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I . INTRODUCTION

The plans of the National Center for Atmospheric Research 
for FY 1983 which are described in this document have been 
approved for submission to the National Science Foundation by the 
Board of Trustees of the University Corporation for Atmospheric 
Research. The programs proposed are a result of an extensive 
planning process, extending over a period of a year, involving 
close interaction with scientists throughout the atmospheric 
sciences community. The programs proposed for FY 1983 address a 
wide variety of atmospheric scientific and technological issues, 
judged to be critical for the advancement of our understanding of 
atmospheric processes and necessary for illuminating major 
national issues which depend upon such understanding.

This document is submitted to the National Science Founda
tion in a period of major policy change with respect to the 
Federal Budget. The President's proposals for reductions in 
federal spend ing provide a new perspective from which programs 
need to be planned and executed. A premium must now be placed 
upon the conduct of science of the highest quality and on the 
economic and effective use of the scientific resources which are 
available. In this context, a national center such as the 
National Center for Atmospheric Research assumes even greater 
importance in maintaining the vigor of the nation’s atmospheric 
science enterprise. By providing for facilities and intellectual 
needs of many scientists throughout the university community 
through a national center, economies of scale in facilities 
operations can be achieved and greater effectiveness in the 
coordination of atmospheric research can result.

In examining the plans now being submitted, the UCAR Board 
of Trustees has primarily sought to ensure that the program 
represented in this document is of the highest scientific quality 
and relevant to many of the major national issues that we now 
confront which depend upon an improved knowledge of atmospheric 
processes. This plan is submitted at a time when it has not been 
possible fully to adjust to the rapidly changing budgetary frame
work within which the plan must be judged. Therefore this 
proposal should be regarded as a single step in an iterative 
process leading to program choices that will provide the best 
atmospheric science effort within resource limitations.



II. A SUMMARY OF THE EVOLVING POLICIES GOVERNING THE PLANS OF 
THE NATIONAL CENTER FOR ATMOSPHERIC RESEARCH

Three years ago, UCAR and the NSF adopted a strategy for the 
funding of the programs at the National Center for Atmospheric 
Research that could sustain the vigor of the Center's range of 
activities in a period of restrained budgets for the atmospheric 
sciences at the National Science Foundation. The strategy has 
been adopted because;

« The funding levels for NCAR have not kept pace with 
inflation, with resulting program curtailments;

« Interest in the atmospheric sciences among Federal
agencies was growing as national policies related to 
the ir missions required an increased understand ing of 
atmospheric processes. As a result, a new opportunity 
presented itself, in which the National Center for 
Atmospheric Research could serve these evolving 
national interests; and

© There was a growing need to explore new ways in which 
major equipment and facilities at NCAR could be 
obtained and maintained to serve the requirements of 
atmospheric sciences for equipment and facilities at 
the forefront of technological capability.

To maintain NCAR’s strength and effectiveness as a national 
center it was agreed that a three-pronged strategy was called 
for. It would involves

© NSF taking whatever steps it could within budgetary 
1 imi tat ions to provide for the operation of NCAR at 
levels which could keep the Center vital?

® The establishment of policies and procedures by both 
UCAR and the National Science Foundation to ensure a 
more equitable distribution of the cost of operating 
the National Center for Atmospheric Research among the 
agencies making use of it by recovering costs of the 
use of NCAR facilities and scientists from non-NSF 
agencies; and

• Encouraging NCAR to undertake increased activities for 
other agencies within strict limits that would ensure 
the maintenance of the principal thrust of the National 
Center in basic atmospheric science and providing 
facilities to its university members.
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The adoption of these policies has been helpful in prevent
ing major program reductions at NCAR. However, they have been 
insufficient to prevent some cutbacks in programs for the 1980- 
1981 period. To sustain its programs for FY 1981, NCAR has taken 
steps to use a planned fund carryover and its cost recovery 
income to sustain its base programs. The use of "one-time" 
carryover funds to sustain base programs can only be regarded as 
a transition measure. The outlook for FY 198 2 is for continued 
tight funding for NCAR. It will be necessary therefore to 
conduct NCAR's programs for FY 1982 below on-going current levels 
if funding from cost recovery and other agencies is not realized 
at a sufficiently high rate„

The new fiscal and economic policies of the President must 
place NCAR®s planning for FY 198 3 in a contingent mode. Faced 
with the uncertainties about the budgetary outlook for FY 198 3 as 
well as the very recent decisions on budge ts for FY 1981 and 
1982, UCAR is subrnitting a sound and balanced scientific program 
which addresses important national interests. The budgetary 
decisions for FY 1982 and 1981 were received too late to enable 
UCAR to completely revise these proposed plans for 1983, and 
hence they are based upon an assumed level of fund ing for FY 198 2 
which now appears unrealistic. This means that the plans 
presented here will have to be changed in the face of the new 
budgetary situation in the National Science Foundation. As this 
document is submitted priorities for FY 198 3 are be ing reexamined 
in the light of the most recent information available for FY 1981 
and 1982 o The plan presented here may not be attainable in 
FY 198 3 and its achievement may have to be realized over several 
years.



III. NCAR AND NSBF MAJOR PROGRAM THEMES FOR FY 19 8 3

In reviewing the proposed budgets of NCAR and NSBF, the 
UCAR Board of Trustees has identified three major program themes 
around which the FY 1983 proposed efforts can be organized.
These represent integrating themes which provide a framework for 
carrying out and coordinating many separate activities in the 
National Center for Atmospheric Research.

The first addresses the impact of inadequate equipment and 
instrumentation now slowing progress in atmospheric science 
research. The second addresses the development and provision of 
a community climate model which can bring to the scientific com
munity a remarkable experimental tool for studying problems in 
atmospheric dynamics with significant implications for applica
tions to long-range forecasting and climate problems. The third 
major program theme is atmospheric chemistry. It is becoming 
increasingly clear that our knowledge of transport and chemical 
transformation processes that lead to air pollution and acid 
deposition are only poorly understood and require great emphasis 
if major national policy decisions about fuel usage and power 
plant development, for example, are to be wisely made.

These three programmatic themes are described in terms of 
their individual components in the following pages ̂ and a final 
section describes other important aspects of NCAR's activities 
for FY 198 3.

The activities conducted under the FY 198 3 program themes 
and the other program activities of NCAR and NSBF are conducted 
in the context of the two primary missions of the National 
Center;

To plan and carry out research programs of 
highest quality on selected problems of 
national and international importance in 
scope; and
To identify,, develop, and make accessible 
selected major research services and 
facilities of outstanding quality required by 
the universities and NCAR for effective 
progress in atmospheric research programs.

A. Equipment and Instrument Acquisition and Development
The responsibility for achieving NCAR's service and facility 

development mission rests primarily with NCAR's Atmospheric 
Technology Division and the Scientific Computing Division. As
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will be seen below in the discussion of a planned cloud physics 
instrumentation program, however, strong interactions with 
research programs are essential and facility developments are 
designed with national research program needs in mind,

Replacement of major capital equipment and development of 
new instrument systems are central to NCAR1s ability to continue 
to provided the sophisticated, complex facilities required to 
serve the nations s atmospheric scientists. NCAR has laid out 
plans that cover several years to meet those atmospheric research 
needs deemed to be of highest importance. The plans for 198 3 in 
particular? and associated funding requirements are described in 
the following pages *

1. Cloud Physics Instrumentation
Measurements of cloud properties are made both in-situ 

and remotely. The two methods are complementary; remote measure- 
ments such as radar reflectivity have the advantage of be ing 
spatially comprehensive and temporally continuous, but they do 
not usually convey very clear physical information * On the other 
hand, in-situ measurements, which have a clearer physical 
meaning^ are inherently limited in space and time and can never 
depict more than a small fraction of the total process. Both 
approaches are essential in the attempt to observe in a compre- 
hensive and coordinated manner the main features and processes in 
a convective cloud - a primary goal of NCAR® s Convective Storm 
Division (CSD), and an important research objective in cloud 
physics in general.

Incremental funds of $ 3 3 0 f 0 0 0 are requested in FY-83 to 
begin a long-term effort,, focused in the CSD but with ties to 
NCAR's Re search Systems and Research Aircraft Facilities , to 
improve airborne cloud physics instrumentation* These funds will 
support five development staff including engineers (2 ) and 
technicians (3 ) and associated operations and support needs„
Major areas of activity will be directed toward the following 
problems;

a, measurement of in-cloud temperature ?
bo cloud liquid water content; and
Co cloud droplet size distributions„
ac In-Cloud Temperature Measurement

To explain cloud motions it is necessary to mea
sure cloud temperature to an accuracy of about 0.1°C. This is 
difficult to accomplish because a thermometer exposed to a stream 
of air moving at aircraft speed will indicate a temperature 
several degrees warmer than the actual temperature because the
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air in contact with the thermometer is heated by friction and 
compression. In the clear-air case, this can be corrected for 
satisfactorily. In-cloud, however, the situation is complicated 
by the fact that the thermometer becomes wholly or partly wetted, 
thereby reducing its temperature by evaporation as well as by 
bombardment by cloud droplets„ "Reverse flow" thermometers 
attempt to separate inertially cloud drops from the air so that 
the thermometer will remain dry„ So far this approach appears to 
be somewhat successful at speeds as low as 40 meters per second, 
but results at speeds typical of powered aircraft are question
able . Another approach makes use of infrared radiation as a 
remote technique for in-cloud temperature measurement, and 
preliminary experimentation indicates that this technique is 
feasible * However before the technique can be used for routine 
observations, additional theoretical and experimental work is 
needed. Studies will be performed to determine the penetration 
depth for different wavelengths and cloud compositions, and to 
optimize the wavelength for in-cloud measurements. Experimental 
work will be done to verify theoretical results, and to demon
strate that reliable results can be obtained by flight testing 
and by comparison with other techniques.

b . Cloud Liquid Water
One of the most basic of all cloud physics para

meters is the so-called liquid water content. Values of signifi
cance for cloud phys ics and rad iation stud ies can vary from 0.01 
g/m^ to more than 10 g/m^ in particle sizes from a few microns to 
a few millimeters. The standard technique in use today depends 
on an instrument developed more than 30 years ago which has the 
capability for measurement of liquid water contents from 0.1 to a 
few g/m^ when droplet sizes are less than 40 pm diameter. For 
measurements outside of this limited area a number of different 
instruments are being used ; some of them rely on the integration 
of a particle size distribution to obtain liquid water content, 
and the accuracy of the measurements obtained thereby is 
inherently limited. CSD will commence a laboratory study to 
evaluate the errors produced by the Johnson-Wiliiams hot wire 
liquid water content meter and to determine how well it works.
The goal is to improve the instrument so that reliable and 
cons istent measurements are obtained .

Co Cloud Droplet Size Distribution
The onset of coalescence is known to occur in 

association with particles of 40 pm to 200 yra in diameter,, and 
recently formed ice particles also are found in this size range. 
Better measurements could lead to improvements in our understand
ing of these phenomena» However, the measurement of millimetrie 
precipitation particles in clouds is limited because sampling
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volumes of present instruments forces the cloud physicist to 
collect and average data over large spatial and temporal inter
vals, Consequently, little information is available on the 
variation of precipitation particle size spectra over small 
spatial or temporal scales. For some areas of cloud physics 
phenomena, cloud electrification,, for example, important phe
nomena occur in relatively limited portions of the cloud*

The advent of recently developed airborne cloud 
physics instrumentation has increased the scope of the measure- 
raents which can be made. However, it has become apparent that 
significant problems of calibration and evaluation of these 
instruments remain,, Similar problems exist with many of the 
other instruments. New calibration devices and procedures will 
be developed to improve our knowledge of the reliabili ty, capa
bility, and limitations of these sometimes highly sophisticated 
instruments,

2. Computing Equipment
Numerical models have been central to the development 

of atmospheric science in the past 20 years, from weather predic- 
tion to climate simulation, including the ocean circulation.;, 
solar dynamics;, severe convective storms, and atmospheric chemis
try. Because of the complex turbulent nature c-f fluid motion, 
many degrees of freedom are required in a reasonable simulation, 
and a viable experiment with such models requires large amounts 
of computing power,, The other major computing task central to 
progress in the atmospheric sciences is the processing of very 
large data sets, produced by the ongoing development of observa
tion systems— 'satellites, radars, aircraft— -with very high bit 
rates, All the indications are that in the next decade the atmo
spheric sciences will continue to acquire and use a significant 
data stream, one in fact that might increase by perhaps an order 
of magnitude.

