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Research Council, whose members are drawn from the 
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Academy of Sciences , the National Academy of Engineer ing ,  
and the Institute of Medicine . 

The National Research Council was established by the 
National Academy of Sciences in 1916 to associate the 
broad community of science and technology with the 
Academy ' s  purposes of further ing knowledge and of 
advising the federal government .  The Council operates i n  
accordance with general policies determined by the 
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nonprof it , self-governing membership corporation . The 
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the National Academy of Sciences and the National Academy 
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FOREWORD 

More than any other aspect of the natural environment , 
climate has shaped the way mank ind l ives on this small 
planet . Sometimes modern man is  inclined to consider 
earth as an unchang ing element of geography . ·  Although 
geologists and paleontologists told exciting tales about 
ice ages of the distant past,  contemporary climate was ·
left to the statisticians toiling in dusty archives . 

Although a few individuals had been studying climatic 
change for many decades , a renewed sense of awarenes s 
emerged in the 1960s . Research revealed fascinating and 
puzzling details about climate var iability on all time 
scales . There had been a Little Ice Age .  would there be 
another one? Interglacial per iods such as our s seemed to 
be a�ut 10, 000 years long . Was a return of ice j ust 
around the corner? Measurements showed that we were 
changing our atmosphere , and models predicted disturbing 
effects on climate . Was a hothouse earth in our future? 
A ser ies of climate-related disturbances afflicted 
countr ies around the earth . Were long-term climate 
changes already under way? 

These factors converged to prompt the development of 
organized national and international programs to improve 
our understanding of climate and our ability to use that 
knowledge . Internationally , the Wor ld Climate Conference 
of 1979 led to development of a World Climate Program 
under the auspices of the world Meteorological Organiza­
t ion and other international bodies . In our own country ,  
a complex aer ies o f  initiatives led to the enactment o f  
the National Cl imate Program Act o f  1978.  This innovative 
•exper iment in public administration , •  as it was termed 
by COngressman George Brown, called for establishment of 
an interagency Rational Climate Program that would be 
guided by per iodically updated Five-Year Plans . 

v i i  
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The first version of this plan was powerfully shaped 
by two aajor workshops organised by the Climate Research 
Board, a predecessor of the current Board on Atmospher ic 
Sciences and Climate, in the su..ers of 1978 and 1979 . 
The resulting plan served well, but no vehicle as dynamic 
as the National Cl imate Prograa can travel indef initely 
on the static tracks of an aging docu.ent . An updated 
plan was urgently needed, and indeed was undated by the 
legislation .  Th e  National Research council was again 
requested to provide guidance to the National Climate 
Program Office for the developaent of a new plan . Agai n  
a workshop was convened a t  the Study Center of the 
National Academy of Sciences in WOOds Bole , Massachusetts • 
on July 15-19, 1985. The participants were charged with 
reviewing the current federal efforts in climate , and 
developing concepts and recommendations that might assist 

. the federal agencies and the National Climate Program 
Office in the developaent of an updated plan for this 
important national endeavor . The meeting was wel l­
attended, the discussions were animated and constructive, 
and the wor k sessions were intense and fruitful . It was 
clear that the National Climate Program, with many 
significant achievements already to its credit , faces a 
promising future in robust health. 

Charles L. Bosler, Chairman 
Board on Atmospher ic Sciences 
and Climate 
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EXECUTIVE SUMMARY 

OVERVIEW 

Since its passage in 1978 , the National Climate Program 
Act has provided both a foeus and an incentive for 
research and improvement of services in climate pre­
diction and the utilization of our knowledge of climate. 
The National Climate Program (NCP ) has begun to show 
accomplishments in areas identified by the act: greater 
use and availability of climate data, increased coordina­
tion of climate research activities, increased emphasis 
on climate prediction, and coordination of u.s. participa­
tion in international climate activities. The accomplish­
ments to date provide a base for future work aimed at 
meeting-the goals set by the act. 

Climate and society interact in numerous and complex 
ways� thus climate and public policy are inextricably 
intertwined. Coordination of the climate-related 
activities and interests of the various federal agencies 
involved is fundamental for program success. 

Legislation to amend the National Climate Program Act 
continues to be essential. Amendments to the National 
Climate Program Act that will make explicit the functions 
of the National Climate Program Office (NCPO) and 
strengthen the interagency program coordination have been 
proposed and should be promptly enacted. (See Section 
2 . 1 . 2 ) 

Experience in the NCP over the past five years has 
shown that many users need a continuum of weather and 
climate data. New data storage and processing tech­
nologies are making possible systems that allow access to 
data more rapidly and more efficiently. A major goal of 
the NCP should be to provide ready access to weather and 
climate data from observations to archives, and particu-

1 
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larly those data in near real time that are not now 
readily available. 

The rapidly growing body of research knowledge on 
climate impact assessment methodology should be aggres­
sively transferred to the planning efforts of federal, 
state, and international agencies. The potential for 
significantly increased skills in monthly, seasonal, and 
interannual climate prediction may be on the horizon, and 

an understanding of the possible economic and social 
implications of such capabilities is needed. 

Among the specific climate-related problems that the 
program might address, drought undoubtedly has high 
priority. State and regional drought response plans 
should be fostered, and coordinated national research, 
monitoring, impact assessment, and relief programs should 
be developed. Indeed, enhanced efforts to integrate our 
growing understanding of climate variability and impacts 
into national water resource planning and management at 
all levels should be fostered by the program. 

Another problem that remains to be addressed is the 
development of management strategies to deal with 
socioeconomic consequences of climate variation. Thes e 
strategies are virtually unknown as yet, except as 
concepts, and their development will involve partici­
pation from several disciplines. 

Climate knows no borders, thus the international 
dimension �f climate is inherent and inescapable. The 
world Climate Program (WCP) being carried out through the 
world Meteorological Organization (WMO) continues to 
merit strong support and vigorous participation by the 
United States. Also, the potential of international 
climate-related research and services to support u.s. 

national interests in the world community merits closer 
attention. 

CLIMATE SYSTEM RESEARCH 

The statistical characteristics and time-dependent 
variations of climate depend on the behavior of the 
global climate system. The quest for better understanding 
of this system and improved capabilities to predict its 
behavior received a solid head start through the Global 
Atmospheric Research Program (GARP). Continued research 
is producing significant advances under the aegis of the 
World Climate Research Program (WCRP). A strategy is now 
being developed for organizing climate research efforts 
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with emphasis on ocean-atmosphere-land interactions , and 
a theoretical basis for climate prediction is emerg ing . 
Major accomplishments since 197 8 include the following : 

• improved understanding of the interannual 
var iability of the tropical ocean and the global 

.atmosphere , through studies of the El Ni�o/Souther n  
oscillation (ENSO) phenomenon , and development of the 
international Tropical Ocean and Global Atmosphere (TOGA) 
program to address these problems . 

• initial success in simulation of climatic 
variability on monthly time scales . 

• progress toward development of long-rang e 
prediction models by both dynamical and statistical 
methods . 

• development of methods for measur ing and modeling 
the ocean and its interaction with the atmosphere . 

• increased understanding of past climatic regime s 
and of the accompanying changes in atmospheric 
composition .  

• measurements of trends i n  trace atmospher ic 
constituents potentially influencing climate . 

• research on var iability of energy inputs and 
outflows to and from the climate system, through such 
studies as the Ear th Radiation Budget Exper iment (ERBE) 
and the International Satellite Cloud Climatology Project 
(ISCCP) . 

Research over the next f ive years ,  and indeed through 
the remainder of this century , should continue this 
momentum, constructively coordinated through the NCP and 
the WCRP . Within this broad spectrum of endeavors ,  a 
number of research areas may be identified that are 
log ical extensions of existing programs or that addres s 
gaps that now exist. These include , not in pr ior ity 
order , the following : 

• continued study of atmospher ic trace constituents 
and biosphere interaction . 

• the role of polar processes in climate var iation 
and the response of polar ice masses to climate 
var iations . 

• the causes and prediction of drought and 
deser tif ication , a concern heightened by the continuing 
Afr ican drought . 
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• the dynamics of cloud-radiation interactions , 
which are impor tant for r educing uncer tainty in clt.ate 
forecasting . 

• tbe global ocean c irculation , a topic being 
imaginatively addressed through the world ocean 
Circulation Exper iment (WOCE). 

• long-range weather prediction through statistical 
and dynamical methods , where atmospher ic states 
potentially predictable over weeks to seasons may be 
identifiable . 

• t ropical ocean and g lobal atmosphere interactions, 
where s ignif icant potential for prediction of tropical , 
subtropical , and even mid-latitude climate anomalie s 
exists , and where a well-focused research program-­
TOGA--mer its continued strong support .  

• paleoclimatology , where research bas y ielded 
promising new tec-hniques and intr iguing new knowledge , 
permitting highly useful interaction with climate 
modeling . 

The effectiveness of climate research will depend upon 
continued cooperative suppor t by the federal agencies 
within the context of the NCP , with the Depar tment of 
Energy (DOE) , National Science Foundation (NSF) , Nationa l 
Oceanic and Atmospher ic Administration (NOAA), and 
National Aeronautics and Space Administration (NASA) 
playing par ticularly important roles . Federal efforts 
will be especially needed in ensur ing the homogeneity and 
continuity of significant data sets by maintaining 
conventional land , satellite , ocean , and trace species 
observing programs . In particular , the integr ity of the 
operational and research satellite programs must be 
maintained . Moreover , improvements are required in the 
area of satellite data management to improve the timely 
availability and direct access while lower ing costs . 

CLIMATE IMPACTS 

A start bas been made in understanding the societal 
impacts of climate var iability and change . The community 
of researchers addressing this area. bas grown and 
stren9thened , and methodology for the study of impacts 
bas been greatly advanced and systematized . The 
Environmental Protection Agency (EPA) bas undertaken 
initial impact studies of sea level change and changes in 
water resources in the western United States that are 
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likely to result from climate change due to warming of 
the atmosphere. Other efforts such as the Climate 
Impacts Perception and Adjustment Experiment (CLIMPAX) 
demonstrate concrete progress. International studies are 
moving ahead within the context of the world Climate 
Impacts Program (WCIP) (under the United Nations 
Environment Program (UNEP)) and the International 
Institute for Applied Systems Analysis (IIASA). 

Priority themes for study over the next few years have 
been identified as follows: 

• study of extremes of climate variability over the 
range of different time scales and the changes in extreme 
characteristics that might accompany man-made or natural 
climate change. 

• the influences of climate variations on water 
resources and their implications for long-range planning. 

• drought, with special emphasis on long-range 
implications for Africa. 

• agricultural management and research, with a view 
to achieving more efficent production management through 
better adaptation to climatic variations in agricultural 
planning and practice. 

• C02 and trace gas impacts. 

A number of specific initiatives should be given high 
priority: 

• A new Climatic Atlas is needed to provide a 
comprehensive updated climatology of the United States, 
and as a related effort to the world Climate Impacts 
Program. The atlas would emphasize climate-society 
interactions and provide practical information needed for 
planning by federal, state, and local agencies and for 
commercial and business uses. The atlas should be 
developed in coordination with the 1990 census and should 
have the same population reference base. 

• Studies of the utility of climate predictions 
should be undertaken. Significantly enhanced capabilities 
seem on the horizon, societal and economic implications 
may be great, and present understanding of the impact of 
operational predictions is lacking. 

• Empirical studies of the impacts of actually 
experienced climatic variations should be expanded beyond 
the current CLIMPAX projectr scenarios of likely future 
climate changes should be incorporated into long-term 
water resource and environmental planning. 
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In addition, work is needed to i�rove dissemination 
of impact assessment methods, coordination and verifica­
tion of climate impact models in various sectoral areas, 
studies of the social costs of adjustment to climate 
variations, and more realistic projection of C02 and 
trace gas trends. 

The NCPO should play an increasingly important 
catalytic and coordinating role in climate impacts 
research. The demonstrated progress and clear potential 
of the field merits increased support and active par­
ticipation by a broader range of federal and state 
agencies. Internationally, the WCIP shows increasingly 
positive results and merits continuing support, guidance, 
and involvement. 

CLIMATIC DATA, INJ'ORMATION, AND SERVICES 

Climate services are the ultimate product of the NCP, and 
the program's early efforts have yielded significant 
improvements important to government, industry, and 
individual citizens. Technological advances in computers 
and communications have greatly increased the potential 
for improved services, while decision-makers have come to 
demand ever more comprehensive and timely information. 

