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PREFACE 

This ia one of seven research briefings prepared in response to a 
request from Dr. George A. Keyworth, Science Advisor to the President 
and Director of the White House Office of Science and Technology Policy 
(OSTP). 'l'be effort was directed by the Committee on Science, 
Engineering, and Public Policy (COSEPUP) , a joint committee of the 
National Academy of Sciences, the National Academy of Engineering, and 
the Institute of Medicine. 

~pica for the seven research briefings were selected by OSTP. ror 
each topic a balanced panel of 11-13 experts was organized to develop 
the briefing. 'l'be specific charge to each panel was to critically 
aaaeaa ita field and to identify those research areas within the field 
that were likely to return the highest scientific dividends aa a result 
of incremental federal investments in FY 1984. It was also emphasized 
that these briefings were not to be construed aa substitutes for the 
much more detailed surveys occasionally undertaken in major scientific 
fields (e.g., the recent report of the National Research Council's 
Astronomy Survey Committee entitled Astronomy and Astrophysics for the 
1980's, Volume 1). 

Through diacuaaiona with OSTP, the seven topics were defined aa 
follows: 

1. MATBBMATICSa Research covering the following fields of 
inveatigationa statistics, pure and applied mathematics, mathematical 
ayatema theory, numerical analysis, operations research, computational 
mathematics, and scientific computing. 

2. ATMOSPHERIC SCIBNCBSa 'l'be study of the physical, cheaical, and 
dynamic properties of the atmosphere and ita interactions with the 
Barth, the oceana, and the planetary environment with a view to under­
standing and predicting the atmosphere's changes and behavior aa 
manifested in weather, climate, air quality, and other characteristics 
relevant to human society, both aa a result of natural processes and aa 
influenced by human activities. 

3. ASTRONOMY AND ASTROPBYSICSa Research with the objective to 
obtain information about astronomical bodies by remote sensing fro• the 
surface of the Barth, from the Barth's atmosphere, and from Barth orbit. 

4. AGRICULTURAL RESBAR:Ra Research of greatest promise for 
increasing the productivity and efficiency of American agriculture, 
including a 

v 
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• 

• 

• 

plant sciences targeted on developing more productive, 
resistant, tolerant, and energy-efficient crop plant&J 
an objective aaaeaament of the realistic expectations of 
genetic engineering for developing more productive, resistant, 
tolerant, and energy-efficient crop plantaJ and 
research on crops and cropping practices that are more resource 
conservative. 

5. NBUROSCIENCBs Research directed toward understanding the 
molecular, cellular, and intercellular processes in the central nervous 
ayatea (CNS) and the way in which those processes are integrated in CNS 
functional control ayatema, with emphasis on research relating CNS 
functions with behavior. 

6. RUMAN HEALTH BPI'ECTS OP HAZARDOUS CRBMICAL EXPOSURES: Research 
on the responses of organisms to hazardous chemical exposures, 
including: 

• the nature of the atepa leading to damage to the organisms, 
• the mechanisms and kinetics of metabolism of hazardous 

• 
• 

aubatanceaJ 
the nature of protective responses and repair mechanisms, and 
the in vitro, animal bioassay, and epidemiological methods used 
to characterize hazardous exposures. 

7. MATERIALS SCIENCE: Research concerned with reaching a clearer 
understanding of the complex relationships that exist among the 
atoaiatic structure, composition, and defects of materials and their 
behavior in an engineering environment. Specific areas of investigation 
include those concerned with surface characterizations, defect struc­
ture, electronic structure, catalysis, the theory of crystalline solids, 
and the properties of solids (e.g., electrical, magnetic, optical, 
thermal, and mechanical). 

Bach panel met once, for 2 or 3 days, to carry out ita charge. 
Knowledgeable representatives of government and the private sector were 
invited to provide input to the panels. Rapporteurs, knowledgeable in 
the field, were present to summarize the diacuaaiona and prepare initial 
drafts of briefing papers. These papers were reviewed and revised by 
the panel members and served aa the baaea for the oral briefings 
presented to federal officials. 