The goals of NCAR's Scientific Computing Division are 
to develop and maintain that level of expertise necessary to 
provide the appropriate levels of computing service required by 
NCAR and non-NCAR scientists in performing their computations, 
and to have available,- in good time, the hardware and software 
required to carry out these computations., NCAR has made long- 
range plans to replace and modernize its computing capabilities, 
which is comprised of several specific steps;

1, provision of adequate hardware capacity to meet 
the growing needs of atmospheric science in the 
1 9 8 0 3 s o
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2. Provision of appropriate general purpose software 
to meet the changing needs of a t m o ^ e r ’c science 
in the 1980's .

3. Studies in data structures and numerical methods
appropriate to the systems and the needs of the 
1980’s.

4. Provision of improved mechanisms to instruct the 
user community in the use of the SCD* s evolving 
systems, both hardware and software.

In FY-8 3 the orderly implementation of this plan will require a 
total of $1,196,000 to cover costs of replacing the CDC 7 6 00 
($466,000), replacing the Mass Storage System ($453,000) , and 
augmenting the Input/Output Satellite System ($277,000).

a, CDC 7600 Replacement
The Control Data 7600 services large data process

ing jobs in conjunction with the Ampex TMS-4 mass storage 
system. Vast amounts of data from satellite, aircraft and radar 
experiments are processed on the 7 600, which was acquired in 1971 
and is nearing the end of its useful life. Its replacement will 
offer advantages not afforded by the 7 600, and will have the 
capabi1ity to be upgraded substantially as the need and fund ing 
permit. Also, it will be homogeneous with other existing major 
systems in NCAR's computing division, enabling jobs to be run on 
one machine or the other without recod ing.

An increment of $466,000 will cover the first 
year's lease and maintenance of a replacement for the CDC 7600 
computer, Total lease and maintenance costs of $1,154K, plus 
$110K for power and cooling requirements, are partially offset by 
savings on the maintenance of the CDC 7600 ($298K) and trade-in 
of the 7600 (estimated to amount to $500K). Full-year lease and 
maintenance costs for the replacement are included in the long- 
range budget tables in Section V of this document.

b. Mass Storage System Replacement
The Ampex TMS-4 mass storage system provides 510 x 

109 bits of on-1ine storage. It is mid-601s technology that can
not meet the needs of the 80*s for rapid access time and storage 
capacity. In addition the manufacturer has indicated that it 
will not be feasible to maintain the equipment after FY-85. Mass 
storage is an area of computing technology in which change and 
progress are extremely rapid, and systems are avaiIable today 
with vastly improved access time and storage capacity, at prices 
equivalent to that of the TMS-4 five years ago. Replacement of
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the TMS-4 is scheduled for FY-83; $359^000 for lease and 
maintenance.,, and $94,000 for parts and tapes are required to 
initiate this replacement. The current equipment will remain in 
operation through FY-8 5 to permit offloading of the enormous 
amount of data currently on the TMS-4 to the new system,

c « Input/Output Satellite Computer Augmentation
Funds in FY-82 have been programmed to increase 

the capacity of the I/O satellite by the rental of a K2 system in 
early summer of 1982. FY 1983 funds of $277,000 will be used to 
continue th is rental and to increase the capacity of the system 
for interactive use and better accessibility. The IOS will serve 
several functions in the NCAR computing environment. These 
include an interactive service for program development and file 
management; an access to magnetic tapes in a variety of formats; 
a job submittal service from universities and other remote sites 
to the CRAY-1 and other systems on the NCAR network; and other 
I/O services, like printing, that are currently provided by the 
7600 .

3 o Research Aircraft
Instrumented aircraft are irreplaceable for many forms 

of atmospheric measurements. The ability of the aircraft to 
follow significant weather systems, to deploy quickly to regions 
of interest^ and to sample over long distances, economically, in 
a short period of time are powerful advantages„ In some cases, 
aircraft measurements complement evidence available from remote 
sensing and modeling„ In other cases, the aircraft measurements 
stand alone and are not supported by ground remote and. 
immersion-type measurements. Th is is especially the case for 
over-ocean and polar programs„

The NCAR Research Aviation Faci1ity (RAF) operates four 
instrumented research aircrafts two twin piston~engine Queen 
Airs5. a tv/in jet Sabre 1iner, and a four-engine Electra aircraft. 
Over the past years these aircraft have been used in a wide 
variety of programs % atmospheric dynamics, cloud and precipita
tion physicst air chemistry and pollution, continental and 
oceanic boundary layer studies, and weather modification,.

The atmospheric sciences community has recognized the 
need* to upgrade the capability of NCAR's Research Aviation

* See the "Report of the Ad Hoc Study Group on Cloud probing
Aircraft/' June 1977? see National Center for Atmospheric 
Research Five Year Plan FY 1980-84, Volume IIt pp. D 1-44, 
November 28, 1977=
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Facility by phasing out the existing Queen Air aircraft and 
replacing them with twin-turboprop aircraft with improved 
performance and instrumentation. Acquisition of the first 
replacement aircraft, a Beech King Air M200T is underway at this 
time, and the plane is scheduled to be available for research 
assignment in June of 1983.

Replacement of the 2nd Queen Air is scheduled to beg in 
in the Fiseal 1982-1983 time period« A workshop will be held in 
early FY-82 to review the scientific needs and evaluate the type 
and performance requirements of a second Twin-Turboprop air
craft, It is estimated that incremental fund ing of $450,000 will 
be required to init iate th is acquis ition; exact costs will depend 
on method of acquisition (see section IV on alternative financ
ing ) , and costs of the aircraft and required mod if ications.

4 c Development Activities
In addition to providing reliable s general-use research 

platforms e NCAR conducts development activities designed to keep 
its support program as modern and responsive as possible^ In FY 
198 3 , increments are proposed to initiate one program and 
continue two others.

a „ Portable Automat ic Sound ing System (PASS)
The recent SESAME experiment once again pointed 

out the need for the replacement of the GMD. A new upper air 
sounding system network is urgently required that will provide 
high quality data,, automatic data process ing f simplified opera
tions and increased reliability. NCAR!s plans include develop
ment of such a system, called the Portable Automatic Sound ing 
System (PASS).

As envisioned now, the completed PASS network 
would consist of approximately 20 stations, two of which would be 
central display stations. The central stations would receive in 
real time data from the other stations and display it in the 
usual skew T or adiabatic diagram format a It is expected that 
the first PASS stations will not be fully automatic, but will 
communicate to a central station via telephone lines» Later 
stations will be fully automatic,, except for balloon launch 
load ing, and will communicate via satellite, a development which 
will reduce the need for highly trained operators. Inter-agency 
fund ing cooperation will be required to develop the complete 
system since the cost is expected to total $1600Ke In FY-83 
incremental funds of $260,000 are requested to develop a proto
type central display station, a portable sonde station that can 
be easily transported to the field, and to hire a system engineer 
and technician to work on th is program*
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b . Rapid Scan Radar
Field programs such as the South Park Cumulus 

Experiment (CSU 1977), Project NIMROD (University of Chicago 
1978), the Sierra Cooperative Pilot Project (University of 
Wyoming 197 8 ) , TRIP {1911 , 197 8 ) and SESAME ( 197 9) have used 
multiple Doppler radars and a variety of other instrument systems 
to make major-contributions toward understanding convective and 
frontal storms, and NCAR's Field Observing Facility has partici
pated in each of them.

Experience in these efforts shows that it would be 
desirable to scan a storm volume in less than the 3-5 minutes 
that it takes using current Doppler radars. This point was 
repeatedly raised in the findings of the November 1980 AMS- 
sponsored Multiple Doppler Radar Workshop, as a major impediment 
to accurate recovery of vertical air motion. Further advancement 
in understand ing the early stages of cloud development requires 
that processes with 1 ifetimes of approximately one minute be 
examined. A second impediment, caused by the scan duration, 
relates to mature , nearly steady state storms. Since we cannot 
be sure that all portions of the storm move with the same 
velocity, it is extremely difficult to place data collected in 
four-dimensional space-time into a three-dimensional spatial 
framework. Fine scale spatial resolution is usually sacrificed 
by the use of spatial filters which smooth the effects due to 
advection. What is needed is a quicker "snapshot" of the storm.

In FY-83 efforts initiated in FY-82 to develop a 
prototype rapid scan Doppler radar will be continued and a soft
ware engineer will be hired to initiate the formidable task of 
handling the greatly increased data rates; incremental funds of 
$35,000 are required to hire such a person.

c . Research Data Support System
The Research Data Support System (RDSS) is an 

interactive color graphic display system which aids in the 
analysis of large data sets. This system, developed by the NCAR 
Research Systems Facility, is currently be ing used to analyze 
data from FOF’s Doppler radars. The RDSS also is suitable for 
use in analyzing satellite images, coronagraph pictures, and 
other image-type data. Recently, the RDSS has been used for 
analysis of the High Altitude Observatory's solar observational 
data and for study of the NOAA sponsored Equatorial Wind Experi
ment high altitude balloon tracks * Total system usage has been 
very intense, frequently involving night-time or weekend opera
tion because of the heavy demand * During FY-8 3 completion of the 
expanded RDSS will be accomplished with base funds. This system 
will provide three interactive color terminals allowing three 
scientists to use the system s imultaneously.
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With the RDSS hardware upgrading completed, the 
FOF will begin development of an interactive software program to 
be used for multiple Doppler analysis ? called Kinematic Inter
active Doppler Synthesis (KIDS). Trial and error integral 
constraints with various radar combinations and boundary condi
tions (consistent with thermodynamic principles} is the basic 
thrust of the package. As compared with batch mode processing, 
the interactive approach sharply reduces computing time to 
converge on the final result. This software development effort 
will require one programmer at a cost of $35,000 for assistance 
in the design, coding and testing stages. Completion is expected 
by the end of FY-84, and costs associated with ongoing system 
maintenance are included in FY-84 and beyond (see Section V) .
B . Climate Program

NCAR’s climate research activities have continued to evolve 
in response to national needs and scientific opportunities. 
Components of the overall program have developed in several of 
NCAR's scientific divisions, and each of these is supported by 
NCAR facilities e primarily computing and aircraft.

In particular, NCAR8 s Atmospheric Analysis and Prediction 
Division is carrying out statistical analyses of the observed 
global climate and is us ing an array of models for dynamical 
studies of the predictability of climate and its sensitivity to 
various natural or man-made influences.

As reported in other documents, research on various compo
nents of the climate system us ing experimental atmospheric 
gene rai circulation models, ocean circulation models, and coupled 
models provided the elements of a comprehensive three-dimensional 
global model of the climate system, including the interactions 
between the atmosphere and the ocean and land surfaces. Accord
ingly plans were made for development of a so-called community 
climate mode 1, with more emphasis on documentation and reli
ability than on physical embel1ishments„

An important step in NCAR’s plans to develop a basic 
climate model and make it available for general use, was taken in 
January 1981 when the Community Climate Model Zero was frozen„
The resolution of this model is relatively coarses and an effi
cient time integration scheme is used which results in 40 days of 
simulation for each CRAY computing unit used.

An organizational meeting for the Community Climate Model 
(CCM) was held at NCAR in December 1980 to assess the present 
status of the CCM and to develop plans for its future development 
and use. The twenty-three participants represented ten institu
tions including the NSF. Several reports were given on the
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present status of the CCM, which will be available as a research 
tool in July 1981. Those who have contributed to the model's 
development will have first access to model results for publica- 
tion purposes.

To guide the development and use of the model, two advisory 
mechanisms were proposed at the December meeting. A CCM Steering 
Committee consisting primarily of NCAR scientists and long-term 
visitors involved in the CCM will meet regularly to advise the 
AAP division director on CCM matters. A CCM Users Advisory Panel 
made up of university and other non-NCAR users will meet yearly 
to provide advice on long-term development of the CCM and to 
recommend improvements in the interaction be tween university 
scientists and NCAR. Joint project guidelines, a modification of 
GCM gu idelines used in the 197 0's , were suggested. In summary, 
it was generally believed that the CCM will be a new and useful 
tool for climate stud ies and the attendees ind icated their 
interest to take part in the use and further development of the 
mode1 .

Future investigations at NCAR related to the model develop
ment will focus on five areas;

a ) quantitative comparisons between model simulations and 
observed climate statistics;

b ) role of the ocean in the climate system;
c ) physical and dynamical processes important for regional 

climate change;
d) effect of boundary-layer processes on climate•
e ) interaction of atmospheric chemical processes with 

surface processes and the global atmospheric 
circulation,,

These investigations are heavily dependent on PhD-level research 
staff and adequate support people, primarily with programming 
skills.