Traditionally, •weather• data concerns current 
atmospheric conditions, while •climate• data refers to 
statistics of fairly lengthy past time periods. In fact, 
however, it is obvious that weather and climate form a 
continuum. Indeed, there is an emerging and largely 
growing demand for near-real-time information. Agricul­
ture and agribusiness decision makers, in particular, are 
major users of near-real-time information, in addition to 
their traditional use of conventional climate and weather 
information. 1 Puture directions point to a merging of 
the use of weather and climate data, and suggest that new 
institutional arrangements be considered by NOAA to 
better coordinate weather and climate services and to 
achieve the data in a format that is convenient and 
relatively inexpensive to the user. 

1Lamb, P.J. , S. T. sonka, and S. A. Changnon, Jr. , use of 
Climate Information by U. S. Agribusiness. Illinois Water 
Survey (submitted for publication)r and Dale, (ed. ) 
(1985) .  workshop on weather and Climate Research Needs 

for Agriculture in the Nineties, University of Missouri. 
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Since initiation of the NCP, important advances in 
climate products and services have been realized: 

• an interim climate data inventory has been 
developed. 

• a computer-based Climate Anomaly Monitoring 
System (CAMS) provides a mechanism for monitoring 
anomalies in real time. 

• the Monthly Climate Diagnostics Bulletin has been 
enhanced. 

• global crop conditions are being monitored 
through the Joint Agricultural weather Pecility (JAWP) of 
NOAA and the Department of Agriculture (USDA). 

• a National Environmental Data Referral Service 
(NEDRES) has been implemented. 

• the National Climatic Data Center (NCDC) has·been 
strengthened. 

• two regional climate centers have been established 
and are demonstrating methods for federal-state 
cooperation in c.limate services and management. 

• a promising demonstration project in automated 
weather monitoring has been developed and extended to a 
regional drought-monitoring program. 

Further development of climate services might be 
guided by the recommendations of earlier reports of the 
National Research Council (NRC), many of which have not 
yet been addressed effectively. Maintenance of an 
adequate surface observing network is particularly 
essential. The cooperative climatological observing 
network, the solar and terrestrial r adiation network, and 
the Reference Climatological Station network should be 
strengthened. The goals of the Intergovernmental Climate 
Program provisions of the National Climate Program Act 
should be pursued under the leadership of the NCPO by 
involving existing state and regional climate programs 
and by encouraging further development of such programs. 

Continued problems in providing services stem from 
several causes: expansion and dispersion of basic data 
sets, the lack of timely data inventories, slow progress 
by states in funding and in providing climate data and 
related information to users, and caution in the private 
sector in developing and marketing specialized climate 
services. 

Despite the development of two regional climate 
centers, the lack of dependable federal funding has led 
to fragmented and idiosyncratic capabilities. The United 
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States still lacks a nationwide ayatea of climate ser­
vices. NOAA could advance the developaent of such a 
system by implementing the existing NCPO plana for a 
coordinated nationwide system of climate services, which 
include increasing operational support for existing 
regional centers and establishing new regional centers to 
complete a nationwide system. 

Technological advances in observation, ca.aunications, 
data processing, storage, and dissemination of cliaate 
information provide a foundation for developaent of an 
effective national climate services program. The develop­
ment of high-speed weather/climate data transmission 
systems and the developaent of systems and standards to 
deliver near-real-time products to meet state, regional, 
and national needs are essential. The National weather 
Service (NWS) modernization program will provide a flood 
of new data. Corresponding improvements in data manage­
ment are essential. The timeliness of data and informa­
tion is a key issue. New technology will provide 
unprecedented opportunities for rapid and co,t-effecti�e 
data dissemination. 

Since establishment of the NCP, private sector weather 
and climate activities have grown to serve thousands of 
clients. The private sector should be taken into account 
in the planning of future weather/climate services, 
should be provided unrestricted access to publicly 
collected data at fair prices, and should be allowed to 

compete for provision of services to both private and 
public customers. 
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INTRODUC'l'ION 

No single feature of the environment may be more uni­
versally tied to human existence and activity than is 
climate. Climate has shaped our anatomy, body functions, 
sweat glands, cold sensors, and pigmentation, it deter­
mines our food supply and dietJ and it is the principal 
motivator for our dress and habitation. Minor changes in 
climate can render man's works, developed over centuries, 
inappropriate and incompatible with man's needs. Climate 
changes can be cataclysmic or so gradual that we are 
unaware of them until some threshold is passed that limits 
food production or transport: a bay or river freezes or 
the water supply fails, early or late frost limits a crop 
range, or an essential component in the food chain dis­
appears. Just as the daily weather forecast can guide 
man's activities to minimize weather-related losses and 
take advantage of favorable weather, knowledge or warning 
of climate change can guide those who are responsible for 
longer range plans and contingencies. At the same time, 
the persistence of climate permits past experience, mani­
fested in climate data, to guide current planning and 
design of man-made systems. . 

Since the NCP was organized in 1978 ,�· 2 a focus of 
effort toward climate prediction and utilization of 
climate data has been achieved that did not exist before. 
The National Climate Program Office (NCPO) has served to 
inform and, with the National Climate Program Policy 

1Public Law 95-367 (September 1978 ) The National 
Climate Program Act. 
2National Research Council (1979 )  Toward a u.s. Climate 
Program Plan. Washington, D. C. : National Academy Press. 
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Board (HCPPB), baa helped coordinate agency efforts across 
the governaent. HCPO baa proved to be a positive force 
in the coordination of some states• activities. Experi­
mental forecast centers, supplemented by the work of 
individual researchers, have been a focus of predictive 
experiaenta and have resulted in progress in improving 
prediction. Observational networks have abed much light 
on the trends of greenhouse gases (C02, CB4, N�, CB]Cl, 
etc. ). It is now accepted that trace gases could soon 
have an equal impact with c� in teru of changes in 
the radiation budget. The ENSO of 1982-1983 was well 
documented, and at.oapberic and oceanic models using rea1 
data have begun to reveal the physical basis for the 
evolution of this phenomenon. Confidence is building 
that early signa of the next event may help in predicting 
anomalies for a year or more in advance. The importance 
of long recorda of physical parameters in the atmosphere 
and oceans baa been underlined. The need for under­
standing anthropogenic, biological, and geological 
forcing and feedbacks baa become more obvious than ever. 
Global change, • global habitability, '  and Inter-
national Geospbere-Bioapbere Program' are emerging 
concepts largely stimulated by a greater awareness of 
climate complexity, variability, and impacts. such 
programs seek to enhance our ability to unify and 
understand the global system and make predictive models 
possible. 

Technological advances provide a potential for 
improvements in the quantity, quality, and timeliness of 
climate data. Many states have installed automated 
weather stations to meet research and operational needs. 
A few states have been linked into a network. Increas­
ingly, computer and communications technology are used in 
combination to provide climate data in near real time. 
This baa helped create opportunities for new uses of 
climate data. 

1Malone, T. F. ,  and J. G. Roederer ( 1984) ICSU Symposium 
on Global Change. New York: Cambridge University Press. 
'Goody, R.M. ( 1982 ) Global Change: Impact on 
Habitability. Jet Propulsion Laboratory (JPL D-95) , 
California Institute of Technology, Pasadena, Calif. 
'National Research Council ( 1986) Global Change in the 
Geospbere-Biospbere: Initial Priorities for an IGBP. 
washington, D. C. : National Academy Press. 
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These beginnings of understanding have been built upon 
200 years of data stemming from the understanding that 
Washington, Jefferson, and Franklin had of the importance 
of climate as a resource and the necessity to inventory, 
monitor, and understand it for the continued development 
and guidance of society. Future productivity and the 
quality of life will depend upon enlarging our under­
standing and predictive capabilities. They also will 
depend on using the historical data and predictions to 
make our systems more resilient and responsive to change 
and to guide our actions in a way that will not induce 
undesirable or costly change. 

Climate is at the same time a global resource, a 
problem, and a concern. The physical connection between 
events occurring in any part of the globe and the rest of 
the world, telegraphed by the oceans and atmospheres, can 
be communicated into man's activities that are further 
connected economically, politically, and sociologically. 
Global understanding of climate can occur only through 
global cooperation in science. The quality of life for 
all mankind can be assured only if there is global 
utilization of our knowledge to minimize suffering and 
loss, to maximize productivity, and to minimize adverse 
impacts on oceans and atmosphere through man's activity. 
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CLIMATE PROGRAM POLICY ISSUES 

Because climate and society interact in complex ways and 
because the National Cliaate Prograa (NCP) ia an inter­
agency, intergovernmental effort, questions of public 
policy pervade the prograa. Many of these questions have 
been and are continually being addressed by the National 
Climate Prograa Policy Board (NCPPB) , which ia aade up of 
senior agency officials. This forua provides a mechanism 
for coordinating key eleaenta of the program and for 
establishing agency commitments to national and inter­
national projects. The board addresses key policy issues 
raised by our growing understanding of cliaate, its 
impacts on society, and the emerging technologies of data 
management and climate prediction. A limited number of 
these issues that deserve consideration in the NCP 
planning process are addressed here. 

2. 1 The National Climate Program Act and Its Provisions 

2. 1 . 1  Interagency Coordination 

At the core of national climate policy ia the act itself 
and ita key provision for the coordination and enhanceaent 
of agency efforts in the climate area. The development 
of a five-year plan is in itself a mechanism through 
which interagency coordination and commitments are 
developed. The main responsibility of the NCPO ia to 
ensure that the agreed program is adequately coordinated 
and that the planning process ia updated annually. A key 
function of the NCPPB is to foster interagency coordina­
tion and to identify areas wher e such coordination ia 
needed. The NCPO and the NCPPB also should r each out to 
user agencies to encourage their greater participation in 
the program. 

12 
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2 . 1 . 2  Climate Act Amendments 

Over the last f ive year s ,  several effor ts have been made 
to aaend and clar ify the National Climate Program Act of 
1978 . Congressional hear ings have been held and a revised 
bill was enacted by both the House of Representatives and 
the Senate in December 1984. Unfor tunately the bill was 
not signed into law because of problems with other leg i s­
lative matters incorporated in the bill . These amendments 
ar e being considered by the current Congress .  AmOng 
their provisions are the removal of the requirement for 
an advisory committee of users and producer s of climate 
data and information, the creation of a charter for the 
existing interagency Cliaate Program Policy Board , 
together with an outline of its responsibilities , elimi­
nation of the requirement for a foraal Intergovernmental 
Cl iaate Program, changes in the frequency for revising 
the Five-Year Plan from biennially to at least once each 
four years ,  and better def inition of the duties of the 
NCPO and its Director . (NOte : the latest vers ion of the 
amended act passed the Bouse in December 1985 and is 
currently being considered by the Senate . )  

2 . 1 . 3  Gap-Filling Role of NCPO 

Greater flexibility is  needed by the NCPO to provide 
support of •as needed• efforts to f ill gaps in the NCP 
not addressed adequately by individual agencies and to 
suppor t one-tiae efforts such as the recent review of 
nuclear winter , and drought planning .  This funding 
leverage is cr itical to the development of a comprehensive 
climate program. Funding to fill cr itical gaps should 
not d istract the NCPO from its core coordination mission , 
but aust nevertheless be adequate to produce high-quality 
s tudies and assessments of emerg ing issues . 

2 . 2  Climate Data Management 

The nation ' s  system for collection , archiving , and 
disseminating climate data is far from optimum . State 
programs are of uneven quality .  The reg ional climate 
center concept has not yet fulfilled its potential to 
i ntegrate data gather ing and management . Fur thermor e ,  
distinctions between weather and cliaate information i n  
terms o f  data communication and management have been 
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largely outdated by technological develo�nta in the 
past f ive to ten years .  CO..Unicationa a nd  micro­
processing technologies aake it eas ier to access all 
types of geophysical data in near r eal tiM .  Indeed, 
experience baa shown that aany user s need access to a 
continuwa of weather and cliaate data . 

This  blurr ing of the distinction between weather and 
cliaate data offers a good oppor tunity to coordinate 
atmospher ic data aanageMnt a.ong var ious levels of 
government and the pr ivate sector . This will be diacuaaed 
in Chapter s. The NCP can provide a fraaewor k and 
i�tua for taking advantage of this opportunity to solve 
a cr itical problem in weather and cliaate research and 
services . 

2 . 3  Drought Policy 

It is time to institute a coordinated interagency and 
intergovernmental effor t to reduce our vulnerability to 
drought ( including shor tages in agricultural , urban , and 
industr ial water supplies) .  POlicy planning analyses of 
governmental drought response in the 1970s1• a point 
to the poor ly coordinated reaction to , and ineff icient 
monitor ing and assessment of drought . 