The seven one-hour briefings, presented by panel chairmen and, in 
aoae caaea, 1 or 2 other panel members, were reviewed by COSBPUP in 
mid-October and presented to Dr. Keyworth and meabera of his staff 
between October 26 and November 18, 1982. The aaae briefings were 
subsequently presented to Dr. Edward Knapp, Director of the National 
Science FOundation, and other FOundation officials on three days in 
December. Briefings for other interested departments and agencies were 
held separately on the aaae dates. 

None of this would have been possible without the financial support 
of the National Science FOundation and the cooperation, under difficult 
time constraints, of the panel members and ataffa. We are indebted to 
both groups. 

vi 
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If judged useful to federal decision makers, the seven initial 
research briefings developed as an experi•ent in 1982 could serve as 
the basis for research briefings on other major fields of science in 
future years. Such briefings could supple•ent other inputs and become 
important new channels for communication between the federal government 
and the scientific community. 

George M. Low, Chair•an 
Committee on Science, Engineering, and 

Public Policy 

vii 
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REPORT OF THE RESEAR:H BRIEFING PANEL ON ATMOSPHERIC SCIENCES 

SUMMARY 

Advancing scientific understanding and technology have put us on the 
threshold of dramatic improvements in our ability to predict the future 
state of the atmosphere. At this time, special opportunities for 
scientific advances, which also involve important social concerns, are 
presented by three areas of the atmospheric sciencesa small-scale 
severe weather systems, atmospheric chemistry, and climate. 

This brief report recommends specific actions that should expand 
our knowledge and predictive capability in each of these areas. The 
recommendations are based upon the scientific merits of the various 
actions and do not consider details of execution and cost. Advances in 
these three areas will improve human productivity and efficiency, 
protect life and property, and enhance the quality of life. (See 
Table 1.) 

INTRODUCTION 

The global atmosphere forms an indivisible, unified object of studya 
space-borne observation/communications platforms to view the earth as a 
whole and cooperative programs among all the world's nations are 
fundamental and indispensable prerequisites for meaningful research. 
Thus, while the atmospheric sciences, like other branches of the 
scientific enterprise, continually present challenging problems and 
opportunities, their progress depends to an unusual extent upon 
multi-disciplinary investigations, a global supporting infrastructure 
of space- and ground-based observing/monitoring programs (largely 
justified by operational requirements), and multinational activities of 
many kinds. 

Man's influences on certain atmospheric processes are now coapar­
able in some respects to nature's. By release of carbon dioxide, 
industrial effluents, and entirely new substances such as the chloro­
fluorocarbons, we may be changing the radiative and chemical nature of 
the atmosphere and thus affecting its ability to maintain a stable 
climate and a habitable world for humans. 

1 
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TABLE 1 High-Leverage Investments in the Atmospheric Sciences 

Problem Area 

1. Small-scale Severe 
weather Syatema 

2. At.oapheric Che•iatryz 

a . Acid Rain 

b. Tropospheric 
Chemistry 

c. Stratospheric 
Ozone 

3. Climate Variability 
and Change 

a. Long-ter• Cli•ate 
Change 

b. Short-term Climate 
Variations 

Recommended Action 

Uae near-term technological 
enhancements (Doppler 
radar and vind profiling, 
data management and 
and display) aa a baaia 
for planning long-te~ 
mesoscale research 

Conduct field atudiea on 
dry deposition, in­
cloud proceaaea, and 
remote-region aourcea 

Support a caaprehenaive 
research program, 
including data baae 

Probable Benefits 

x .. ediate improv ... nta 
in forecaata/varningaJ 
improved aviation aafetyJ 
baaic underatandingJ 
accelerated progreaa in 
reaearchJ improved pre­
diction techniques 

Coat-effective and 
environmentally aound 
control atrategiea 

Air quality protection 
and climate prediction 

Support the Upper-Atmosphere Ozone layer protection 
Research Satellite (and 
aaaociated research) 

Study the circulation of 
the WOrld Ocean and ita 
interaction vith the 
at.oaphere and climate 

