missing data, and H and L indicating reflectivity
above or below a 15-dBZ threshold, the radar categories are YsH = light red, YsL = dark red, NoH = light
green, NoL = dark green, NaNH = black, NaNL = light blue, and OutS = grey (aircraft outside scan). The
aircraft categories are Ys = light red or No = light green depending on whether or not the experienced
turbulence was moderate or greater. Performance evaluations from the three scoring methods are displayed
on the left hand side of the plot. The first is the human expert score; the second is Bulk Comparison scoring
performed without a persistence test, annotated to indicate that the turbulence detection algorithm
underestimated the peak turbulence by 0.26 g when scored via this method; the third is Bulk Comparison
scoring with an additional persistence test, and includes the point-by-point contingency table upon which this
score is based; the fourth is Seatbelt-On scoring without the persistence test, and it also indicates the
warning lead-time for the hazardous turbulence detection; the fifth is Seatbelt-On scoring with the
persistence test; the sixth is Pilot Confirmation scoring without the persistence test; the seventh is Pilot
Confirmation scoring with the persistence test, and also lists the time intervals and individual scores for five
“sub-events” (these are also depicted by brackets below the aircraft track on the plot). In this example, all six
automated scoring methods agreed with the human experts’ overall event score of “Detection”.

The ground-based radar efforts continued to focus on the development and verification of an improved
turbulence detection algorithm for NEXRAD radars. A compelling demonstration of the radar’s potential for
detecting hazardous turbulence was provided this year by a case study using data supplied to NCAR by the
National Transportation Safety Board (NTSB). In this case, a commuter jet encountered very strong
turbulence, experiencing a 750 ft bounce accompanied by vertical acceleration ranging between –1.6 and
+3.4 g in < 2 sec, causing the wings’ down-bending limit to be exceeded by 10%. The aircraft’s onboard
radar had reportedly measured reflectivity below 20 dBZ in the area, too low to produce an image on the
pilots’ display. Nevertheless, when the NCAR turbulence algorithm was applied to ground-based radar data
recorded by a NEXRAD ~ 100 km from the encounter, it successfully detected a coherent region of
persistent, very strong turbulence — eddy dissipation rates well above 1.0 m2/3 s-1 — despite very low
reflectivity values of 10 - 15 dBZ (Figure 3.2). Although the upper limit of the aircraft track colorscale
represents an RMS g-load of 0.4 g, the peak aircraft turbulence value was actually 0.97 g, far above the 0.3
g threshold considered severe turbulence and twice the maximum value experienced in the FY02 NASA B-
757 flight tests described in the previous paragraph. Note that the aircraft’s path begins above the cone of
the scan in the lower left of the plot, passes through it near the time of the severe turbulence encounter,
and then continues below. In this case, the NCAR turbulence algorithm diagnosed severe turbulence in the
region of the encounter at least twelve minutes in advance; if the pilots of the aircraft had had access to this
information, it might have helped to ensure that they were prepared for a hazardous encounter. This case
study therefore strongly suggests the potential efficacy of a tactical turbulence warning system based on
WSR-88D data to improve aviation safety.
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Figure 3.2. Eddy dissipation rate (EDR) turbulence estimate produced by the NCAR second-moment
turbulence algorithm using data from a WSR-88D radar scan as described in the text; values are colored
from 0 (blue) to 1.85 m2/3 s-1 (red) indicated by the colorbar at right, and the plot axes represent distances
from the radar in km. Overlaid is the aircraft track of the commuter jet, labeled with time in hhmmss format
and colored to depict the turbulence experienced (here computed as the RMS g-load over a sliding 1-km
window); these values are colored from 0 (blue) to 0.4 g (red) as indicated by the colorbar below the track.

4. Turbulence forecasting

Over the past several years R. Sharman, G. Wiener, S. Dettling, C. Caravone, and J. Wolff developed and
tested an automated algorithm for forecasting upper-level turbulence locations and intensities. Graphical
Turbulence Guidance (GTG), formerly known as the Integrated Turbulence Forecasting Algorithm (ITFA), is
intended to provide aviation forecasters, airline dispatchers, and pilots, with easy-to-understand yet accurate
nowcasts and forecasts. Images of forecast-likely turbulence regions are based on RUC2 model output,
updated every 3 h. From the model output various turbulence indices, empirically or theoretically derived, are
computed and combined using fuzzy logic methods to give the best agreement with available turbulence
PIREPS. The resulting images are provided on two web sites: the NCAR site and the NWS Aviation Digital
Data Service (ADDS). A sample image is shown in Figure 4.1, along with available PIREPs. Performance
metrics for all the algorithms are derived by the methods outlined in the next section. This year the FAA and
NWS approved the algorithm for operational use by aviation meteorologists.

http://www.rap.ucar.edu/projects/itfa
http://www.adds.aviationweather.noaa.gov/
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Figure 4.1. Example of a GTG nowcast image with PIREPs overlaid.

The derivation and testing of new diagnostics and development of optimal strategies for combining the
diagnostics are areas of continued research. Alternatives to the current fuzzy logic approach are also being
examined. C. Tebaldi is experimenting with logistic regression recursive binary partitions (tree classification)
techniques. In these methods thresholds are found for each diagnostic and then merged based on the
probability of detecting "yes" and "no" turbulence reports. Preliminary results are promising, as shown in
Figure 4.2.
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Figure 4.2. PODY-PODN comparisons of nowcasts using fuzzy logic, logistic regression, and binary tree
classification.

J. Wolff used multiple methods to assess turbulence encounters in cloudy versus clear air. The first method
used output from CIP (Current Icing Potential algorithm), which in turn uses output from the RUC, satellites,
and METARs to determine cloud base and cloud height. The second method used humidity information from
NWS sounding stations across the continental U.S. The vertical distribution of clear air turbulence reports
and in cloud turbulence reports was also examined. When the fraction of moderate or greater PIREPS both
in-cloud and out-of-cloud is computed (Figure 4.3), upper and low-level turbulence encounters are much
more frequent in clear air, while mid-level turbulence is more often in-cloud.
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Figure 4.3. Fraction of moderate or greater turbulence intensity (MOG) PIREPs: solid line, clear air; dashed
line, in-cloud.

5. Turbulence Characterization

A better understanding of dynamical processes that may lead to the generation of clear-air turbulence is
required to improve forecasts. In 2001, the FAA funded the Severe Clear Air Turbulence Colliding with
Aircraft Traffic (SCATCAT) experiment, designed to examine the generation of clear-air turbulence by jet
streams and upper-level fronts using aircraft observations. During one flight (18 Feb 2001), the aircraft
encountered moderate clear-air turbulence above an intense jet stream and upper-level front. Over the past
year, this turbulence encounter has been investigated by RAP scientists T. Lane and B. Sharman, in
collaboration with R. Plougonven (NCAR/ASP), J. Doyle (NRL), and M. Shapiro (NOAA). A forecast model
was combined with a cloud-scale model to examine the fine-scale detail of the jet / front system. These
model simulations (Figure 5.1) showed that the turbulence was caused by inertia-gravity waves as they
propagated through the strong negative shear above the jet stream. These waves perturbed the background
wind shear and stability, creating coherent bands of low dynamic stability. Clear-air turbulence was likely
within those bands. Studies such as these are continuing, and promise an improved understanding of clear-
air turbulence generation.

Another area of research in turbulence characterization concerns the degree of isotropy of turbulence on
scales an aircraft may experience. To study this, R. Frehlich and R. Sharman analyzed high rate data from
research aircraft (NASA, NCAR). The results of these analyses indicate that the degree of isotropy or
nonisotropy is consistent among scales. That is to say, if the turbulence is nonisotropic at the 100-m scale, it
is also nonisotropic at the smallest scales an aircraft “feels”, ~20 m or so. This has important implications for
the accuracy of on-board forward-looking turbulence sensors because they essentially assume the
atmosphere is isotropic, i.e., the measured longitudinal component has the same turbulence level as the
vertical component experienced by the aircraft. The aircraft data also showed that at upper levels, the
turbulence maintained a -5/3 spectral behavior or +2/3 structure function behavior from the smallest scales to
largest scales (100s km) measured. This same behavior was also found by statistical analyses of Numerical
Weather Prediction (NWP) (e.g. RUC) models (at the larger resolved scales), which in a sense verifies the
spatial statistics of NWP model at the larger scales. But the smaller resolved scales are under-represented
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by this measure due to inherent resolution problems and filtering effects. By comparing to aircraft
measurements the filtering in the model was deduced and under-representation of the small scales was
predicted, which is important for correct turbulence prediction normally inferred from the smallest resolvable
scales of the dynamic model.

Figure 5.1. Turbulent kinetic energy (shaded) from a high-resolution simulation of the SCATCAT (2/18/01)
case. Also shown is potential temperature at 2 K intervals. This figure shows regions of turbulence above
the jet stream occurring in patches within the upward phase of an inertia-gravity wave.

6. Juneau Terrain-Induced Turbulence Project

Diurnal variations in cross-channel flow

Over four years of wind measurements around Juneau, Alaska are available from three radar wind profilers
and a network of anemometers. These data, collected as part of the development of an aviation safety
project to diagnose turbulence and wind shear, also contain superb measurements of flow within complex
terrain. One distinct feature of the Juneau area is the Gastineau Channel (Figure 6.1), which is bounded by
ridges or high mountains on both sides, and has multiple creek valleys draining into the channel. Even with
strong along-channel winds, diurnal variations can be identified in the cross-channel flow component within
these creek drainages. S. Cohn has investigated these variations which can help us understand the
interaction of the drainage flows with the up/down channel flow and the subsequent role in the turbulence
production.
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Figure 6.1: The Gastineau Channel in Juneau, looking to the southeast. Juneau International Airport is in the
foreground. SD and LC indicate observation sites with anemometers and wind profilers at South Douglas and
in the Lemon Creek Valley. Downtown Juneau is across the channel from the South Douglas site.

 

Figure 6.2. Wind direction probability density functions (left column) and wind rose histograms (right column)
from the South Douglas wind profiler and anemometer. The wind rose color axis represents number of
occurrences in thousands over a 4-year period. Following the meteorological convention, wind directions are
clockwise from true north.
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Wind direction probability density functions (left) clearly document flow restricted within the channel (NW or
SE) at lower levels and a broadening and turning of the dominant southeast wind towards the synoptically
prevalent southwest flow above the channel. The lowest measurement also clearly records winds from the
northeast “Taku” direction across the channel, caused by gap flow down the opposite creek valleys, or by
penetration of mountain waves to the surface. The wind rose histograms (right) show the high speed of the
Taku winds at the surface. They also document the strengthening of the synoptic flow direction above ridge
height. In addition to this statistical presentation, the data set will lend itself to detailed case studies of
restricted flow within and above the Gastineau Channel.

Figure 6.3 shows the diurnal variation of the 10-m anemometer wind direction distribution within the Lemon
Creek valley. The probability density function of winds from the down valley direction (20-70 degrees) shows
an increase during the night compared with daytime. This is a classic observation of down valley flow.
Similarly winds from the up valley direction (230-250 degrees) preferentially occur during the daytime. The
Lemon Creek valley also provides an interesting observation of cross-valley flow. Flow from the SSE (160-
175) develops during the day as the NNW valley wall is warmed by direct sunlight. Note that synoptically
driven flow up the Gastineau Channel (110-155 degrees) has no noticeable diurnal variation. Similar
statistical observations of diurnal flow are observed aloft using the wind profiler in the Lemon Creek Valley,
providing a unique, long term data set to study the depth and strength of mountain-valley flows, and the anti-
flow above.

Figure 6.3: Probability density functions, as a function of local standard time (AKST), for wind direction
sectors within the Lemon Creek Valley. PDF with a daytime minimum are expected from valley drainage
flows; those with a daytime maximum are expected from up-valley or cross-valley flows; and those with no
diurnal variation are expected from synoptic or other non-diurnal flows.

7. Comparison of Juneau DOW with aircraft turbulence estimations

The Doppler On Wheels (DOW) radar was deployed during the FY2003 Juneau Field Program. The DOW is
a mobile ground-based scanning Doppler radar designed for observations of rapidly migrating small-scale
severe weather phenomena. The DOW operates at a frequency of 9.3 GHz (3 -cm wavelength), has an
angular beam width of 0.93° (0.0162 radians), and provides 50-meter resolution at 3 km and 166 meter
resolution at 10 km. Slightly more than 95 h of DOW data were collected during the field program from six
observation sites.

S. Mueller compared aircraft and DOW-inferred estimates of turbulence calculated to turbulence hazard alert
areas (“boxes”). Sixty-five samples with research aircraft hazard box penetrations and high-quality DOW
data were available. Six methods were used to calculate turbulence from the radar, and three from the
aircraft, generally expressed as the cube root of the eddy dissipation rate (EDR). Various percentiles of the
radar estimates for the entire hazard box, and of the aircraft data along the track through the hazard box,
showed little correlation between R2 and the datasets. Results based on the entire data set of the 65 high-
quality DOW-based turbulence estimates were unremarkable. The greatest correlation coefficient (R2) for
any of the potential combinations of radar and aircraft hazard estimates was 0.16. The associated plot is
presented in Figure 7.1. It is immediately evident that a meaningful bulk correlation between DOW
turbulence indicators and aircraft turbulence measurements simply does not exist.
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Figure 7.1. Comparison of all DOW-aircraft data hazard pairs corresponding to high-quality DOW data.

Because terrain-induced turbulence is probably not isotropic, there are likely to be geometrical reasons why
the relationship between DOW-based inferences of turbulence and aircraft measurements of turbulence
might vary from one site-box pair to another. Observations of different hazard alert areas might vary as well.
In some regions, turbulence might be characterized by smaller scale disturbances, and thus more
susceptible to detection by algorithms that emphasize second moment. In other regions, turbulence might be
associated with larger scale disruptions and more discernable on the basis of velocity variance. Sites at
which the DOW scanned directly into the predominant wind direction may produce different results than sites
at which the DOW scanned more or less perpendicular to the predominant wind direction. A directional bias
may be exaggerated in DOW turbulence algorithms that incorporate estimates of wind shear, or in the event
that turbulence is significantly anisotropic. For these reasons, it is prudent to perform separate comparisons
of DOW and aircraft estimates of turbulence for each DOW site-hazard box pair.

It is instructive to examine this same combination of aircraft and DOW data for a particular DOW
location/hazard box pair (here, the Temsco Heliport-North Douglas Island site-box pair, see Figure 7.2).
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Figure 7.2: Edr values from the DOW plotted against those from the University of Wyoming King Air for the
Temsco Heliport/North Douglas Island DOW location/ hazard box pair. The DOW data are the 75th
percentile of all values in the hazard box; the aircraft values are the 50th percentile of edr calculated from
aircraft-measured vertical winds.

A brief examination of this is encouraging. Note that the linear regression is compromised by one other data
point. Figure 7.3 shows the DOW EDR field corresponding to the outlier. Note the band of high values (bright
red) that bisects the western portion of the hazard area. This feature suggests that highly turbulent air is
advected from Mount Anderson to the northwest (likely during SE flow conditions). This may have not been
well sampled from the aircraft, and furthermore was more prevalent in this scan than in previous scans. The
small scale of this feature along the aircraft track may well account for the low turbulence estimate from that
platform. Thus, "bulk" analyses may not be the best means for evaluating the ability of DOW to remotely
identify and quantify turbulence.
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Figure 7.3. DOW turbulence field (EDR Algorithm 3) corresponding to the single outlier point of Figure 7.2.
The DOW is located at Temsco Heliport and the Hazard Alert Area (denoted by Red boundaries) is the North
Douglas Island box. The white line indicates the aircraft flight track through the hazard alert area.