The development of several state drought plans ( e . g . , 
COlorado , SOuth Dakota , Nebraska, and New York 1 ) speaks 
to a recognized need to have in place mecbaniaas for 
detecting , assessing , and mitigating drought impacts . 
The creeping , large-scale nature of drought makes it 
particularly difficult to manage without broad 

IGeneral Accounting Office ( 1979 ) Federal Response to 
the 1976-1977 Drought :  What Should be Done Next . Repor t 
to the COmptroller General . washington , D .C .  29 pp . 
1Wilhite , D .A. , N . J .  Rosenberg , and M.B .  Glantz ( 1984 ) 
Government Response to Drought in the United States:  
Lessons from the Mid-l970s , Par t l,  Executive Summary . 
Progress Repor t 84-1 , Center for Agr icultural Meteorology 
and Climatology , University of Nebraska , Lincoln . 
1 Wilbite , D .A . , N . J .  Rosenberg , and M . B .  Glantz ( 1984 ) 
Government Response to Drought in the United States : 
Lessons from the Mid-1970s , Par t 1 ,  Executive Summary . 
Progress Report 84-1 , Center for Agr icultural Meteorology 
and Climatology , University of Nebraska , Lincoln . 
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coordination of information and responses . The apparen t 
lack of drought planning at the federal level suggests 
that the next major u . s .  drought will again evoke an 
i nefficient and poor ly coordinated response as did the 
droughts of the 1970s . 

The NCPO is in a unique position to initiate planning 
of effor ts to improve our scientific understanding o f 
droughts as a basis for development of more effective 
tactics and strateg ies for water and land management . 
The effort should include the following : 

• improved def inition of drought ,  with enough 
detail so that response mechanisms can be tailored to 
drought extent and magnitude . 

• better monitor ing of key physical and social 
var iables , and data analysis that feeds into preexisting 
drought assessment schemes . 

• better local , state , and federal communication 
and coordination as drought develops . 

• better determination of drought response relie f 
responsibilities . A coordinated drought contingency plan 
should also provide for predrought and postdrought 
mitigation that encourages adj ustment in drought­
vulnerable areas and activities wh ile the exper ience is 
still fresh .  

An integrated drought policy must include the planning 
and par ticipation of all levels of government and pr ivate 
sectors sensitive to water shortages. 

Drought is  a global problem posing challeng ing scie n­
t ific questions and involving diff icult humanitar ian and 
economic issues . Specific fur ther comments on some of  
these questions are  g iven in section 4 . 2 .3 . 

2 . 4  Application of Impact Assessment Methods 

A process of evaluation , innovation , and integration 
dur ing the last f ive year s has yielded a better integrated 
body of climate impact assessment methodology than was 
previously available . ' Articulated chiefly within the 
academic community ,  it is prudent to suggest that 

'Kates, a . w.-, J .H .  Ausubel,  and M. Berber ian ( 1985) 
Climate Impact Assessment . SCOPE 27 ,  Wiley , Chichester . 
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tbe aetbods be transferred , where appropr iate, to govern­
mental operation iapact assess .. nt efforts .  The NCPO 
should continue to proaote tbe application of cliaate 
iapact asses ... nts by federal agencies . 

2 . 5 The Soc ial and Institutional Implications of Cliaate 
Forecasting 

Research develop.ents may portend increased sk ill in 
long-range ( e . g . , aontbly and beyond) cliaate forecasts . 
S tudies of the Bl Niao/Soutbern Oscillation (BHSO), 
oceanic circulation , and tbe meshing of statistical and 
dynaaical approaches promise iaproved accuracy and lead 
time . This raises a boat of policy questions center ing 
on the social and institutional implications of such 
forecasts , both nationally and internationally . Among 
these concerns are problems stemming froa uneven forecast 
quality from different sources , possible prematur e 
reliance on climate forecasts , and potential economic, 
legal , international , and ethical questions surrounding 
forecast d issemination and use . 

The Bxper imental Forecast Program, mandated by tbe NCP 
Act ,  includes a caution against preaature reliance on 
long-range forecasts . But recent events ( e . g . , burgeoning 
sensitivity to issues of l iability in government-generated 
forecasts , and international concerns over earthquake 
predictions and their economic iapacts) suggest that thi s  
caution be widened t o  include review o f  tbe full range of 
social implications of emerg ing long-range forecast 
capabilities . 

Dur ing the next f ive years the NCPO should initiate 
and suppor t a forum for aler ting the climate community to 
the possible social and institutional issues raised by 
cl imate forecasts and their  uncer tainty , format , dis­
semination , and source . The goal of this forum should be 
broadly exploratory ,  in an attempt to identify possible 
problems before they become cr itical . st.ultaneously , 
the effor t might be used to identify useful applications 
for long-range forecasts that might not yet be apparent . 

2 . 6  water Resources and Climate 

The emerg ing nationwide problem of water supply and 
quality may not have been accorded timely and adequate 
attention by the NCP . Key agenc ies with water resources 
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r esponsibilities (e.g., the u.s. Geolog ical Survey (USGS) , 
Bureau of Reclamation , SOil COnservation Service , and the 
Army Corps of Engineers)  have not been integrated 
adequately into the program. Yet water issues raise 
ser ious public policy concerns for the near future .  The 
National Climate Program Policy Board should mak• a 

--­

concer ted effor t to see that understanding of cliaate and 
its impacts is .ore fullY considered in water planning 
and management .  Th e  effort ,  through increased interaction 
of the relevant agencies and water-related professions in 
workshops, data shar ing, and research, should be aimed at 
anticipating the water probleas l ikely to be associated 
with futur e climate fluctuations . 

2 . 7 . International Cooperation 

The central international effor t in the arena of climate 
is  the World Cliaate Program ( WCP) , an enterpr ise of the 
WOrld Meteorolog ical Organization (MMO). The WCP ba s 
four major subprograms : 

1 .  The World Cl imate Research Program (WCRP)1 is 
sponsored by WMO and the International COuncil of 
SCientific Unions ( ICSU) . It  is directed by a Joint 
Scientific COmmittee (JSC) and carr ied out by a Joint 
Planning Staff . The WCRP seeks to develop the scientific 
understanding necessary for prediction of climate 
fluctuations and assessaent of the sensitivity of climate 
to human influences . 

2 .  The World Climate Impacts Program ( WCIP) , led by 
the United Nations Environment Program ( ONBP) , seeks to 
develop and apply methods for assessing the effects of 
climate var iation and change on human society . 

3 .  The World Climate Applications Program (WCAP), 
conducted by MMD, seeks to develop and d isseminate 
techniques for applying our knowledge of climate to 
practical applications in problem areas such as food , 
water , and energy . For example , a Climate Applications 
Referral System (CARS) has been developed . 

'International COuncil of Scientific Unions and World 
Meteorological Organization ( 1985) . First Implementation 
Plan for the WOrld Climate Research Programme ( WCRP No . 
5 ) . 
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4 . The WOrld ClUiate Data Prograa (WCDP) , also 
conducted by the MMO, seeks to i.prove the availability 
of cliaate data required by the other ca.ponents of the 
program. 

The United States bas been a major contr ibutor to the 
development of the WCP and will be a aajor beneficiary . 
As the program evolves to aaturity , its worldwide support 
bas strengthened steadily . The inherently global nature 
of aany of the most important cliaate-related scientific 
and societal problems deaands a coherent and stable 
international fraaework . Therefore,  it  is rec�nded 
that the United States maintain its long-standing 
endorsement of the program as a whole and take part 
actively in its ca.ponent subprogr ... . 

In the next f ive years,  the WiNO will ask aeaber nations 
to make national commitments to prograas of the WCP. An 
inforaal commitments meeting for the WCRP is already 
planned for May 1986 . The NCPO bas the responsibility 
for coordinating the develo�nt of a national position 
for commitment •etings as they ar ise . The NCP Policy 
Board is  the appropriate forum for negotiating agency 
commitments to the WCP and for developing nationa l 
positions . 

Other forms of international cooperation (e . g . , 
bilateral agree•nts with the Soviet Union and the 
People ' s  Republic of China , and the recently s igned 
Memorandum of Understanding with the canadian Climate 
Program) are to be encouraged , as are collaborative 
research , data , and services activities .  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

T h e  N a t i o n a l  C l i m a t e  P r o g r a m :   E a r l y  A c h i e v e m e n t s  a n d  F u t u r e  D i r e c t i o n s
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CLIMATE SYSTEM RESEARCH 

The second objective of the Global Atmospher ic Research 
Program (GARP) was to undertake research that would lead 
to a better understanding of the phys ical basis of 
climate . Considerable progress bas been made in advancing 
our ability to model the climate system to the point 
where many of its gross character istics , and even some of 
its nuances , can be simulated and ver if ied . AS a resul t 
of this substantial headstar t,  climate system research 
bas gone beyond merely accounting for the large-scale 
structure of the average or •equilibr ium• climate . we 
are beg inning to be able to deal with climate var iability 
on several different time scales.  

Some of the time scales of climate var iability ar e 
forced by external influences , such as by seasonal var ia­
tions of the solar declination or by much longer-term 
orbital var iations of the planet ( 20, 000-100, 000 years) . 
Other s are related to changes in the composition of the 
atmosphere or in the nature of its lower boundary-­
problems with time scales of years , decades , and cen­
tur ies . Compositional changes could be anthropogenic or 
natural in or igin--co2 being a notable example . The 
same is true in the case of the lower boundary 
influences--deforestation and overgrazing providing good 
i llustrations of human influences . Considerable research 
is being suppor ted in anticipating the response of 
c limate to such forcing factors .  

The climate system compr ises the atmosphere , the 
oceans , the land sur faces, the biosphere , and the cryo­
sphere (that is , the snow and ice cover ) .  This system is 
extremely complicated . Its components have widely dif­
fer ing thermal and dynamical response times . Further­
more,  the total system has built into it feedback 
mechanisms , some of which accentuate interactions and 
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some o f  which moderate them . Several of these feedbac k 
mechanisms already have been identified and .adeled . 
Such feedbacks complicate the natur e and the sensitivity 
of response of climate to such influences as a C02 
increase . 

Never theless , feedbacks also complicate the natural 
var iability of climate , which would occur even if man did 
not tamper with the atmosphere ' s  composition or with the 
character istics of the lower boundary . In fact , it  i s  
n ow  thought that cer tain character istics o f  this natural 
var iability might be predictable , at least in some of its 
s ignificant statistical properties . The most prominent 
example is var iability on seasonal and interannual time 
scales , including such phenomena as El Nino ,  drought , and 
other short-term extremes of climate . 

In look ing back , it  is evident that some progress 
already bas been made in understanding the wor kings of 
the climate machine , but as our ability to provide 
answers improves , we inexorably ask more difficult and 
more detailed questions . I t  is  this chain of challenges 
that dr ives the quest for the ingredients of a more 
intimate understanding of nature . 

3 . 1  Progress (1978-198 5) 

Research in climate bas progressed on a var iety of fronts 
since 1978 . Some of the most impor tant advances include 
the following : 

• g reatly increased understanding of atmosphere­
ocean interaction including the ENSO phenomenon . 

• a new appreciation of the distinct structures of  
atmospher ic var iability on  time scales of  weeks to months . 

• improvements in both statistical and dynamical 
long-range forecasting . 

• breakthroughs in satellite technology that , 
together with new knowledge of transient tracer dis­
tr ibutions in the oceans , have opened new possibilitie s 
for oceanic model ing . 

• the f irst measurements in ice core bubbles of the 
C02 concentration from g lacial times to the present . 

• the measurement of s ignificant upward trends in 
greenhouse trace gases , as well as new data and models 
for tropospher ic ozone and stratospher ic aerosols . 

• the development of the Earth Radiation Budget 
Exper iment (ERBE) satellite and the International 
Satellite Cloud Climatology Project ( ISCCP) • 
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3 . 1 . 1  Interannual var iability of the Tropical ocean and 
tbe Global Atmosphere (TOGA) 

Within tbe past 20 years ,  scientists bave recognized that 
the oceanographic El Niil'o phenomenon and the atmospher ic 
Southern Oscillation are intimately related parts of a 
s ingle phenomenon , ENSO . Understanding of the two-way 
i nteraction between tbe tropical ocean and atmosphere 
responsible for ENSO bas progressed rapidly since 197 8 
following tbe establishment of Equator ial Pacific OCean 
Climate Studies (EPOCS). Meteorologists have learned to 
r ecognize tbe patterns of global atmospher ic c irculation 
anomalies that ar ise in response to El Niil'o sea sur face 
temperature anoaalies . oceanographers have gained an 
understanding of the response of tropical oceans to wind 
anomalies . Coupled atmosphere/ocean models have been 
developed that simulate some features of the ENSO events . 
Recent statistical and dynaaical model ing suggests that 
ENSO events , including atmospher ic aanifestations such as 
drought in India and Indonesia , flooding in Peru and 
Ecuador , and cold winter s in the southeastern United 
S tates , may be predictable with varying degrees of skill 
a year or more in advance . 