While some refocusing of other activities in AAP towards 
this work is planned, add it ional staff is essential to the 
successful realization of a community climate model progam of 
adequate scope. Thus of the incremental funding of $210,0 00 
required in FY-83, $175 ,000 will support 4 * 5 FTE1s , including 
both Ph.D.'s and support scientists. The balance of $35,000 is 
required to pay the maintenance costs of the satellite computer, 
planned to be acquired in Fiscal 198 2 and dedicated to the model 
development and use»
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C . Atmospheric Chemistry
In the field of atmospheric chemistry it is difficult to 

separate basic research from research with applictions to pollu- 
tion questions. Thus^ each problem under study in ACAD has a 
purely scientific side as well as a facet of practical interest. 
The disturbances that mankind is introducing into atmospheric 
composition, the climatic system and hydrospheric composition are 
becoming evident. The global cycles of the nutrient elements (N,
C , S e P)„ the level of hydrocarbons in continental air masses and 
the chemical composition of precipitation (notably acid rain) are 
topics where man's impacts can be global, continental or 
regional„ To understand better the natural background system and 
to assess man's impact in these areas, NCARE s ACAD plans to place 
more emphasis on its Biosphere-Atmosphere Interactionsp Global 
Halogens , and Precipitation Chemistry and Reactive Gas Projects. 
The focus of the new emphases will be on measurements in the 
marine environment. Specific questions of interest include:
What are the sources and sinks of atmospheric hydrocarbons? Do 
trees "cause" pollution? What are clean-air (marine) precipita
tion pH levels and what mechanisms control this? Where do 
natural background halogen-containing compounds originate? The 
ACAD, through a combination of experimental and theoretical 
efforts, will work towards answering these quest ions.

1. Biosphere-Atmosphere Interactions
Over millions of years, biological systems have been 

responsible for the’ evolution of an atmosphere that could support 
higher forms of life, and the Earth's atmosphere is still in this 
process of evolution. In recent geological history man has begun 
to alter the cycling rates of many elements, and has become 
capable of introducing compounds into the air, sea and soi1 at 
rates faster than some biological adaptation can occur,

Recognizing the importance of the intertwining of the 
chemistry of the biosphere and atmosphere, NCAR established a 
small program to begin to study these phenomena, which are both 
complex and critical to the global balance of atmospheric 
constituents, Research in ACAD to date has focused on several 
aspectss

a) Developing analytical techniques which will 
allow greater sensitivityf accuracy and 
precision of measurement for the important
Cj cl S  0  S  f

b) Utilizing enclosure sampling to define the types 
and magnitudes of the emission, products from 
biogenic sources and planning toward fuller use of 
micrometerologically-based techniques;
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c) Conducting limited laboratory experiments under 
controlled conditions to determine relationships 
between specif ic important environmental variables 
and biogenic emission rates; and

d) Developing a cooperative research program in the 
tropics of the southern hemisphere to include 
NCAR, universities and foreign research 
institutions .

NCAR's long-range plans are to expand this area of 
study by establishing a program in 198 2 which will focus on 
marine measurements * This plan is necessarily dependent on 
achieving adequate fund ing and recruiting essential scientific 
personnel. A d iscussion of the rationale and aims of th is pro
gram follows. (Incremental funding in FY-83 will not be required 
if an adequate level of resources in FY-82 is available»)

The world's oceans and inland waters account for over 
70% of the Earth's surface. They release gases and particulate 
material into the air, they receive materials similarly from the 
air through wet and dry depositon and they receive nutrient 
elements and metals from continental runoff„ In these ways the 
oceans are clearly important in regulating atmospheric composi
tions For example, the oceans are the largest single reservoir 
of carbon dioxidej averaged annually over the globe, the oceans 
are a sink for atmospheric CO2 » Although less well determined, 
the oceans appear to be the dominant sources and/or sinks of many 
other key atmospheric chemicals including major species in the 
global nitrogenf sulfur and halogen cycles and several other 
geochemical and biogeochemical cycles. The influence of the 
oceans extends well over the continents for many species (e.g., 
those with long atmospheric residence times and those that 
influence climate) and even into the stratosphere (the oceans 
appear to be an important source of nitrous oxide and the key 
source of atmospheric CH3Cl, nature's main source of strato
spheric chlorine), Measurements of gases and particles in the 
marine atmosphere, of gases in the ocean’s surface waters and of 
the temperature variations of the oceanic gaseous reservoirs are 
needed in the next five to ten years, both to determine the 
oceanic sources and sinks of these materials and to characterize 
the unpolluted troposphere, most of which is over oceans. At 
present, measurements are needed most of carbon-, nitrogen- s 
sulfur-f and halogen-containing species, These measurements 
would be done best by oceanographic shipboard techniques and by 
aircraft sampling with some samples to be returned to the home 
laboratories for analysi
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The proposed new program focus at NCAR would consist 
ent irely of gas measurements although the techniques and log is- 
tics would permit aerosol research also. Key program elements 
would be : a ) measurements of stable trace gases at first 
followed by emphasis on more reactive gases and radicals from 
oceanographic vessels; b ) measurements of dissolved gases in 
surface waters of the oceans, including those gases important in 
biogeochemical cycles (e.g.,, CO2 , N 2O, CH4 , CO, NO, etc. ) by gas 
stripping or equilibration methods; and c ) precise measurements 
over a period of years to identify secular trends in certain key 
gases (e.g., CO2 , N2O, CH4 , COS).

This proposed program would not only attack problems of 
atmosphere/ocean coupling which are usually outside of the scope 
of university atmospheric science departments, but also would 
serve NCAR and the university community by bring ing new kinds and 
quantities of analytical expertise to NCAR and its visitors. 
Important interactions with other aspects of NCAR's activities, 
such as, for example, furnishing information on oceanic currents 
to physical oceanographers, would result. Further, the ship 
platforms could likely be shared to permit collection of precipi
tation for chemical analysis.

NCAR also plans to build on proposed FY-82 augmenta
tions in its global halogen program, where major research 
emphasis would be placed on examination of the global geochemical 
cycles of the halogens, with particular emphasis on the movement 
of chlorine and bromine-containing species from biospheric, 
oceanic, and anthropogenic sources through the troposphere and 
the stratosphere. Currently the major pathways in the halogen 
cycles are known only in the broadest sense with key transforma
tion processes and rates almost completely unknown. Cycle 
reservoirs and rates are not known, and most predicted atmo
spheric halogen-containing species have not been detected in the 
atmosphere. A further fundamental question involves the enormous 
mass of halogens in the marine atmosphere where particle-to-gas 
conversions (and vice-versa) are evident but not understood.
From a more practical viewpoint the expansion of our knowledge in 
this area is important because of; (1 ) the key photochemical 
role that chlorine and bromine play in the potential destruction 
of the stratospheric ozone layer; (2 ) the acid precipitation 
contribution made on a mesoscale level by acid chlorides; (3) the 
infra-red effects of several prominent halocarbons; and (4) the 
significant impact of halogenated pesticides and reaction inter
med iates on global atmospheric and environmental chemistry.

A coordinated research plan involving both laboratory 
and f ield stud ies is currently underway and is planned to 
continue through the period FY 1983-88. A systematic approach to 
the study of global halogen pathways has been adopted in these
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studies with initial research emphasis be ing placed on source/ 
sink processes and on absolute reservoir magnitudes and rates. 
This has resulted in a two-pronged effort with major studies 
focusing on the stratosphere to 45 km and at the ocean surface.

The oceans are the major natural source for most 
atmospheric halogen-containing species but the production 
mechanism(s ), magnitude, and chemical speciation of the major 
participants remain unknown. To fill this gap in our knowledge, 
trace level measurement techniques have been developed and will 
be used to examine in detail the production mechanism(s) of the 
major inorganic and organically bound halogen species (e.g., for 
chlorine they are not known but be 1ieved to be HC1 and CH3CI).
The techniques include: (1) application of the computer-assisted 
NCAR gas chromatograph/mass spectrometer system for organically- 
bound halogen chemistry; (2 ) continued use of the ion chromato
graphy, neutron activation analysis (NAA), and proton-induced 
X-ray emission (PIXE) for elemental determination of total Cl,
Br, I ,  and F and; (3) the field use of a very recent new develop
ment (an NCAR-NBS joint effort) for detecting and tracking the 
elusive HC1 molecule by an opto-acoustic technique employing a 
neodymium yag laser system. In addition, by mid-198 3 the 
development of mass spectral techniques should be completed for 
examination of several key chlorine and possibly bromine 
isotopes.

Additionally, the procedures and techniques described 
above for use adjacent to the ocean surface are also being 
applied to halogen studies in the stratosphere„ Major emphasis 
has been and will continue to be placed on the use of these 
techniques in defining the global stratospheric burden of Cl and 
Br and in providing key reservoir concentration 1imits and 
transfer rates across the tropopause» Our initial published 
results from low stratospheric balloon and aircraft missions have 
proven the viability of the sampling and analytical techniques.
In the early 198 3 through 1984 period, the stratospheric research 
effort will focus on application of these capabilities to mid and 
upper stratospheric reg ions wi th close examination be ing made of 
seasonal, latitudinal, altitudinal„ and diurnal effects on 
chlorine and bromine photochemistry. These studies will provide 
the key reservoir boundary constraints and transfer rates for the 
halogen ozone destruction problem and will also furnish measure
ment to test NCAR's 1- and 2-D stratospheric photochemical 
models.
D. Other FY-1983 Program Funding Increments

1, Impact Studies
Early in the evolution of NCAR, it was decided that in 

addition to the research and facility programsr it was important
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for a national center to have activities that supported and 
augmented NCAR and university capabilities and programs in. non- 
traditional ways, and the Advanced Study program (ASP) was 
created to meet this general need. Within ASP the Environmental 
and Societal Impacts Groups (ESIG) was assembled to focus on the 
interaction of the atmosphere and society in order to aid in the 
transformation of new and existing knowledge into useful tools, 
to advise on the relative importance of various atmospheric 
research efforts NCAR might undertake and to provide early 
attention to possible influences of human activities on the 
atmosphere„

The passage of the National Climate Program Act in 1978 
highlighted the need to assess the impact of atmospheric sciences 
on society as well as the impact of human activities on the atmo
sphere and societal needs for progress in atmospheric sciences. 
The Act was passed by Congress "to establish a national climate 
program that will assist the Nation and the world to understand 
and respond to natural and man-induced climate processes and 
their implications »"

ESIG research activities have contributed to those 
ends. Examples include: the value to society of climate-related 
information and forecasts °f drought and desertification and their 
relation to land use in arid and semiarid areas; climate vari- 
ability and its impact on agricultural and fisheries produc
tivity? societal considerations related to urban air pollution; 
water resource planning in developed as well as in developing 
states; and general considerations of societal aspects of the CC>2 
issue. Future research activities can be expected to focus on 
topics such as the societal implications of increased CO2 content 
in the atmosphere and the impact of climate variability on 
agricultural activities and water resources <,

Integrated impacts assessments require a breadth of 
disciplinary expertise, including such fields ass economics, 
historyf political science, statistics, philosophy, anthropology, 
psychology, sociology, ecology, agronomy,, law and policy analy
sis. Although much of the needed expertise can and must be found 
outside NCAR on a collaborative basisf effective exploitation of 
such collaboration requires a strengthened ESIG core group.
Among the additions planned in the pre-1983 period are a social 
geographer, a physical geographer, a resource economist and a 
statistician*

The development of new projects and new appointments 
will be guided by those areas found to be relevant to NCAR/ESIG 
objectives and will in large measure stem from the expertise and 
interests of new staff members,, short- and long-term visitors, 
and of course from researchers who interact with ESIG members.
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An Fy-83 increment of $50*000 is proposed to permit 
addition of one Ph. D„ level person to the ESIG staff in a 
discipline from among those listed previously, while $30,000 is 
sought to augment the current graduate assistant program in ASP, 
as discussed below.

Universities have traditionally emphasized graduate 
work within well-defined disciplines, and Ph.D. research in 
highly multi-disciplinary topics has frequently been difficult to 
pursue. This problem is well recognized and new Ph„D. programs 
are be ing developed at several university centers, but in the 
meantime working with an active multi-d isc iplinary group such as 
NCAR* s ESIG is still a relatively rare opportunity, and in its 
combination of societal and atmospheric expertise, ESIG is 
virtually unique. NCAR plans to increase the size of its current 
graduate assistant program by two to three positions in FY-8 3 to 
insure that a few students will have the opportunity to develop 
skills by working on actual problems of environmental and 
societal impacts in a setting of effective interdisciplinary 
collaboration.