The most substantial conclusion of the analysis is that DOW radar observations of atmospheric turbulence
demonstrate potential as aircraft supplements or surrogates for testing of an operational turbulence warning
system.
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E. Numerical Weather Prediction

[Background] [Army Test and Evaluation Command 4DWX Project]
[Metropolitan-area forecasting with 4DWX modeling system]

[Homeland Security applications]

1. Background

Numerical weather prediction at RAP includes developing, testing, and implementing operational forecasting
systems for new areas of the world. This entails better understanding local dynamical processes through the
use of special data sets, development of improved representations of physical processes in the models, and
objectively verifying the skill of the models at predicting local meteorological phenomena. The weather
models are often coupled with others such as transport and dispersion models and sound-propagation
models. For example, in one project operational mesogamma-scale numerical forecast systems are being
developed for and installed at test ranges of the U. S. Army Test and Evaluation Command. The systems
have been installed at six test locations and include data ingest and quality control modules, display systems
for data and model forecasts, and the Penn State/NCAR MM5 modeling system adapted for range
requirements.

 
2. The Army Test and Evaluation Command (ATEC) 4DWX Project

RAP has been tasked with developing and deploying operational MM5-based forecast systems for ATEC
ranges. Thus far, six ranges are receiving model products from five systems. During the last year, 4DWX-
system development efforts have focused on testing an ensemble prediction system, wherein 10-h forecasts
are produced with a 16-member ensemble with a 1-km grid increment. Also, in support of worldwide
material testing, a GUI-relocatable version of the 4DWX MM5 model has been developed. This system,
called Global Meteorology on Demand (GlobalMOD), allows a user who is not a trained MM5 modeler to set
up and launch the operational modeling system at any location in the world. Figure 2.1 shows the Global
MOD system as it was employed in support of the National Ground Intelligence Center during Operation
Enduring Freedom. Studies conducted while developing and testing the 4DWX system include those by C.
Davis et al. (1999), T. Warner and H-M. Hsu (2000) and D. Rife, et al. (2002).

http://www.ncar.ucar.edu/ASR02
http://www.nsf.gov/
http://www.ucar.edu/
http://www.ncar.ucar.edu/
http://www.scd.ucar.edu/docs/asr2003/
http://www.mmm.ucar.edu/asr2003
http://www.hao.ucar.edu/public/asr/asr2003/index.html
http://www.esig.ucar.edu/asr03/
http://www.cgd.ucar.edu/asr03/dir_msg.html
http://www.atd.ucar.edu/dir_off/ASR/FY2003/index.html
http://www.asp.ucar.edu/asr2003
http://www.acd.ucar.edu/science/asr03/index.htm
http://www.ncar.ucar.edu/ASR03/
http://www.atec.army.mil/
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Figure 2.1

3. Metropolitan-area forecasting with the 4DWX modeling system

The ATEC 4DWX system has been adapted for use over metropolitan areas, and this capability was tested
during the Joint Urban 2003 urban field study in Oklahoma City in August. A version of the GlobalMOD
system with five nested grids employed the highest-resolution grid that spanned the limits of the city, with a
horizontal resolution of 500 m. The Urban Wind Module (UWM) from the Defense Threat Reduction Agency
(DTRA) was embedded in this inner grid. The UWM winds were used as input to the DOD SCIPUFF
transport and dispersion model (Figure 3.1). 

Figure 3.1 

4. Homeland Security applications

For homeland security-related work, RAP scientists produced high-resolution analyses and forecasts of
winds for regional and metropolitan areas that can be used for production of forecasts of the transport and
dispersion of hazardous material released into the atmosphere. For example, the above-described
GlobalMOD system has been applied to the Washington, DC metropolitan area, and is being used with the
embedded DTRA UWM. Another modeling system was also developed for assimilating radar and lidar data
using four-dimensional variational assimilation techniques. In particular, the NCAR-developed Variational
Doppler Radar Assimilation System (VDRAS) has been adapted to assimilate Doppler lidar radial-wind data.
This Variational Lidar Assimilation System (VLAS) produces gridded analyses and 30-min forecasts of the
complete wind field.
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Figure 4.1

Figures 4.1 VLAS-retrieved winds based on data provided by a Coherent Technologies Incorporated lidar.
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Figure 4.2

Figure 4.2 shows the plume produced by the VLAS winds used in SCIPUFF.
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F. Water Resources

[Background] [Surface hydrology for urban flash flood autonowcasting]
[Water Resource Evaluation of Rainfall Enhancement] 
[Hydrologic aspects of land-atmosphere interactions] 

[Water Resources Research Projects]
[Distributed Land Surface Modeling of Large Watersheds]

1. Background

RAP water resource activities expanded considerably in 2003, with the addition of two new ASP Post-Docs,
and collaboration with other NCAR divisions and outside institutes and universities. The following were the
primary activities:

Surface hydrology for urban flash flood autonowcasting, in collaboration with the Urban Drainage and
Flood Control District of the Denver Metropolitan region. 

Hydrologic and water resource assessment of rainfall enhancement benefits in the United Arab
Emirates and the Sultanate of Oman

Land-atmosphere interactions associated with the Cooperative Atmospheric Surface Exchange Study
(CASES) and the IHOP project

American Water Works Association - Municipal Water and Climate Change

The North American Monsoon Experiment

Distributed Land Surface Modeling of Large Watersheds

2. Surface hydrology for urban flash flood autonowcasting 

RAP continued to develop tools for assessing the potential impacts of heavy precipitation associated with
severe weather on urban watersheds. Using the Urban Drainage and Flood Control District (UDFCD) of the
Denver Metropolitan Region as a case study, H. Sharif and D. Yates demonstrated the potential benefits of
high-resolution weather radar data, physically-based distributed hydrologic modeling, and quantitative
precipitation nowcasting for urban hydrology and flash flood prediction in particular. Radar reflectivity data

http://www.ncar.ucar.edu/ASR02
http://www.nsf.gov/
http://www.ucar.edu/
http://www.ncar.ucar.edu/
http://www.scd.ucar.edu/docs/asr2003/
http://www.mmm.ucar.edu/asr2003
http://www.hao.ucar.edu/public/asr/asr2003/index.html
http://www.esig.ucar.edu/asr03/
http://www.cgd.ucar.edu/asr03/dir_msg.html
http://www.atd.ucar.edu/dir_off/ASR/FY2003/index.html
http://www.asp.ucar.edu/asr2003
http://www.acd.ucar.edu/science/asr03/index.htm
http://www.ncar.ucar.edu/ASR03/
http://www.udfcd.org/
http://www.udfcd.org/
http://www.atd.ucar.edu/dir_off/projects/2002/IHOP.html
http://www.awwa.org/
http://www.ofps.ucar.edu/name/
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from WSR-88D radar were used to compute high-resolution rainfall estimates as input to a state-of-the-art
physics-based distributed-parameter hydrologic model to predict flooding over a small, highly urbanized
catchment in Denver. Gridded radar rainfall fields were used by a precipitation nowcast system to produce
0-60 min precipitation forecasts applying simple extrapolation and more complex nowcasting procedures
(Figure 2.1). Two rainfall events in the Denver area were studied. The 8 July 2001 event was used to
validate the hydrologic model, while the two events 5 and 8 July 2001 were used to evaluate the ability of
the AutoNowcaster to produce rainfall forecasts useful for urban hydrology. Hydrologic model outputs using
nowcast fields were compared to outputs produced using best available rainfall information. Simulations
driven by rain gauge and radar rainfall estimates were compared to highlight the benefit of distributed rainfall
information.

 

Figure 2.1 Example of discharge estimates and forecasts.

Additionally, RAP collaborated with the UDFCD to research the addition of radar-based, hydrometeorological
information to aid their flood warning mission. In the summer of 2003, D. Yates worked on a small
demonstration project to display TITAN storm products in real-time for the UDFCD via an Extensible Markup
Language (XML) web-based dissemination format. This prototype system has been built upon interoperable
technologies defined by World Wide Web Consortium (W3C), most notably XML and the Extensible Style
Sheet Transformation (XSLT), which is a language for transforming XML documents into other XML
documents. XML is playing an increasingly important role in the exchange of a wide variety of data on the
Web and elsewhere. B. Rindahl, a UDFCD consultant, has been contracted by the UDFCD to develop tools
for the ALERT program, which included a real-time geographical display of UDFCD rain gage data based on
an XML technology called Scalable Vector Graphics (SVG), also a W3C standard. This new technology
enables the rapid distribution of real-time data via simple XML transfers of small data streams from a web-
based server. An example of the current prototype system is given in the Figure 2.2, showing storm activity
for 11 June 2003. The ellipses are TITAN-identified storms and the arrows show the forecast storm position,
rendered in an SVG enabled web-browser.
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Figure 2.2. Example of web-based display of TITAN storms over the Urban Drainage and Flood Control
District domain near Denver, Colorado.

3. Water Resource Evaluation of Rainfall Enhancement - UAE and Oman

Hydrologic studies for the rainfall enhancement experiment were included in the final report submitted to the
Department of Water Resource Studies, UAE in January of 2003. The primary purpose of these studies was
to establish, based on historical data and current observations, the relationships between rainfall and wadi
flow, groundwater levels, and groundwater recharge. These relationships are important for determining the
future impact of rainfall increases due to cloud seeding on these parameters. A methodology is being
developed by D. Yates to analyze recharge enhancement relative to the whole of the water resource system
of the UAE. This analysis framework will be necessary for assisting the UAE's Department of Water
Resource Studies in evaluation of any long-term project for rainfall enhancement.

As part of the UAE project, the Water Evaluation and Planning Model (WEAP), was advanced to included
groundwater elements, and a cost/benefit module. WEAP is licensed by the Stockholm Environment Institute
(SEI). D. Yates worked to help advance WEAP so it can better accommodate hydrologic processes and
comparative benefit/cost analysis. Should a randomized experiment suggest increased recharge benefit, it
will be necessary to detail and quantify a cost-effective strategy of aquifer recharge enhancement through
cloud seeding, which should be analyzed relative to other water supplies and demand management
strategies. The WEAP model allows for the detailed analysis of current water resource supplies, their
allocation and cost of delivery, quantification of current water resource demands, and can incorporate
projections of future demands by sector.

In the fall of 2003, D. Yates and R. Bruintjes traveled to The Sultanate of Oman to write a report that reviews
and assesses the potential for cloud seeding to enhance rainfall. The availability of water for domestic,
agricultural and industrial use in many parts of Oman has been a critical problem for many years. A
preliminary analysis of rainfall enhancement potential was conducted for the Sultanate of Oman's Ministry of
Regional Municipalities, Environment and Water Resources. Evidence suggests that occasional, large rainfall
events do not appear to be a dominant factor controlling groundwater recharge. Sustained recharge appears
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to be more reliant on a series of small to moderate events that are imbedded within more wet periods. This
suggests a perhaps counter-intuitive, long-term rainfall enhancement strategy, whereby enhancement
operations would become more active during wet periods, where the marginal benefit to groundwater
recharge is likely to increase when there are series of moderate rainfall events of relatively high frequency.
During unusually dry periods, when storm events are infrequent, rainfall enhancement efforts would likely
have smaller marginal benefits. Deriving this cost/benefit curve would be an important part of establishing a
rainfall enhancement analysis program, and would need to be supported by both radar-based and surface
observation data and studies.

A hypothetical rainfall enhancement experiment was conducted using a rainfall-runoff model, where summer
precipitation amounts were increased by 10% for each rain gauges for the summer months of June, July and
August for a select wadi. Some evidence suggests that rainfall enhancement increases the duration and
areal extent of convective systems but not necessarily the rainfall intensity (e.g., the South African and
Mexican experiments). More intense rainfall likely leads to increased surface runoff, but less overall
watershed recharge. Higher intensities would likely lead to greater wadi alluvium storage, but not necessarily
greater overall soil moisture storage throughout the entire watershed. Greater duration and areal extent
would likely lead to greater overall watershed benefits because precipitation volume over the watershed
would be greater, and the rainfall striking the surface at lower intensity would have a greater infiltration
opportunity.

4. Hydrologic aspects of land-atmosphere interactions associated with CASES-97

R. Grossman, D. Yates, M. LeMone (NCAR), and M. Wesely and J. Song (Argonne National Laboratory)
completed a study that investigated the association between ~10-km scale horizontal variations of surface
temperature and aircraft-derived fluxes of sensible heat (H) and moisture (LE) at 30-40 m above the surface.
Aircraft, surface, and satellite data from the Cooperative Atmospheric-Surface Exchange Studies field
program (CASES-97), during spring 1997 in Kansas, were used. The three intensive observing periods
studied represent diverse situations.

The surface temperature (Ts) measured remotely along repeated aircraft flight tracks showed a persistent
pattern, with maxima associated with ridges characterized by shallow soil and rocky outcroppings and
minima associated with riparian zones. Maxima in  tended to correspond to Ts maxima in the same
longitude zone on two flight tracks some 40 km apart. Two mechanisms are suggested to explain this
association: for winds between 6-8 ms-1, fluxes modulated by the surface energy budget and enhanced by
increased static instability over Ts maxima; for winds 4 ms-1, thermally-driven circulations centered on Ts
maxima. CASES-97 aircraft and satellite data from March to June revealed persistent features in the Ts
pattern during the month-long project. Minima tended to be more persistent than maxima and appeared to
anchor Ts gradients. Effects of rainfall and vegetation on watershed-scale Ts gradients were also explored.

5. NAME Water Resources Research Projects

As part of the internationally-coordinated North American Monsoon Experiment (NAME), D. Gochis worked
with local Mexican institutions, to install a network > 80 automated raingauges throughout the Sierra Madre
Occidental Mountains (Figure 5.1). Given its topographic sampling strategy and rainfall event-recording
capability, this type of network is unprecedented in this remote region. Preliminary investigations from the
summer of 2002 identified a distinct diurnal cycle of precipitation intensity that is intrinsically linked to the
regional topography. Early comparisons with existing products revealed substantial errors attributed to
deficiencies in the previous observational network. Integration of the new automated network is expected to
greatly improve the representation of precipitation throughout a large area of northwestern Mexico. In
addition to these precipitation studies, D. Gochis is also investigating hydroclimatological characteristics of
the monsoon region by examining monthly and seasonal relationships between rainfall and runoff across 15
headwater catchments in northwest Mexico. Findings from this study are aimed at improving both the
understanding of physical processes and the prediction of streamflow and water resources in this water-
stressed region. 

Click here for more information about the NHWG. 

http://www.joss.ucar.edu/name/hydromet/
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Figure 5.1. Location of the NAME Tier 1 rain gage network.

6. Distributed Land Surface Modeling of Large Watersheds

H. Sharif performed a 52-year simulation using the fully distributed version of TOPLATS at 1-km resolution
for the Red/Arkansas River basin (576,000 km2) in a fully-distributed mode. Forcing data (precipitation,
incoming radiation and surface meteorology), interpolated from meteorological and rain gauge observations,
were used. Analyses of mean-monthly, seasonal, and annual changes in soil moisture, latent heat, sensible,
as correlated to large-scale patterns were performed. The correlation between mean-monthly, seasonal, and
annual variations in surface energy fluxes, soil moisture, and stream flow and large-scale atmospheric
patterns were examined.

The controls on soil moisture under different wetting and drying conditions in the Whitewater Watershed
were investigated over Kansas. A land surface model was used to determine how subgrid spatial variability
of soil moisture might be represented. In the absence of detailed spatially-variable soil moisture
measurements, TOPLATS, a land surface model to reproduce soil moisture patterns in the Southern Great
Plains, was used in fully-distributed mode to generate small-scale (30m), spatially-variable data over the
Whitewater catchment. The model was then run with distributions of 30-m topography and vegetation
characteristics over 1-km grid cells, and at the 1-km scale. Comparison of the states and fluxes from the
three modes gave insight into whether distributions of topography and vegetation will improve the
representation of soil moisture variability and average fluxes, and whether this varies under different wetting
and drying conditions due to different controls.