3 . 1 . 2  Low-Frequency var iability 

Observational and theoretical studies bave dramatically 
increased our understanding of tbe structure of 
atmospher ic var iability on time scales of weeks to 
months . These structures include aid-latitude blocking 
and wavelike teleconnection patterns , and the 30- to 
50-day oscillation in tbe tropics that is intimately 
related to the •active-break• cycle in the Indian summe r 
monsoon . This work bas provided a new conceptual 
framework within wbicb one can analyze tbe success or 
failure of long-range forecasts. Increasing computer 
power also bas permitted the analysis  of the natural 
var iability of atmospher ic general c irculation models on 
these time scales . The spontaneous generation of all of 
tbe above-mentioned str uctures bas been observed in tbe 
models , generating a var iety of new avenues for research . 

3 . 1 . 3  Long-Range Prediction 

Impor tant advances have been made in both dynaaical and 
statistical prediction on time scales of weeks to 
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JDODtha . SOphisticated statistical •thoda have been 
developed that leave no doubt that objective statistical 
forecasts of 110nthly and seasonal Man teJ�Perature do 
have significant skill. Dynaaical predictions with 
general circulation models of ti .. -averaged properties 
also have shown very proaiaing skill in certain instances . 
Analysis of the tt.e evolution of ayateaatic error s in 
numer ical weather forecasts baa developed into an 
important technique for isolating sources of bias in 
at.oapheric circulation models . The ca.bination of 
results froa observational studies , dynaaical models , and 
s tatistical prediction baa set the stage for advances in 
forecasting ability on these t�e scales . 

3 . 1 . 4  Ocean Circulation 

Marked progress took place in the per iod s ince 1978 in 
the ability to observe and understand the ocean cir­
culation on climatolog ically impor tant apace and tiM 
scales .  1978 was the year of the SBASAT spacecraft 
mission , which lasted long enough to de110nstrate the 
capability of measur ing global sur face winds and the 
altimetr ic determination of sea sur face topography . Many 
other major technological developments of the mid-197 0 s  
t o  the present occurred in i n  situ instruments , such as 
neutrally buoyant floats , and in acoustic and othe r 
instruments capable of large-scale deployments . 

New analytical techniques have aade it practical to 
utilize a number of man-made trace substances ,  par­
ticularly freons and the isotope pair a3;ae3 , for the 
study of decadal time scale exchange between at.osphere 
and ocean , and the related oceanic transpor t processes as 
well aa rates of water mass modifications . Equally 
impor tant progress waa made in coaputing power and mode l 
development so that it  now ia apparent that eddy 
resolving , thermodynaaically active basin , and larger ­
scale ocean c irculation models are becoming available . 

The prospects for availability of substantial data 
seta have encouraged increasing effor t to develop 
diagnostic techniques and to test the performance of 
numer ical ocean c irculation aodela in prediction of 
transient tracer field evolutions . Model per formance i n  
this respect is important for problems l ike the oceanic 
C02 uptake as well as for studies of heat transpor t 
transients and of biogeochemical fluxes of potential 
climatic significance . A technolog ical revolution 
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analogous to that which led to the Global Weathe r 
Exper iment (also known aa PGGE,  the First GARP Global 
Exper iment) ia , for the f irst time , possible for oceanic 
observation and understanding . 

3 . 1 . 5  Paleoclimatology 

Paleocliaatology continues to provide valuable insights 
into climate dynamics and sens itivity . Recent measur e­
menta of the compos ition of air bubbles in Greenland and 
Antarctic ice corea bave demonstrated that the C02 
concentration in the abloaphere at the peak of the las t  
ice age was only about 200 ppa (.compares to about 260 ppm 
in 1850 and 340 ppm now) . Ice core measurements bave 
also provided new estimates of tbe pre-Industr ial C02 
concentration . It is also now apparent froa detailed ice 
core studies tbat tbe changes in ablospber ic C02 
measured from ice corea and temperature changes der ived 
f rom oxygen isotopic analyses are reaarkably coincident, 
thus obscur ing any direct causal relationship . 

S imulation of tbe ice age cliaate and climates of tbe 
early HOlocene witb general circulation models (GCMs ) ba s 
indicated that reconstructions of tbese paleoclimates are 
invaluable in testing the models ' sensitivity . New infor ­
mation on tbe evolution of oceanic c irculations froa 
glacial to postglacial times promises to provide ver y  
useful tests o f  oceanic models . Tbe case bas been 
strengthened that the glacial .and interglacial fluctua­
t ions of tbe last million years are controlled by changes 
in the earth ' s  orbital parameter s ( the Milankovitch 
tbeory) , challenging tbe climate modelers to explain bow 
these perturbations can produce sucb large fluctuations . 

3 . 1 . 6  Minor Ablospber ic Constituents 

Trace Gas Trends . Recent evidence (measurements and 
model results) suggests tbat tbe cumulative effects of 
increasing concentrations of radiatively active trace 
gases in the ablospbere ( e .g . , �o, Clf.t , 0] 1  CPCl3 , and 
CF2Cl2) could bave an overall greenhouse effect comparable 
to tbat of C02 • S ince accumulation r ates of some species 
are growing at a rate greater tban tbe accumulation rate 
of C02 , a suitable monitor ing program is  war ranted as a 
basis for projecting future concentrations . 
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Tr opospher ic Ozone. Measure .. nts have shown that tropo­
spher ic ozone has increased in nor thern middle latitude s 
by about 7 percent dur ing the past decade . �e cause of 
this increase is unknown . This  is of particular concer n 
because of its dual effect as a greenhouse gas and as a 
troublesoae pollutant . 

Stratospher ic Aerosols . Recent studies of stratospher ic 
aerosols injected by volcanic eruptions , e .g . , Bl Chtcbon , 
have provided much insight into the effects of aerosols 
on at.ospher ic radiation and cliaate . In general , the 
impact of stratospher ic aerosols is opposite to that of 
infrared absorbing gases such as C021 in that they 
tend to produce a heating of the stratosphere and a 
tropospheric cooling . On the basis of compar ison of Bl 
Chichon with other volcanic eruptions (e .g . , Mt . st . 
Helena , Agung ) , it was concluded fur ther that the critical 
factor is not so auch the explos ive power of the eruption 
as the quantity of sulfur caapounds injected into the 
stratosphere . Var iations in the stratospher ic aerosol 
loading will complicate attempts to isolate the predicted 
warming due to greenhouse gases . 

3 . 1 . 7  Radiation and Clouds 

Building on exper ience gained froa exper iments flown 
dur ing the 1970s as part  of the initial Nt.bus program, 
th.e NASA Barth Radiation Budget Exper iments (BRBB ) 
program was developed to provide improved broad-band , 
top-of-the-ataosphere flux measurements crucial for 
understanding and modeling the energy balance of the 
ear th . The first two satellites in the three-satellite 
program were launched in 1984 . 

The International Satellite Cloud Climatology Projec t 
( ISCCP) began its operational data collection phase in 

198 3 . The objective is to produce a f ive-year radiance 
and cloud data set ,  the most important character istic 
being globally uniform coverage of var ious indices of  
c loud cover and radiative proper ties . The d iff iculty of 

1 World Meteorolog ical Organization ( 1985)  Conference 
Statement on International Assessment of the ROle of 
Carbon Dioxide and of Other Greenhouse Gases in Climate 
Var iations and Associated Impacts . 

Copyright © National Academy of Sciences. All rights reserved.

The National Climate Program:  Early Achievements and Future Directions
http://www.nap.edu/catalog.php?record_id=19238

http://www.nap.edu/catalog.php?record_id=19238


25  

modeling clouds in cl imate models is the main impediment 
to improving estimates of climatic sensitivity . The 
g lobal ISCCP data set represents a step in the attack on 
this very tough problem . 

3 . 2 Pr ior ities for the Future 

In assessing the progress made in climate system research 
s ince the NCP began , the iaportance of institutional 
flexibility becomes obvious . Although many of the 
r esearch gaps and opportunities identified in 1978 
retained their iaportance or urgency , some problems had 
not been anticipated at all or at least their importance 
had not been fully appreciated . Yet the federal system 
of research support was flexible enough to respond to 
changing needs . Such flexibility is essential for the 
continued success of any national climate research 
prograa. 

The climate research prograa is broadly interdis­
ciplinary with subprograms that often are basic to 
several d ifferent objectives . Fur thermore , some programs 
have become timely because an opportunity has attained 
matur ity ,  sometimes unexpectedly . Others are t imely 
because of a cr itical need to fill some impor tant gaps . 
Some subprograms are cr itically in need of a few good 
ideas that may turn out to be inexpensive to implement . 
Others may be unavoidably expensive , particular ly 
observing systems . Some efforts may require protracted 
attention , while others may promise a relatively short­
term payoff .  

I t  would be misleading to assign relative pr ior ities 
based on oversimplified indices of judgment . What follows 
i s  a l ist of e ight subprogram areas of widely d ifferent 
type , dimension , and disciplinary content that have been 
identified for sponsor ing agencies . These are log ical 
next steps in an overall strategy to understand and 
predict climate var iations . There is no s ignificance to 
the order in which they are listed . Clearly , the 
r esponsive flexibility demonstrated by mission agencies 
will continue to be required to fund and implement the 
overall program. 

3 . 2 . 1  Minor Atmospher ic Constituents 

Radiatively and photochemically active trace gases and 
aerosols in the at.osphere influence the ear th ' s  climate 
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to an extent far greater than their concentration suggests 
at first glance . Tbe recent discovery that the combined 
e ffects of a number of trace gases (nitrous oxide , 
methane , fluorocarbons ) are likely to produce climate 
impacts comparable to those of the expected C02 r ise 
over the next 50  year s warrants signif icant attention to 
the monitor ing of and research on trace gases . Recent 
studies indicate that the chemistry and radiative effects 
of volcanic aerosols and their residence t imes in the 
stratosphere aay mask and obscure the greenhouse effect 
of the trace gases . Accordingly , a continuing research 
program should be aaintained . 

To accompany monitor ing of trace gas concentrations , 
research on biogeochemical cycles should address the 
question of sources , both natural and aan-aade , and s inks 
of these potentially t.portant constituents . 

3 . 2 . 2  Polar Processes 

Cl imate var iability results from changes of the g lobal 
atmospher ic circulation that are forced by the global 
pattern of beat gain and loss . The t ime var iability of 
the global pattern of thermal forcing is central to 
understanding climate var iations . 

It is of fundamental importance to delineate the time 
var iability of the intensity of the two polar beat sinks , 
especially Antarctica . Pr ior ity should be given to 
temporal var iability over the last century , a per iod for 
which instrumental observations permi t reconstruction of 
the structure of climate var iations over much of the 
planet . It is  also important to delineate coherent 
spatial var iability over Antarctica by reconstructing 
temperatur e histor ies from a networ k of shallow cores 
f rom the h igh ice  plateau (20-m depth is adequate for 
most locations) . 

I t  is also important to determine the physical 
processes and factor s responsible for interannual and 
decadal var iability of the Antarctic beat s ink . Th is 
requires measurement over time of all components of the 
surface atmospher ic and oceanic beat budgets at selected 
stations that ar e representative of large reg ions . 1  

1 National Research Council ( 1984 ) The Polar Regions and 
Climate Change . Washington , D . C . a National Academy Preas . 
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Model results indicate that the greenhouse warming 
w ill be largest in polar reg ions . Th is polar amplifica­
tion is sensitive to the details of the sea ice model . 
F ield programs designed to improve our ability to model 
sea ice , ice shelves , and mar ine-baaed ice sheets should 
be g iven high pr ior ity .  The formation o f  deep and 
intermediate water s at high latitudes is of particular 
impor tance . 

3 . 2 . 3  Drought 

The topic of drought is both a gap in the climate program 
and a special opportunity to advance our understanding o f 
climate var iability and climate change . Drought research 
also includes the more general problem of water resource 
availability ,  especially since one cannot understand or 
define a drought without consider ing the per iods of norma l 
or surplus precipitation . worldwide attention on the 
drought in Afr ica makes it more likely that intellectual 
and f inancial resources can be marshalled to provide tbe 
most complete descr iption of global meteorolog ical and 
other climatic var iables associated with tbis trag ic 
phenomenon . Sucb a set of empir ical studies is a 
precondition for advances in theory and modeling . 