2. Mesa Laboratory Repair
Most of NCAR’s laboratories and offices are located in 

a 16-year old build ing on the Walter Orr Roberts Mesa, in the 
foothills of Boulder, Colorado, Since its construction the 
building has had problems with leaks through both the roof and 
various exterior driveway and promenade areas near the build ing. 
Damage to the interior— carpets, plaster walls and ceilings, for 
example--has re suited. Remed ial action has been taken over the 
years to seal the exterior surfaces, but the problem persists and 
requires ongoing attention.

NCAR proposes to carry out a two-year program requir
ing funding increments in both FY-8 2 and FY-83 of $125,000 to 
replace roof and walkway flashings and moisture protection 
membranes wh ich are currently leaking. Th is includes the 
following areas: the "crow’s nests;" the low rise roof above the 
main and second floor foyers; various locations in the tree plaza 
and promenade area; and the steps at the main entrance, particu
larly the section over the print shop where leaking has been 
severe.

After these initial repairs are complete an annual 
maintenance program including, for example, application of • 
exterior sealants and upkeep of caulking to insure a watertight 
exterior, will be carried out, and the long-range budget tables 
provided in Section V include the costs of such a program.
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E . National Scientific Balloon Facility (NSBF)
The NSBF provides support to the U.S. and international 

scientific community that uses balloons as observing platforms. 
The facility conducts approximately 80 flights annually from its 
base in Palestine, Texas and from remote sites in the U.S. and 
foreign countries. In terms of number of regular, zero pressure 
launches the requirements for support are expected to remain 
essentially level over the next five or so years. Within this 
framework of a relatively constant flight loadf there are three 
major areas requiring development: long duration f1 ights (up to 
60-90 days); medium duration flight (24-7 2 hours) for normal zero 
pressure balloons; and improved support for remote flights. The 
NSBF development program will continue to focus on materials and 
launch technique improvements.

In Fiscal 1983 fund ing above the costs of supporting regular 
operations is planned to achieve the following ;

® long-duration ballooning program including acquisition 
of balloon-borne telemetry packages for communication 
with the NASA TDRSS satellite ($320K) and operations 
costs ($110K);

® a balloon development program focus ing on materials 
development and balloon design studies ($140K);

® establishment of a remote operations launch capability 
intended to extend the period of time during the bi
annual stratospheric wind reversals when balloon 
launches can occur, by use of a site in add ition to 
Palestine and continuation of other remote launch 
activities ($36OK)? and

® replacement of Consolidated Instrument Packages
($ 250K)a The balloon-borne telemetry and command 
packages (CIP) used in normal zero-pressure ballooning 
have been redesigned us ing miniturization technology in 
order to provide greater command and telemetry to the 
scientific user. These funds will provide for an 
add it ional six CIP' s plus spare parts and will comple te 
the conversion to the new units.

F . FY 1983 Budget Summary
Table I on the following page provides budget detail by NCAR 

division for fiscal years 198 2 and 1983. The 1982 NCAR program 
as proposed to the National Science Foundation in the Budget 
Request submitted one year ago has been refined since then to 
reflect current priorities„ and more realistic budget levels. It
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is still an ambitious budget level given current prospects as 
best they can be foreseen at this time» Nonetheless it repre
sents a strong program and is the one on which the plans for 
FY-83 described in these pages is based«

Table II gives total number of full-time equivalent staff in 
each division for Fiseal Years 198 2-8 3.

Table III provides estimates for non-NSF program fund ing for 
NCAR for FY-8 2 and FY-8 3 * These figures do not include facility 
use charges, or overhead but rather are direct program charges.
In this sense they are analogous to the other tables here, in 
that the overall fiscal level of activity at NCAR can be judged 
from them.

Some particular comments are in order;
FY 198 2; The first three columns of Table I show the 

calculation to get to a base program cost „ The second column 
deducts one-shot expenses planned for FY-82 and inflation is then 
figured on the balance. Inflation rates used are: 14% computer 
supplies and operations; 15% utilities; 15% travel; 16% aviation 
fuel and parts; 0% CRAY lease payments and fixed fee; 11% sala
ries and benefits; and 10% all others. The effective inflation 
increase on the total FY-82 base program is 10.6%.

FY 198 3; Increments are itemized and given as base or one- 
shot. The long-range plan tables in Section V show inclusion in 
ongoing years only of those increases defined as base in a 
previous year.

Table IV shows FY 198 2 and 198 3 funding and staffing levels 
for the National Scientific Balloon Facility.



TABLE I

NCAR FY 1983 Budgets 
( $ 0 0 0 )

Current 
Program 
FY 1982

Less
One-Shots

FY 1982 
Adjusted 

Base InfI at i on

NCAR

Atmospheric Analysis &
Prediction Division (AAP) 3280 

Atmospheric Chemistry &
Aeronomy Division (ACAD) 2283

High Altitude Observatory (HAO) 3194
Advanced Study Program (ASP) 1294
Convective Storms Division (CSD) 2172 
Scientific Computing Division
(SCD) 8440 

Atmospheric Technology
Division (ATD) 7288

Administration Divison (ADMIN) 6292
Director's Office (DIR) 656
PersonneI/EE0 (PERS/EEO) 504
Reserve 391
Construction 100
Fee 535

(320)a

(65)

(580)°

( 100)d 
(125)®

(14)
( 100)1

2960

2218
3194
1294
2172

7860

7188
6167
656
504
377

535

341

249
361
147
247

663

797
753
77
57
38

NCAR TOTAL 36429 (1304) 35125 3730

FY 1983 1983 Increments
Base Base One-Shots

3301

2467
3555
1441
2419

8523

7985
6920
733
561
415

535

2109

80h
330'

1 196J

580k

291

315

200m 
125n

4°

FY 1983
Budget
Request

351 1

2467
3555
1521
2749

9719

8765
7045

733
561
448

850P

38855 2740 329 41924

I
I

I
-

1
9
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TABLE I

NCAR FY 1983 Budgets 
Footnotes

a/ Community climate model computer acquisition 
b/ Eq uipment - Laser 35K, marine measurements 30K 
c/ 7600 replacement 380K, IOS 200K
<3/ One-shot increment for twin turboprop lease costs 
e/ Mesa lab building repair program 
f/ Jeffco RAF housing
9/ Climate staff 175K, computer maintenance 35K
h/ impacts assessment-— PhD staff and graduate assistant program
i/ Cloud physics instrumentation development program
j/ 7 600 replacement costs (1264K), plus mass storage system 

replacement (453K), plus IOS augmentation (277K), less 7 6 00 
maintenance (298K) and 7 600 trade-in (500K)

k/ 2nd twin turboprop 4 5 0 K ; ATD staff 130K
1/ reserve equal to 1 .2% of base increments
m/ Portable Automated Sounding System (PASS)
n/ Mesa lab building repair program
°/ Reserve equal to 1.2% of one-shot increments
P/ Increase in fee size at the initiation of the next five year 

contract between UCAR and NSF is assumed.
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TABLE II

NCAR Staffing Levels 
FY 1982-83

FY 1982 FY 1983
NCAR

AAP 61 o 8 66.3
ACAD 46.2 46.2
HAO 68 . 3 67.3
ASP 36 .7 39 .2
CSD 50.7 55.7
SCD 100.5 100 .5
ATD 122.2 126.2
Director 14.0 14.0
Personne1/EEO 12.0 12. 0
ADMIN 133. 2 136. 2

TOTAL, NCAR 645 .6 663 .6
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TABLE III

Non-NSF NCAR Program Funds 
FY 1982-83 

( $ 0 0 0 )

FY 1982

AAP
ACAD
HAO
ASP
CSD
SCD
ATD
ADMIN

TOTAL

327
3445
2072

55

747

6 6 4 6

FY 1983

440
4000
2300
138

578

7456
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TABLE IV

NSBF FY 1982-1983 
Funding and Staffing Levels 

{$000)

FY 1982
NSBF

Regular Operations 2655
Long Duration 460 

Ballooning
Balloon Development 50
Remote Operations 260
Equipment Replacement 23 5

NSBF TOTAL 3660

Staffing 6 3.5 FTE

FY 1983

2920*
430

140
360
250

4100

63.5 FTE

* Inflation increase only (10%)6



IV. ALTERNATIVE FINANCING
A. Introduction

This NCAR and NSBF budget request for Fiscal Year 198 3 
includes plans to acquire certain high-priority capital equipment 
including, for example, aircraft and computers. It has been 
assumed that it will be possible to acquire the capital equipment 
through alternative financing methods in which the purchase can 
be realized through tax-exempt financing mechanisms and amortiza
tion of annual rental costs provided by the NSF. UCAR has 
discussed the possibility of th is mode of financing with the 
National Science Foundation, as a way of meeting equipment and 
building needs without requiring major new funding in NSF's 
budgets. The feasibility and effectiveness of such financing has 
been demonstrated in the acquisition of the current CRAY computer 
through third-party lease arrangements with the Colorado State 
University Re search Foundat ion. Discussion of the equ ipment 
needs which might be met through such financing arrangements is 
included in this document at the suggestion of NSF.
B . High-Priority Equipment Needs

UCAR, NCAR, and the NSF agree that they face major capital 
replacement costs if the level and excellence of NCAR's facility 
support to the atmospheric science community is to be sustained 
in a manner commensurate with needs and the new technological 
capabilities becoming available» This section focuses on plans 
to acquire major equipment in the Research Aviation Facility and 
the Scientific Computing Division, where such acquisitions are 
scheduled to occur in 1983„

© Research Aircraft
The need to replace aging NCAR aircraft is documented 

in the "Braham" Report of 1977 and is reiterated in Section III 
of this plan. A committee of scientists examined aircraft needs 
for research and recommended modernization of NCAR's fleet, 
beg inning with the replacement of the older of the two Queen 
Airs. The first step in this modernization program will be taken 
in FY-81 with initiation of the acquisition of a Beech King Air, 
a twin-turboprop aircraft„ When the new plane is operational, 
probably in January of 1983, one Queen Air will be retired.

Replacement of the second Queen Air is also required, 
and plans are now being formulated to begin that acquisition in 
the 198 2-8 3 time period. The total estimated cost of the
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aircraft is $2.5 million, and the NCAR budget request for FY-83 
includes initial funding for this acquisition. The funding 
levels proposed for the FY 1983-88 period for the aircraft assume 
annual payments based on tax-exempt financing,, Thus, if not 
acquired in this manner overall costs will be greater. Table V 
in this section shows the comparative costs of three methods of 
acquisition; tax-exempt financing; lease from the vendor; and 
outright purchase» It is clear that the standard lease-purchase 
through the vendor is the most costly; and that tax-exempt 
financing is the most advantageous in terms of smoothing budget 
fluctuations» Outright purchase is the most economical of all, 
in terms of total capital outlay.

© Computing Equipment
The need to expand NCAR computing capabilities to 

support atmospheric scientists is evident„ Although the 
Washington, D.C. funding picture is uncertain, future indications 
are that research will continue to be supported, and we expect 
the atmospheric sciences will continue to hold an important posi
tion given its relevance to social and economic issues relating, 
for example, to pollution,, climate and weather forecasting. At 
the same time „ models are becoming more complex*, and data 
processing needs are escalating„ In the face of all this f NCARB s 
plans must be to increase its capacity to support the research 
community, rather than simply to sustain the current, capacity. A 
plan to meet these expanding requirements has been formulated and 
envisions a sequence of equipment acquisitions which are describ
ed elsewhere in this document and includes

(a) 7600 CDC computer replacement;
(b) Mass storage system replacements

(c) Input/Output System (IOS) augmentation? and

(d) Distributed computers in the Atmospheric Chemistry 
and Aeronomy Division, High Altitude Observatory, 
and Administration Division,

The total cost for these items is estimated to be $9.5 million. 
Initial funding for the 7600 replacement,, the mass storage 
replacement and the IOS augmentation (all in the Scientific 
Computing Division) are included in NCARvs FY 1983 budget 
request. The distributed minicomputers are proposed for acquisi
tion in later years but for the purposes of assembling related 
needs in a single alternative financing proposal, the acquisition 
schedule for the minis could be moved forward«
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The costs included in th is budget request with relation 
to the Scientific Computing Division acquisitions are based on 
tax-exempt financing arrangements. If tax-exempt acquisition 
methods are not used, the FY 1983-88 budget figures given in this 
document would have to be increased to reflect higher lease costs 
through the vendors. Table V compares the costs of three 
different financing methods for the various computing equipment 
discussed above.
C . Mesa Laboratory Addition

As a separate but related matter, the UCAR Board of Trustees 
has recommended a proposal be developed for expanding the NCAR 
facility on the Mesa through alternative means of financing. The 
original plans for the Mesa Laboratory included a third tower, 
which was not constructed because of lack of funds. In 1971 UCAR 
hired the architectural firm of Sasaki, Dawson, and Demay 
Associates of Watertown, Massachusetts, to prepare a long-range 
development plan analyzing various options for construction on 
the Mesa, with the aim of colocating NCAR personnel in one 
place. Sasaki, Dawson and Demay recommended that a low-rise 
building to the east of the current building be constructed and 
the concept of a third tower be abandoned.