 

[Top]
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G. Land-Surface/Atmospheric Interactions and their Modeling

[Background] [Impact of Land-Atmospheric Interactions] 
[Land Surface Model Development for Mesoscale Weather Models]

[High Resolution Land Data Assimilation System Development] 
[Urban Heat Island Modeling] 

1. Background

RAP's objectives in this area are to understand, through theoretical and observational studies, the complex
interactions (including 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 land-
surface processes on regional weather, climate, and hydrology.

2. Impact of Land-Atmospheric Interactions on Quantitative Precipitation Forecast (QPF)

S. Trier, K. Manning (MMM), M. LeMone, and F. Chen (RAP) used high resolution Penn State/NCAR
numerical mesoscale model (MM5) simulations, initialized with soil moisture and temperature fields obtained
from high-resolution land data assimilation system, to investigate how both surface processes and other
aspects of mesoscale forcing influence the initiation of deep convection for a single diurnal cycle (0600 CST
19 June - 0600 CST 20 June 1998) of the dryline case.

Deep convection formed along or slightly ahead of the NE-SW oriented surface moisture gradient (dryline)
from west Texas into central Oklahoma by mid to late afternoon on 19 June (Figure 2.1 ). The dryline was
particularly intense across west Texas. By contrast, the dryline was slower to develop and somewhat weaker
across Oklahoma, but did eventually intensify by late afternoon (Figure 2.1b). Comparison of infrared satellite
data with radar-rain gauge precipitation estimates (not shown) revealed timing and location (with respect to
the dryline) of the onset of deep convection similar to results from the control simulation.

Analysis of convection-resolving MM5 simulations, which utilized HRLDAS soil states as initial conditions,
revealed the following:

Several scales of motion appear critical to convection initiation in the vicinity of the dryline.

Deep convection was later initiated from energetic small-scale (~ 10 km) horizontal convective roll
circulations within a region of enhanced surface sensible heat flux located along and slightly east of

http://www.ncar.ucar.edu/ASR02
http://www.nsf.gov/
http://www.ucar.edu/
http://www.ncar.ucar.edu/
http://www.scd.ucar.edu/docs/asr2003/
http://www.mmm.ucar.edu/asr2003
http://www.hao.ucar.edu/public/asr/asr2003/index.html
http://www.esig.ucar.edu/asr03/
http://www.cgd.ucar.edu/asr03/dir_msg.html
http://www.atd.ucar.edu/dir_off/ASR/FY2003/index.html
http://www.asp.ucar.edu/asr2003
http://www.acd.ucar.edu/science/asr03/index.htm
http://www.ncar.ucar.edu/ASR03/
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the dryline.

Roll-like circulations confined to the PBL appear to be the primary agent in directly initiating the late-
afternoon deep convection in Texas. These rolls occurred within a large-scale (100-200 km) region of
increased late-morning to mid-afternoon PBL height, which appeared to be associated with thermally-
induced mesoscale circulations. 

Accurate specification of fine-scale gradients of soil moisture on the diurnal evolution of the PBL and
the location and timing of storm initiation in the vicinity of an observed Southern Great Plains dryline
is critical. 

Initialization of fine-scale gradients of soil moisture is clearly important in the simulated evolution of
the dryline and convective initiation for the current case. When MM5 was initialized with the relatively
coarse and somewhat too-wet soil moisture from the NCEP Eta model, the intensity of precipitation
over Texas was greatly reduced (Figure 2.2b). Also, deep convection was initiated over 100 km east
of the dryline, compared to that at the vicinity of dryline in both the control simulation (Figure 2.2a)
and observations.

Figure 2.1. Surface winds (barbed symbols), water vapor mixing ratio (g/kg, contoured every 2 g/kg), and
hourly accumulated precipitation (mm, color scale at right) on Domain 3 of the control simulation valid at (a)
t=10h (1600 CST 19 June 1998), and (b) t=11h (1700 CST 19 June 1998). Tick marks on the border have a
spacing of one horizontal grid length (3.3 km) within the 558 x 558 km2 innermost domain.

http://www.rap.ucar.edu/weather/model/?model=eta


Land Surface Modeling

http://www.rap.ucar.edu/asr2003/land-surface-modeling.html[7/6/2015 2:43:17 PM]

Figure 2.2. MM5 Domain 3 (3-km) water vapor mixing ratio (g/kg, contoured every 2 g/kg) valid at t=9h (1500
CST 19 June 1998) and 3-h accumulated precipitation (color scale at right) valid for the period of t=9-12 h
(1500-1800 CST 19 June 1998) for simulations (a) initialized with soil moisture from HRLDAS; control
simulation, and (b) initialized with the coarser resolution soil moisture field used in ETA.

3. Land Surface Model Development for Mesoscale Weather Models

Supported by the Air Force Weather Agency (AFWA), M. Tewari and F. Chen collaborated with NCEP/NOAA
and AFWA to develop and implement an advanced land-surface modeling (LSM) system in the Weather
Research and Forecast (WRF) model. RAP organized a WRF/LSM working group workshop held at NCAR in
June 2003 with participants from NCEP, AFWA, FSL, NCAR, and universities to define the implementation
and test strategy for the coupled unified Noah LSM system. The unified Noah LSM has been implemented in
the MM5 3.6, available since February 2003, and in a test version of WRF. It is expected to be released in
the research version of WRF by the end of 2003.

The coupled WRF/Noah LSM system was tested in realtime mode(with 22-km grid spacing) at NCAR to
perform once-daily 48-h forecast. It was initialized with 0000 UTC EDAS (both atmospheric and soil
conditions, its precipitation EQ threat and bias score were verified against NCEP Stage-II rainfall data. Figure
3.1 shows that the WRF/Noah (blue line) forecasts significantly improved the precipitation skills for the
majority of rain categories, particularly for light rains, as compared to WRf/OSULSM (cyan line). Note that the
only difference in these two coupled WRF models is the land surface model.

http://wrf-model.org/
http://wrf-model.org/
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Figure 3.1. Precipitation skill scores for WRF and several operational forecasts from 1 to 30 May 2003. The
forecasts are verified over the CONUS by comparison to an analysis on a Lambert Conformal grid. Grid
boxes containing no observations for a given day are not included in the verification. WRFMASS (blue):
WRF coupled to the OSULSM (predecessor of the unified Noah LSM); WRFNOHA: WRF coupled to the
unified Noah LSM. Courtesy of NSSL/NOAA.

 

4. High Resolution Land Data Assimilation System Development

A High-Resolution Land Data Assimilation System (HRLDAS) is being developed by K. Manning, D. Gochis,
D. Yates, and F. Chen to support application of high-resolution numerical weather prediction models. It uses
observed hourly 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 US SGP regions to support RAP land
atmospheric interaction study project for IHOP 2002.

The HRLDAS characterizes soil moisture/temperature and vegetation variability at small scales (~4km) over
large areas in order to provide improved initial land and vegetation conditions for the MM5/LSM coupled
model for our QPF simulations. As shown on Figure 4.1, the HRLDAS soil moisture field captured not only
the general west-east soil-moisture contrast, but also fine-scale heterogeneity caused by small-scale
convective rain, land use types, soil texture, and vegetation characteristics.

http://www.atd.ucar.edu/dir_off/projects/2002/IHOP.html


Land Surface Modeling

http://www.rap.ucar.edu/asr2003/land-surface-modeling.html[7/6/2015 2:43:17 PM]

Figure 4.1. 4-km grid volumetric soil moisture at 5 cm below the ground surface simulated by HRLDAS for
the IHOP 2002 area for 1200 UTC 31 May 2002.

5. Urban Heat Island Modeling

Correctly modeling the urban effects on the atmosphere in mesoscale models (MM5 and WRF) and its
assimilation into systems such as RTFDDA is critical, because their forecasts and analysis are often used as
input for atmospheric dispersion models and for planning field experiment. The current Noah land surface
model in MM5 has an overly-simplified urban representation, which merely increases the roughness length
and reduces surface albedo for urban land use In the long run, in collaboration with Dr. Kusaka, (a visitor
from Japan), and F. Chen are coupling an advanced one-layer urban-canopy model, based on work by Dr.
Kusaka, with the Noah LSM and implement them into mesoscale models.

To provide realtime support for the 2003 Joint Urban Atmospheric Dispersion Study field experiment in
Oklahoma City (OKC), an intermediate approach was adopted. The current Noah LSM was enhanced to
capture primary influences of urban areas from bulk heat and momentum transfer without considering urban
geometry to balance complexity and data input requirements for RTFDDA. The Noah LSM urban
enhancements included increasing the roughness length from 0.5 m to 0.8 m, reducing surface albedo to
represent the shortwave radiation trapping in the urban canyons, using a larger volumetric heat capacity for
the urban surface (walls, roofs, and roads), increasing the value of soil thermal conductivity to parameterize
large heat storage in the urban surface and underlying surfaces, and reducing green vegetation fraction over
urban city to decrease evaporation.

The urban heat island effects seem prominent in the 9-day average of 1-km grid RTFDDA forecasts (Figure
o
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5.1); the OKC area is ~ 2-3 C warmer than the rural regions. Note that on Figure 5.1b this nocturnal urban
heating is able to keep the lower boundary layer slightly unstable (with heat transferred from surface to the
atmosphere), while the surrounding rural areas are mostly stable because of a surface inversion.
Examination of daily RTFDDA forecasts revealed even more pronounced influences of urban land use on the
atmosphere. For instance, the PBL height over the core OKC urban region was about 100 m higher than
over the rural regions. Due to stronger mixing in the nocturnal convective mixed layer, and hence less
decoupling of the surface layer with the atmosphere, the strength of low-level jet over OKC was weaker than
in the surrounding areas.

Figure 5.1. Averages of nine clear-sky day July 2003 RTFDDA forecasts for Domain 4 (1-km grid spacing)
valid at 06 UTC (about local midnight). a) 2-m temperature, and b) sensible heat fluxes.
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H. Remote Sensing

[Background] [Retrieval of DSD information]
[Single antenna interferometry to measure wind]

[Performance of Spaced Antenna Wind Estimators in Presence of Noise] 
[Remote Sensing of Liquid Water Content by Dual-wavelength Radar] 

1. Background

For the past several years, RAP has been involved in the development of techniques to retrieve drop-size
distribution (DSD) information from remote measurements made with polarimetric radars. Recent activities of
E. Brandes, G. Zhang, and J. Vivekanandan have focused on rainfall estimation and the development of
procedures for retrieving the DSD with the "constrained-gamma" model using measurements of radar
reflectivity and differential reflectivity and an empirical relation between the shape and slope parameters of
the gamma DSD.

G. Zhang and colleagues continued their work whereby the radial and transverse components are retrieved
with single-antenna radars using interferometry techniques. The method determines the transverse wind
component from the cross-correlation ratio (CCR) determined at positive and negative lags. In addition, error
propagation in the performance of Spaced Antenna systems has been investigated.

J. Williams, J. Vivekanandan, and G. Zhang have been developing a dual-wavelength method for retrieving
liquid water content (LWC) in clouds. The goal is to provide warnings of potential icing conditions. Recent
efforts have documented potential error sources associated with mismatched radar beams and have
improved processing procedures for retrieving detailed LWC information.

2. Retrieval of DSD information

During PRECIP98, NCAR's S-Pol radar was deployed for evaluating the potential of polarimetric radar for
estimating rain in a subtropical environment. Rain gauge and raindrop disdrometer observations were also
collected. The data have been used to develop a methodology for retrieving the governing parameters of
gamma raindrop size-distributions from polarimetric radar measurements. The distribution is assumed given

by N(D)=NoDµexp-  where N0 is a concentration factor, µ is a shape parameter, is a slope term, and D
is the drop equivalent volume diameter. A preliminary analysis demonstrated the utility of the constrained-
gamma DSD-based estimators, for example, the constrained-gamma DSD is completely specified by Z and
ZDR. The method facilitates formulation of simple polarimetric radar estimators for retrieving DSD
parameters, rain rate, attenuation, and specific propagation phase.

a. Spatial description of DSD

http://www.ncar.ucar.edu/ASR02
http://www.nsf.gov/
http://www.ucar.edu/
http://www.ncar.ucar.edu/
http://www.scd.ucar.edu/docs/asr2003/
http://www.mmm.ucar.edu/asr2003
http://www.hao.ucar.edu/public/asr/asr2003/index.html
http://www.esig.ucar.edu/asr03/
http://www.cgd.ucar.edu/asr03/dir_msg.html
http://www.atd.ucar.edu/dir_off/ASR/FY2003/index.html
http://www.asp.ucar.edu/asr2003
http://www.acd.ucar.edu/science/asr03/index.htm
http://www.ncar.ucar.edu/ASR03/
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An example of application of DSD parameters derived from radar data is shown in Figure 2.1, with a vertical
cross section showing two well-developed storms centered at 26 and 45 km. Positive ZDR (top right panel)
suggests that most of the precipitation below 5 km AGL is rain. For a specified ZDR, the drop median
diameter, the gamma DSD shape and slope parameters, and total drop concentration NT can be estimated
from other radar observables from empirical fits to the data. Applied to this example, maximum raindrop
concentrations exceed 1000 per m-3 in some regions of the storms, and values of µ were < 2 in these
regions. Drop median volume diameters are large in regions of heavy precipitation and small (<1.5 mm) near
the cell boundaries. Rain cell boundaries are characterized by large µ, i.e., narrow DSDs with smaller drop
concentrations. Thus, high reflectivity regions in this example corresponded to large number concentrations
and broad raindrop spectra. The rain rate is derived from the estimated DSD parameters instead of a fixed
power-law relation as is commonly used. Peak rain rates are ~100 mm h-1.

b. Self-consistency in polarization radar measurements when using constrained Gamma DSD

To test the validity of constrined-gamma based polarization radar estimators, self-consistency in polarization
observations is used. Estimated differential phase and specific differential phase were compared with
measured values. The estimated spedific propagation phase (Ke

DP) and propagation phase ( DP) were

obtained from power measurements, i.e., Z and ZDR, using empirical relations. As expected, estimated DP
monotonically increases with range and agrees well in the mean with the measurement (see Figure 2.2). A
statistical comparison for 60 rays and 6104 data points shows a mean measure DP at 11.73 degrees and
mean estimated value at 11.45 degrees. Good agreement between measured and estimated DP indirectly
verifies the constrained Gamma DSD-based polarization readar-based estimators.
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Fig. 2.1. Spatial distribution of polarization radar measurements, retrieved DSD parameters, and rain rate. (a)
Reflectivity, (b) differential reflectivity, (c) number concentration, m-3, (d), (e) DSD-based log10 of rain rate
in mm h-1, and (f) median volume diameter in mm. Note log10 of number concentration and rain rate are
shown. Standard deviation of canting angle is assumed to be 10o. The data were collected by S-Pol at 1901
UTC, 17 September 1998.

Fig. 2.2. Indirect verification of the -µ relation and self-consistency among polarization radar observations.
top: An example of measured and estimated DP along a radar beam. bottom: measured versus estimated
DP for a number of radar beam segments.