The study of low-latitude rainfall var iability 
r equires an extension of tbe knowledge of ocean­
atmosphere coupling accumulating under the TOGA rubr ic to 
a related but more complex s ituation in land surface 
processes . Tbe relation of drought episodes of a few 
years duration to tbe longer term process of deser tif ica­
tion should be investigated . LOnger term is used bere  to 
mean several decades , but it  should be noted tbat tbe 
drying up of the Sahara bas been taking place for 
thousands of year s .  

Recur rent droughts i n  regions o f  tbe continental 
United States are an obvious concern of the Nationa l 
Climate Program.  I t  would be valuable to study tbem in 
parallel witb droughts in tropical and subtropical 
r egions because tbe contrasts and s imilar ities between 
droughts in the two regions should provide broade r 
insight into tbe general problem of drought . 

Bigb pr ior ity should be given to focused study of tb e 
climatic aspects of drought within the context of tbe 
national and world climate programs . The project migbt 
include tbe following components & 
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• reconstruction of long t�e aer ies of Afr ican 
climatic data to improve our understanding of the natural 
var iability of rainfall and paleocliaatic reconstructions 
of  past wet and dry per iods . 

• a study of the older droughts in the United 
States , such as those in the 1930s . Meteorolog ical data 
in addition to precipitation data are required . 

• TOGA-related research bear ing on the genesis and 
predictability of low-latitude rainfall . 

• model studies of the relationships between land 
surface changes and climate , notably including effor ts to 
incorporate mor e realistic ground hydrology into GCMB .  

Changes in land use and vegetation (e .g . , large 
irr igated areas , deforestation , and overgraz ing ) have 
impor tant feedbacks on climate . For example , there is 
some evidence that summer irr igation in the u.s. western 
Great Plains is associated with increased precipitation 
in that season . 

3 . 2 . 4  Cloud-Radiation Interaction 

A major deficiency exists in the parameterization of 
c louds and their radiative effects in climate models . 
Changes in cloud cover statistics over a large area will 
alter , after a per iod of time ,  the basic state of the 
atmosphere and oceans , and thus will constitute a 
potentially important feedback mechanism with respect to 
climate change . This is of particular concer n  in effor t s  
t o  evaluate climate response to caa and trace gas 
increase . 

Increasing the cloud cover at the same altitude , in 
general , will reduce the solar energy absorbed by the 
earth-atmosphere system and , at the same time ,  reduce the 
thermal radiation loss to space . The extent to which 
these effects tend to balance in some overall sense has 
been a subject of great controversy over the past decade . 
In pr inciple , i t  is possible to compute the r adiation 
fluxes when the cloud distr ibution and physical structur e 
are known accurately . Never theless , the problem of 
predicting the cloud f ields in the required detail is fa r 
more formidable and is as yet unresolved . Particular 
problems relate to the prediction of extended multilayer 
c louds , mar ine boundary layer stratus clouds , and c irrus . 

Ultimately , to be useful for climate studies , 
parameter ization& will have to be such that statistical 
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properties of cloud f ields will have to be related to the 
large-scale parameter s of the climate systea. Steps to 
achieving a satisfactory scheme are as follows a 

• develop a global climatology of impor tant cloud 
cover para.eters and exploit these data in the study of 
cloud/climate feedback . 

• develop cloud dynaaic models in which the 
turbulent , thermodynamic , and microphysical processes 
that contr ibute to the generation , maintenance , and 
d issipation of clouds are incorporated . 

• develop and test methods of parameter izing clouds 
in a h ierarchy of cl imate models including GCMs ,  
statistical-dynamical models , and energy-balanced 
models . Parameter ization& must cover the radiative and 
dynamical processes . 

These three steps involve a wide range of research 
activities including satellite observations , data se t 
development ,  theoretical studies , and model developments . 
The first step is  addressed by the ISCCP , the second and 
third by the First ISCCP Research Exper iment (FIRE) .  

3 . 2 . 5  World ocean Circulation Exper iment (WOCE ) 

As soon as time scales of interest in climate exceed a 
few weeks , understanding the role of the ocean as an 
active participant becomes essential . The development of 
oceanic models of the sophistication necessary to under­
s tand climate will flounder if the ability to observe the 
ocean on global scales does not iaprove dra��&tically . 

At the present time ,  there are almost no continuing 
observations of the ocean other than mar ine surfac e 
meteorolog ical observations . The technical revolution 
descr ibed in Section 3 . 1  bas made it  possible to construc t 
a plan for observing the ocean for the f irst time on the 
requis ite global scale . This  plan , WOCE , 1 will provide 
a global-scale observation and modeling program directed 
squarely at climate issues . OIOCE also is  a major element 
of the World Climate Research Program. ) 

1Woods ,  J . D.  ( 1985 ) . !be World Ocean Circulation 
Exper iment . Nature 314 a 501-5ll . 
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For WOC B  to proceed there must be commitments i n  the 
very near term for the long-lead-time satellite elements 
that are crucial to its success , OCean Topography 
Exper iment (TOPEX) and Navy Remote Ocean Sensing System 
(NROSS) . In order to realize the full benefit of these 
new satellite observing systems , i t also is necessary to 
put in place certain ground-based observing systems such 
as an expanded and modernized global sea level observing 
network .  Chemical trans ients (especially fluorocarbons , 
tr itium, and helium-3)  must be observed on a global scale 
beginning immediately , before the major benefits of being 
able to observe them are lost . Modeling resources 
necessary to cope with the anticipated data sets mus t 
become available . 

3 . 2 •. 6 Long-Range Weather Prediction (weeks to months)  

Through development of statistical and dynamical methods ,  
there has been an improvement in our ability to prepare 
monthly and seasonal forecasts . For example , exper iments 
in recent years with general c irculation models have 
suggested that the persistence of a blocking episode for 
as long as a month may be predictable in some cases . The 
potential of a still broader class of predictable states 
in the weeks to seasonal time range needs to be explored 
aggressively . I f  such states can be isolated , and under­
stood , then the prediction of  extreme anomalies of 
precipitation and temperature can be exploited for 
decision making for weather-sensitive socioeconomic 
activities . Fur thermore , research on extended rang e 
prediction promises to be invaluable in isolating biases 
in models now used both for extended prediction ( i . e . , 10  
days or  less ) and for climate sensitivity studies . 

It is through the exper imental cl imate forecast center s 
that university scientists , working with government 
operational programs , can initiate , develop , and test new 
prediction ideas . Such university-based basic research 
-needs to be expanded . 

3 . 2 . 7  Tropical Ocean/Global Atmosphere (TOGA) 

The TOGA program, especially in its ENSo-related element , 
offers great prospects for a payoff in the future . It 
appear s that a satisfactory theoretical framewor k for the 
ENSO cycle will be f irmly establ ished within the next 
five years . 
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Progress in understanding the coupled ocean-atmospher e 
system in the tropical Pacific and ita relation to global 
atmospheric fluctuations can be expected to lead to new 
insights into other phena.ena that depend on a coupling 
between the tropical oceana and the global atmosphere . 
Cl imate var iations in countr ies surrounding the tropical 
Atlantic and fluctuations in the Indian monsoon are likely 
examples . In addition , thla iaproved understanding and 
modeling capability strongly suggests that significant 
predictive sk ill for Bl Nino and related global climate 
fluctuations in both tropics and aid-latitudes ( i . e . , the 
Southern Oscillation pattern) will be attained within the 
next five years . Prospects for success for this for e­
casting activity can be enhanced substantially by 
providing the proper support--observational monitor ing , 
data collection and analysis , and model development . 

3 . 2 . 8  Paleoclt.atology 

Definitive estimates of cliaatic sensitivity remain 
elusive , pr imar ily because of uncertainty in the cloud 
feedba�k . New methods of estimating sensitivity and of 
testing climate models must be pursued vigorously . The 
most promising of these involve paleoclimatology . Paleo­
climatology , paleoecology , and paleochemiatry are the 
backdrops against which human modifications must be 
scaled . 

The accurate reconstruction of past climates has taken 
on a new urgency with the recent discovery in ice core s 
of low at.ospher ic COl concentrations dur ing the last 
g lacial maximum, raising the possibility that information 
on sensitivity to co2 can be extracted from such 
r econstructions . The ice core wor k itself must be g iven 
the highest pr ior ity .  Research aimed a t  improving the 
paleoclimatic record over the time interval for which 
co2 information is available is also of central 
iaportance . Of particular concern are ice age climates 
in the tropics (both over land and over oceans ) and in 
the Southern Hemisphere . For example , there is substan­
tial disagreement between the Climate/Long-range Inve s­
t igation , Mapping and Prediction (CLIMAP) reconstruction 
and current climate models in the tropics . On the othe r 
hand , models suggest that it  is in the Southern Hemisphere 
that the C02 signal in the paleoclimatic record is mos t 
e asily isolated . Paleoclimatology thus continues to 
provide valuable teats of our under standing of climate . 
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Adequate suppor t  for a well-rounded program on a var iety 
of time scales is highly des irable . 

3 . 3  Observational Systems 

By its very nature ,  climate research is global and 
requires adequate global observing systems . It i s  
multidisciplinary and requires commitment o f  resources 
over long per iods of time . The problems of globa l 
observing systems ,  climate monitor ing , and data analysis 
are not glamorous , but are the .foundations for improve­
ments in cliaate research . 

Data required for research are often provided as a 
by-product of operational services and by dedicated 
r esearch-or iented programs . Thus NOAA' s operational 
programs , while pr imar ily justif ied for routine weathe r 
prediction , form an indispensable base for climate 
research . 

Development of satellite-based observing systems and 
prototype data systas by NASA and NOAA bas contr ibuted 
greatly to climate research . Continuing and stable 
commitment of resources to research satellite systems , 
satellite data analysis together with associated 
diagnostic effortS J enhanced computer resources , 
particular ly at the National Meteorolog ical Center (HMC) J 
and data manageaent facilities will be essential in the 
future for the orderly development of the climate 
research program . 

With respect to specific observation and data needs , 
the following goals are offered for consideration & 

(a )  Homogeneity and continuity in climatically 
significant data sets . 

• Maintain , at all costs , current operational 
satellite capabilities , including geostationary and 
polar-orbiting satellites . In view of the importance o f  
·w ind stress both for mechanical forcing and a s  a major 
influence on trace substance transfer at the ocean 
sur face , measurement of surface wind stress from future 
operational satellite systems is of major concern . 

• Develop a r egular ocean observation system and 
improvements in  the existing global sea level network 
particular ly to meet the needs of the 'l'OGA prograa. The 
Integrated Global Ocean Services System ( IGOSS) , while 
valuable , does not ensure a regular flow of observations . 
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• Implement future research satellite aiaaiona tha t 
will aeaaure ocean topography , atmospher ic trace gases , 
and land surface processes illportant for cliaate and 
precipitation. 

• Bxtend ataoapber ic trace species monitor ing by 
both d irect aa.pling and satellite remote sensing 
techniques . 

(b )  Institutional arrange•nta for data manage•nt to 
ensur e continuing improvements in data availability ,  
access , and coat. 

• Insist that data implications be considered in 
the planning process for each aajor research initiative . 
This is aometiaes done (as for PGGB ,  BRBB , TOGA, etc . ) , 
but it auat be a necessity in the planning of future 
programs . 

• Facilitate access to recent (near real time)  data 
streams for some research concerns (as for selected 
aspects of TOGA) • 

• Undertake selected data rescue effor ts .  
• Maintain a relatively small but continuing effort 

in data referral . This includes the need for summar ized 
information in addition to extensive data l istings . 

• COntinue to pursue technological developments 
that can perait a reduction in the purchase and 
processing costs of large voluae data seta that now 
iapede their use for important cliaate research . 
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CLIMATB IMPACTS 

The imperative to understand the actual and potential 
impacts of climatic var iability and change has intensified 
in the year s since the NCP was established . The wor ld 
has exper ienced another Bl Niab and observed a continued 
Afr ican drought .  Evidence has accumulated that mankind 
may br ing about a long-term global warming while major 
increases in volcanism could produce an oppos ite effect . 
Nuclear war could also produce a severe transient g lobal 
cooling . Translating our understanding of climatic 
var iation into responses by the environment and society , 
and into sound plans and policies for living with climate 
var iability and change remains a major challenge . 