Measure and ~el trace 
gaa concentrations 

Support El Nino{SOuthern 
Oscillation atudiea 

Conduct prediction atudiea 
vith general circulation 
model a 

Predictive modela for 
long-ter• climate change 

Aaaea ... nt of effects on 
radiation balance and 
climate 

Seasonal/interannual 
predictions 

Monthly/aea80nal predictions 
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Through daily weather, through the alow march of climate, through 
effects and control of pollution, the ataoephere influences ayriad 
daily activities and decisions throughout our coaplex society, all of 
which contribute to our nation's efficiency and productivity. The 
atmosphere's constituency thua includes not only pilots, far.era, 
coaaodity dealers, and builders, but every citizen. TO ensure our 
continued welfare in a variable and vulnerable atmosphere, we auat 
acquire better fund ... ntal understanding of the atmosphere and an 
enhanced capability to predict ita changes arising froa both natural 
proceaaea and huaan interventions. 

SMALL-SCALE SBVBRB WEATHER SYSTEMS 

During the paat decade there baa been a growing conaenaua within the 
aeteorological community that significant i~rov ... nta can be aade in 
the abort-range forecasting (0-12 hours) of aeaoaeale--or ator..cale-­
weather ayateaa. In teras of aize and duration, these lie between 
individual clouds and the larger atoraa depicted on the conventional 
weather map. Although they tend to elude the conventional observing/ 
forecasting ayatea, they produce auch of our weather and .oat of our 
severe weathera tornadoes, flash floods, hailatoraa, anowatoraa, and 
strong winds. Optimiaa about our ability to forecast these ayateu ia 
baaed on recent advances in both technology and understanding. Tech­
nological iaproveaenta include satellite ayateaa (which provide 
information on cloud cover and temperature and huaidity soundings), 
various types of radars (which can provide continuous and quantitative 
information on winds, precipitation, and--through pattern recognition-­
various weather phenomena), and electronic aeana for the rapid aaaiaila­
tion of thia large quantity of information and ita ca.munication to the 
public in the form of tt.ely forecasts. Scientific advances have been 
made in the understanding of auch phenoaena aa frontal circulations and 
precipitation, severe aountAin winds, and severe thunderatoraa which 
produce hail, wind shear, and aoaetillea tornadoes. 

currently, auch of thia technology ia not available to the public 
or private weather forecaster, although it baa been well tested in the 
research comaunity. Transfer of the technology to the forecasting 
sector should enable weather aervicea, public and private, to make aore 
timely and accurate predictions of atoraacale weather phenoaena. Such 
i~rov ... nta would aid in protecting life and property, serve the 
national econQB¥, and help meet defense requireaenta. Widespread 
empl~nt of thia technology would alao provide a badly needed 
research data base and accelerate the progreaa of research in thia area. 

Long-Tera Mesoscale Research 

Two areas should be e~haaized in long-term aeaoacale research. Pirat, 
we muat iaprove our understanding of the physical proceaaea that deter­
mine the growth, maintenance, and decay of aeaoaeale weather ayateaa. 
Thia i~roved understanding can be achieved through appropriate special 
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observational programs and theoretical research. Such khowledge is 
essential for the development and improvement of the conceptual and 
numerical models necessary to improve the forecasts and warnings of 
significant aeaoscale weather. 

The second major research objective is to develop aethoda of 
analyzing the massive data sets that would be available fro• the new 
measuring facilities. The development of analysis schemes and the 
ca.munication systems required to process, transmit, and display the 
data are necessary both for short-range forecasts and warnings and for 
numerical weather prediction models. The recommendations outlined 
below will lead the way to more effective research in these areas, and 
will also begin to realize the improvements in short-range severe 
weather forecasting made possible by new technology. 