3. Single antenna interferometry to measure wind

Radial wind is routinely measured by radars using the Doppler method. Winds transverse to the radar beam
can be measured using an interferometric technique in which three or more spaced antennas are used (i.e.,
the Spaced Antenna, SA, technique). In cooperation with R. J. Doviak of the National Severe Storms
Laboratory, G. Zhang developed an interferometric technique whereby a single antenna is used to measure
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both radial and transverse winds. Angular Interferometry (AI) determines the transverse wind component, and
Range Interferometry (RI) determines radial wind component (Figure 3.1). The technique is based on the
fact that signal correlation is high when the sample volume follows the scatterers' motion, and is low when
the resolution volume is sampled in the opposite direction. Therefore, the ratio of cross-correlation function
at positive and that at negative lags is directly related to wind velocity. The cross-correlation of signals,
received from different angles and from different ranges by a single antenna, is derived based on scattering
from random fluctuations of refraction index. The performance of the technique has been studied through
error analysis and its dependence on spatial resolution, observation time, and turbulence. These theoretical
studies show that AI requires a small beam size to measure transverse wind accurately (contrary to the SA
technique), whereas RI requires fine range resolution to perform well.

  (a)     (b)

 

Figure 3.1: Conceptualizations of Angular Interferometry, (a) and Range Interferometry, (b).

 
4. Performance of Spaced Antenna (SA) Wind Estimators in Presence of Noise

A method for characterizing the accuracy of baseline winds, estimated using spaced antennas (SA) and a
full correlation analysis (FCA) method to process signals in the presence of noise, has been developed by G.
Zhang. Performance of the FCA method was compared with the theoretical performance of another
correlation-based approach (i.e., the cross correlation ratio method, CCR). The theoretical results of the
error analysis are supported with numerical simulations and experimental data. It was shown that the
theoretical analysis is valid and the results can be applied to improve wind estimates obtained from SA
signals contaminated with additive white noise. The theory shows that the noise effect on SA wind estimates
depends on system configuration and the lag, and cannot be fully accounted for by a reduced correlation
coefficient due to noise as previously hypothesized.

5. Remote Sensing of Liquid Water Content by Dual-wavelength Radar

Reliable remote detection of cloud liquid water content and droplet sizes is important both for understanding
cloud microphysics and meteorological processes and for providing improved diagnostics of icing potential to
the aviation community. One particularly promising technique makes use of the ratio of reflectivities
measured by two co-located radars operating at different wavelengths and observing the same region of the
atmosphere. The dual-wavelength ratio (DWR) or differential attenuation is obtained as a function of range.
The attenuation difference is due to the absorption of the two signals by atmospheric gasses, particularly
water vapor, and by cloud droplets, ice crystals, or hydrometeors. In the case where only small water
droplets are present, theoretical calculations may be used to remove gaseous absorption and relate the
remaining attenuation difference to the liquid water content along the radar beams. Unfortunately, previous
attempts to apply this theory as a method for detecting cloud liquid water content (LWC) have been hindered
by the contamination of the radar reflectivity by measurement noise, Mie (large droplet or ice) scattering, and
mismatched radar beam sizes and locations. These contaminants may cause unrealistic (including negative)
LWC retrievals, while averaging the radar data to diminish the contamination produces low-resolution results.
RAP scientists J. Williams, J. Vivekanandan and G. Zhang have been working to quantify these undesired
effects, develop ways to mitigate them, and design a robust method to obtain accurate, high-resolution liquid
water content measurements from dual-wavelength radar data. This research is sponsored by the FAA's
Aviation Weather Research Program.

There have been two primary achievements this past year. First, a more complete understanding of the
mechanisms responsible for contaminating the measured DWR has been obtained through both theoretical
analyses and simulation of radar measurements. Most notably, it was discovered that small differences in
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the radar beam widths, location, or measurement spacing could generate significant artifacts in the DWR
and hence in the retrieved LWC (see Figure 5.1). This information may help in designing improved dual-
wavelength radar systems. Second, a fuzzy logic algorithm was developed to combine censoring of the raw
radar data, a novel smoothing technique, and a "resolution boosting" method to obtain LWC retrievals at the
same resolution as the raw radar data. The censoring method considers a number of features of the radar
data to derive a "confidence" value for each pixel. These confidence values are used as weights during the
smoothing process, so that suspect data regions are effectively interpolated over. Several smoothing
methods were developed and applied to the DWR data. The most effective was a "regularization" method
that computes a confidence-weighted best fit while penalizing large or negative derivatives. Finally, the LWC
computed from the smoothed DWR is used to derive local ratios between the square of the LWC and the
reflectivity. This ratio may then be multiplied by a radar's raw reflectivity values to produce a final LWC
retrieval having the same high resolution as the radar measurements. The LWC and measured reflectivity
may also be used to obtain an estimate of droplet sizes. The new fuzzy-logic algorithm was applied to data
from the University of Massachusetts CPRS Ka- and W-band radar collected as part of Mount Washington
Icing Sensor Project (MWISP). A sample result, along with a comparison to sounding and radiometer data, is
displayed in Figure 5.2.

Figure 5.1. Time series of LWC profiles obtained from the DWR produced via simulation of CPRS Ka and W-
band radar measurement of an artificial liquid water field. The liquid water field was constructed from
concentrations having Gaussian density with maximum value 1 g m-3 and various shape parameters and
lying either in the plane of the radar beams (columns 1, 3, 5 and 6) or 200 m behind the plane (columns 2
and 4); it was advected past the radar beams at 20 m s-1. The radar beams were perfectly aligned, but had
different widths (0.5 degrees at Ka-band and 0.18 degrees at W-band). Retrieved LWC values range from -
1.2 g m-3 (blue) to +1.2 g m-3 (red) as indicated by the color bar to the right of the plot. Erroneous negative
values and paired negative and positive artifacts like those seen here occur frequently in real data and had
previously been poorly understood.
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Figure 5.2.. (Lower right) Time series of LWC profiles obtained from CPRS kA and W-band radar data using
the new fuzzy logic retrieval technique described in the text. The data were collected between 1620 and
1640
UTC on 14 April 1999, during the MWISP field program. LWC values range from 0 g m-3 (blue) to 1 g m-3
(red) as indicated by the color bar to the right; pixels having corresponding confidence values near zero are
displayed as white. (Lower left) The in situ LWC measured by an ATEK sounding released at 1622 UTC. The
integrated water path from this profile is 0.146 mm, more than a factor of three smaller than the slant-
adjusted radiometer value of over 0.5 mm. The balloon sounding trajectory is not aligned with the radar
beams, which makes a comparison of profiles problematic. (Top) Time series of total-path liquid water
obtained by integrating the retrieved LWC (green) and from the collocated NOAA radiometer (blue), with y
axis ranging from 1.0 to 2.0 mm. The close agreement suggests that the radar retrievals are reasonable.
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I. Precipitation Enhancement

[Background] [Results from the UAE Feasibility Study]
[Development of the UAE Randomized Cloud Seeding Experiment]

1. Background

One of the main goals in precipitation enhancement research is to firmly establish the physical chain of
events in precipitation development so that perturbations, both intentional and inadvertent, can be
understood and quantified. Thus, this research addresses common fundamental questions on cloud and
precipitation processes that impede progress in other important research areas (including quantitative
precipitation forecasting, convective rainfall, and aerosol-cloud interactions, etc.).

Under the direction of B. Foote and R. Bruintjes, the weather modification group in RAP continues to be a
leader in the world community, being one of only a handful of organizations actively pursuing research that
strengthens the scientific basis of rainfall enhancement efforts. Numerous countries have looked to RAP
scientists for guidance and advice on budding weather modification programs. Closer to home, a report from
the National Research Council of the National Academies on "Critical Issues in Weather Modification
Research" was recently released that aims to renew research efforts in the U.S. Bruintjes was a committee
member and major contributor to the report, and Foote also provided key advice to the committee.

Over the past few years, RAP research has focussed on providing a feasibility plan for cloud seeding in the
United Arab Emirates (UAE). The first phase was completed in early 2003 and a second phase involving a
randomized seeding experiment was implemented in the summer of 2003. These efforts are reported below
and involve collaboration with colleagues at US universities and in South Africa. Training of local scientists
and engineers in scientific research and field operations was another important facet of this program.

2. Results from the UAE Feasibility Study on Rainfall Enhancement

In late 2000, the government of the UAE, through the newly established Department of Water Resources
Studies (DWRS) of the Office of His Highness the President, approached NCAR about developing and
applying the technology of cloud seeding in the UAE. A preliminary assessment identified studies required to
assess the efficacy and potential benefits of rainfall enhancement via hygroscopic seeding, including:
collating existing data and collecting specific data on clouds and rainfall; establishing the natural background
and variability of aerosols in the region; adapting and developing numerical models for simulating UAE
clouds; and understanding the UAE hydrology sufficiently to assess the impact of rainfall on groundwater
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resources. These evolved into seven specific objectives that addressed two fundamental questions for the
UAE:

      1. Is the frequency of cloud occurrence sufficient to warrant the investment in a cloud seeding program?

      2. Are the clouds that do occur amenable to hygroscopic seeding? 

Research directed toward answering these questions, the first phase of a comprehensive feasibility plan,
was directed by Bruintjes. RAP scientists D. Breed, T. Jensen, and V. Salazar, along with researchers from
the University of Witwatersrand, South Africa, carried out field projects over four seasons (two winters and
two summers) that developed the necessary infrastructure and collected data to document the impact of
background aerosols and pollution on cloud processes and to characterize the microphysics and dynamics of
natural clouds. Modeling efforts included provision of real-time high-resolution forecasts with the MM5 model
during the field project periods, managed by T. Jensen, and studies on the formation of clouds and rain
using the Clark-Hall model, performed by J. Coen in conjunction with researchers from the South Dakota
School of Mines and Technology. Hydrological studies to determine the impact of possible rainfall increases
on surface- and groundwater were led by D. Yates.

a) Aerosol Characteristics

Aerosols have a profound impact on cloud processes, and one goal of the UAE study was to identify spatial
and seasonal trends in aerosols over the UAE region, as well as the processes responsible for their
variations. Airborne measurements of aerosols were collected during winter and summer 2001 and winter
and summer 2002 using a condensation nuclei (CN) counter, a cloud condensation nuclei (CCN) counter,
and a particle spectrometer probe (PCASP). Trace gas instruments gathered information to help complete
the picture of background conditions in the UAE.

 

Figure 1. The United Arab Emirates divided into nine regions according to topography, land use and aerosol
sources.

The data collected from the four different field campaigns represent a total of 178 flights, 398 hours of
PCASP and CN data, and 84 hours of CCN data. To summarize the results, the UAE was divided into 9
regions or zones on the basis of topography, land cover and anthropogenic sources (Figure 1). Many
measurements were collected in each zone, although the samples are biased toward certain zones as well
as toward pollution sources within some of the zones. CCN and CN average concentrations in winter were
generally higher than in summer, while for the accumulation mode aerosols (PCASP), the highest
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concentrations were found during summer (Figures 2 and 3). Deeper boundary layers and stronger
convective conditions in the summer may be responsible for lofting larger aerosols such as desert dust.
While there is significant variability, some zones have consistently high (Zone 5) or low (Zone 6)
concentrations. Overall, the aerosol concentrations are very high in the UAE, comparable to polluted and
continental environments, and consequently clouds formed in such conditions are typically continental
(colloidally stable). The general increase in summer PCASP concentrations, which causes a change in the
ratio of CCN to PCASP concentrations, is likely a factor in the variability of cloud droplet size distributions
and deserves further investigation.
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Figure 2. Vertically integrated averages of PCASP (aerosols) and CCN concentrations collected between 200
m and 4000 m MSL during Winter (2001 and 2002) and Summer (2001 and 2002). CCN concentrations
were recorded at a supersaturation of 0.3 %. Zones in UAE are delimited as in Figure 1. The standard
deviation of the data in each zone and each season is marked with a thin line.
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Figure 3. CN concentrations measured in each UAE zone during Winter (2001 and 2002) and Summer
(2001 and 2002) between 200 m and 4000 m MSL. The thin lines represent the standard deviation of the
data.

b) Cloud and Storm Characteristics

Cloud droplet concentrations were measured in many clouds, with a wide range cloud base altitudes. During
the winter, cloud bases varied from ~1000 m - 5000 m MSL, while cloud droplet concentrations varied from >
600 cm-3 to ~100 cm-3. The higher concentrations were generally measured when the cloud bases were
lower, and vice versa. During summer, cloud bases were generally higher than winter, but cloud droplet
concentrations were also higher. Summer cloud bases ranged from 2000 - 5000 m MSL and cloud droplet
concentrations ranged between 100 cm-3 to > 1000 cm-3, with most of the clouds containing droplet
concentrations between 400 - 800 cm-3. The droplet concentrations < 400 cm-3 were most probably from
clouds where entrainment had depleted many drops. Compared to winter, the summer measurements
indicate that although cloud bases were higher, the aerosols and CCN also mixed throughout a deeper part
of the atmosphere, resulting in high cloud droplet concentrations. The cloud types during the winter often
exhibited a multi-layered structure, with convection emanating from the upper layer and not connected to the
boundary layer. During the summer, nearly all clouds were convective with their origins in the boundary
layer. The higher cloud droplet concentrations during the summer also suggest that those clouds may be
more amenable to hygroscopic seeding.
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 (a)

 (b)

Figure 4. Locations of airborne cloud physics investigations in the UAE during Winter 2002 (a) and Summer
2002 (b).

Figure 4 provides an example from 2002 (a. winter and b. summer) of the geographical locations where
cloud physics flights were conducted. During the winter, cloud studies were scattered throughout the UAE
except for the southwestern region, while during the summer months, the studies were concentrated over
the Oman Mountains, where most of the convection was triggered by the topography. There were also a few
occasions when convection was triggered by convergence zones in southern and southwestern UAE due to
land-sea breeze interactions with an easterly trough.

Radar data were collected, archived and analyzed using the TITAN and CIDD software systems, tuned and
implemented for the UAE by N. Rehak with networking assistance from T. Hofmeister. Based on the
predominance of storms over eastern UAE and the Oman mountains, storm track characteristics (e.g., radar
cells with reflectivities greater than 30 dBZ) were compiled for that region during the summer months. The
distribution of storms by month is given in Figure 5, which shows that a reasonable number of storms for
investigation (e.g., a good likelihood of launching a flight in time to sample a storm) occurred on about a
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third of the days. Storm track durations are similar to the distribution in Mexican storms for example, with
most lasting < 1.5 h and very few lasting > 3 h. The short-lived aspect of these storms emphasizes the need
for rapid radar volume scans for adequate sampling during a seeding experiment. There is also a clear
diurnal cycle to the convection with the majority of storms initiating between 0900 and 1500 UTC. This
supports restricting operations to daylight hours, which is necessary to visually select storms to be
investigated or treated.
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Figure 5. 2001 and 2002 combined daily distribution of storms over eastern UAE and the Oman Mountains
for June, July, and August

c) Modeling of initiation convection

The UAE has two distinct regions - a large sandy desert along the southern edge of the Arabian (Persian)
Gulf in the western 90% of the country, and a spine consisting of the Hajar or Oman Mountains running
north to south along the eastern edge of the country and the Gulf of Oman. These mountains reach heights
of 1500 m and are broken by wadis (streambeds that flow only during rain events).

J. Coen applied the Clark-Hall atmospheric model to simulate the complicated interactions of a number of
local flow effects that occasionally combine to produce preferred regions of unusually heavy precipitation
during the summer. A simulation of the 31 July 2002 case is shown as an example of this phenomenon. In
the summer, the UAE atmosphere is generally very dry and moisture comes almost exclusively from tropical
monsoon flow (of which the UAE is on the fringes). This flow is heavily modified by the Oman Mountains
and regularly produces orographically-induced convective clouds in the afternoon. Concurrently, the heating
of the land leads to a strong, shallow northwesterly sea breeze that may be pushed ashore midmorning and
may extend a hundred kilometers inland. The collision of these flows (the moist easterly gap flow and the
northwesterly sea breeze), along with the deep, well-mixed but extremely arid interior air, first occurs in the
northeast UAE, producing a bull's-eye of converging flow, in this case producing rainstorms near Dubai. As
the gap flow strengthens into midday and the sea breeze pentrates further inland, this convergence moves
west over other coastal cities.