NCAR groups currently housed in the Mesa Laboratory are 
severely cramped and a significant part of NCAR's staff is housed 
in leased space. The Convective Storms Division, the Mesoscale 
Research Section, the Research Systems Facility, the Field 
Observing Facility (the radar program will continue to require a 
f ield site) , the Global Atmospheric Measurements Program, and 
half of the Administration Divis ion's departments are housed in 
space leased from the University of Colorado.

Federal funds for construction have been severely 1imited in 
recent years„ Staff growth of NCAR during the past decade has 
been accommodated in leased space. The funds expended by NCAR 
for leased space would, over time, be sufficient to amortize the 
capital costs of construction of new facilities. It is this 
possibility that the UCAR Trustees and NCAR management believe 
should be examined.

Given assurance from the investment banking community that 
tax-exempt financing of new construction on the Mesa is feasible 
if title to the land can be vested in UCAR, as with the 
Fie ischmann Building, it now seems reasonable to consider 
building additional space on the Mesa.

A building of 100,000 square feet with a 75% net to gross 
ratio would house all Boulder elements of NCAR currently in 
leased space (excluding field activities, viz., the Research
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Aviation Facility and the FOF radar facility), allow for relief 
in the Mesa Laboratory, and would provide modest room for future 
growth.

NCAR's FY-81 lease budget for office and laboratory space is 
$425,000. If this amount increases at a compounded rate of 15% 
annually*, it would take 16-1/2 years to reach the fully financed 
cost of the building addition if financed over 35 years at 10% 
interest. Table V shows the estimated annual and total cost of 
financing the addition.

No funds to build such an addition are presently in th is FY 
1983 budget reguest. Therefore any costs for the proposed 
facility in excess of the funds now available for leased space 
would be in addition to the $ 4 2M fund ing level being cons idered 
for NCAR for FY 198 3.

* UCAR's agreement with the University of Colorado provides for 
yearly adjustment of lease rates to accommodate increased 
university operational costs (mainly utility costs). If NCAR's 
experience is typical, we can expect university per square foot 
costs to increase at annual rates of the order of 15%.
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TABLE V
COMPARATIVE COSTS-VARIOUS FINANCING METHODS

Twin-Turboprop Aircraft
The total cost of the aircraft is assumed to be $2.5 mill ion in 1981 

dollars . The payout period is assumed to be ten years.
$000

Interest Annual Amount in Total
Financing Method Rate Cost NCAR 83 Budget Cost
1. Tax Exempt 10% 412 450 4123
2„ Standard Lease- 23% 641 450 6406 

Purchase w/Vendor
3. Outright Purchase 0% -- 450 2500

Computing Equipment 
Total purchase prices of the equipment are assumed to be as follows

7 600 replacement cost 
Mass store replacement 
IOS augmentation cost 
Mini computers (3)

$ 5 .  5M 
1 .  3M 
1. 7M 
1 .  0M

The payout period is assumed to be 5 years

Financing Method
1. Tax Exempt

7600 Replace.
Mass Store Replace, 
IOS Aug.
Minis

2. Conventional Lease 
Purchase w/Vendor*
7 600 Replace„
Mass Store Replace, 
IOS Aug.
Minis

Interest
Rate
10%

23%

Annual
Cost

1458 
345 
451 
2.5 2

18 61 
5 56 
575 
338

5th Yr. 
Balloon

1325
260
425
250

Amount in Total
NCAR 83 Budget Cost

950 7292
259 1723
277 2254

0 1260

950 8769
259 2484
277 2725

0 1602
Outright Purchase 
7600 Replace.
Mass Store Replace, 
IOS Aug.
Minis

950
259
277

0

5500
1300
1700
1000

* Assumes arrangements similar to CDC 7600 lease/purchase and initial CRAY 
lease/purchase agreements.
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Mesa Laboratory Addition 

Estimated cost of constructing a 100,000 sq„ ft. addition to the Mesa
Lab.

Assumptions? Land acquired at no cost
tax-exempt financing at 10% interest rate 
square-foot cost of construction $80 as of 1-1-81 
amortized over 35 years

Annual Total 
Amortization FY-83 Annual Cost 
____ Cost____  Lease Cost (35 years)

FY-81 Lease at 5% per year -- 469 38,400 
increase

FY-81 Lease at 10% per year —  514 115,200 
increase

FY-81 Lease at 15% per year —  562 374,500 
increase

New Construction 8 25 — - 28,900*

TABLE V (cont'd)

* This figure does not include costs of plant operation (maintenance or 
utilities , e.g.) which are incorporated in the lease costs for the rental 
space NCAR occupies. Thus, direct comparison of the figures can be 
misleading.



V„ PROGRAM SUMMARIES AND LONG-RANGE PLANS

This section summarizes very briefly the objectives and 
areas of program emphasis in each of NCAR* s divisions. For more 
detailed discussion of programs and achievements readers are 
directed to the FY 1980 Annual Report of NCAR and the Annual NCAR 
Scientific Report for the period January-December 1980.
A. Atmospheric Analysis and Prediction Division (AAP)

The Atmospheric Analysis and Prediction (AAP) Division is 
concerned with the study of the macroscopic behavior of the 
atmosphere— i.e., with phenomena whose space scales range from 
kilometers to thousands of kilometers and whose time scales range 
from hours to decades. More specifically, it deals with phe
nomena in the lower atmosphere, where the dominant processes of 
change are dynamical and thermodynamical, rather than magneto- 
electrodynamical or chemical. Examples are the development of 
thunderstorms, the growth and movement of large-scale cyclones 
and anticyclones , and anomalous seasonal or interannual varia
tions of climate.

The primary objective of AAP's research is to understand the 
processes governing the structure and behavior of the atmosphere 
and to develop the means for predicting its behavior. This 
research embraces a wide variety of more or less distinct but 
complementary kinds of activities that can be roughly classified 
as observational or theoretical. Although each type of re search 
requires some degree of specialization, each is pursued most 
effectively when direct contact with the other is maintained.

AAP's observational studies are aimed at reconstructing a 
complete and accurate picture of what actually happens in the 
atmosphere by analyzing meteorological data of many different 
kinds and by devising ways of displaying and viewing them to 
reveal most clearly which processes are dominant and how they 
interact to produce distinctive structures and behavior. In this 
regard, AAP8s activities are characterized by their use of 
advanced computing techniques to assimilate and process large 
masses of heterogeneous data in an optimal and compatible way, 
including the use of interactive graphics for rapidly selecting 
and modifying preliminary analyses.
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studies are directed toward clarifying how 
a single important process, or several processes acting together, 
result in some type of observed behavior, or in seeing how the 
lack of some important mechanism leads to consequences that are 
not observed * Formulations of such simplified systems may be 
thought of as prototypes for more complete mathematical models or 
as components of a mode 1 whose behavior simulates that of the 
true a t m osphere„ The ultimate purpose of these studies is to 
construct mode Is that s imulate atmospheric behavior with as great 
fidelity as existing observations allow, and to specify the 
accuracy of prediction that is attainable under practical limita
tions of observing systems with varying degrees of completeness, 
a cc u r a c y , and cost.

The complexity of mathematical models has far exceeded human 
capacity to pred ict the ir behavior by exact analytic m e t h o d s . 
H e n c e , the major part of AAP's research effort has gone into the 
development of numerical models whose evolution can be calculated 
by NCAR's computer complex. Th is mode of research, which has 
emerged in the past two decades, is actively pursued at this 
scale and level in about six centers (of which NCAR is o n e ) in 
the United States and a b r o a d .

Plans for program enhancement in AAP during the FY 1984-88 
period are currently 1 imited to continuing development and 
eventual implementation as a joint-use resource of the community 
climate m o d e l . Th is effort will be dependent on re search and 
support staff and so plans are to add the necessary p e r s o n n e l , 
estimated to be a total of 8.5 F T E 's during the FY 1984-88 
pe r i o d .

Although the various activities carried out in AAP are made 
to appear distinct for purposes of description, there is consid
erable overlap in each of A A P ’s sections. For management 
p u r p o s e s , in f a c t , the administrative subdivisions of AAP corre
spond to project objectives or to subject areas that define a 
homogeneous group of subproblems, rather than a particular kind 
of expertise. Th u s , the administrative components of AAP are;

m Climate Section

Cloud-Climate Interactions Group 
Empirical Studies Group 
Global Climate Modeling Group

@ Oceanography Sect ion

© Large-scale Dynamics

Mesoscale Research Section
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The activities of the research staff of AAP are complemented by 
the work of university visitors at NCAR and by various joint 
undertakings.

B . Atmospheric Chemistry and Aeronomy Division (ACAD)

The major goals of the Atmospheric Chemistry and Aeronomy 
Division program a r e :

® To derive and explain the chemical composition of the 
e a r t h 1s atmosphere, particularly the relatively long- 
lived constituents which have global significance 
because of their effects on climate and the strato
spheric ozone layer. We are also interested in smaller 
scale processes (urban and regional c h emistry) that are 
significant in defining the global distribution.

© To determine the composition (including chemical
con v e r s i o n s ) and dynamical features (includ ing the ir 
interactions with chemistry) of the atmosphere from 
global observations. This is accomplished through 
involvement in satellite p r ograms, global in-situ 
sampling measurements from aircraft„ b a lloons, and 
r ockets , and participation in various global chemical 
fieId p r o g r a m s .

® To determine the important chemical, p h ysical, and 
biological mechanisms that maintain and perturb 
chemical balances within the e a r t h !s atmosphere„

@ To des ign photochemical-meteorolog ical models for the 
analysis and interpretation of global atmospheric data 
and to predict future trends in the earth's chemical, 
p h y s i c a l „ and biological environment.

A C A D 's strategy encompasses the following;

@ Maintaining an "equal match" and close relation between 
observational and theoretical e f f o r t s . Virtually all 
observational programs are, thereforec supported by 
chemical-dynamical modeling efforts (1-D, 2-D* 3 - D ) . 
These activities are often developed in collaboration 
with university scientists and students.

0 Apply ing theoretical and technical speciali zed know
ledge in ’’neighboring1'9 sciences in the planning and 
implementation of atmospheric explorations and 
interacting in interdiscipiinary research efforts 
(e.g. , chemistry, physics , soil sc ience and botany) .



@ Employing thoroughly tested and calibrated instrumenta
tion for use in diverse environments and on a variety 
of platforms to provide reliable data on the distribu
tion of atmospheric aerosols and minor-constituent 
gases (the latter with volume mixing ratios down to 
10~13 for some radical species, such as OH).

© Be ing involved in the design of f ield programs and 
interpretation of observed data in their proper 
meteorological-chemical context * Chemistry does not 
take place in a static medium; chemical observations 
can clarify characteristics of atmospheric transport 
processes by providing an information source apart from 
the traditional meteorological measurements.

© Recognizing that interactions between the different 
regions of the entire atmosphere occur so that 
supportive studies (including the role of biospheric 
activities) of the whole atmosphere can be carried 
out. This is of special importance for studies of 
global chemical and climatic e f f e c t s .

Many of the activities in ACAD are taking place or are 
evolving through strong interactions with university scientists 
or colleagues from other research institutions, Emphasis on the 
study of global chemistry requires a rather wide spread of 
research activities and forces most groups in ACAD to work in 
very close collaboration with scientists outside NCAR.