Near-Term Technological Enhancements 

Rapid exploitation of several technological advances could quickly 
accelerate our research progress and improve our forecasting 
capabilities. Doppler radar operating in the near-horizontal can 
detect the special motion patterns within thunderstorms that precede 
the formation of tornadoes. Also, the formation of weather-producing 
atoraecale circulations, such as squall lines or heavy snow banda, can 
be detected from small changes in wind patterns before they have formed. 
Teats have demonstrated that Doppler radar observations can lead to 
earlier issuance of tornado warnings and an appreciable reduction in 
false alarms, thus enhancing public confidence in and response to 
warnings. Such radars can also warn of tbunderator~generated severe 
downdrafts and wind shears that pose hazards to aircraft in landing and 
takeoff. Federal recognition of this potential already exists in the 
interagency NBXRAD program, involving the Department of Defense, the 
Federal Aviation Administration, and the National weather Service. 
Funding for this program should be accelerated in order to keep all 
essential elements of the program moving on schedule. Pull financial 
support of this system presents the most effective contribution to 
improved forecasting of severe weather that the federal government can 
now bring about. The routine use of Doppler radar will also increase 
scientific understanding of these destructive and erratic wind ator .. 
and the small-scale circulations hazardous to aviation. 
• In the near term, the technological advances offered bY DoPPler 
radar should be exploited bY accelerating funding of the interagency 
NBXRAD program. 

Radar wind profiling systems using longer wavelengths can measure 
upper-air winds to considerable heights from naturally occurring 
refractive index variations. Radiometric temperature sounding systems 
can similarly obtain temperature and pressure data. The systems 
operate unattended and produce accurate and continuous observations in 
all weather conditions. The latter characteristics are completely new 
and highly valuable from both scientific and operational viewpoints. 
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Continuous observations perait accurate tracking of significant char­
acteristics of the flow of weather, such as fronts and wind shear linea. 
The continuous availability of enroute winds for aircraft would also 
make possible significant fuel savings. In addition, dual-polarization 
Doppler radars can provide valuable inforaation on cloud and 
precipitation processes for research purposes. 
• An array of Doppler radar upper wind sounding ayatema should be 
deployed PrO!ftly in parts of the country .oat subject to violent 
weather to permit evaluation of their i!fact on weather forecasting and 
to aid research on mesoscale weather systems. 

Both research and applications on the storm scale are currently 
liaited by the coarse horizontal and t.-poral resolution of our present 
upper air data network and data handling ayate... Radar can provide 
additional information, and sounding instruments on geostationary 
satellites are beginning to provide i ... nse i~rov ... nts in horizontal 
and teaporal resolution. In addition, frequent images in the visible, 
the infrared and water vapor banda are becoming available fro. satel­
lites. Interpreting this enormous flood of data baa been likened to 
trying to drink from a fire hydrant without drowning. Over the last 
several years, however, de.onatrations have shown that it is possible 
to digest this data flood in real tiae and to convert it into highlY 
useful information for forecasting and research. TO do this, the user 
auat be provided with computer-baaed video displays and graphics 
capabilities. When this is done, the improvement in forecasting 
performance baa been dramatic. Unfortunately, our existing system for 
communicating and displaying this information to the user falls far 
short of what is possible. The coaaunicationa industry continues to 
develop an impressive number of new ca.municationa systems, including 
direct broadcast from satellites, that could serve to collect and 
disseminate weather information and support services to a wide range of 
users including researchers, forecasters, and the general public. This 
is an unusual opportunity to provide large iaprovementa at reasonable 
coat. 

!heae capabilities can be and should be made available in the near 
future for use by the weather services and the research community. 
Their widespread availability would provide immediate econoaic advan­
tages and reductions in losses of lives and property. Moreover, they 
would provide the basic framework needed for a longer-term program of 
research on small-scale weather ayat.... In addition, the availability 
of state-of-the-art data aanag ... nt and display capabilities to the 
research community would significantly accelerate progress in other 
important areas such as climate. 
• Pederal agencies should proaptly initiate actions to make advanced 
communications, data management, and display capabilities available 
both to the research community and to operational forecasters. 