Thus, the net effect of these flows is to routinely produce convective precipitation over the Oman Mountains,
but under some unusual combination of conditions (related to the strength, direction, and moisture in the
monsoon flow), the flows may interact to produce rainstorms that can move west, away from the mountains
toward the coastal cities.

3. Development of the UAE Randomized Cloud Seeding Experiment - Phase II

a) The Experimental Design
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The experimental design for the UAE cloud seeding experiment was based on a combination of previous
experimental designs and implementation of statistical methods best suited to deal with field experiment data.
Development of improved statistical methods was led by T. Fowler with input from B. Brown.

Previous studies used estimates of the quartiles of rainfall amount distributions to determine if cloud seeding
produced significant differences. However, research has shown that quartile estimates have undesirable
properties when used on small samples, especially when the distribution of the samples is asymmetric or
skewed. As a result, the UAE experimental design uses a different measure that is better able to represent
small samples and skewed measurements, the Wilcoxon-Mann Whitney (WMW) test. Additionally, multiplicity
issues have led to some skepticism of results from past seeding experiments. Thus, for the UAE
experimental design, a single test makes up the entire confirmatory phase of the experiment. A separate
exploratory phase of the experiment includes a wide variety of analyses, and ensures that all available
information is studied without the issues of multiplicity.

The WMW test is a robust test of location based on the sum of the ranks of the observations. Because it is
a rank based test, the skewness of the measurements has no effect. Small sample sizes have an effect on
all statistics, however, tests that incorporate more assumptions require considerably smaller sample sizes
than tests that have fewer assumptions, provided those assumptions are correct. The WMW test has fewer
assumptions than a standard t-test making it more robust. Additionally, when the data differ even slightly
from normal, the WMW test is more efficient (i.e., requires a smaller sample size to detect differences than
the t-test). Figure 6 shows a quantile-quantile plot of the radar-derived rain mass measurements collected
during Phase I of the feasibility study versus a normal distribution. If the points followed a straight line, then
the data could be considered normal. However, this plot shows more of an "S" shape than a line, indicating
that the data are non-normal. This supports the plan to use the WMW test as the statistical evaluation
method.

Figure 6. Quantile-quantile plot of radar-derived rain mass (metric tons on a log scale) from UAE storms over
eastern UAE and the Oman Mountains in 2001 and 2002. The straight line represents a normal distribution.
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An indication of the sample size (number of treated storms) helps in the planning and budgeting of a long-
term experiment, and allows for year-to-year progress to be evaluated. Estimation of required sample sizes
can be done when the t-test is employed. Unfortunately, no equivalent procedure exists for the WMW test.
However, the t-test method for determination can be employed as a reasonable guess for the necessary
sample size. The result of this method, based on the UAE data and expected effects from previous
hygroscopic seeding experiments, yields a sample size of 192 cases (96 each seeded and control) to detect
a 50% increase in rain mass with 80% power and 5% error.

b) UAE Weather Radar Network

The number of weather radars in the UAE has expanded from two to five over the last two years (Figure 7).
These radars are owned and controlled by three different government entities, making coordination a
potentially complex issue. Nonetheless, under the umbrella of the DWRS, data display and archival
capabilities of the UAE radars were upgraded with the TITAN/CIDD software and were networked into the
DWRS office. The main purpose of the software upgrade and networking of radars was to provide a national
precipitation product, allowing for a centralized radar data archive.

 

 

Figure 7. UAE weather radar network of five radars: Delma, Muzaira, Al Dhafra, Al Ain, and Dubai. Range
rings of about 120 km radius are shown.

One problem that became apparent was the severity of clutter in the radar data, specifically ground clutter
caused by anomalous propagation (AP) and normal propagation (NP) conditions as well as contamination
from sea surface return (also called “sea clutter”). Removal of these contaminants is needed because they
cause erroneous radar-derived rainfall estimates as well as errors in interpretation. Using existing software
developed for use on the WSR-88D radars in the US, modifications and improvements were made to
optimize the software for use on the UAE radars. This software, the radar echo classifier (REC), was
developed with funding from the USA Radar Operations Center (ROC). The initial REC deployment was
accomplished during October 2002 in an effort led by C. Kessinger and supported by N. Rehak and J. Yee.

The REC is a data fusion system that uses fuzzy-logic techniques to classify the type of scatterer detected
by Doppler radar. Using the first three moments of radar base data (reflectivity, radial velocity and spectrum
width) as input, detection algorithms are formulated to make a classification. Two REC algorithms have been
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installed and tested on the UAE radars: the AP detection algorithm (APDA) that detects regions of AP
ground clutter return and the sea clutter detection algorithm (SCDA) that detects regions of sea clutter return.

The APDA and SCDA algorithms appear to perform quite well (Figure 8), removing most of the
contamination from the base data, yet retaining the weak precipitation region from mid-level clouds at the
outer ranges from the radar. Much of the remaining contamination has low reflectivity values and is quite
diffuse. The REC algorithm performance would be improved if the three base data variables were available
at each range gate. In the case shown in Figure 8, there were noticably fewer radial velocity range gates
and even fewer spectrum width range gates when compared to the reflectivity field. This was true of all
examined data sets from all the radars. To partially address this, an alternative, more simple yet robust,
radar receiver and processor was installed at one of the radars in collaboration with ATD engineers and is
currently being evaluated. 
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Figure 8. Radar reflectivity PPI at 0.6 deg elevation angle from the Al Dhafra radar on 19 October 2002 prior
to application of any clutter removal (a) and after application of the REC (b). The area shown is
approximately 600km x 600km; the reflectivity color scale is on the right.
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Click here to play movie

Note: Viewed best in Internet Explorer. Netscape users: right click on image, select Save Link As to save
avi file. Play the avi file with your media player of choice.

SIMULATION is a link to the animation Jul31_vecs_cloud.avi Caption: Animation of precipitation formation
(cloud water mixing ratio isosurface of 0.1 g/kg are in orange, wind vectors are near the surface).
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J. Ceiling and Visibility

[Background] [National C&V System]
[Northeast Winter C&V Project]

[Northeast Terminal C&V] [San Francisco Airport C&V]

1. Background

Adverse ceiling and visibility (C&V) conditions are a contributing factor in over 35% of all weather-related
accidents in the U.S. civil aviation sector and a major cause of flight delays nationwide. RAP research
funded by the FAA/AWRP directly addresses these problems through scientific and engineering work to
develop improved C&V weather information.

The most critical impact of adverse C&V is on the general aviation (GA) pilot, particularly during in-route
flight where unexpected encounters with reduced ceiling and visibility conditions are most likely. In these
situations, the GA pilot may face serious risk of disorientation, loss of control, and controlled flight into
obstructed terrain. Approximately 168 pilots, crew and passengers are killed each year as a result of GA
accidents in which adverse C&V conditions were a contributing factor. Improved national-scale analyses and
forecasts of ceiling and visibility and new tools to present this information to pilots, weather briefing staff and
others are key to improving the C&V safety record. Toward this end, RAP leads the FAA National Ceiling
and
Visibility (NCV) product development team, comprised of researchers from RAP, MIT Lincoln Laboratory, the
Naval Research Laboratory at Monterey (NRL), NOAA’s Forecast Systems Laboratory, the University of
Quebec at Montreal, and NOAA’s Aviation Weather Center.

Adverse C&V conditions also impose critical restrictions upon the rates of traffic flow into and out of major
airports across the country, and these restrictions in turn strongly affect the capacity and efficiency of US air
traffic as a whole. Recent studies suggest that adverse C&V conditions account for slightly less than one
third of all US air traffic delays and slightly more than one third of US weather-related delays. C&V forecasts
for the air terminal area are critical to timely airport decisions on the opening and closing of individual
runways and air traffic control decisions on traffic routing and spacing in the terminal area. The FAA
Terminal Ceiling and Visibility (TCV) product development team leads the research needed for improved
terminal-area forecasts and operational tools linking forecast information to the airport decision-making
process. This team joins the R&D capabilities of MIT Lincoln Laboratory and RAP.

Though their principal domains of responsibility differ, the NCV and TCV programs collaborate closely in the
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use of observations, numerical and statistical modeling, computer automation, and targeted research into
key problems in C&V phenomenology.

2. National Ceiling and Visibility System

Forecast System Overview

The NCV analysis and forecast displays were approved as FAA Test Products early in FY03. That
designation supports structured trials and evaluation by an assigned user group, but withholds the products
from operational use.

The analysis test product displays current ceiling, surface visibility and flight category information based upon
real-time METAR and satellite data updated every fifteen minutes. The display presents current conditions in
terms of aviation-critical thresholds with options for user-selectable overlays of individual METAR values.
The display domain is fully selectable from national to local scales and is accessible for non-operational
evaluation only via the NCV website.

The forecast test product has the same display attributes as those above and is formulated as a consensus
among several independent forecast components. For FY03 these components were RUC, ETA and
modified persistence forecasts. The consensus forecast is updated each hour with any new model results
and every 15 min as updated METAR information changes the persistence forecast. Real-time scoring of
component forecast skill feeds back to optimize the weighting of forecast components in the merging
process.

Development of a Site History Database

G. Wiener and J. Cowie have begun the development of a significant new database of historical
observations and corresponding forecast values at ~1600 METAR sites in the CONUS. The database will
support ongoing NCV forecast evaluations and a variety of other development and operational needs,
particularly those that seek to estimate ceiling and visibility conditions from satellite observations and/or
model results. The database is composed of point and areal measurements centered on each site, such as
METAR data, all channels for GOES-E and/or GOES-W, and RUC and ETA 0-18 h forecasts at several
near-surface levels. History files for each site currently start on 1 January 1997 and extend to the present.

The database is an important step toward development of new performance-driven techniques for real-time
weighting of individual forecast components in the integration process, new methods for translating model
output to ceiling and visibility fields making use of correlations between that output and concurrent ceiling
and visibility observations, and development of observations-based or climatology-based short-term forecast
methods.

Improvements to Forecast System Tools and Methodologies

M. Limber implemented new capability to incorporate both GOES-E and GOES-W scans in a composite
cloud mask updated each time a new scan is received. M. Tryhane, M. Limber and P. Herzegh examined
current masking techniques for clear vs. cloudy conditions based on GOES observations during day and
night. This mask utilizes cloud detection criteria based upon visible and 10.7 micron IR brightness values,
reflectance at 3.9 microns, and the brightness difference at 10.7 and 3.9 microns. Their examination found a
number of performance shortcomings, related to proper handling of the transition from day to night. These
issues are being addressed through collaboration with the NASA/ASAP program and through use of new
tools established to interactively tune the algorithm operating parameters and thresholds. An example of
GOES-East daytime imagery and the corresponding estimate of clear vs. cloudy conditions as determined
through the current NCV algorithm is shown in Figure 2.1. 

http://www.rap.ucar.edu/projects/cvis
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Figure 2.1. GOES-12 daytime imagery of brightness data used to construct the daytime cloud mask. Shown
are the visible image (a), IR 10.7 micron image (b), the 10.7 minus 3.9 micron brightness difference (c), and
the derived cloud mask (d).

G. Wiener evaluated three methods for interpolation of METAR data – nearest neighbor, natural neighbor
and Kriging. Initial analyses indicated that results from the three methods differed somewhat in general
appearance, but to date none has been found to be quantitatively superior to the others in this application.
Because the nearest neighbor technique yields results that generally mimic the conventional hand analyses
familiar to meteorologists and users, the project retains use of the nearest neighbor method until quantitative
results yield a basis for change.

The logic for accessing RUC and ETA model runs was modified by J. Cowie to better handle the effects of
latency (delayed receipt of model results) on matching the model forecast product to the targeted forecast
time. J. Cowie also configured a parallel, test version of the NCV forecast system on a second Linux
computer to provide full display and replay capabilities required for trials and evaluation of processing
modifications and new techniques.

M. Limber worked closely with NRL and RAP’s OWPDT engineering staff to implement use of the NRL cloud
classification code at RAP. That code will play a part in NCV cloud and fog detection. M. Limber also
worked with D. Johnson and several RAP engineers to install fundamental improvements to the GOES
reception, processing and archival infrastructure in place at RAP. New receiving hardware and Linux
processors have yielded major improvements in system throughput to service GOES data needs for
numerous RAP projects.

3. Northeast Winter Ceiling and Visibility Project

The northeastern US air travel corridor (and particularly the region centered around New York City) handles
a high concentration of domestic and international transport-class flights. Air traffic flow in this area is
particularly susceptible to disruption by adverse C&V conditions, which most commonly occur in late fall,
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winter and spring. Low ceilings due to stratus cloud and visibility reduction due to fog and precipitation are
important issues affecting air traffic flow in the area. The Northeast Winter Ceiling and Visibility Project is an
emerging collaborative effort among NCV, TCV and the FAA Winter Weather program to better understand
the factors controlling these low C&V events and to build improved analysis and forecast systems and user
tools that better meet the operational needs of pilots, air traffic controllers, dispatchers and airport operators.

Field Site Development

To enable high quality observations of fog and cloud structure, surface conditions, and lower atmosphere
thermodynamic structure, the project established its key observational site at Brookhaven National
Laboratory (BNL) on Long Island late in FY02. Site development work continued through FY03 as initial
observations began. J. Cole upgraded and installed a trailer-based operations center to house project
computers and infrastructure at the base of the BNL 90-m meteorological tower. Development of the tower
instrumental platform proceeded with installation of lightning mitigation equipment, custom retractable
instrumentation booms (Figure 3.1), data loggers, cabling infrastructure, and meteorological sensors at
multiple levels. Summaries of instrumentation installed (or planned) for the tower and the surface level are
given in Tables 1a and 1b.

[Top]

S. Landolt managed the design and assembly of real-time instrument and data handling infrastructure
needed to monitor instrument operational status, enable remote data quality checking from Boulder, and
automatically retrieve and archive data from the site. M. Tryhane, R. Tardiff and others worked to evaluate
initial instrument performance, troubleshoot instrument behavior, and establish critical calibration procedures.
Installation of surface instruments on site included a Vaisalla laser ceilometer, a Radiometrics 12-channel
microwave radiometer, soil moisture profile sensors, a Geonor precipitation gauge and sensors for
temperature, dew point and wind measurements. Equipment was set in place at the surface to test the
measurement of turbulent fluxes of sensible heat and water vapor. These flux measurement systems will be
moved to the 32 and 70 m levels on the tower early in FY04.
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Figure 3.1. Meteorological sensors mounted on one of seven instrumentation booms installed on the BNL 90
m tower in eastern Long Island, NY.

Measurements from a Profiling Microwave Radiometer

Significant progress is being made in acquiring, processing and understanding the measurement capabilities
of the profiling microwave radiometer at the BNL site. P. Herzegh completed initial analysis of a Colorado
winter freezing drizzle case as a first exploration of radiometer data utility, finding that the instrument
provided valuable information on the structure of low-level temperature and humidity profiles. Isentropic
analysis from radiometer measurements (Figure 3.2) yielded a clear view of the low-level intrusion of
upslope flow bringing a thin layer of arctic air to the front range area. Radiometer-derived estimates of cloud
liquid water content in the resulting upslope cloud were consistent with the observed development of
freezing drizzle early in the event. Water contents and integrated column liquid water values were seen to
quickly decline once ice crystals were introduced into the cloud from above and drizzle changed to light
snow. These results offer promise for use of the radiometer in conjunction with other observations to
examine the low-level thermodynamic structure of the atmosphere and the behavior of cloud liquid water
through the evolution of fog and other low-visibility events.
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Figure 3.2. Time-height sections of equivalent potential temperature, liquid water content and column
integrated liquid water during the passage of a cold front bringing upslope arctic air to the Colorado front
range area. The horizontal bars (top and middle) mark the approximate height of radar echo tops seen by
the Denver NEXRAD.