At the same time , the development of the impacts 
aspects of the NCP has been gratifying . The community of 
researcher s concerned with the impact of climate var iation 
on the environment and society has been strengthened , 
domestically and internationally . A directory recently 
published by the Environmental and Societal Impacts Group 
at the National Center for Atmospher ic Research (NCAR) 
l isted some 25 groups now active in the United States . 1 
Methods of studying relationships of climate to society 
have been clarified and iaproved , 1  and several usefu l 
pieces of work have been completed , r ang ing from 
examinations of drought impacts to assessments of 

1 Bnvironmental and Societal Impacts Group ( 1985)  
Institutional Director . Networkshop on Climate-Related 
Impacts . National Center for Atmospher ic Research , 
Boulder . 
1Kates ,  a.w. , J . B. Ausubel , and M .  Berber ian ( 1985)  
Climate Impact Assessment . SCOPB 27 ,  Wiley , Chichester . 
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consequences of a human-induced greenhouse warming . 
These s tudies have been carr ied out by both the academic 
research community and researcher s in government agencies . 

A second generation of climate impact studies is now 
under way , based on clearer problem definitions and better 
appreciation of appropr iate techniques and available 
data . Among these might be mentioned the IIASA/UNBP 
studies on climate change and cold and semi-ar id agr i­
cultural marg ins , • studies on the environmental con­
sequences of nuclear winter , - and the Climate Impacts , 
Perception , and AdjustMnt Exper iment (CLIMPAX) , discussed 
below. While the NCP has not been central to the conduct 
of these efforts , the existence of the program has bol­
stered greatly the ability of the u.s. community to focus 
and work together . The existence of the program has 
helped facilitate access to useful data , for example , at 
the Climate Analysis Center and the National Climatic 
Data Center (NCDC) . 

When the NCP began , the pr incipal support for impacts 
wor k was coming from the OOE , in connection with the 
identification of areas of socioeconomic impact from a 
potential C02-induced climatic change . The OOE suppor t 
for impact studies d iminished , and their support was 
concentrated instead on questions of physiological 
impacts of c� increase on plants . In the last year or 
so , the DOE again has begun to support climate impacts 
work , largely within the OOE national laborator ies . 
Meanwhile , the NSF has emerged as the pr incipal source of 
suppor t for independent worker s in the impacts area . 
Agencies , of course , have continued to per form impacts 
wor k in suppor t of their specific missions . For example , 
the USDA and NOAA have developed diagnostic bulletins on 
climate and agr iculture . EPA has per formed several 
assessments pertinent to environmental quality .  

Dur ing the next five years , a number o f  impact areas 
can be identified easily as logical extensions of current 
work .  Obviously , the program must be open to fresh 
ideas , oppor tunities , and needs that cannot be 
anticipated at present . Also , different areas may 

1Parry , M . L . , ed . ( 1985)  Climatic Change 7 .  ( Special 
Issue on Cl imate Impacts . )  
-Harwell , M.H.  ( 1984 ) Nuclear Winter : The Human and 
Environmental Consequences of Nuclear war . New Yor k :  
Spr inger-Verlag . 
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require  very different levels of commitments o f  resource 
and effort by the NCP .  These areas include the following : 

• Extremes . Ther e  is  a need for greater attention 
to the study of extremes of climate var iability and 
excursions that might cause a change in the central 
tendency of climate . This might occur as a result of 
increases in the atmospher ic concentration of greenhouse 
gases . Almost all attempts to study impacts of greenhouse 
gases have focused on changes in average climate charac­
ter istics . Nevertheless , many scientists believe that 
society perceives , responds to , and is affected pr imar ily 
by extreme events . Close interaction between natural 
scientists and worker s in impacts areas will be required 
in  this regard . 5  

• Climate and Water . While communities explicitly 
concerned with climate in relation to agr iculture and 
energy and some other sectors have emerged over the f irst 
phase of the NCP , a similar group bas not developed to a 
g reat extent in the water area . Th is is  probably because 
many climate-water problems have been solved or it is 
perceived that they have been solved . Never theless , 
there may be several areas wher e important issues remain . 
Among potential problem areas are the relation of climate 
var iability to water quality , optimization of water use 
efficiency under var ious climatic conditions , and the 
impact of a potential long-term climatic change (beyond 
design values) on water supply systems . As noted in 
Section 2 . 6  above , the NCPO should explore the usefulnes s 
of an enhanced program related to climate and water with 
the USGS , the Bureau of Reclamation , the Army Corps o f  
Eng ineers , the Soil Conservation Service , other government 
units , and professional groups concerned with water . A 
workshop would be a suitable way to identify needs and 
future activities . 

• Drought , with Special Emphasis on Afr ica . While 
drought is likely to continue in Afr ica for some time ,  i t  
remains unclear what major contr ibutions might b e  made i n  
this regard by the impacts program. The climate research 
program can help expand what we know about Afr ican climate 
and whether human activities have contr ibuted to the 
apparently changing behav ior of the climate . Program 

5Wigley , T .M.L .  ( 1985)  Impact of extreme events . 
Nature 315 : 106-107 . 
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options range froa research on tropical droughts (as i n  
Brazil and India , for example) to coaparative studies of 
drought response among areas . Agr icultural development 
programs supported by u . s .  AID and otber international 
sponsor s can be improved greatly by tbe inclusion of  
c limatolog ical information in . their planning . Agro­
meteorologists can assist in tailor ing agronomic systems 
to local conditions so as to minimize cliaate stresses 
and make best use of available sunshine and precipitation . 
Specifically , crop scheduling to avoid premature germina­
tion of seeds , use of windbreaks ,  intercropping , relay 
cropping , irr igation scheduling , and otber techniques 
depend on the proper use of cliaatic and aeteorological 
i nformation . 

Large amounts of funds and numbers of researchers , 
advisors ,  and consultants are engaged in applications of 
climate information, such as those listed above , and in 
developing new applications . This  research , technology 
transfer , and use of the results of climate impact 
assessments should continue . 

The interdisciplinary requirement is especially 
important and underlies all successful climate impact 
assessments . In the case of Afr ican drought studies , for 
instance , tbe participation of physical geographers and 
agr icultural scientists is needed to descr ibe expected 
changes in land use and ecolog ical systeas for use as 
assumptions in s imulations of future Afr ican drought .  
Then , should s imulations produce meaningful results from 
a societal point of view , experts from the social and 
behavioral sciences should be involved to help interpret 
their s ignificance . As reg ional agro-ecological systems 
begin to be understood and mapped , tbis  information 
should be d isseainated widely and problems identified for 
follow-up action or further research . 

• carbon Dioxide and Otber Trace Gases . Steadily 
increasing atmospher ic concentrations of C02 and otber 
radiatively active trace gases are expected to produce 
s ignificant changes in g lobal climate . Many important 
decisions in water resource development and utilization , 
large-scale eng ineer ing projects , energy planning , and so 
on are being made on tbe assumption tbat tbe climate of  
the future will  be  tbe same as that of the recent past . 
Moreover , changes in tbe greenhouse gases ar ise from a 
complex of human activities--population growtb , indus­
tr ialization , energy production , and land-use changes-­
that are in turn l inked with otber environmental problems 
such as acid deposition . Research is tbus required no t 
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only o n  th e  impact of long-term climatic change but also 
i n  the analysis of policy and economic options to deal 
with this interlinked networ k of issues . Such studies 
should be carr ied out through active collaboration 
between scientists and policy maker s and may require the 
development of innovative methodology . 

4 . 1  Areas for Specific Initiative s 

Of the following seven opportunities for impacts proj ect 
initiatives , the top three represent a pr ior ity group . 
The additional four are recommended as resources permit 
or as needs ar ise for informational analysis relating to 
specific problems . 

4 . 1 . 1  Development of a New Cl imatic Atlas 

A new climatic atlas designed to elucidate in a systematic 
way the interaction of climate , environment , and society 
can both advance the state-of-the-ar t and serve many 
concerned groups and individuals . Published and available 
in both hard copy and digital formats , it would contai n  
maps and char ts of , for example , the following a 

• productive potential of agr icultural reg ions as a 
function of climate ; 

• var iability of crop production attr ibutable to 
climate , 

• d iffusion of crop var ieties relative to climate ; 
• water supply in var ious r eg ions g iven a changed 

climatic regime , 
• migration of people versus climatic zones , 

costs of climatic adjustment in different reg ions , 
• frequency and distr ibution of climatic hazards J 
• sustained climatic anomalies , and 
• distr ibution of population and proper ty at land 

elevations that would be affected by sea level r ise , 
increased storm surge , and coastal erosion . 

A u. s. climate atlas should be considered as a 
contr ibution to the world Climate Impacts Program and 
might serve as an example to be emulated by other 
countr ies . While same products might begin to appear 
quite soon , the long-term and continuing nature of this 
venture should be emphas ized . One strategy that would 
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increase the quality and amplify the utility of the atlas 
would be to l ink certain aspects of i t  to data obtained 
froa the 199 0 Population Census to be per formed by the 
Bureau of the Census of the Depart.ent of Commerce . 

In  v iew of the many potential practical and inte l­
lectual benefits from the endeavor to design and produce 
the atlas , bigb pr ior ity should be g iven to this task .  A 
leadership role by the NCPO is integral to the success of 
the project . 

4 . 1 . 2 Utility of Prediction 

I t is  l ikely that within f ive years or so , climate fore­
casts will have sufficient skill to be of interest to a 
considerably larger number of users beyond the research 
community (see Chapter 3 ) . Among the several styles of 
prediction now being explored ,  it  is reasonable to expect 
that some aigbt have greater application potential to a 
full r ange of users froa government and pr ivate organiza­
tions to individuals , both in the United States and 
abroad . Dur ing the past seven year s ,  little attention 
bas been g iven to questions of the value and policy 
implications of the availability and use of long-range 
forecasting . While a few researchers have pursued 
questions in this area , i t  now appears timely to support 
a broader effor t ,  linked to the emerg ing capabilities for 
climate forecasting . 

The NCPO is moving in this d irection , with the 
scheduling of a seainar in March 1986 on political and 
economic aspects of improved climate forecasting . This 
symposium will be used to identify policy issues that may 
require further study by agencies in the NCP . The next 
few years , while climate forecasting is in its ear ly 
stages , are the t ime for research on the utility and 
value of climate prediction . At this stage , feedbac k 
between r esearchers examining the physical system and 
those concerned with social and behavioral aspects can be 
especially fruitful.  

Agencies supporting research on long-range forecasting , 
especially NOAA and NSF , should suppor t and help catalyze 
sound proposals in this area . 
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4 . 1 . 3  Empir ical Studies o f  Ccaparative Iapacts of 
Actually Exper ienced Cl imatic Var iations 

Several aethoda have been identified for assessing sec­
toral impacts of climate . The oppor tunity now exists to 
apply these methods , especially as the histor ic climatic 
data base is  growing and is  more easily accessed and 
utilized . While there  are several operational efforts to 
i ssue timely estimates of coats of climatic var iations , 
little wor k is done that carefully goes back over wel l­
documented episodes and assesses impacts in a way that is  
consistent with measurement of  impacts of other episodes . 

One oppor tunity to achieve results along these linea 
i s  the Climate Impacts , Adjustment , and Perception Exper i­
ment (CLIMPAX) , which will evaluate the effects of 
precisely def ined , sustained (10-20 year ) excursions from 
climatic means on water supplies , energy demand , agr icul­
tural yields , and so forth for selected regions in the 
United States . Such efforts to achieve a much more 
reliable set of comparable analyses should be encouraged . 
Efforts like CLIMPAX provide good opportunities for 
contr ibutions to the NCP by a range of agencies and for 
partnership among the federal agencies , state groups , and 
researcher s in universities . 

4 . 1 . 4  Dissemination of Methods 

Progress bas been made , as noted above , in a number of 
areas of impact assessment . This progress is likely to 
diffuse rapidly in the academic research community . 
Normal processes may not work as rapidly in federal and 
state agencies that make operational assessments and 
among individuals whose focus is not on climate but on 
the climate-related activ ity . It  may be possible for the 
NCPO to take advantage of such activities as meetings of 
state climatologists , professional societies , and 
r egional groups to organize sessions on recent progress 
in climate impact assessment . 

4 . 1 . 5  Coordination and Ver ification o f  Models 

Models connecting climate var iations with crops , fish 
stocks , forestry, and a var iety of other sectors have 
been or can be developed . A desirable goal is to have 
available tested models , which might be employed in g iven 
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situations and which are widely conceded to be the moa t 
s uitable for the g iven question .  To r each such a situa­
t ion , it is  necessary for a cr itical dialogue to develop 
a round climate impact models . The NCPO should take the 
lead in engaging concerned federal agencies in such a 
dialogue . Por example , a workshop on intercompar iaon and 
applications of crop-climate models or f isher ies-climate 
models might be useful . 