Incremental plans during the FY 1984-38 period include the 
fo llowing:

© Staff and Operations

Both observational and modeling efforts will be 
augmented to support the Marine Measurements Program, 
global observational and opt ical techniques g r o u p s . A 
total of 3.5 F'TE5 s will be added during the period FY 
1984-86 »

m Equipment and Instrumentat ion

Instrumentation to support optical measurements of 
atmospheric constituents ? a controlled environment 
laboratory to be used primarily in the biosphere- 
atmosphere program, and computing equipment replace
ments are all planned to occur during FY 1984-88.
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ACAD's activities are organized into the following sections 
and groups;

® In-Situ Measurements and Photochemical Modeling Project

Chemical Modeling Group 
Marine Measurements Group 
In-Situ Measurements Group 
Global Halogens Group

Biosphere-Atmosphere Interaction Subproject 
Gas and Aerosol Measurements Subproject

@ Precipitation Chemistry and Reactive Gases and 
Particles Project

9 Thermospheric Dynamics and Aeronomy Project

@ Global Observations, Modeling and Optical Techniques 
Project

® Stratosphere-Troposphere Exchange Project

• Radioactive Aerosols and Effects Project 

C » High Altitude Observatory (HAO)

To understand the sun as a body that affects the earth and 
as a star, scientists in the High Altitude Observatory pursue a 
broad range of astrophysical and interdisciplinary studies in 
collaboration with visiting scientists and colleagues from 
universities and other institutions around the w o r l d <, These 
stud ies are both theoretical and observational,, and advanced 
tools, from elaborate spaceborne telescopes to the CRAY-1 com
puter, are brought to bear on th e m „ H A O 's research goals can be 
broken into three general a r e a s ; these, and strategies to achieve 
t h e m , are summarized b e l o w .

The goal of solar atmosphere and magnetic fields research 
underway is to understand the balance of energy and momentum 
within the photosphere , chromosphere, and the transition region 
to the corona. Such a goal must contend with the fact that these 
regions possess a very intricate structure imposed by fluid 
motions and by magnetic fields which give rise to such familiar 
phenomena as sunspots, p l a g e s , network, spicules, and x-ray 
bright p o i n t s „

H A O ’s strategy for progress towards th is goal contains 
several ele m e n t s ;
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Determination of the physical conditions within a standard 
reference atmosphere and within the different classes of 
features observed in the solar atmosphere, in order to 
evaluate the relative roles of radiation, fluid m o t i o n s , and 
magnetic field effects in the energy balance.

Development and application of diagnostic techniques in a 
variety of contexts, including the atmospheres of other 
s t a r s .

Development of theoretical models of the magnetohydro- 
dynamiCf radiative, and wave processes that occur in various 
features regimes of the atmosphere„

The second broadly-stated goal is to understand the coupled 
phys ical structures of the solar corona and solar w i n d , their 
relationship to the solar magnetic field and to features observed 
in the deeper layers of the sun, and the influence of these 
structures on other phys ical systems ranging from the terrestrial 
environment to the energetic particle populations of inter
plane tary s p a c e . Specific phenomena of high current research 
interest include the magnetic field of the co r o n a s the accelera
tion of coronal plasma to form the solar w i n d , the influence of 
magnetic fields on the acceleration and flow of coronal and 
interplane tary material, and the role of trans ient disruptions of 
the corona on its detailed structure as well as the overall mass 
and magnet ic flux balance of the reg ion» The achievement of 
these goals requires an understanding of the important physical 
processes affecting the corona and solar wind and the incorpora
tion of these processes into quantitative models realistic enough 
to be compared with observations„

This research combines an ambitious observing program, 
employing both ground-based and space-borne instruments, and a 
theoretical effort in magnetohydrodynamics and plasma p h y s i c s „

The third research goal areas are to describe and understand 
the fundamental operation of the solar cycle and its influence on 
the particles , fields,, and radiation fields emanating from the 
sun, and to explore the nature of the solar effect in the terres
trial environment. The variable nature of the solar output and 
its effect on climate, as well as its manifestations on solar 
structure is also of direct interest to the space and ground- 
based programs of other agencies including NASA and N O A A .
Re search work is coupled with investigations at other observa
tories including Sacramento Peak Observatory, Kitt Peak National 
O b s e r v a t o r y , the Hale Observatories, and observations at the 
University of Arizona. Programs are also related to dendro- 
chronological, geochemicals and climatolog ical researches at 
other institutionse The overall strategy to achieve progress on
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these goals combines theoretical, interpretation and observation 
studies. Mode 11ing of the solar global convection and dynamics 
with emphasis on the solar dynamo is the major theoretical 
thrust. Interpretations are centered on historical records of 
solar b e h a v i o r c o r o n a l  e v o lutions, and terrestrial inter
actions . Observational programs involve measurements of solar 
global velocity fields , the solar diameter, and coronal and solar 
w i n d s »

As foreseen at this t i m e , incremental requirements during FY 
1984-88 relate to the followingi

® Instrument development

The next generation of Stokes polarimetry is presently 
in initial planning st a g e s , and we expect that HAO will 
participate actively in the d e s i g n , construction, and 
operation of such an instrument, in collaboration with 
other interested observatories. Future needs in solar 
physics emphatically point towards continued improve
ment in magnetic field observations, including observa
tions of a type that can be provided only by Stokes 
Polarimeters.

© Computing equipment

By FY-8 4 the current HAO computer will have been in 
service for 7 y e a r s , and it can be expected to be in a 
state of deteriorating performance <> Its replacement is 
planned to occur FY-84„

H A O 1s organizational structure parallels the three major 
research objectives described above %

Solar Atmosphere and Magnetic Fields Section 
Coronal and Interplanetary Physics Section 
Solar Variability Section

D . Advanced Study Program (ASP)

In add it ion to the impacts group (d iscussed earlier in Sec
tion III), ASP also conducts two other pr o g r a m s „

First an active visitor program, concentrating on young 
s c i entists, was established to insure that among the next genera
tion of atmospheric scientists there would be those whose experi
ence included work on some of the larger, more difficult problems 
of the atmosphere, and whose skills included the effective 
utilisation of the sophisticated computers, aircraft,, radars and 
other complex systems required for today's measurements and 
c a l c u lations»
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The mainstay of the visitor activity is the Postdoctoral 
Fellowship Program, which is designed to provide a flexible 
opportunity for recent Ph.D's (i.e. , those with less than four 
years applicable e x p e r i e n c e ) to be exposed to major atmospheric 
research programs at NCAR. Fellows interact with scientists in 
NCAR's ongoing p r o g r a m s , and learn about and use the major atmo
spheric sciences research facilities, such as the Control Data 
7600/CRAY I computer system, research a ircraft, and ra d a r s . Most 
of these Fellows are scientists already working on atmospheric 
p r o b l e m s ; but some have interests in applying their backgrounds 
in p h y s i c s , m a t h e m a t i c s , chemistry, engineering, environmental or 
social sciences to the atmospheric sciences.

Although the principal goal of this program is to extend the 
education of young scientists in those aspects of atmospheric 
studies that characterize the National Center, other major bene- 
fits accrue. Foremost among these is the fact that during their 
stay at NCAR, the Fellows make sizable individual contributions 
to NCAR's pro g r a m s . Another long-range benefit is that the 
Fellows, upon completion of their NCAR stay, frequently take 
research or faculty positions at universities, lead ing to the 
existence in the university community of scientists who know NCAR 
first-hand.

The ASP visitor program also includes Graduate Assistant 
appointments. These are intended for students whose thesis 
topics require equipment, expertise or data sets not readily 
available at their universities. This program is designed to 
give limited support to a small number of such students in cases 
where NCAR can provide the supplementary opportunities req u i r e d . 
As in the case of the postdoctoral v isitors, this program 
promotes long-term NCAR and university interactions by bringing 
talented young scientists, at formative stages in their c areers, 
into close contact with NCAR.

A summer colloquium series was established early in N C A R ’s 
history, to permit the discussion of forefront pr o b l e m s , in an 
intensive w a y , among graduate students and scientists. Topics 
discussed over the years have included, for e x a m p l e : Solar 
Corona; Dynamics and Microphysies of Convective Clouds; Dynamics 
of the Tropical A t m o s p h e r e ; The Stratosphere and M e s o s p h e r e : 
Dynamics, Ph y s i c s , and Chemistry; and The General Circulation: 
Theory, Modeling and Observations. Although projected funding 
levels are 1 ikely to limit N C A R 's ability in the early 1980's to 
conduct the colloquium regularly, the activity is one that can be 
carried out on relatively short no t i c e , given sufficient interest 
and funding.
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Program growth during the FY 1984-88 period is envisioned 
for the impacts assessments area, where needs for scientists from 
varied disciplines can be foreseen,, A more detailed discussion 
is provided in Section III of this document.

E . Convective Storms Division (CSD)

The major difficulty in making progress in understand ing 
precipitation from convective storms lies in the fact that so 
many different kinds of phenomena interact in ways that are 
important. The formation of precipitation is obviously influ
enced by the size and durat ion of the parent c l o u d ; these in turn 
are determined by such factors as the properties of the boundary 
layer, the environmental temperature stratification and air 
mot ion, and some t imes by mesoscale effect of earlier ra in 
showers. The identification of the appropriate environment is a 
major challenge in itself, involving mesoscale as well as 
synoptic scale phenomena. The important question of the origin 
of ice is obscured not only by basic uncertainties concerning the 
modes of nucleation and possible ice multiplication, but also by 
lack of knowledge of the sources of the air parcels that mix 
together to constitute any given portion of a convective cloud.
As an ice particle grows, its fall speed increases and its 
trajectory within the cloud eventually becomes more a function of 
its size than of the velocity of the air. Its growth to precipi
tation size depends upon the liquid water content of the cloud 
air through which it falls, which in turn is influenced by mixing 
and by depletion due to compet ing ice particles*

The scientific challenge to identify, describe and under
stand the most important of the many interactions is CSD's major 
g o a l „ A variety of approaches is required for this endeavor, 
ranging from laboratory studies through field investigations to 
numerical modelling. One necessary part of this approach is the 
la r g e , coordinated field program that focuses a number of differ
ent measuring systems upon single clouds or storms in order to 
gather data simultaneously on as many of the important aspects as 
possible. Only in th is way can data sets be obtained that are 
complete enough to enable other necessary approaches to proceed 
effectively; for example, to enable the more important labora
tory investigations to be distinguished from the less important 
ones, and to make it possible to initialize models and test their 
ability to reproduce major features of real storms. The Coopera
tive Convective Precipitation Experiment (C C O P E )r to be conducted 
jointly with the Water, Power, and Resource Service in the summer 
of 1981, is planned to be such a field program.

Although major problems must be separated out for individual 
attention, it is important to remember that the key to one may 
very well be found within another. For instance, it will
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probably not be possible to understand the origin of ice in many 
convective clouds without understanding entrainment, since that 
determines the sources and histories of some of the air and 
nuclei; or wi thout understand ing hydrometeor evolution, s ince 
there is evidence that in certain circumstances secondary ice 
particles can be produced during the accretional growth of 
g r a u p e l * It will probably not be poss ible to understand the 
evolution of hydrometeors without understanding cell d e v e lopment, 
for the transfer of precipitation particles from one cell to 
another appears sometimes to be an important process in precipi
tation growth. Entrainmentf in turn, is known to be a very 
important factor in cell development.

Thus f it is probable that basic advances will have to be 
made in understanding all of these facets of the production of 
precipitation in convective clouds before prediction skills can 
be increased„ It almost goes without saying that many facets of 
cloud behavior are strongly dependent upon the boundary layer and 
the thermodynamic and dynamic properties of the surround ing atmo
sphere , so that attempts to improve understanding and pred iction 
will require purpose ful measurements to re late storm processes to 
the larger s c a l e ,

CSD will play a leading role in cloud physi cs instrumenta
tion d e v e lopment, described elsewhere in Section III of this 
document. Other incremental funds required are associated with 
the field program planned for 1984. It seems likely that this 
field program will occur in Montana but we can expect subsequent 
field experiments to be staged elsewhere. Thus funds are 
included in long-range plans for site preparation in 198 7 and for 
conduct of a field program in 1988 »

CSD activities are grouped in sections as follows :

Microphysics Group
Macrophysics Group
Empirical Stud ies
Field Measurements
Cloud Phys ies Instrumentat ion

F . Scientific Computing Division (SCD)

NCAR's Scientific Computing Division has two primary g o a l s ;
1) to develop and maintain the level of expertise necessary to 
provide the appropriate levels of computing service required by 
NCAR and non-NCAR scientists in performing the ir computations; 
and 2) to have available , in good time , the hardware and software 
required to carry out these computations„



These goals are met through conduct of several areas of 
activity's

Operation of the Division 1s computers *

Facilitation of use of the computers by the D i v i s i o n 1s 
scientif ic clientele.