Fog Climatology in the Northeast

A climatological study was undertaken to gain insight into fog phenomena in the New York region. The
emphasis was on describing the various fog regimes affecting several locations. The analysis is performed
based on the identification of events from individual hourly observations. Focusing on fog events, instead of
evaluating statistical parameters based on individual hourly reports, provides the means to identify factors
responsible for fog formation. A “fog type” classification of the events was performed, based on conditions at
and before onset, to seek a more quantitative assessment of the likelihood of certain mechanisms to lead to
fog formation in different parts of the region. Hourly surface observations of visual range, temperature, dew
point temperature, wind speed and direction, ceiling, coded obstruction to vision, and precipitation type and
intensity, were compiled and parameters were analyzed from 1977 through 1996. Seventeen stations located
within heavily urbanized areas, along the coastlines of the Atlantic Ocean and Long Island Sound, and
farther inland in Connecticut, southern New York, central New Jersey and eastern Pennsylvania, were
chosen for this study.

An event is defined as a long period with visibility is < 1 statute mile when fog is reported (Figure 3.3).
Locations more directly influenced by the marine environment (ex. ISP, ACY, MIV, JFK) had the highest
numbers of events, while the more urbanized locations (EWR, TEB, LGA, PHL) have lower numbers. This
may be a consequence of the urban heat island effect. White Plains (HPN) stands out as being the location
with the most events, while the major terminal with the most fog occurrences is John F. Kennedy Airport
(JFK), with 385 fog events. Typical events last between 3 - 6 h for most stations, while HPN has the most
events lasting > 12 h. Fog tends to occur during spring and early summer, with minimums during summer
and early fall (Figure 3.4). Higher fog frequencies are also observed during winter. The maximum in fog
frequency corresponds to the time of year when the sea surface temperature is still cold while the
continental air is warming up, and is thus conducive to advection fog. The wind conditions at the onset of fog
events at JFK support this scenario, since fog is associated with onshore flow. Other stations such as LGA,
ISP, HPN, BDR, ACY and EWR have most fog events associated with low-level flow with over-water
trajectories.
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Figure 3.3. Number of fog events identified from surface observations between 1977-1996, for stations
located in Rhode Island, Connecticut, southern New York, New Jersey, eastern Pennsylvania and northern
Delaware. The number of events divided by the total number of valid observations (in %) is also shown for
each station in table form.
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Figure 3.4. Monthly distribution of fog event frequencies for the John F. Kennedy airport, over the 1977 to
1996 period.

4. Northeast Terminal Ceiling and Visibility

The purpose of the Northeast Terminal Ceiling and Visibility (TCV) project is to provide forecasts of
operationally significant changes in ceiling height and/or visibility in the proximity of major airports. Since
C&V does not usually have safety impacts on commercial aviation, the expected benefits from these
forecasts lie primarily in improved air traffic management, resulting in greater efficiency and realized capacity
for the impacted airport. TCV is lead by Lincoln Laboratory, but benefits from substantial contributions from
RAP.

There is a close scientific collaboration with the National Ceiling and Visibility Project. The underlying
scientific issues are the same, however the terminal products are expected to have higher precision (time
and space), and may be supported by more focused meteorological sensing.

The Terminal Regional C&V Display is shown in Figure 4.1. This display requires accurate current
information and short-term forecasts. More precise information is provided for the major airports, including
forecasts of expected C&V conditions. The Specific Airport C&V Display is shown in Figure 4.2. This display
is provided for the major terminals and augments the general information provided on the regional display.

The scientific challenge is to provide this precise information with acceptable accuracy. The initial product will
rely on persistence and stochastic forecast models for the 0-4 h forecasts, pass-throughs of NWP forecast
products for the 12-24 h forecasts, and a blending of information for the mid-range. The initial stochastic
forecast models will be based on technology that was developed in the San Francisco Marine Stratus
Project, and will be discussed in Section J.5. A major challenge is the improvement of C&V interpretations of
NWP forecasts.
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Figure 4.1. The Terminal Regional C&V Display. On the left is a regional depiction of C&V, similar to the
NCV product. Several airports are noted, and the current situation at each airport is represented as impacted
(IMC), not impacted (VFR), degrading, or improving. Specific current for the major airports information is
displayed at the upper right and forecast information is indicated at the lower right.

 

Figure 4.2. The Specific Airport C&V Display for Newark Airport contains forecasted Ceiling, Visibility, and
Precipitation forecasts out to 24 h.

5. San Francisco Airport Ceiling and Visibility
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The objective of the San Francisco Marine Stratus Initiative is to provide accurate forecasts of the time that
Marine Stratus will clear in the approach to San Francisco Airport (SFO). Data collection and scientific
investigations began in 1996, with demonstrations of an operational prototype for the past three summers.
This project is nearing conclusion, with the technology and operational responsibility transferring to the NWS
WFO at Monterey. This project was initiated and led by W. Wilson originally through MIT Lincoln Laboratory
and more recently at RAP.

The product includes a forecast of the time that the approach to SFO is sufficiently cloud-free to permit VFR
approaches, which permit a doubling of the airport arrival rate. Forecasts of the expected clearing are
provided bi-hourly from 0900-1500 UTC and hourly from 1500-1800 UTC, unless earlier clearing is
observed. This display (Figure 5.1) is used operationally by the the Center Weather Service Unit (CWSU)
forecaster and WFO aviation forecaster. The left side provides displays of sensor data, including the height
of the inversion base, detected by SODAR, and the short-wave radiation at SFO and along the outer portion
of the approach. The left panel also provides the forecast products and links, which enable the forecaster to
access additional information. There are four primitive forecast models, described later, and a Consensus
Forecast. As a measure of confidence in the Consensus Forecast, the historical probability of success of this
forecast is also provided, the probability of clearing before each of the next three hours. This probability is
the historical Correct Alert Ratio, conditional on the issued Consensus forecast.

In addition to the forecast models, there are specialized sensors. The models use both the special project
data and operational NWS data, e.g. surface observations, soundings, and satellite data. Locations of the
most important sensors are indicated in Figure 5.2. The fuchsia strip on the west side of the bay indicates
the approach to SFO. Note the two clusters of project sensors at either end of this strip.

The basic forecast models are closely tied to the sensing system. There are four basic models: the Regional
Statistical Forecast Model (RSFM), the Satellite Statistical Forecast Model (SSFM), the Local Statistical
Forecast Model (LSFM), and the COBEL (column) model.

The RSFM is based on a non-linear regression analysis, with predictors taken from the Oakland sounding
and various regional surface observations. Since forecasters have learned to rely on heavily pressure
gradients to determine geostrophic forcings, these derived fields are added to the predictor list. An important
feature of this model is that it depends on predictors, which are available nationally, and for which there is
an historical archive.

The SSFM is developed in a similar spirit to the RSFM, but with predictors taken from the GOES visible
channel. A clustering procedure has been adopted, based on meteorological and operational significance.
The mean brightness and percent coverage are computed for each cluster. These provide the possible
predictors. Nonlinear regression techniques are used to develop the forecast models.

The LSFM is an extension of a subjective analysis tool that has been developed and used operationally by
the CWSU forecasters. Their primary predictors are the height of the inversion base and cloud thickness.
This information is sharpened by the Zi analysis, which depends on the SODAR data. The addition of
pyranometers to measure the intensity of the short-wave radiation, provides a predictor that correlates with
total cloud water. Nonlinear regression techniques are used to develop objective versions of these forecast
models.

COBEL is a column model with a very fine vertical resolution in the boundary layer, and whose microphysics
have been adapted for the Marine Stratus forecasts.
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Figure 5.1. The San Francisco Marine Stratus Forecaster Display.

 

Figure 5.2. Data collection for the San Francisco Marine Stratus Initiative
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K. Oceanic Weather

[Background] [Progress Toward a Convective Nowcast Product]
[Continuing Steps Toward an Integrated Oceanic Turbulence Product] 

[Initial Steps Toward Volcanic Ash Products] 

1. Background

RAP’s Oceanic Weather Program focuses applied research and product development on the international need
for better forecasts of weather-related aviation hazards in data-sparse oceanic regions. The program is
currently coordinating the development of weather products that outline flight hazards associated with
convection, clear-air turbulence and volcanic ash, as well as improved wind information to aid nowcasting,
navigation and air traffic control. In coming years, planned work will address additional hazards such as icing
and convectively-induced turbulence.The program works with airline and air communications industry to
develop and test practical methods to transfer weather data products to the cockpit. These products and
methods seek to improve the safety of oceanic air travel and the efficiency of air traffic routing and flow
management. While the program is sponsored by the FAA Aviation Weather Research Program, its domain
extends across the oceans and air routes around the globe.

The Oceanic Weather mission arises from the fact that the information content and timeliness of the weather
information that supports air traffic managers, pilots and dispatchers along oceanic routes is typically inferior to
that available for continental routes. This forecast information gap is due largely to the scarcity of surface,
rawinsonde, radar and other observational data over the remote oceans, as this limits analyses of current
weather and forecast model data assimilation in these regions. At the same time, limitations in the resolution
and physics of global forecast models (covering oceanic regions) compared to regional forecast models
(covering continental regions) also play a significant role in the information gap. These limitations require that
Oceanic Weather development work make the greatest possible use of the analysis and forecast methods that
are available over the oceans, the most important of which are a broad range of satellite data and techniques,
global models, and in situ observations from aircraft.

To enable a broad approach to the scientific and engineering challenges associated with oceanic weather
needs, the FAA established the multi-institution Oceanic Weather Product Development Team (OWPDT) in
2001 under RAP leadership. This team is composed of scientists and engineers from RAP, the Naval Research
Laboratory at Monterey (NRL), MIT Lincoln Laboratory (MIT/LL) and the NOAA Aviation Weather Center
(AWC). The team’s joint efforts execute a carefully conceived plan of research, development and testing to
produce the new weather products needed to improve oceanic air travel. RAP's T. Lindholm is the overall lead
for the team effort, while P. Herzegh serves as scientific lead.
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Further project information including real-time displays of test-phase weather products and the current OWPDT
Seven-Year Scientific Plan are available on the OWPDT website.

2. Progress Toward a Convective Nowcast Product

The Oceanic Weather cloud top height (CTH) display was formally accepted as a Test Product by the FAA this
year following its structured trial as a concept demonstration in FY02. During this trial, airline flight crews,
dispatch, and air traffic management provided positive usability feedback. The initial concept and first
realization of the CTH algorithm were developed by NRL. Joint work between RAP and NRL brought the
algorithm to NCAR, and subsequent RAP work adapted it for use with the operational GFS model, which is
used to provide temperature sounding estimates around the globe to improve the accuracy of the CTH’s IR
temperature-derived cloud top heights.

The CTH product is now displayed for three domains (North Pacific, South/Central Pacific, and the Gulf of
Mexico) on the OWPDT web site. While useful as a stand-alone product, CTH will also play a key role as a
component of RAP’s emerging algorithm to diagnose the presence of deep convection, which is often obscured
by overlying cirrus cloud. RAP oceanic weather staff have implemented a prototype fuzzy logic-based data
fusion system to diagnose the presence of deep convection. The prototype convective diagnosis over the
ocean (CDO) makes combined use of three satellite-based diagnosis techniques – the cloud top height
product, NRL’s cloud classification product, and the AWC global convective diagnosis product. Use of lightning
position data (available for near-coastal regions only) is also beginning. C. Kessinger began running the
prototype convective diagnosis system in late FY03. G. Blackburn and K. Levesque continued to reformat,
ingest, and archive global atmospheric data sets to support further expert system development. Figure 2.1
shows an example of the convective diagnosis product and its three input components.

 

Figure 2.1. The Oceanic Weather Convective Diagnosis Product with the input data for 1945 UTC, 15 May
2000. Input data fields are: a) the cloud top height (Kft); b) cloud classification (red = cumulonimbus); and the
c) global convective diagnosis (0C). The final output product, the Convective Diagnosis Product, is shown in d)
as green contours overlaid onto the GOES visible image.

http://www.rap.ucar.edu/projects/owpdt
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Automated classification of satellite cloud imagery (among categories such as cumulonimbus, cirrus, stratus,
etc.) plays an important role in diagnosing the presence of deep convection over the oceans. During FY03, the
NRL cloud classification algorithm was ported to NCAR through collaboration among NCVPDT, OWPDT and
NRL. This system uses a growing set of expert-classified images (on the order of 5000-6000) as training data
for an automated algorithm that processes GOES data and classifies cloud imagery into one of fifteen daytime
cloud classes. Capability for nighttime classification will be added early in FY04.

The global convective diagnostic (GCD) product developed by AWC represents a third approach to the problem
of detecting deep convection. The GCD uses satellite channel differencing (water vapor minus infrared) to find
regions of overshooting cloud tops. Stable regions (defined by GFS model lifted index values > 1) are excluded
to reduce the occurrence of false detection. Collaboration with AWC brought execution of the GCD to RAP and
incorporation of the product to the RAP diagnosis algorithm.

The convective diagnosis product is the first step toward a predictive nowcast of convection in the 0-2 h time
frame. An important component of that nowcast product is characterization of the winds that advect convective
clouds . Over the oceans, GFS model results and geostationary satellite data serve as the two primary sources
of wind data. Satellite-based winds (derived through automated tracking of cloud elements and IR water vapor
features) can be combined with GFS model wind fields to produce a global, gridded wind field. Current NRL
and NASA/ASAP collaboration with RAP is directed toward improved satellite winds for use with GFS data to
yield the gridded wind fields needed to develop the 0-2 hr nowcast product. Prediction of convection beyond
the 2-hr limit is a subsequent, very challenging goal of oceanic weather work that will rest heavily upon
forecast model techniques.