The above near-term technological enhancements would provide the 
basis for development of a long-tera research prograa to i~rove our 
scientific understanding and operational capabilities in small-scale 
severe weather systems. 
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ATK>SPHERIC CHEMISTRY 

The past decade has seen a revolution in the field of atmospheric 
chemistry. In the 1970s, chemists were primarily engaged in 
identifying problema and reacting to criae&J in the 1980s they are 
seeking a new level of maturity for this area of science. They have 
learned that crisis assessment, in the absence of a deep understanding 
of the chemistry and physics of the natural atmosphere, is a hazardous 
exercise. 

In a larger context, the earth is a planet characterized by change. 
Moreover, the human race has now achieved the ability to alter ita 
environment on a global scale, with implications for food production, 
the quality of air and water, and the integrity of the global chemical 
cycles essential to life. In the past, human needs could be met by the 
expansion of frontiers, by land clearance, by the application of 
chemical fertilizers and pesticides, by irrigation, and through the 
exploitation of energy resources harvested from the sun by the biosphere 
millions of years ago. An understanding of the overall system is 
essential if the human race is to live successfully with global change. 

Several current issues relating to atmospheric chemistry are singled 
out below for special near-term emphasis. 

Acid Rain 

Many of the general problema facing atmospheric chemistry are illus­
trated by the acid rain problem. Unlike Europe, no routine monitoring 
of the chemical properties and acidity of precipitation has been con­
ducted in North America until very recently, and the effects of 
increased industrialization on the acidity of precipitation have been 
largely undocumented. Similarly, little is known about the chemical 
composition and acidity of •natural• (i.e., •clean• background) rain­
fall in remote regions of the world, which aaaetiMa exhibit unexpected 
acidity. Since the coat of controlling industrial emissions is large, 
and the economic consequences could be great, the effects of control 
strategies on acid rain should be carefully assessed scientifically. 

!he principal contributors to acid rain are caapounda of sulfate 
and nitrate, both of which are released by human activities. These 
compounds may appear in precipitation through two mechanisms: •scaveng­
ing• of sulfate and nitrate compounds already present in the atmosphere 
andVor •in situ• production through incorporation of trace gases into 
cloud and precipitation droplets followed by chemical reactions within 
the droplets to form sulfates and nitrates. Acidic material also 
reaches the ground through dry deposition. Establishment of the domi­
nant mechanism (•scavenging,• •in situ• production, or dry deposition) 
will dictate, in part, appropriate control atrategie&J it might even 
indicate that currently available control techniques would have 
relatively little effect on the occurrence of acid rain. 
• !hree essential investigations should be undertaken in an attack on 
the problem of acid rain: Pield measurements of drY deposition for 
acidic gases, e.g., so, and RNO,J field studies of in-cloud chemistry 
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and cloud physics froa aircraft or at mountain laboratories' and 
assessment of natural sources of acidity in reaote regions. 

Tropospheric Cheaistry 

An understanding of the acid rain problea will require a broad assess­
ment of tropospheric chemistry, not simply on a local but also on a 
global scale. Por example, a major gap bas developed in the measurement 
and understanding of tropospheric ozone. Available data and theory 
indicate that commercial aircraft operations can increase tropospheric 
ozone. Photochemical pathways to ozone production in the troposphere 
should be si~ler than those in urban s.og, and .. asurements of the 
relevant variables should be easier. Coordinated measurements are 
needed, techniques need to be developed, and global aeasurements froa 
space will eventually be required to provide a data base for global 
tropospheric models. 

More generally, tropospheric chemistry bas a aajor i~ct on the 
quality of life for the planet as a whole, e.g., air quality and 
climate stability. The natural state of the tropospheric system, 
including its interaction with the global scale biosphere, aust be 
defined to provide a basis for assessment of such issues as acid rain. 
A long-term integrated program of observations and research is now 
being defined by a study group of the National Research council. 
• Acquisition of a data base and a level of understanding sufficient 
to define the natural state of the tropo!pbere should be a aajor goal 
for an integrated prograa of tropospheric research. TO this end a 
Program of research should be mounted to develop data on the 
distribution of i!pOrtant gases such as ozone, and a strategy should be 
implemented to improve our understanding of cheaical cycles, with 
definition of important biospheric sources and sinks for key species. 