A good example of the type of modeling to be achieved 
is in the area of fisher ies . While i t  is well known that 
climate var iability affects the abundance of f ish stocks , 
the intensity of dr iving forces , which also are var iable , 
i s  not known. Tbe atmosphere and the ocean generate 
var iability in ocean temperature , in motion , and in the 
distr ibution of irradiance . The var iability in these 
physical var iables generates in turn var iabil ity in the 
production of phytoplankton and the organisms that depend 
in var ious ways on phytoplankton , zooplankton , fish and 
oceanic minerals , and sea birds . Thus , the problem is 
not only one of fish var iability but also of biolog ica l 
oceanography--how the ocean-atmosphere coupling affects 
living plants and animals of the sea and how fish 
production relates to the general biolog ical productivity . 

Despite its importance , there are few dynamic model s 
of the system. In fact , i t  might be said that the 
climate/ocean/fish resource system is  among the most 
poorly understood components of the earth ' s  natural 
resource system . This is  but one example of climate 
resource interactions for which realistic models are 
needed . But , modeling is a dynamic activity , and model s 
change over time .  Tbe NCP emphasis must be on encourag ing 
development and ongoing cr itical dialogue and quality 
control within relevant modeling communities . 

4 . 1 . 6  SOCial Costs o f  Adjustment 

While there are projects under way that will clar ify and 
compare a range of first- and second-order impacts , the 
largest s ingle impact of climate may be the human effort 
expended to adjust or adapt to seasonal changes and 
expected var iability of climate . There have been few 
systematic studies of the extent of such adj ustments . In  
practice , low residual losses or  damages may be a s ign of 
relative insensitivity to climate or , conversely , of very 
great sensitivity accompanied by effective , successful,  
albeit costly human adaptation . This  topic may provide a 
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largely untapped research area of great potential 
interest.  

4 . 1 . 7  Projecting Trace Ga s  Emissions from Human 
Activities 

The future evolution of climate will be greatly influenced 
by changes in the compos ition of trace gases in the 
atmosphere . Projections are thus needed of what emissions 
will result from industr ial and agr icultural activity . 
The best information available .from experts in industr ial 
processes and products , agr icultural trends and develop­
ment , geography , economics , and so forth should be 
employed in generating these projections . Such projec­
t ions are of importance to many agencies involved in the 
NCP , including NOAA , NASA , OOB , EPA , NSP , and USDA . 
These agencies should carefully coordinate efforts to 
obtain sound and defensible forecasts of future eaissions 
and not s imply employ projections that extrapolate 
casually froa recent records . 

4 . 2 Institutional Issues 

The NCPO should play an important role in regard to 
climate impacts , pr imar ily as a catalyst .  Projects such 
as  the preparation of the new climatic atlas are of the 
type where  NCPO can play an i�r tant role . 

While considerable progress has been aade in impacts 
research , this research area needs strengthening . In 
carrying out their mission , it is recommended that 
agencies such as OOB and EPA make investments in such a 
way that a lasting national capability is  created . The 
distr ibution of exper tise in academia , government 
agencies , nonprofit research institutes , and for-profit 
consulting firms needs to be kept in aind . Emphasis on 
achieving short-term results or reports is  not likely to 
produce either a credible finding or a capability to do 
better in the future . 

Internationally , there have been positive results from 
the World Climate Iapacts Program. Three of the pr incipa l 
projects supported--the Scientific Committee on Problems 
of the Environment (SCOPE) project on impact assesSJRent 
methods , the International Institute for Applied Systems 
Analysis ( IIASA) project on climate impacts on cold and 
semiar id agr icultural marg ins , and the International 
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Meteorological Institute (EMI ) project on CO z-induced 
climate cbange , eaphaaiz ing effects on nor ther n 
ecosystems--are all bear ing fruit.  Saae otber projects , 
for example , on climate and food systems in Mexico and 
India and on identification of climate-sensitive sectors , 
bave been leas successful . Wbile overall results of 
tbeae projects bave been good , tbe management of tbe 
program baa been somewhat weak . A stronger SCientific 
Advisory eo .. ittee for tbe WCIP is bigbly desirable . 
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CLIMATIC DATA, INFORMATION,  AND SERVICES 

The need for climate data and information is expanding 
r apidly wor ldwide . user needs have increased in parallel 
with technolog ical advances in computers , communications , 
and data storage media . As a result , there has been 
increasing recognition of the value and utility of climat e 
information throughout our society . Human activities 
have placed increasing demands on the environment , nece s­
s itating further monitor ing and understanding of the 
earth ' s  climate . Climate services are the ultimate 
product of the NCP . They sustain the application of 
current knowledge and information for government ,  
industry , and individuals . 

The f irst years of the NCP ( 1978-1985)  have produced 
modest achievements in the process ing of data , information 
exchange , and the provision of climatic services to the 
public . Exper iences gained have also brought a number of 
problems into clearer focus . Now it is time to deal with 
these problems . All climate services are intensely depen­
dent on data and dissemination capabilities . Advances in 
technology have transformed the time scale and structur e 
of climate services . In fact, the past decade has brought 
together two streams , one technolog ical and one behav­
ioral , to change climate services . The technolog ical 
change has been the development of inexpensive computer s 
and communication systems that greatly increase the 
capability to handle data needed for climate services .  
The full benefit of this change awaits advances in data 
storage , a limitation in the past that is being removed 
r apidly . The cultural change is that individuals charged 
with decision-mak ing responsibilities are expecting , even 
demanding , to have accurate up-to-date information to use 
in dec ision mak ing . At the same time ,  there is a con­
t inuing need for the traditional long-term climate data 

4 4 
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a rchival programs that should incorporate the optimum mix 
of aanuscr ipt , digital , and aicrofora storage .adia . 
These two changes occur r ing at the saM t iae  provide a 
unique opportunity for cliaate services to move forward . 

5 . 1  Weather and Cliaate--An Issue 

Histor ically , the words weather and climate have referred 
to very different tiae scales . Weather is related to 
current atmospber ic conditions . Cliaate is descr ibed by 
statistics of the atmospbere for a tiae per iod of several 
year s to decades . These liaited views leave a question 
of what to call the state of the atmosphere yesterday , 
last week , last .,nth , last season , and last year . Bow­
ever , users of weather and climate information have little 
concer n  for this type of definition . I f  the inforaation 
needed for yesterday , last week , or last month is not 
weather , it aust be climate or vice versa . The eaerg ing 
demand for near-real-time data in a per iod of hours ,  
days , and weeks and information on a par with current 
technology br ings into focus the point of v iew that 
weather and cliaate form a continuum in time . 

The provision of timely and effective climate services 
depends , ultimately , on data resources available to the 
provider . In order to be valid , data aust undergo a 
process that begins with or iginal observations made 
according to accepted practice . The observations are 
collected , quality controlled , and stored for further 
use .  Purther.,re , these data must b e  cataloged , refer­
enced , and aade accessible for convenient retr ieval , or 
they have little value . 

At the federal level , the service function relative to 
meteorolog ical weather and climate data res ides in NOAA. 
Tbe primary data sources include cooperative observers , 
surface synoptic stations , aar ine synoptic observations , 
solar r adiation observations , upper air stations , satel­
lite observations , radar observations , water leve l 
observations from tide gages , hydrolog ical networks,  and 
polar measure .. nts . 

· 

The observation and collection of weather data is an 
NNS function , while the qual ity assurance , storage , 
management , and retr ieval of these same data used for 
climate activities resides in the National Environmental 
Satellite , Data , and Information Service (NBSDIS)  at the 
National Climatic Data Center (NCDC) • Nevertheless , NCDC 
has no explicit role in managing the collection networks . 

Copyright © National Academy of Sciences. All rights reserved.

The National Climate Program:  Early Achievements and Future Directions
http://www.nap.edu/catalog.php?record_id=19238

http://www.nap.edu/catalog.php?record_id=19238


Changes in the operation and aaintenance of observing 
networks generally respond to NWS forecast and warning 
pr ior ities with little regard for impact on climate 
r ecords . Por example , observing s ites are generally 
located at airports or in urban areas that are not 
r epresentative of tbe general area around the s ite . 
Sites may be moved or hour s of operation may change 
causing major impacts on the data record . Furthermore , 
some new remote sensing equipaent--sucb as the Low Leve l 
Wind Shear Alert systems being installed at airports 
around the country--does not allow for the recording of 
the meteorolog ical data collected . 

The HNS also provides some climate serv ices through 
tbe Cl imate Analysis Center (CAC) , including the 
following : 

• selective data validation , 
• temporary storage (up to 3 years )  of selected 

worldwide data , 
• tailored applications products , and 
• dial-up access to its data base . 

The Climate Analysis Center ' s  (CAC) service role grew 
r apidly dur ing tbe 1980 s ,  and this trend is l ikely to 
continue . CAC ' s  mission allows access to NMC ' s computer 
r esources and full government funding , adequate to 
provide free services to the user community . Although 
CAC provides a valuable service , it  does not have the 
mission to collect , quality control , and archive official 
c limatolog ical data . Th is miss ion resides with the 
NCDC .  This sometimes leads to data set differences , bu t 
i t  must be recognized that CAC data sets are preliminary.  
Research quality data sets are the responsibility of 
NCDC . More extensive quality control procedures completed 
at NCDC may lead to differences in common data sets . 

Prom the point of v iew of 110st data users ,  there is no 
signif icant distinction between weather and climate . In 
practice ,  many applications requir ing meteorolog ical data 
require integration of near-real-time weather data with 
past cl imate data . I t  is cr itical that the management of 
weather and climate data be streamlined within the 
federal government and that the gap in the availability 
of near-real-time data be filled . NOAA should review bow 
the administrative separation of weather and climate 
functions affect its ability to address problems of data 
observation , collecting , archiving , and d issemination . 
It is  timely to address this  issue . While NOAA begins an 
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ambitious prograa t o  modernize the HNS ,  th e  future des ig n 
of a cl iaate del ivery system should be addressed also .  

5 . 2 Review o f  Activities ( 1978-198 5 )  

S ince the NCP was inaugurated i n  1978 ,  a number of 
activities have been star ted and several impor tan t 
products and services provided . 

• Inter im Climate Data Inventory . This inventor y 
of h istor ical climate data has been developed by NOAA ' s  
HBSDIS and installed on an information retr ieval system 
that can be accessed by telephone . The inventory baa 
been publ ished as the Nor th Amer ica Climatic Data 
Catalogue ( Part 1) , which contained 770  descr iptions of 
cliaate data f iles and related publ ications available in 
the United States and Canada . 

• COmputer-Based Cliaate Anomaly Monitor ing System 
(CAMS) . Th is aystea, developed by the National Weather 

Service ' s  Climate Analys is Center , identif ies and 
descr ibes s ignif icant temperature and prec ipitation 
anomalies froa analys is of global data rece ived at th e 
National Meteorolog ical Center (NMC) and provides a 
mecbaniaa for monitor ing and analyz ing cl imate anomalie s 
in r eal t ime .  Output from the analys is i s  the bas is for 
the weekly and monthly climate bulletins that depict 
s ignificant global climate anomalies and cl imate agr i­
cultural analyses by the Joint Agr icultural Weathe r 
Facility (JAMF) . 

• Monthly Cl iaate Diagnostics Bulletin . Th is 
summar izes g lobal patterns and anomalies of atmospher ic 
ice , snow cover , and several key cl imatic indices . Wher e  
necessary , descr iptions of s ignif icant climate events are 
included each month , as was the case for the 1982-198 3 
Bl Nino .  

• Improved Monitor ing of Global Crop Conditions . 
The Joint Agr icultural Weather Facility (JAMF) , staffed 
by USDA/WOr ld Agr icultural Outlook Boar d (WAOB) and 
NOAA/HNS/CAC employees ,  has expanded s ignif icantly its 
ability to monitor and assess weather conditions in major 
agr icultural r eg ions of the wor ld . I ts assessments of 
global. weather and crop conditions , published in th e 
Weekly Weather and Crop Bulletin , are used by USDA 
agencies to make national and wor ldwide estimates of crop 
conditions . JAWF also prov ides monthly assessments of 
yields for aajor commodity crops around the world , wh ich 
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are incorporated into USDA' s monthly world crop production 
estimates . 

• National Environmental Data Referral Service 
(NBDRBS) . Th is serves as a clear inghouse for descr iption 

and location of data bases and instructions on access . 
• Improvements in the National Cl iaatic Data 

Center . The statutory miss ion of NCDC is to archive the 
official weather records of the united States (from which 
climatic statistics are der ived) and to process ,  su.­
mar ize , and publish data sufficient to descr ibe the 
climate of the United States , and to provide climato­
log ical data information services . The official cliaate 
data at NCDC are used , among other things , to establish 
climate norms and extremes for setting building codes or  
insurance standards . Knowledge of long-term behavior of 
climate is crucial in eng ineer ing construction , wate r 
allocation , and fuel d istr ibution . 