3. Continuing Steps Toward an Integrated Oceanic Turbulence Product

Aircraft scale upper-level turbulence prediction over the oceans is more difficult than over the CONUS primarily
because of the sparse data coverage, i.e., the lack of turbulence reports from aircrafts. Over the past year
emphasis has been on the development of new turbulence diagnostics that would apply equally well to CONUS
and oceans. Several of the current diagnostics were optimized and a couple of new diagnostics formulated,
which show promise for increased predictive skill over oceanic regions. One of the new diagnostics, developed
by R. Frehlich and R. Sharman, is particularly attractive since it computes an actual turbulence metric, the eddy
dissipation rate (edr), not from vertical gradients, but from horizontal second-order structure functions. Figure
3.1 shows the probabilities of detecting moderate or greater turbulence vs. detecting null turbulence based on
comparisons of CONUS turbulence pilot reports to RUC20 derived diagnostics. In this figure each curve
represents the performance of a particular traditional turbulence diagnostic as well as the optimal combination.
Traditional diagnostics with no changes are Ellrod1, DTF3, Ri, TEMPG, and NGM2. Reoptimized diagnostics
are ColPan, LAZ. New diagnostics are SATRi, FRNTG, EDRS10. Without going into the details of each
diagnostic, it can be seen from the figure that the new and reoptimized diagnostics have relatively superior
performance (i.e., the pody-n curves are higher). These should be valuable additions to the oceanic suite of
turbulence diagnostics.
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Figure 3.1

4. Initial Steps Toward Volcanic Ash Products

RAP’s Oceanic Weather program has taken an important first step to improve the methodology of volcanic ash
warnings through D. Garvey’s development of a new capability to interpret and graphically display the stream
of text-based SIGMETS (aviation warning statements) issued by countries around the world. The SIGMET
decoder continuously reads the coded text messages received, distinguishes among the six hazard types
covered within the SIGMET message (volcanic ash, turbulence, thunderstorm, tropical storm, icing, sand/dust
storm), and decodes the positions of the polygonal boundaries of each warning area. Each SIGMET is then
presented in overview on an automated web-based world display (Figure 4.1). For the four current domains
addressed by Oceanic Weather (rectangles on Figure 4.1 ), a detailed display provides the boundaries of each
warning area. A key achievement of this work is the accurate decoding of the SIGMET messages, which
frequently don’t adhere to proper standards and methodology. (However, 90% of the SIGMETS received are
correctly decoded.) The remaining fraction are fundamentally ambiguous, and in the majority of cases can only
be made useful through manual interpretation by an experienced analyst. A volcanic ash SIGMET display
based on Garvey’s prototype work is planned for designation as a Test Product in FY04.
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Figure 4.1. Global overview of SIGMET warnings in place on 26 September 2003. Color coding for symbols
shown is as follows: thunderstorms (red), turbulence (green), tropical storms (yellow). The region affected by
each SIGMET is shown elsewhere in more detailed displays for each rectangular domain.

Other efforts have included ongoing interactions with the USGS toward future access to a more complete data
stream of real-time seismic information and products that will support early detection of incipient volcanic
activity. Collaboration with the NASA ASAP program is beginning work toward improved satellite capabilities
for ash plume detection and tracking. ASAP collaboration will focus in the near term on techniques applicable
to existing GOES and polar-orbiting satellites. In the future, the work will address volcanic ash applications
directed toward next-generation satellites and the hyperspectral imagery they will provide. T. Lindholm, D.
Johnson and C. Kessinger developed a presentation for an international conference on volcanic ash hazards in
Toulouse, France, describing RAP’s current achievements in volcanic ash SIGMET display, current
collaborations and future development plans.
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L. Surface Transportation Weather

[Background] [MDSS]

1. Background

For the last three years, the Federal Highway Administration (FHWA) Road Weather Management Program
has been conducting a project to develop a prototype winter road Maintenance Decision Support System
(MDSS). The MDSS is designed to provide guidance on winter maintenance decisions (treatment times,
types, rates, and locations) specific to winter road maintenance routes. Five national research centers have
participated in the development of the functional prototype MDSS, including the Army's Cold Regions
Research and Engineering Laboratory (CRREL), National Science Foundation's National Center for
Atmospheric Research (NCAR), Massachusetts Institute of Technology - Lincoln Laboratory (MIT/LL),
National Oceanic and Atmospheric Administration (NOAA) National Severe Storms Laboratory (NSSL), and
NOAA Forecast Systems Laboratory (FSL). RAP is the lead organization for technical development and
program coordination.

2. Winter Road Maintenance Decision Support System (MDSS)

The MDSS project objectives are to develop a prototype capability that capitalizes on existing road and
weather data sources, fuse data to make an open, integrated and understandable presentation of current
environmental and road conditions, process data to generate diagnostic and prognostic maps of road
conditions, and provide a decision support tool which provides recommendations on road maintenance
courses of action together with anticipated consequences of action or inaction. The overarching goal of the
MDSS project is to accelerate the time-to-market for MDSS capabilities; therefore the MDSS and its
components are being made available to the public on a non-exclusive basis. Interested parties can register
to obtain a CD with documentation and code via at this NCAR/RAP web site.
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Figure 2.1. Example live display of winter 2002 MDSS products in Iowa.

The MDSS integrates data from several numerical weather prediction models (Eta, GFS, WRF, and MM5)
and NWS and state DOT surface observations to produce weather forecasts at a number of points along
roadways. The weather forecasts at each location serve as input to a land-surface model that predicts the
road surface and subsurface temperature profiles and the snow depth at each forecast lead-time. These
forecast road conditions are used to generate treatment plans at each site based on rules-of-practice
guidelines. The MDSS provides a graphical user interface designed for easy interpretation by road
maintenance managers (Figure 2.1). This display is also designed to allow the maintenance manager to
generate "what-if" scenarios by setting up customized treatment plans and seeing the resulting road
conditions (Figure 2.2).

During 2003 an 8-week field demonstration of the MDSS was conducted for state highway routes in Iowa.
The primary objective of the field demonstration was to evaluate the maturity of the prototype MDSS
components by running the latest version of the prototype in a live environment, capturing verification data,
and analyzing the results. Several system limitations were identified during the course of the winter 2003
field demonstration and refinements were made to address many of these deficiencies. The MDSS field
demonstration provided an opportunity to evaluate several aspects of the prototype:

Technical Performance Assessment - An evaluation of the ability of the prototype MDSS to predict
weather, road condition, and provide reasonable treatment plans for actual weather events.

Validation of Operational Concept - An assessment of the overall operational concept for a winter
road maintenance decision support system with MDSS products, features and functions.

The winter 2003 field demonstration was successful in that it provided a wealth of information on the maturity
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of the prototype and identified several areas that need additional attention. Twenty-five states and twenty-
three private sector companies are part of the MDSS stakeholder group. State DOT operators and
supervisors are extremely interested in the MDSS capabilities and have expressed a strong interest in
continuing their support of the development effort.

Some of the major lessons learned or confirmed from the field demonstration were that: blowing snow and
frost were as much of a problem for winter maintenance as winter storms; the measurement accuracy of
winter precipitation is very poor at the ASOS and AWOS sites, which impacted the MDSS forecasts; weak
winter storm events (<1 inch total accumulation) are very important for winter maintenance operations; and
the end users desire probabilistic weather information for risk management.

A second field demonstration will occur in Iowa during the winter of 2003-2004. This demonstration will be
designed to assess the impact of the system improvements. In addition, the demonstration will be used
again to gain experience during actual winter road maintenance operations and to learn about human factors
issues related to the use of the MDSS prototype.

Figure 2.2. Customized Treatment Plan

[Top]

 
Director's Message | Executive Summary | Scientific Achievements 
Education & Outreach | Staff & Visitors | Publications | ASR 2003

 

 

 

http://www.ncar.ucar.edu/ASR03/


Surface Transportation

http://www.rap.ucar.edu/asr2003/surface-transportation.html[7/6/2015 2:43:25 PM]



Verification

http://www.rap.ucar.edu/asr2003/verification.html[7/6/2015 2:43:26 PM]

Director's Message | Executive Summary | Scientific Achievements 
Education & Outreach | Staff & Visitors | Publications | ASR 2003

In-flight Icing Snowfall / Freezing
Precipitation

Convective
Weather

Atmospheric 
Turbulence

NWP

Water Resources Land-Surface
Modeling Remote Sensing Precipitation

Enhancement
Ceiling and Visibility

Oceanic Weather Surface
Transportation Verification Tech Transfer

NCAR Initiatives

M. Statistics Applications and Forecast Verification

[Background] 
[Statistical approach to forecasting in-flight icing conditions]

[Optimal observations for forecast verification] 
[An object-oriented approach for verifying spatial precipitation forecasts]

[Verification of in-flight icing algorithms]

1. Background

The RAP Verification Group (VG) continues to provide independent verification of aviation weather
forecasting systems that are being developed by forecast development groups at NCAR and other
laboratories. The VG works closely with other verification groups [e.g., the Verification Branch at NOAA's
Forecast Systems Laboratory (FSL)] to evaluate the forecasting capabilities of experimental products and
products that are being considered for operational status. For example, a major study in 2003 involved
evaluation of the Forecast Icing Potential (FIP) algorithm, which was subsequently elevated to operational
status by the Federal Aviation Administration (FAA) and National Weather Service (NWS).

In addition to verification activities, members of the VG are involved in some activities related to development
of improved statistical models for some weather elements. One of these activities, related to diagnoses of in-
flight icing conditions, is described in Subsection M.2.

Because aviation weather forecasts are non-standard and because the phenomena of concern (e.g., icing,
turbulence) often are difficult to observe, the Verification Group puts a great deal of effort toward developing
verification methods and learning how to use the available observations appropriately. In addition to these
concerns, it often is difficult to find meaningful verification measures that provide useful information for
forecast users and developers. Many of the verification issues are pervasive in meteorological forecasting
and have become more important as forecast grids have become finer in scale. Use of optimal sets of
ceiling and visibility observations for evaluation of ceiling and visibility forecasts, and the development of an
object-based verification approach for convective/precipitation forecasts are the subjects of Subsections M.3
and M.4. Results of the extensive icing forecast verification study are presented in Subsection M.5. Finally,
initial ideas regarding verification approaches for forecasts in oceanic and other data-sparse regions are
considered in Subsection M.6.

Other areas of work and research by the Verification Group that are not represented in this short report
include development of approaches to identify inhomogeneities in precipitation observation time series,
development of a verification methodology toolkit, and development of the experimental design for a major
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weather modification program as well as evaluation of the statistical results of the project. The VG applies its
statistical expertise and breadth of understanding of statistical applications to meteorological data to the
solution of these problems.

2. Statistical approach to diagnose in-flight icing conditions

Diagnosing the potential and intensity of icing continues to be an important focus of RAP's work. This year
M. Pocernich focused on two areas of such diagnosis. First, he studied the use of statistics to post-process
model output. Successes in this area include: improved diagnosis as quantified by the areas under the
Relative Operating Characteristic (ROC) curves; information on which statistical models are useful; and
feedback on which variables the statistical models find useful. Second, statistical models are used to post
process model output data in order to diagnose icing intensity. Success in this area thus far has been more
limited. Initial attempts using pilot reports (PIREPs) to develop and verify the model have not proven to be
successful. Recently, icing data collected by specially-equipped aircraft have been used to create these
models; these data might prove to be more useful than PIREPs for diagnosing intensity. Brief details of these
studies are discussed below.

The following steps are used to create statistical forecasts of icing potential:

Diagnoses are made using icing potential values produced by the Current Icing Potential (CIP)
algorithm, along with weather variables from a numerical weather prediction model (RUC). 

Diagnoses are verified using PIREPs. These data are reduced to solely indicate the presence or
absence of icing conditions, instead of icing intensity. 

The following statistical models are used: generalized linear model (GLM), random forest model
(regression tree), and a neural network. 

Additionally, the icing potential value from the CIP is considered on its own. The statistical models are
combined by minimizing the error produced in a cross-validation procedure.

The CIP and statistical post processing output are compared using ROC curves (see Section M5) and
empirically calculating the area beneath the curves. A perfect model would produce an area of 1,
random guessing an area of 0.5. To simulate a realistic operating scenario, the statistical models are
built using two weeks of data. This model is then used to diagnose icing events for the following
week. This process was repeated for 9 weeks from December 2002 to March 2003. Some results are
as presented below.

The following table compares the areas under the ROC curves for each week of verification data. The
results indicate that statistical post-processing produces a consistent improvement in the diagnoses. The
second table offers some insight into which models are providing the greatest amount of information. With
some weekly variation, the random forest model is used to the greatest degree with the direct CIP output
offering the second greatest amount of input.

Area Under ROC Curves by Week

Verification
Week
Beginning

Area Under Curve   
Statistical
Model Direct CIP Output Absolute Difference Proportional change (abs.

Diff/ cip forecast)
12/15/02 0.72 0.68 0.04 0.06

12/22/02 0.78 0.74 0.03 0.05

12/29/02 0.72 0.66 0.06 0.09

1/5/03 0.74 0.71 0.02 0.03

1/12/03 0.81 0.75 0.06 0.09

1/19/03 0.80 0.76 0.04 0.05

1/26/03 0.79 0.73 0.06 0.09

2/2/03 0.78 0.74 0.04 0.05
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2/9/03 0.85 0.75 0.10 0.14

Individual Model Weights by Week

Week
Beginning GLM Random Forest CIP OUtput Neural Net

12/15/02 0.18 0.54 0.27 0.02

12/22/02 0.09 0.63 0.28 0.00

12/29/02 0.04 0.65 0.32 0.00

1/5/03 0.03 0.79 0.20 0.00

1/12/03 0.02 0.82 0.19 0.00

1/19/03 0.00 0.82 0.20 0.00

1/26/03 0.02 0.86 0.13 0.00

2/2/03 0.02 0.79 0.20 0.00

2/9/03 0.00 0.78 0.24 0.00

Icing Severity

In addition to the presence of icing, users are very interested in predictions of icing severity. Initially, the
solution of this problem was attempted by grouping reported icing severities from PIREPs from a select group
of aircraft types, into groups of low, medium, and high. Using the CIP and RUC outputs as predictors, the
random forest algorithm was used to classify the icing severities. However, this approach failed and was not
able to make predictions that were better than random guesses.

To avoid the problems associated with PIREPS, data collected by an aircraft specially equipped with
monitoring equipment is currently being used in the statistical model. On this aircraft, a Rosemount icing
probe conducts an ice cleaning cycle when the ice buildup reaches a specific point. We are using the
number of these cycles per 5-minute period as a surrogate for icing severity. Preliminary results confirm that
severity is closely related to the liquid water content. However, they also strongly suggest the RUC-2 model
predicts this quantity poorly. Additional tests on an upgraded RUC and on MM5 should determine if these
upgrades improved the predictions.

3. Optimal observations for forecast verification

METAR station information is used for verification of ceiling and visibility forecasts. Unfortunately, these
stations are sparse in many areas and dense in others. Additionally, the quality and type of information
available may differ considerably depending on whether the station is automated or manual, the location, the
type of instrumentation, the level of training and expertise of a manual observer, etc. To reduce the effect of
these variations on verification results, it is desirable to identify a consistent subset of METAR stations to be
used for verification. E. Gilleland and T. Fowler have employed two approaches to study this problem. The
first approach employs spatial statistics and the second neighbor comparisons. Both methods attempt to
estimate the probability that the conditions (i.e., flight category) at a target station match the conditions at
surrounding stations.

After looking at various spatial techniques to find an "optimal" design, Gilleland found that the data available
for cloud ceiling height and visibility for Northern California are not continuous enough for application of
standard spatial techniques. Instead the data were placed into categories based on flight rules and
categorical kriging was employed. Because of the nature of categorical kriging and its predominant use in
non-spatiotemporal settings, finding an optimal design based on such techniques is an area for future
research. The interpretation of the covariance function in this instance, however, does provide useful
information for network design issues.

The covariance function can be interpreted as the probability that two stations a certain distance apart fall
into the same category. For the visibility data, the probabilities were quite high and dropped off with
distance, particularly for an important subset near the San Francisco airport. The results were not as
promising for cloud ceiling data, which suggested that thinning the network may not be appropriate for cloud
ceiling height. For visibility, a coverage design was employed using a non-stationary version of the
categorical kriging covariance function as a (dis)similarity measurement. The results are shown in Figure 3.1.
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The 20 circled stations are those selected from among 48 stations in this area, with a few constraints to
ensure that some stations from each of a variety of altitudes were selected. These 20 stations appear to be
reasonable choices, as they cover the area without having too many observations close together.

Figure 3.1: Coverage design results (circled) for a design of size 20 (fixing some stations due to elevation
differences and from finding a "best" design for a subset of stations near the San Francisco Bay) out of 48
candidate stations. Elevations are shown in color.