Stratospheric Oaone 

Scientific interest is now aimed at i~roving basic understanding of 
the stratospheric photocheaical system. It is possible that the 
redistribution of stratospheric ozone caused by aan's activities will 
be as important environmentally as the change in the total aaount of 
ozone. Puller quantitative understanding of aan's iapact on the ozone 
layer is needed to provide a sound basis for future decisions by 
industry and govern.ent. 

Observations are needed to test available aodels of stratoepberic 
chemical and dynamic processes and to guide the development of future 
models. Strategies for an orderly study of the stratosphere have been 
developed involving all segments of the concerned scientific 
communities--atmospheric chemists, laboratory cheaists, aeteorologists, 
and aodelers. 1be research is interdisciplinary and international in 
scale, and it demands the collaboration of govern.ent, academia, and 
the industrial sector. 
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• The Upper Atmospheric Research Satellite (UARS) is a central 
eleaent of this nation's stratospheric research prograa, and a 
commitment to this satellite program should be made at the earliest 
possible time. 

CLIMATE 

In the past dozen years, the attention of atmospheric and oceanic 
scientists has increasingly turned to problems of climate. Quantita­
tive study of past climates has revealed the long-term variability of 
climate, while the Sahel drought and the grain trade dislocations of 
the early 1970s showed our vulnerability to changing climate. Numeri­
cal models and field observations (e.g., the measurement of increasing 
atmospheric concentrations of carbon dioxide and some other radiatively 
active trace gases) raised concern that our own actions might be pro­
ducing damaging and irreversible changes in climate. However, it was 
realized that both prediction of natural climate variations and assess­
ment of man-made changes require as an indispensable prerequisite a 
basic understanding of the workings of the global climate systea c~ 
prising the oceans, the land surface, the ice and snow masses, and the 
atmosphere, and the ability to construct quantitative models based upon 
this understanding. These concerns prompted a worldwide surge of 
research on the global climate system and the organization of coordi­
nated national and international programs. They also focused interdis­
ciplinary research effort on critical problems such as the increase in 
atmospheric carbon dioxide. These endeavors are well under way and 
should proceed unabated. However, they have already revealed several 
opportunities that merit exploitation. 

World Ocean Circulation 

The WOrld Ocean, covering 70t of the planet's surface, is an integral 
component of the climate system and provides its long-term meaory. The 
dynamics of the oceans, however, are only poorly understood in compari­
son to those of the atmosphere, impeding our ability to aodel the 
coupled combined systems. Hence, we are unable to determine adequately 
the important thermal and chemical interactions between the ocean and 
the atmosphere. As a result, we cannot predict climate beyond a season 
or elucidate completely the sensitivity of climate to a C02 increase. 

A funda.ental necessity is to establish observationally the three­
dimensional structure of the circulation of the world Ocean, its sea­
sonal variation, its interannual variability, and its interactions with 
the atmosphere. Only then can we establish definitively the relative 
role of the ocean in storing and transporting heat in the climate 
system, stimulate modeling improvements, and supply a validation base 
for climate simulation studies. Such advances would be of equal bene­
fit to the discipline of oceanography. 

New technology for ocean measurements makes it possible to conceive 
of an observational experiment to determine the circulation of the WOrld 
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Ocean. Satellite-borne rada~ altt.eters can deteraine the sea-surface 
topography, while scatteroaetera coupled with other observations pro­
vide measures of wind stress. Acoustic tomography promises ocean-scale 
density measurements, and aeasur ... nts of aan-.ade tracers directly 
reveal long-tera circulations. These and other observations will 
supplement the ongoing global observing systea. 
• Investments should be begun now to ensure the availabilitY of long 
lead-time satellite-borne observing and communications capabilities 
(typified by the TOPBX program) to permit initiation of a world ocean 
circulation experiment bY the end of this decade. 