• Regional Climate Centers .  TWo reg ional center s 
have been established to demonstrate coordination of 
climate studies and data management ,  and initiate or 
strengthen delivery of climate information and services 
throughout the regions they serve . The NOr theast 
Regional Cl imate Center (Cornell university) provides 
real-time weather and climate information to user s via  
computer l inks and terminals with telephone modems . The 
NOrth Central Regional Climate Center (Illinoi s  State 
Water Survey) also collects real-time information .on 
weather parameter s and climate-affected conditions and i s  
currently using state agencies to test access methods . 
Daily data for the system are der ived from cooperative 
weather observers at 35 locations around Illinois , from 
22 other NNS stations via Automation of Field Operations 
and Service ( APOS ) , and from the Midwest Agr icultural 
Forecast Center , which dig itizes and transmits weathe r 
observations by telephone line to the climate center in 
Champaign , Illinois . The NOrth Central Reg ional Center 
also has assisted the NWS in developing a system for 
daily reporting of climate data by cooperative observers . 

• Automated Network .  Nebraska has developed a 
statewide Automated Weather Data Network (ANON) with 25 
weather stations that record hourly data (collected 
daily)  on wind ,  temperatur e ,  relative humidity , solar 
radiation , precipitation , and soil  temperatures . Th i s  
networ k  has been expanded to 46  stations in Nebraska and 
adjoining states for a regional drought monitor ing and 
assessment program.  Public access to data from this 
network is  available on a dial-up system (AGNBT) . Mor e 
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than 15 ,000  accesses wer e  Mde in 198 4 .  Tbe data from 
AWDN� together with data collected from AI'OS and coopera­
tive observers , are used by the Nebraska Agr icultural 
Cl imate S ituation COmmittee . Th is group of specialists 
meets weekly dur ing the growing season to consider recent 
and cumulative impacts of weather on agr icultural opera­
tions and subsequently releases advisor ies to the public . 

5 . 3  Pr ior ities for the Puture 

Recent technological advances are providing new oppor­
tunities throughout the climate services system. New 
observing systeas--both in s itu and remote sensing--are 
increasing the frequency and coverage of meteorolog ical 
and oceanographic observations . State-of-the-ar t 
capabilities in data processing and storage are greatly 
reducing the times needed for data asst.ilation and 
quality control . Most important , advances in c� 
munications and remote access capabilities are creating 
new opportunities for timely delivery and utilization of 
data and information . 

Never theless , to make full use of these new capabil­
ities , an organized climate services system must be set 
in place , supported , and maintained . It is especially 
crucial that the governmental components of this system 
be structured in an efficient and straightforward manner 
and that thei r  roles and responsibilities be well def ined . 
There is an increasing recognition of user needs for a 
continuum of weather and climate information and services . 
NOAA should thus consider possible new institutional 
arrangements to improve the coordination of weather and 
climate activities . 

The existence and effective operation of this basic 
structur e will be essential to the direct user of climate 
data and information , particularly to the pr ivate sector , 
which may want to seize the many new opportunities in 
climate applications that are sur facing . 

5 . 3 . 1  NNS Modernization--Data 

As a result of the NNS modernization program, there will 
be an explosion of conventional (e .g . , Autoaated Sur face 
Observational System (ASOS) ) and new ( e .g . , Next 
Generation Weather Radar (NBXRAD) ) data , which NCDC will 
be  required to process and manage for climatological 
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purposes . NCDC ' s  automated data processing capabilities 
already are stretched beyond its ability to meet today • s 
needs . It is essential that NCDC be upgraded to be 
capable of handling the increase (by order s of aagnitude ) 
in data expected in the early 1990s . 

Prom a climatolog ical viewpoint , consequences of thi s 
s ituation will result ultiaately in damag ing tradeoffs 
between quality/timeliness and/or the actual teraination 
of some climate services . I t  is essential that necessary 
resources are made available to ensure that such a 
situation is not allowed to occur .  

NOAA should act quickly to modernize its capability to 
manage the national climate data r esources by providing 
sufficient suppor t to do the following : 

• per form research and development of new tech­
nolog ies for collecting , validating , stor ing , retr ieving , 
and communicating data . 

• develop clear standards for data collection , 
quality control , archiving , and d issemination. 

• ensure the continuity of key climate networks , 
including the cooperative observers , sur face synoptic 
stations ( including mar ine ) , and the solar radiation 
s ites . 

• develop adequate automated data processing and 
communication networks to meet user service requirements . 

Other data management issues requir ing attention 
include the following : 

(a ) Dissemination and use of climate data . 

• Timely release of data collected at public expense 
after the use for its collection is met . 

• Easy access , by other user s and researchers , to 
data used in prepar ing climate products and reports for 
public dissemination . 

(b)  Data management to handle increased data loads . 

• Volume of ocean and atmospher ic data collection 
(1850 to present) by NOAA will double in the next f ive 

years , e . g . , 
new land-based observing systems will provide 

data rates and volumes comparable to satellite data rates 
and may require compaction , selective sampling , or 
summar ization , and 
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new space observing platforms will provide a 
w ide spectrum of data at very b igb rates and volumes of 
data that will require special data management adjustments 
and should be included in tbe operational plans for new 
systems . 

(c )  Technology . 

• New instrumentation requires adequate documen­
tation , calibration , and possible changes of quality 
control procedures . Data management guidelines ar e 
needed fqr;. automated weather observing systems being 
installed by states and the pr ivate sector . Industr y 
standards should be adopted whenever it is feasible . 

• Technology and flexibility of dissemination of 
climate data and climate products should advance with tbe 
sophistication required by users .  

• New technology in digital storage capability ,  
communications , and computer processing requires continual 
evaluation and possible change in every area of data 
management . 

5 . 3 . 2 Delivery of Services 

Tbe d issemination and delivery of climate data and tbe 
information generated therefrom may often be delayed 
and/or inadequate to serve tbe needs of many users .  This 
results in  par t because ther e ar e many participants 
( federal , state , and pr ivate sector ) involved , and in 

par t because the federal role still remains unclar ified , 
wbicb discourages other nonfederal groups from imple­
menting delivery systems . 

Timeliness of data and information is a key issue , for 
timely information bas become a key ingredient in u.s. 

society and economic welfare.  
Technolog ical developments now allow revolutionar y 

low-cost advances in data delivery , allowing opportunities 
for rapid and cost-effective demonstrations of the value 
to tbe nation of tbe National Climate Program. Newly 
established local and state computer-based climate 
data/information systems reveal an enormous potential for 
comparable development on reg ional scales . such data 
base systems represent an effective inter face between 
government sources (ver ified data ) and marketing of  
value-added services by  tbe pr ivate sector . 

Copyright © National Academy of Sciences. All rights reserved.

The National Climate Program:  Early Achievements and Future Directions
http://www.nap.edu/catalog.php?record_id=19238

http://www.nap.edu/catalog.php?record_id=19238


5 2 

The concept of a nationwide service ayatea has eaerged 
from reco.aendations of an NRC panel and froa an RCPO 
Workshop on COOperative Cliaate Services.  The present 
regional cliaate centers ,  supported by RCPO, provide a 
concept and a pattern for initiating a national syatea. 
NOAA should cons ider implementing the plan developed by 
NCPO for a nationwide system of cliaate services . 
Specifically , NOAA should do the following s 

• provide operational support to the existing 
centers .  

• continue its intergovernmental activity by 
establishing , with the states , new r egional climate 
centers . 

• develop high-speed weather/ciimate data trans­
mission systems to serve climate user needs , including 
transmission of data to state , reg ional , and national 
climate centers .  These systems should involve data from 
cooperative stations and/or special stations to help 
provide the spatial density of data needed in aany 
climate-affected businesses . 

• develop systems for deliver ing near-real-time 
climate data and information to serve state or reg ional 
needs . 

5 . 3 . 3  - Atlas 

As d iscussed in Section 4 . 3 . 1 , a comprehensive new 
climatic atlas is now needed for the united States . 

5 . 3 . 4 Utilization of the Pr ivate Sector 

In the past seven years , we have observed the rapid 
g rowth of a new industry in the pr ivate meteorolog ical 
sector . Several firms have successfully entered the data 
and information services market by prov iding value-added 
weather and climate information to commercial and gover n­
ment clients v ia a number of innovative communications 
technolog ies . The sources of the data are pr imar ily 
NMC ' s  family of services , the CAC user port ,  and the 
Global Telecommunications System of the MMD .  

These f irms offer broadcast o r  request and reply 
delivery over telephone and satellite links to customer s 
having a var iety of rece iving mechanisms r ang ing from 
synthesized voice over the phone to sophisticated 
microprocessor-baaed colorgraphics work stations . 
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Today , thousands of clients ar e being provided with 
weather and climate data over pr ivate service networks . 
The trend is  for continued rapid growth assuming that the 
pr ivate sector continues to have electronic access to the 
data sources in NOAA at a fair  market pr ice . NOAA should 
ensure that any actions taken to modify and improve the 
federal weather and climate data and information program 
w ill not r estr ict the ability of the pr ivate sector to be 
a full participant . Specifically , the pr ivate sector 
should be 

• included in the planning for future weather and 
climate services , 

• a llowed unrestr icted access to publicly collected 
weather and climate data at a fair market pr ice , and 

• allowed to compete for services in both the 
commercial and the government marketplace . 
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APOS 
ASOS 
AIIDN 
CAC 
CAMS 
CARS 
CLIMAP 

CLIMPAX 

DOE 
BNSO 
EPA 
BPOCS 
BRBB 
BSIG 
PGGB 
PIRB 
GARP 
GCM 

ICSU 
IGOSS 
I IASA 

IMI 
ISCCP 
JAWP 
JSC 
NASA 
NCAR 

NCDC 
NCP 
NCPO 

APPBIIDIX A 

ACROII!MS AIID ABBDVIATIORS 

Automation of Pield Operations and Service 
Automated Sur face Observational Systea 
Automated Weather Data Networ k 
Cl imate Analys is Center 
Cl imate Anoaaly Monitor ing Systea 
Cl imate Appl ications Referral Systea 
Cliute/Long-Range Investigation , Mapping and 
Pred iction 
Cl imate Impacts Perception and Adj ustment 
Exper iment 
Depar tment of Energy 
Bl Niab/Souther n Oscillation 
Environmental Protection Agency 
Equator ial Pacific Ocean Cl iaate Studies 
Bar th Radiation Budget Exper iment 
Environmental and Soc ietal Impacts Group 
Pirst GARP Global Exper iment 
Pirst ISCCP Research Exper iment 
Global Atmospher ic Research Prograa 
General Circulation Model 
International Counc il of Scientific Unions 
Integr ated Global Ocean Services System 
International Institute for Applied Systems 
Analys i s  
International Meteorolog ical Institute 
International Satellite Cloud Cl iaatology Proj ec t 
Jo int Agr icultural Weather Fac ility 
Joint Sc ientific CO..ittee 
National Aeronautics and Space Administration 
National Center for Atmospher ic Research 
National Cl imatic Data Center 
National Climate Program 
Nat ional Cl iute Prograa Office 
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NCPPB 
NBDRBS 
NBSDI S  

NBXRAD 
NMC 

NOAA 
NBC 

NROSS 
NSP 
NWS 
SCOPE 

TOGA 
TOPBX 
UNBP 
USDA 
USGS 

WAOB 
WCAP 
WCDP 
WCIP 
WCP 
WCRP 
WMO 
WOCB 
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National Clillate Prograa Policy Boar d 
National Bnviron.ental Data Referral Service 
National Bnvironaental Satellite , Data , and 
Information Service 
Next Generation Weather Rada r 
National Meteorolog ical Center 
National oceanic and Ataospber ic Adainistration 
National Research COuncil 
Navy Remote ocean Sens ing System 
National Science Foundation 
National Weather Servic e 
Sc ientific COmmittee on Probleaa of the 
Environment 
Tropical Ocean and Global Ataoapbere Program 
ocean �rapby Exper iment 
united Nations Bnviron.ent Prograa 
u. s .  Depar tment of Agr icultur e 
u . s .  Geolog ical survey 
wor ld Agr icultural OUtlook Boar d 
wor ld Cl illate Applicat ions Prograa 
wor ld Climate Data Program 
wor ld Cl imate Impacts Prograa 
world Climate Program 
world Climate Research Prograa 
wor ld Meteorolog ical Organizat ion 
World Ocean Circulation Exper iment 
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