The neighbor method applied by T. Fowler and A. Holmes calculates percentages of event (LIFR and IFR)
and non-event (MVFR and VFR) matches with neighboring stations for each METAR station across the
CONUS. The distance used to define neighbors is flexible, but 20 km was used as a starting point. As an
overall measure, the percent correct was calculated, and is shown in Figure 3.2. This measure incorporates
correctly matched conditions of all types and ranges from about 60-100% (represented on the color scale
from blue to peach, respectively). The correctly matched events and non-events were also examined
separately, but are not included here. The peach color indicates stations that match their neighbors
extremely well. Thus, in locations where METARs are dense, these are good candidates for leaving out of
verification. The blue stations match their neighbors less well. If this failure to match is due to variation in
conditions, then these are very important stations to include in verification procedures. However, if the failure
to match indicates an erroneous observation, then these stations should be removed from verification. This
determination must be made on a case-by-case basis. Overall, observations near the center of the country
tended to match their neighbors well while those nearer each coast and the Great Lakes matched less well.
Observations are densest east of the Mississippi and along the west coast.

Both methods suggest that some stations may be excluded from verification without loss of information.
Once the spatial method has been extended to the entire CONUS, the methods can be used together to
select the subset of METAR stations to be used for verification.



Verification

http://www.rap.ucar.edu/asr2003/verification.html[7/6/2015 2:43:26 PM]

Figure 3.2: Percent of agreement in flight category between CONUS METAR stations and their neighbors
within a 20 km radius for November 2002 through February 2003.

4. An object-oriented approach for verifying spatial precipitation forecasts

In the past, verification of Quantitative Precipitation Forecasts (QPFs) has suffered from many well-known
defects. One of the major problems is that typical approaches do not provide results that are consistent with
subjective perceptions of the quality of a forecast. While a subjective verification is not the overall goal for
the verification of QPFs, it is possible that an approach that mimics what a human might produce would be
valuable in assessing how good a forecast is. A method has been developed by members of the VG (B.
Brown, R. Bullock, M. Chapman, and A. Takacs) and from the MMM Division (C. Davis and K. Manning) that
identifies "objects" in a forecast or observation field that would be relevant to a human observer. These
objects are then described geometrically and relevant attributes of the two fields can be compared. These
attributes include items such as shape, location, orientation, and size depending on requirements of the user
of the information.

The application of this object-oriented approach is relatively insensitive to the source of QPFs and analyses.
Initially, precipitation forecasts over the past three summers from the WRF model have been utilized. The
forecasts available included the 3-h accumulations from a twice daily, 48-h forecast on a 22-km CONUS
grid and hourly accumulations from a daily, 48-h forecast on a 10-km CONUS grid. For verification
purposes, the NCEP Stage IV analysis was used. This data set combines certain information from radar and
rain gauges and is produced in real-time on a 4-km CONUS grid. This approach is also being tested using
data from the National Convective Weather Forecast (NCWF) and high-resolution WRF forecasts from the
Bow Echo and Mesoscale Convective Vortex Experiment (BAMEX).

The execution of the object-oriented verification approach involves several steps. First, the data are
convolved with an appropriate shape (e.g. a cylinder). The resulting field is thresholded allowing object
boundaries to be detected. Next, the objects in the same field may be associated into composite objects by
using some valid set of rules (Figure 4.1). Currently, these rules include the closest distance and axis angle
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as the indicators for merging of objects. Last, the objects from the observed and forecast fields are
associated and some measure of "goodness of fit" is determined.

Figure 4.1: Example of the convolution, thresholding and merging process for a case on 24 July 2001. WRF
model precipitation forecasts are shown in the left column, Stage 4 precipitation observations are shown in
the right column. The first row shows the "raw" forecasts and observations. The second row shows the
objects that were identified through the convolution and thresholding process; common colors within a plot
designate shapes that have been identified to be merged (the colors do not indicate anything about matched
between forecasts and observations). The third row shows the overlap between forecast and observed
objects.

The object-oriented approach for verification of QPFs allows a diagnostic evaluation of the characteristics of
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the forecasts. In many cases different attributes of interest to be evaluated may be specified for different
users of the verification information. The information needed depends on what the user is interested in
learning from the results. For example, forecast model developers may be interested in diagnosing forecast
characteristics that can be used to help improve the forecasts (e.g., incorrect size and orientation of storms);
aviation traffic flow managers might be interested in how well the location of the storms is captured; water
managers might be interested in precipitation accumulation errors over certain watersheds. Each of the
specific needs, as well as many others, can be evaluated using this approach. An associated user
component of this project by R. Morss (MMM/ESIG) considers these aspects of applications of the
verification approach. Results of the application of the approach have already been used by C. Davis to
examine and compare forecast and observed frequencies of precipitation events (e.g., Figure 4.2).

The object-oriented verification approach that has been developed shows promise as a way of alleviating
some of the problems associated with the current verification techniques for QPFs. Increasing applicability of
the approach is being pursued through development of methods to separate and evaluate the various scales
of the forecasts, as well as development of more sophisticated tools for matching forecast and observed
objects.

 

 

Figure 4.2: Histograms of the distribution of the number of rain areas as a function of rain-area size (square
root of the area, expressed in grid points, where 1 grid point = 22 km): (a) Stage IV; (b) WRF; (c) Stage IV
but merging rain areas whose centroids are separated by less than the average size of the area; and (d) as
in (c) but for WRF rain areas. All forecasts are initialized at 0000 UTC during the periodJuly-August, 2001.
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Precipitation is accumulated in 3 h intervals.

5. Verification of in-flight icing algorithms

During winter 2002 and spring 2003, the RAP VG, in collaboration with the NOAA/FSL Verification Branch,
undertook an intensive verification study of the Forecast Icing Potential (FIP) algorithm (previously known as
the Integrated Icing Forecast Algorithm, IIFA). This algorithm, developed by the FAA's In-Flight Icing Product
Development Team, was being considered for transition to operational status, and an important part of the
process of determining readiness for that transition is the "Quality Assessment Report" prepared by the
FAA's Quality Assessment Product Development Team, which includes the two verification groups.

The evaluation of FIP held more challenges than some other evaluations because both the underlying
numerical weather prediction model (RUC) and the algorithm itself had recently been changed. In particular,
the RUC model had been changed from a 40- to a 20-km horizontal resolution. Thus, numerous version
comparisons were required. The study thus included forecasts from winter, spring, and Fall 2002.

Because pilot reports (PIREPs) are the only widely available observations of in-flight icing conditions, these
reports were relied upon for the verification analyses. Due to certain characteristics of the reports (they are
subjective and non-systematic, with relatively few negative observations), verification analyses are limited to
certain sets of statistics. In particular, the analyses relied on computation of probability of detection (POD) of
Yes and No icing conditions (PODy and PODn, respectively), which measure the proportions of Yes and No
reports that were correctly classified by the forecasts. In addition, the spatial extent of the forecasts was
examined in terms of the percent of the airspace volume that was covered by a Yes forecast. Each of these
statistics was computed using several different thresholds of icing potential (between 0 and 1) used to
indicate a Yes/No forecast of icing. This use of PODy and PODn fits in a "Signal Detection Theory"
framework for verification, which measures the ability of the forecasts to discriminate between Yes and No
icing conditions.

Results of the evaluation indicate that FIP is skillful at discriminating between Yes and No icing conditions.
FIP also provides relatively efficient forecasts, covering comparatively small volumes for a given icing
detection rate. For example, using a threshold of 0.05, FIP correctly classifies 84% of the Yes PIREPs and
69% of the No PIREPs, while covering approximately 12% of the airspace volume over the CONUS. Figure
5.1 shows an example of the Relative Operating Characteristic (ROC) curve for 6-h FIP/IIFA forecasts, with
95% confidence intervals applied to the POD values. The area under this curve measures the overall skill of
the algorithm, with values greater than 0.5 indicating positive skill. The area under the curve in Figure 5.1 is
0.79, which indicates the algorithm has notable skill in discriminating between Yes and No icing PIREPs.



Verification

http://www.rap.ucar.edu/asr2003/verification.html[7/6/2015 2:43:26 PM]

 

Figure 5.1: ROC (PODy vs. 1-PODn) curves with approximate 95% confidence intervals for 6-h FIP (IIFA)
forecasts, for Fall (1 October - 30 November) 2002.

Figure 5.2 shows variations in FIP performance with altitude for 6-h forecasts with a threshold of 0.05, which
indicates that FIP's forecasting capability is maintained up to about 24,000 ft. Detection rates and volumes
covered vary from day-to-day, with volume coverage somewhat more consistent from day to day than the
other statistics. Trends in FIP performance over the last two years indicate that FIP maintains its forecasting
capability fairly well through the summer months. Comparisons among the model and algorithm versions
indicate that FIP performance was improved by the changes in the RUC as well as the changes in the
algorithm.
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Figure 5.2: Height-series plot showing variations of PODy [POD(mog)] and PODn with altitude for 6-h FIP
forecasts with a threshold of 0.05, for Fall (1 Oct - 30 Nov) 2002.

The Quality Assessment Report for FIP, as well as other documentation on the algorithm, was reviewed by
a technical review panel, which recommended that the algorithm be approved for operational use.
Subsequently, FIP was transitioned to operational status in the FAA and will soon be produced operationally
by the NWS's Aviation Weather Center. Operational FIP forecasts will soon be available at:
http://adds.aviationweather.gov/icing/.
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N. Technology Transfer Activities

[Background] [ADDS] [4DWX] 

1. Background

High quality science applied to societal problems is at the heart of the RAP mission. RAP is an integrator of
research and technology across disciplines and organizations, helping to transfer new capability into the
domain of practical application for those who have to make weather-sensitive decisions in government
agencies and the private sector.

Technology Transfer for aviation safety decisions continues to be the main emphasis at RAP. Development
of improved capabilities for the automated forecasting of aircraft icing, thunderstorms, snowfall affecting
airport ground operations, turbulence, ceiling and visibility, and oceanic weather continues to be our major
activity. Significant technology transfer has already taken place, including improved education and training,
transfer of advanced products to operational agencies and commercial companies and delivery of turn-key
systems.

Although aviation is our primary focus area, major transfer of technology is also taking place to DoD, in the
form of turnkey forecasting systems and algorithms. Systems for public weather forecasting also have been
transferred to the private sector. Applications to road weather information are being developed for transfer
beginning next year.

2. ADDS

The Aviation Digital Data Service (ADDS), jointly developed by NCAR-RAP, NOAA-FSL, and the NCEP-
Aviation Weather Center (AWC) disseminates weather products to the aviation community via the web
(http://adds.aviationweather.gov). ADDS is a single source for all aviation weather needs with methods to
retrieve raw observations and forecast data, simple and quick loading graphics, and increased interaction
with data using Java. Besides standard National Weather Service data, ADDS also displays the products
developed under the FAA Aviation Weather Research program. ADDS participated in, and passed a 30-day
system stability test from 4 August to 5 September 2003. During this test, no intervention was required to
support the system, and over 1500 comments were received from the public on both ADDS and the Flight
Path Tool. On September 30, 2003, ADDS and the Flight Path Tool were deemed Operational by the
National Weather Service.

The Operational ADDS continues to reside at http://adds.aviationweather.gov.There is now an experimental
component of ADDS which showcases products which have not been certified as operational by the National
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Weather Service. While operational ADDS is supported 24/7, the experimental version, hosted at RAP, is
only supported during "normal" M-F working hours.

JADE, a new area of development for the ADDS team, is a Java-based toolset for writing 2D visualization
applications. It is based on code written for the current ADDS suite of Java Tools, but was largely developed
as a new technology. Currently, JADE supports SkewT, time series, and cross-section displays; some GIS
functions; and a number of other capabilities.

3. 4DWX

Since 1995, a team of RAP engineers and scientists have developed and implemented a four-dimensional
weather (4DWX) system for the US Army Test and Evaluation Command (ATEC), and recently, for the
Defense Threat Reduction Agency (DTRA). The system consists of new engineering technologies and
scientific advancements in numerical weather prediction and must operate reliably in live, mission-critical
situations. Thus, RAP has been faced with a substantial technology transfer challenge, which includes
training of DOD staff at seven locations around the US on systems that are frequently updated. Furthermore,
the sponsor base for 4DWX has expanded to include the Army's Virtual Proving Ground, a new and
expanded role with DTRA, the Department of Water Resource Studies (DWRS) in the United Arab Emirates
(UAE), and the Defense Advanced Research Projects Agency (DARPA). For both the new DTRA and
DARPA programs, the products and systems will have considerable significance for national security, and
must therefore be implemented with the highest standards and practices that have emerged from RAP in
recent years.

4DWX technologies provide the ATEC meteorology groups with their primary source of weather data,
analyses and forecasts. It also provides DTRA with real-time coupled atmospheric and transport model
products that are being actively monitored and utilized by a number of organizations charged with homeland
security. The Army's Virtual Proving Ground (VPG) program is being provided with regime-specific, high-
resolution model data sets and 3-D visualization tools to conduct virtual testing exercises and provide
DARPA with advanced 3-D boundary layer wind retrieval capabilities that are likely to be applied for force
protection for the Pentagon. These systems and products are increasingly using applications and advanced
instrumentation techniques developed by other groups within NCAR, and by universities (For example, a
C.U.-developed tethersonde system that uses a hot-cold wire technology for measuring turbulence in the
boundary layer, is being proposed as part of the recent proposal to DARPA for protecting the Pentagon; a 3-
D windfield retrieval algorithm developed in the 1990's by J. Sun and A. Crook is now being adapted for use
with a Doppler Lidar for homeland security application). Thus, the challenge of technology transfer for 4DWX
systems is expanding across NCAR divisions and to outside institutions.

For the Army test ranges, forecasting decisions are routinely based on the 4DWX tools that provide high-
resolution, range-specific information and forecasts of low-level winds, expected dispersion patterns of
biochemical simulant agents, noise propagation patterns from high-explosives detonation, deviations in
missile ballistic trajectories due to winds from the surface up to 100,000 ft, accurate thunderstorm locations,
and model-derived climatological information. In addition, capabilities providing worldwide weather
information and model output are available for support of international missions. The system consists of a
suite of modeling, algorithm and data handling modules designed to provide advanced meteorological
analyses, forecasts and displays for meteorological units at Army test ranges and proving grounds throughout
the United States. System modules include: a data management, ingest, archival, and display system; a
product distribution system employing the WWW; high-resolution (1.1 km) MM5 modeling capabilities
(currently converting operations to the WRF); advanced 3-D and stereo visualization systems for operational
and research usage; a system for extracting high-resolution, observation- and model-based climatology from
the database; and fuzzy-logic techniques for short-term thunderstorm forecasting. To date, 4DWX systems
have been fielded at seven ATEC facilities around the country, and are continuously monitored and improved
by the 4DWX development team. Within the last year, 4DWX systems were transferred to another branch of
the Army to support live operations in Afghanistan and Iraq, and to DTRA, in support of live exercises to
mitigate the effect of weapons of mass destruction for the 2002 Salt Lake City Olympics.

Since September 11, 2001, there has been a distinct and rapid trend towards tailoring 4DWX products for
homeland security applications. Each Army test range is expected to be able to demonstrate the ability to
forecast the transport and dispersion of hazardous airborne agents, either in support of international DOD or
domestic DHS operations; for supporting local and regional civic organizations involved in homeland

http://www.weather.aero/
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security; or for responding to industrial accidents. As such the focus of 4DWX product and system
development is increasingly focusing on these needs, which include providing the means to control modeling
systems, or to view system output, on wireless, handheld devices. The following link provides a condensed
description of these emerging capabilities, where technology transfer to agencies with highly-specialized
operational protocols will provide the 4DWX team, and other groups within RAP and NCAR, with
considerable challenges.

Click here for more background information on "Predicting the Transport of Airborne Hazardous Material in
Support of Homeland Secuity "
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