Maintenance and enhancement of the operating systems of the 
computers.

Development of general purpose software for general use by 
the atmospheric science community„

Development of numerical methods appropriate to the science 
be ing done and to the hardware in u s e .

The major hardware offered is a CRAY 1-A computer and a CDC 
7 600 computer. These can be accessed locally, or remotely via a 
variety of RJE protocols and 1 ine speeds. NCAR has recently 
ordered an IBM 4341 system to act as a front end to both of these 
systems and to improve the remote job entry services. The IBM 
4341 system is expected to be fully operational by July 1, 1981. 
Plans for the orderly replacement and upgrade of N C A R ’s computing 
capabilities in the FY 1984-88 time period are as follows:

® Input/Output System Augmentation and Replacement

The IOS is slated for augmentation in FY-84 and FY-85 
to add ports to permit interactive computing by NCAR 
u s e r s , a capability routinely available at university 
campuses but not to NCAR scientists. Replacement of 
the IOS should be planned for FY-88„

® CDC 7 600 Replacement Augmentation

The CDC 7 600 replacement, planned for acquis ition in 
198 3c will be homogeneous with the existing CRAY to 
permit jobs to run on either machine without recod ing. 
Its subsequent upgrade by increasing its core memory to
1 megaword will result in computing capacity equivalent 
to that of the current NCAR CRAY. This upgrade is 
planned for FY-84 and F Y - 8 5.

® CRAY Augmentation

The current CRAY will be augmented to add 6 megawords 
of peripheral m e m o r y . The existing CRAY reached 
saturation in 1980 p and th is augmentation will permit 
running more and bigger m o d e l s . This augmentation is
scheduled for FY-84 and FY-85.
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© TMS-4 Mass Storage System Replacement and Augmentation

The TMS-4 will be replaced in FY-83 „ Augmentation to 
double its on-line storage capacity will be accom
plished in FY-85 °

© CRAY Replacement

Replacement of the CRAY is planned to take place in 
FY-88 this requires incremented funds as early as 
FY-86 to initiate the procurement.

@ Other Systems

Other computing systems will require replacement during 
the period and certain auxiliary equipment is necessary 
to support the major systems. Among the items to be 
acquired are reader/printers, additional network boxes 
to provide interfaces among various sys terns, a communi
cations system and raster graphics equipment* (Raster 
graphics compliments the existing vector graphics 
system in applications where resolution of very fine 
detail is required or where a picture contains a great 
deal of information,, ) These are itemized in the budget 
table at the end of this section.

The SCD is organized into the following managerial units s 

Systems
User Services and Planning 
Operations and Maintenance 
Data Support 
Advanced Methods Group

G „ Atmospheric Technology Division (ATP)

The Atmospheric Technology Divis ion addresses one of the two 
prime foci of NCAR by providing u n i q u e , centrally administered 
facilities for use in atmospheric science re search. ATD's 
capabilities consist of high quality aviationP ballooning, and 
field observing facilities augmented by strong internal research 
and development activities,, all of which provide support to 
experimental atmospheric science„

ATD is composed of five faci1 it ies, the Research Aviation 
Facility (R A F ), the Field Observing Facility (F O F ), the Research 
Systems Facility (RSF),, the Global Atmospheric Measurements 
Program (G A M P ) and the National Scientific Balloon Facility 
(NSBF). The R A F , F O F , and NSBF are primarily joint-use facili
ties that operate instruments for the community, while the RSF
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and GAMP focus their efforts primarily on research and develop
ment which can be transferred to their sister facilities, other 
NCAR divisions and the broader community»

These five facilities provide the community with measurement 
capabilities that extend from the earth's surface through the 
troposphere and into the stratosphere., A wide variety of instru
ment systems are available; ^.mong them are instrumented aircraft, 
Doppler radars, surface networks^ sounding systems and balloon 
p l a t f o r m s . RSF provides outstanding R&D capabilities, particu
larly in sensor development, tracking s ystems, data processing, 
interactive computing, and displays* The GAMP has an interna- 
tional and well deserved reputation as an innovative and highly 
competent developer of advanced balloon ing techniques. All of 
the traditional meteorological disciplines make use of ATD 
facilities,,

ATD * s strategy to ensure that it remains at the forefront of 
technology for atmospheric research depends on achieving excel
lence in the following s

& Competent technical staff

® High quality instruments

® Data process ing

® Data archival

® Strong scientific staff

@ Active development programs

Each of the individual facility programs and long-range plans are 
summarized in the following p a g e s „

1. Research Aviation Facility (RAF)

The RAF provides atmospheric scientists with a state- 
of-the-art research capability comprised of instrumented aircraft 
with the necessary ground support, and undertakes technical 
developments to maintain and update this capability.

The aircraft platforms are applied to research activi
ties by university and NCAR scientists in a wide variety of 
areas, principally in boundary layer? cloud p h y s i e s , mesoscale 
and severe storms, air chemistry, and radiation studies. The 
programs supported are often national or international in scope 
and cover a geographical range from the Canadian Arctic to the 
Canal Zone and from the eastern Atlantic to the central and south 
Pacific and Indian OceanSo
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The RAF operates four NSF-owned instrumented research 
aircrafts two Queen A i r s , a twin-jet Sabreliner and a four- 
engine turboprop Electra. The two Queen Airs and Sabreliner 
provide support to individual scientific investigators in cloud 
physics, air motion and air chemistryc The Electra aircraft is 
used solely for multiple investigators--nationale international, 
and university-NCAR p r ograms. Support is provided to air motion,, 
air chemistry and cloud phys ies studies.

Plans to modernize the NCAR research aircraft fleet are 
underway and are described in Section III of th is document with 
reference to the period through FY 1983= Plans for the longer 
range period include:

m Instrumentat ion

The instrumentation for the second twin turboprop 
(the acquisition of th is aircraft is d iscussed in Section III) 
will be completed with the assistance of the RSF in FY-84 at a 
cost of $ 200K. The aircraft is planned to be available for 
re search support„ at a level of 300 h o u r s , in FY-8 4„

® Electra-Sabreliner Replacement

The Electra and the Sabreliner will both be 
replaced with one medium twin-jet in 1987 » This replacement 
plane will compare favorably in all respects with the Electra and 
Sabrelinero Streamlining the RAF fleet to three aircraft (two 
King A i r s , one medium twin-jet) w i 11 result in reduced overall 
maintenance and operation costs and will therefore, permit 
increased flight hours for research support„ The tradeoff is 
that RAF will no longer be able to support some of the programs , 
such as central-oceanic p r o g r a m s , which can be supported by the 
Electra. All three aircraft will be able to travel to remote 
locations and engage in over-water research to distances of one- 
hour flight-time from shore » The me d i urn twin-j et will be ideally 
suited for dropwindsonde missions and upper tropospheric 
chemistry and dynamics programs *

Instrumentation is planned and budgeted in FY 
198 6-87 for this aircraft and operations will be conducted in 
FY-87 at a level of 300 h o u r s „ and in FY-88 at 400 h o u r s .

2, Field Observing Facility {F O F )

F O F 's goal is to provide surface-based measurements for 
the atmospheric sciences in support, of experimental meteorologi- 
cal p r o g r a m s „ To achieve th is g o a l P FOF engages in the following 
major activities s
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© Operation of advanced remote- and immersion-sensing 
systerns„

@ Development of new measurement systems, in cooperation 
with the Research Systems Facility.,

® Development of operational and analytical techniques
for optimum use of its facilities and transfer of these 
techniques to the atmospheric sciences community.
These techniques include instrument d e v e lopment, data 
collection, software development, data processing , data 
display and scientist machine interaction.

Equipment and instruments available include: two 5-cm 
Doppler ra d a r s , (CP-3, CP-4), the 10-cm C P - 2 Doppler radar, the 
PAM system with 27 remote stations and two GMD rawinsonde sets. 
Also provided are software for archiving radar and PAM data and a 
variety of analysis software packages for processing radar d a t a . 
A s s i s t a n c e , in cooperation with the Research Systems Facilities, 
is provided to scientists wishing to make use of the Research 
Data Support System for examination of scalar radar data fields. 
By 198 3 these capabilities are expected to be augmented by avail
ability of the PAM II system and the Safesonde, a low-cost, 
high-reliability replacement for the GMD. Plans for the longer 
term period include operation of various systems such as MECCA 
and PASS developed jointly with RSF, GAMP and R A F . Radar devel
opments will be important in th is period, as well. These develop
ments are summarized briefly below, or elsewhere in this 
d o c u m e n t „*

® Mesoscale Experiment Command and Control Assimilator 
(MECCA)

There is a well known need for improved coordination 
and direction of large mesoscale field experiments, which 
normally involve a large number of diverse measurement s ystems.
A transportable field computer system to integrate and display 
various data in real time would permit effective field opera
tions. NCAR plans to develop such a system in the m i d - 198Os and 
has dubbed it "MECCA."

MECCA will be a modular system so that input from new 
measurement systems can be accommodated readily„ It will consist 
of a central display module and specific modules which will 
accept data from each measurement system in use (e.g. , P A M , 
radar, P A S S , satellite, aircraft, e t c . ), store the d a t a , and con
vert it to a common format acceptable to the central di s p l a y .

* For a d iscussion of PASS f see Section III „
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As new measurement systems are developed, the corresponding MECCA 
module would be developed*

« NCAR Data Communication System (N D C S )

Modern meteorological measurement systems entail exten
sive communications embedded in the measurement system itself. 
Communications are usually configured such that it is difficult 
to employ the un-utilized communication capacity for other 
systems. Since the communication system is developed for the 
measurement system, it typically receives secondary priority in 
development resources and so becomes a system constraint. It 
would be more cost effective for NCAR to develop a Data Communi
cation System (NDCS) which could be shared by a variety of 
measurement systems such as P A M , PASS,- and the relatively narrow 
bandwidth processed portions of radar and aircraft data. The 
general requirements of such a system are that it should;

« Employ a port ion of the next generation geo
synchronous satellites (perhaps one of the GOES 
se r i e s );

e provide low cost, low power uplinks since they 
will be replicated many times; and

® provide several channels of moderate bandwidth or 
one relatively wide band channel consistent with 
the previous requirements

® Airborne Doppler Radar

Participants at the AMS Multiple Doppler Radar Workshop 
stressed the need for an airborne Doppler radar to make accurate, 
high resolution measurements of vertical velocities in newly 
developing convective clouds , in mature convective storms and in 
stratiform precipitation. A prototype airborne Doppler radar 
should be ready for its first field tests during FY 1983 and it 
is anticipated that the eventual airborne Doppler system will 
include both vertically pointing and scanning capabilities»

3. Research Systems Facility (RSF)

The RSF maintains a scientific and engineering design 
capabi1 ity with emphasis on developments of sensor, communica
tion, and data acquisition systems* RSF is in close communica
tion with university and federai research g r o u p s , in order to 
anticipate the instrument needs of the atmospheric science com
munity and to be ready to undertake developments as required.
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Facility goals include:

(1) To develop new instrumentation and data processing 
systems for use by other ATD facilities and to 
meet requirements for special national and inter
national programs such as the Global Weather 
Experiment (G W E )„

(2) To provide engineering services to NCAR through 
the Machine Shop, Mechanical Design Group, and 
Instrument S h o p .

The Machine Shop and Mechanical Design Group work in 
close cooperation with NCAR scientists and engineers to produce 
new equipment for atmospheric research. These groups serve all 
of NCAR.

RSF also maintains an instrument shop to repair and 
calibrate ATD laboratory equipment, In doing so, this shop both 
saves money and contributes toward better research by providing 
accurately calibrated instruments needed to develop and test new 
field equipment. While primarily an electronic shop, NBS- 
traceable pressure and temperature reference instruments have 
been added recently, and a humidity console is now being 
de veloped«,

While the new equipment developed by RSF is important, 
the technical documentation which goes with it is nearly as 
important. Th is documentation— -papers, reports and manuals— is 
important to the operation and maintenance of the equipment in 
the field, and also serves as an important mechanism for technol
ogy transfer from RSF to universities and other agencies.

4. Global Atmospheric Measurement Program (G A M P )

The primary functions of the Global Atmospheric 
Measurements Program are the innovation, development and feasi
bility demonstration of basic balloon technology, particularly of 
superpressure balloons, and of the associated meteorological 
sensing systems, and cooperation with the atmospheric scientific 
community in utilizing these techniques in research e n deavors.