Trace Gases 

Much attention bas been focused on projected global waraing due to 
increased atmospheric C02• However, the corresponding effects of 
other radiatively active trace gases are additive to those of co, and 
can be significant. Concentrations of nitrous oxide, the chlorolluoro­
carbons, aetbyl chlorofora, and methane have increased worldwide, and 
there is circumstantial evidence that tropospheric ozone is alao 
increasing. These and other gases absorb infrared energy in otherwise 
transparent regions of the infrared spectrua and thus block heat froa 
leaving the earth. 

Monitoring the concentrations of these gases (except for ozone) ia 
economical and feasible. Vertical profiles with good latitudinal 
coverage are needed for nitrogen oxides, ozone, aoae hydrocarbons, 
water vapor, and carbon monoxide, aaong others, as a basis for 
theoretical and modeling iaprov ... nts. 
• Field and laboratory measur ... nts should be taken to provide a 
firmer basis for our understanding and prediction of the behavior of 
the trace gases that influence cliaate. 

Bl Nino, the Southern Oscillation, and Interannual Predictability 

A large and growing body of evidence suggests that the tropical oceana 
influence the global circulation of the atmosphere on tiae scales fro• 
a season to about two years, and provides encouraging possibilities for 
prediction of seasonal and interannual cliaate fluctuations. 

!he Southern Oscillation encompasses a large variety of phenoaena 
throughout the global atmosphere and ocean that are known to be cor­
related with the large-scale oscillations of south Pacific surface 
pressure to which the term was first applied. These phenomena include 
large increases in water teaperature off the Peruvian coast (Bl Nino), 
equatorial sea-surface temperature anomalies, variations in the Indian 
Monsoon, and seasonal climate irregularities over NOrth America. A 
full cycle of the Southern Oscillation endures over about a two-year 
period, and is initiated aperiodically at intervals of two to ten years. 
It is the largest coherent signal in short-tera climate variability. 

Much of what has been learned recently about the interannual 
variability of the tropical ocean and the global atmosphere bas coae 
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from existing observational sources and climate aodels, and the implica­
tions of these findings for climate predictability should be exploited 
promptly. Already, simple eapirical methods based on these phenoaena 
are being applied to produce crude seasonal forecasts over North 
America. 

Further progress will require a better understanding of atmospheric 
and, especially, oceanic mechanisms. A more complete description of 
the chain of events is needed. What are the energetics of the cycle? 
What triggers it? Is there a beginning to the sequence? What deter­
mines the length of the cycle? Why is the frequency of occurrence so 
irregular? 

A strong base for productive research exists in a group of Pacific­
oriented oceanographic programs coapleted, in progress, or already 
planned. Study of this problem is now under way, and a national plan 
for a comprehensive research program in both the atmosphere and the 
ocean will be completed before the end of 1982. International interest 
and participation is already evident. 
• A concentrated program of observation and research should be 
mounted in the early to mid-l980s in strong and continuing support of 
Bl Nino/Southern Oscillation studies. 

Monthly and Seasonal Prediction 

Recent research with global atmospheric general circulation aodels 
designed for prediction in the 5- to 15-day range indicate that in some 
instances atmospheric events may be predictable in the 30-day range. 
In particular, blocking episodes* and their attendant dramatic regional 
teaperature and rainfall anomalies and shifts in storm tracks have been 
successfully predicted. There is some evidence that this enhanced 
predictability could be extended to the seasonal range. The inves­
tigation of atmospheric predictability was a prime objective of the 
Global Atmospheric Research Program, in particular of the 1979 Global 
Weather Experiment. This highly successful international endeavor 
yielded a unique body of detailed data on the time-dependent behavior 
of the atmosphere. Success in this research will require the sustained 
availability of substantial research funds. 
• Co!prehensive observational and theoretical studies should be 
conducted to discover the physical reasons for persistent circulation 
states and to determine whether there are anY other circulation 
characteristics that may also be predictable in the monthly/seasonal 
tiM range. 

*The term •blocking• refers to the development of strong and at.ost 
stationary circulation patterns that persist over large regions for 
extended periods, i.e., a few days to several weeks. 
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