Emphasis in the GAMP program for the next several years 
will be in the creation of a number of new global sens ing capa- 
bilities of use to the atmospheric research community, with 
emphasis in measurements important to the global m o d e l e r s „ the 
Middle Atmosphere Program (MAP) and climate research. GAMP 
offers these programs expertise in long duration and super pres
sure ballooning, and the new technology of the RACOON system, 
discussed below. A major initiative is planned in FY-83 to
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simplify the entire process of gathering and disseminating both 
basic measurements and processed data *

Developments underway or envisioned to occur during the 
1980's include s

® MicroGHOST - a program designed to produce a low-cost
global horizontal sounding system for a single altitude 
which will provide accurate wind measurements and serve 
as a reference level for radiometric soundings. The 
need for high-quality wind data on'a global basis has 
become increasingly evident as the accuracy limitations 
of radiometric soundings have become better known.

• The Long-Lived Atmospheric Monitoring Airship (LLAMA) 
is an outgrowth of an earlier program designed to 
maintain balloons at the base of the stratosphere for 
several y e a r s . The characteristics of the fully 
developed airship are expected to permit maintenance of 
a constant latitude at an altitude of 20 k m , 50 mb,

m RACOON - the radiation-controlled bal l o o n , designed to 
provide twice-daily vertical sound ings from 2 0 to 4 0 km 
in the t ropics. Sound ings with a simple system can be 
made of winds and temperature« More elaborate systems 
can be used to provide vertical profile measurements of 
trace gases and aerosols,

© Satellite Pipeline for Analyses and Measurements (S P A M ) 
- The present means of communicating weather observa
tions and analyses is a complex mix of technolog ies 
involving telephone, telex, H . F . , mic r o w a v e , and satel- 
1 ite links. The most sophisticated messages are avail
able to us in a few minutes while simple w i n d , pressure 
and temperature readings from, a site a few miles 
distant may take hours or even days for delivery 
through a tortured series of communication li n k s .

SPAM is a concept to provide instant communication to 
the world of all observations from l a n d , sea, aircraft, 
or balloon. It. will provide the means of immediate 
dissemination of all analyzed data, The SPAM concept 
is si m p l e ; its refinement and implementation is a 
complex task involving technology, economics, sociology 
and politics,, The technology for transmission of data 
from surface to satellite and return has been devel
oped „ The NCAR DAta Collection System planned for 
development by the Field Observing Facility will 
provide a demonstration of the practicality of such 
systems on a regional and national s c a l e ■
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5. National Scientific Balloon Facility (NSBF)

NSBF provides the scientific community with state-of- 
the-art balloon operational support and conducts the research and 
development necessary to continue to advance scientific balloon
ing to meet the growing requirements of the scientific community*

The N S B F , located at P a lestine, Texas, supports a broad 
spectrum of scientific disciplines--aeronomy, astronomy, astro
physics, and atmospheric s ciences„ It now provides most of the 
scientific balloon support for the free w o r l d f particularly for 
the larger and/or more complicated flights.

Several program areas will be strengthened in FY-8 3 as 
d iscussed in Section III? these efforts will continue during the 
FY 1984-88 p e r i o d . In addition site improvements, maintenance of 
launch pads and major vehicle replacements are scheduled for this 
p e r i o d .

H. Administration Division and D irectorE s Office

1„ Administration Division

N C A R % s research and facility programs depend for 
successful day-to-day operations on a broad phalanx of supporting 
activities; these are provided by the Administration Division, 
They include services which support the re search program directly 
such a s , the library,, graphics and photographies, editing and 
production of scientific publicat ions; phys ical plant activities 
(plant operat ion and maintenance , security, rental space manage
ment and telecommunications)? and standard business functions 
(finance, procurement, administrative computing and office 
s e rvices). No real growth in any of these activities is 
planned. The fund ing increments itemized in the budget tables 
relate to currently foreseeable equipment replacement, buiId ing 
maintenance t energy conservation and staffing needsI e

The Administration Division is organised into three 
major departments? the Scientific Support Services Department ; 
the Physical Facilities Services Department; and the Business and 
Financial Services D e p a rtment„

2, Director's Office

Overall management and policy setting is carried out by 
the Director of the Cen t e r f whose activities are supported by a 
small immediate staff and by the Personnel and Equal Oppor- 
tunitie s Program Officej the Publi c Information Of i c e ; and the 
Budget and Planning Office.
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Tables V I , VII and VIII summarize the budget and staffing 
levels required to support the program described in this docu
ment . Estimates for the FY 1984-88 period are all given in FY-83 
dollars to permit ready recognition of real program growth that 
is pro p o s e d . Any increment which is a base increment is indi
cated by an asterisk, and is then included in the next year's 
base number.

As described in Section I I , the program levels shown on the 
detailed Table VII will be funded through a combination of NSF 
f u n d s , funds derived through the recovery of costs associated 
with non-NSF funded activities and, possibly, increased fund ing 
by institutions other than N S F . Table IX summarizes non-NSF 
program funds and does not include any of these amo u n t s „ Rather 
it displays NCAR's expectations of non-NSF funds in support of 
activities additional to those described in these p a g e s .

I . Summary Budget and Staffing Tables



TABLE VI

NCAR

AAP

ACAD

HAO

ASP

CSD

SCD

ATD

ADMIN

DIR

Fee

NSBF

NCAR and NSBF Budget Summary 
FY 1983 - 1988 

($000)

■FY 1983 dollars

FY 1983 FY 1984 FY 1985 FY 1986 FY 1987 FY 1981

3511

2467

3555

1521

2749

9719

8765

7045

1742

850

41924

3623

2714

4165

1599

3657

10981

9985

7855

1877

850

47306

3735 

2924 

3780 

167 7 

27 49 

11440 

10339 

7921 

1953 

850 

47368

3847 

2641 

368 4 

1755 

2749 

10868 

11463 

7878 

1955 

850 

47690

38 47 

2641 

3684 

1755 

3299 

11009 

11927 

7186 

1961 

850 

48159

3847

2641

3684 < 
to

1755 M 

3657 

13740 

11631 

6991 

1989 

850 

50785

4100 4000 3865 3535 3535 3700



FY 1984-1988 NCAR and NSBF
($000)

TABLE VII

FY 198 3a FY 1984

NCAR

AAP 3511 3511
Climate Model Staff 112*

3511 1623

ACAD 2467 2467
Staff 58*
Equipment 189 
BAI lab

24 67 ‘2714

HAO 3555 3555
Stokes III 220
Computer 3 90

3555 4X65

ASP 1521 1521
Climate Impacts Staff 7 8*

1521 1599

CSD 2749 2749
Field Programs 908 
Relocation of Field Site

2749 1657



Detailed Budgets

FY 1985

3623
112*

3735

2525 
58* 

275 
6 6 

7 9 2 4

3555
220

5*
3780

1599
78*

1677

2749

2749

1983 dollars 

FY 1986

3735
112*

3847

2583
58*

2641

3560
124*

3684

1677
78*

1755

2749

2749

FY 1987

3847

1847

2641

2641

3684

3684

1755

X755

2749

550
3299

FY 1988

3847

3847 

2641 <
t oNJ

2641

3684

368T

1755

1755

2749
908

3657



Table VII (cont'd)

— — — _  

FY 1983a FY 1984

NCAR (cont'd)

SCD 9719 9719
7600 Replacement & Augment. 4 8 6 */^

IOS A u g m e n t „ & Replacement 154*
CRAY Refurb. & Maintenance 158* 
CRAY Lease decrease 
CRAY Replacement 
TMS Augmentation 
TMS M a inten., parts r tapes
Other system equipment 208

Other system maintenance 56*
Staff 200* 
Raster graphics

9719 10981

ATD 8765 8765
Twin-turboprop hours 125*
Instrumentation 200 
Medium jet 
Medium jet hours
Developments (MECCA, etc.) 400
Staff 252*
System maintenance 160*
Machine shop equip, replacement 17
Visitor program _____ 66*

8765 9985



— — — — — —  FY 1983 dollars ------- -

FY 1985 FY 1986 FY 1987

-----— >

FY 1988

10773
378*
123*
157*

( 1382)*/c

415*
254*
220*

10938

104

(292)*/c
415

(380)*/d
83

10266

440

303

502
11440 10868 11009

9368 9930 10282 
145*

220 220
550 275 

700*
400 400 400
252* 252* 41* 
40* 100*
9 11 9 

125*

10266

214*

30 20*

220
20*

13740

11023

275
320*

13

10339 11463 11927 11631



Table VII (cont'd)

«■---—

FY 1983a FY 1984

NCAR (cont'd)

ADMIN 7045 7045
Building waterproofing 17*
Concrete work on Mesa site 40
Equipment replacement 137
Energy conservation 168 
Savings from Cons. P r o j .
Bike path 54
Computer Replace, 270 

Staff & Maintenance
Buyer 24*
RAF Jeffco Construction 100

7045 7855

DIR Office 733 733
Pers/EEO 561 561
Reserve 448 505
Staff 75*

1742 1877

Fixed Fee 850/a 850

TOTAL NCAR 41924 47306

NSBF

Reg Operations 2920 2920
L.D, Ballooning 430 270
Development 140 245
Remote Operations 360 195
Equipment & Operations 250 370

TOTAL NSBF 4100 4000



FY 198 3 dollars — — ----— -- --- — — —

FY 1985 FY 1986 FY 1987 FY 1988

7086 7097 7005 6977

21 21
193 52 89 18
510 700 120
(36)* (92)* (28)* (4)*

47*

100 100

75 •k

7921 7878 7186 6991
<I
JO

808 883 883 883 4a*
561 561 561 561
506 508 514 542

1953 1955 1961 1989

850 850 850 850

47368 47690 48159 50785

2920 2920 2920 2920
270 270 270 270
220 55 55 220
140 140 140 140
315 150 150 150

3865 3535 3535 3700
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TABLE VII

FY 1984-1988 NCAR and NSBF Detailed Budgets
Footnotes

a/ Discussions are currently underway between UCAR and NSF 
regarding the fixed fee. For the purposes of this document the 
current situation and an increase in fee size at the initiation 
of the next five year contract are ass u m e d „

k/ Full year effect of rental and maintenance begun in FY-83, 
$308K, plus base adj ustment to offset 7600 trade-in of $ 500K in 
FY-8 3 less one-time power and cooling preparations in FY-8 3 or 
$ 110K less reduction of 7 600 maintenance costs of $ 212K.

c/ As seven-year CRAY lease purchase is completed, annual lease 
purchase payments are reduced from $1674K to $ 292K in FY-85 and 
to zero in FY-86.

*3/ TMS phase-out in FY-85 results in base reduction in mainte
nance of $ 139K and a $241K reduction in materials and s upplies.



NCAR

TABLE VIII

NCAR and NSBF Staffing Levels
FY 1983 - 1988

FY 1983 FY 19! FY 1985 FY 1986 FY 1987 FY 1988

AAP
ACAD
HAO
ASP
CSD
SCD
ATD
Director
Personne1/EEO
ADMIN

66 o 3
46.2
67.3 
39 .2 
55 = 7

100.5
126.2
14.0
12.0 

136. 2

69 .1 
47 .7
67.3
41.2 
55.7

105.5 
135. 2
15.3 
12.0

137. 2

71.9
49.2
67.3
4 2.7 
55.7 

105.5 
143. 2 
16 .5 
12.0 

138 . 2

74.8
50 , 
69 , 
44 
55, 

105 
151. 
16 
12. 0 

138 . 2

,7 
i 3 
. 2 
. 7 
,5 
,2 
,5

74. 
50 . 
69 , 
44. 
55, 

105. 
152, 
16, 
12.0 

138 . 2

,7
3
,2
7
,5
2
,5

74.8
50.7 
69.3 
44 . 2
55.7 

10 5.5
152. 2 
16.5
12. 0 

138 . 2

TOTAL 663.6 686.2 702.2 718 .1 719.1 719.1

NSBF 63.5 63.5 63.5 63.5 >3.5 63.5



TABLE IX

Non-NSF Program Funds 
FY 1983-1988 

($000)

FY 198 3 dollars

FY 19 8 3 FY 1984 FY 1985 FY 1986 FY 1987 FY 198

AAP 440 495 550 605 660 660
ACAD 1000 1000 1000 1000 1000 1000
HAO 700 500 500 1000 1000 1000
ASP 138 220 220 220 350 350
CSD — 200 200 300 300 400
SCD — — — — — — — —

ATD 7 00 750 750 750 750 750
ADMIN _ _ --- _ _ _ _ —

TOTAL 2978 3165 3220 3875 4 0 6 0 4160


