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NOTICE The project that ig the subject of this report
was approved by the Governing Board of the National
Research Council, whoge members are drawvn froa the
councils of tha Raticnal Acadamy of Sciences, the Hational
Acadenty of Bngincering, ard the Institute of ledicina.
The merxbers of the cczmittee responsible for the report
were chosan for their apocial cozpetences and with regacd
for appropriste balance.

This report has been revicwed by a group other than
the authors according to procedures approved by a Report
Reviecw Cozalttee consicting of marmbers of tha Naticnal
Acadeny of Sciences, the National Aczdeny of Ingincering,
and the Institute of HMedicine.

The National Resaarch Council was established by the
Haticnal Academy of Sciences in 1916 to azcoclate the
broad comzmunity of geicnce and technology with the
Academy's purposes of furthering knowledgs and of
advising the foderal government. The Council operates in
accordence with general policisas dsternined by theo
Acadenuy under the aathority of its congressional charter
of 1863, which establiches the Aczdaz=y as a private,
nenprofit, solf-governing mechership corporatioa. The
Council has becoma the principal operating agsncy of both
the Naticnel Aczdeny of fciences and the MNational acadony
of Bngineering in the conduct of thoir services to the
governmant, thoe public, znd tho scicntific und enginecering
cemmunities. It ic adainistered jointly by both Aczdemics
and the Institute of ladicine, The Naticnal Acadcmy of
Enginecering and the Institute of Med/cine wore esteblished
in 1964 and 1970, respectively, undar the charter of the
National Acadeny of Sciences.

This material is based on work gupported jointly by the
National Science Poundaticn, the Hational Occanic and
Atzospheric Rdninistration, the Hational Aeronazutics and
S8pace Adainistration, the Department of Agriculture, the
Dapartzent of Defense, tne Depaztzant of Energy, the
Department of the Interior, the Departront of
Transportation, the Environmental Protection Agency, and
the National Clirate Progranm Office under Contract Nuxber
NA79RACC00104.

Available from the

Board on Atzospheric Sciences and Climate
2101 Constituticn Avenue

Washington, D.C. 20418
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HMore than any other acpect ¢f the natural environment,
clinzte has sheped the way mankind lives on this amall
plansl. Scuatimes modorn man 48 inclined to ccnsider
earth &3 an unzhanging elcuznt of gcography. Although
geologists and paleontologists told crciting tales zbout
ica zges of the distant past, contexporary climate waa
left to tho ctatisticians toiling in custy archives.

Although & fow individuzlo had been studying climatic
change for many decades, a fenswed tensce of zwareness
enorged in the 19603. Racesrch rcvealed fasceinating and
puzzling details cbout clinate variabiiity on all time
R scales. There had been a Little Ice Age. tould theze be
another one? Interglacial pericds such as ours zecnmad to !
be about 10,000 yoars lcage. Va3 a return of ice just
arcund the corner? lisasurcments gchowed that we vere
i changing cur atreephere, and models predicted disturbing
- effectn on climate. Was a hothouse carth in our future?
A scrica of clinate-related disturbances nfflicted
countrica arsund the certh. tere long-terw climate
charges already undsr wvay?

“hesa factozs converged to prompt the developman: of
orgznized naticnal and international prograns o improve
our undorstending of clicate and our ability to use that
knowlerdge. ZInternationally, the Yorld Clicate Cenference )
R of 1979 led to developnent of a World Climate Program
9 under the aucpices of the tlorld listcorclogicul Organiza-
tion and othar international bodies. In cur own country,
2 & complex sories of initiatives led to the onactroesnt of
the liational Climate Progranm Act of 15378. This innovative
3 “expsricsnt in public adminictration,® as it was termed
by Congressman Georga Brown, called for establishzant of
~ an interagancy Kational Clirmate Program that would be
5 guided by pericdically updated Pive-Ycar Plans.
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The first version of this plan was powerfully shaped
by two major workshops organized by the Climate Research
Board, a predecesszor of the current Board on Atrospheric
Sciences and Climate, in the summers of 1978 and 1979.
The resulting plan served well, but no vechicle as dynaunic
as the National Climate Program can travel indefinitely
on the gtatic tracks of an aging document. An updated
plaa wasg urgently needed, and indeed was mandated by the
legislation. The Hational Regearch Council was again
requested to provide guidance to the National Climate
Progran Office for the davelopment of a new plan. Again
a worhshup was convened at the Study Center of the
National Academy of Sciences in Voods llole, Massachusetts,
on July 15-19, 1985. The participants were charged with
reviewing the current federal efforts in climate, and
developing concepts and recczmendations that might assist
the federal agencies and the Hational Climate Progranm
Office in the developnment of an updated plon for this
important national endeavor. The reeting was well-
attendzd, the discussicns were animated and constructive,
and the vork sessicns were intense and fruitful. It was
clezar that the Hational Cliwate Proaram, with many
sicnificant achievezents already to ito credit, faces a
preaising future in robust health.

Charles L. Hoaler, Chairman
Board on Atzmogpheric Sciences
and Clinate
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EXCCUTIVE SUMMARY

OVERVIEYW

Since its passage in 1978, the National Climate Progrez
Act has provided both a focuc and an incentive fer
rescarch and improvex=ent of services in climate pre-
diction and the utilization of our knowledge of climate.
The National Climate Program (NCP) has begun to show
accoaplishmenta in areas identified by the act: greater
use and availability of climate data, increazed coordina-~
tion of climate research activities, increased ezphasis
on clinmate prediction, and coordination of U.S. participa-
tion in international climate activities. The accosplish-
ments to date provide a basa for future work airmed at
msating the goals set by the act.

Clairate and society intersct in numerous ana cosplex
ways; thus climate and nublic policy are inextricably
intertuined. Coordination of the climate~rclated
activities and interests of the varicus federal agencies
invoived is fundamental for program s \ccess.

Legislation to amend the Mational Climate Program Act
continues to be essential. Anendment to the National
Climate Program nct that will make explicit the functions
of the National Climate Program Office (NCFO) and
strengthen the interagency program coordination have been
propoased and should be promptly enacted. (Seec Section
2.1.2)

Experience in the MCP cver the past five years has
shown that many users need a continuum of weather and
climate data. MNew data storage and processing tech-~
nologies are naking possible systems that allow access to
data nore rapldly and more efficiently. A major goal of
the NCP should be to provide ready access to weather and
climate data frim observations to archives, and particu-
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larly those data in near recal time that are not now
readily available.

The rapidly growing body of regearch knowledge on
clinate izpact assescment methodology should be aggres-
sively transferred to the planning efforts of federal,
gtate, and international agencies. The potential for
significantly increased gkills in monthly, seasonal, and
interannual climate prediction may be on the horizon, and
an understanding of the possible econoaic and sccial
implications of such capabilities is needed.

Among the specific climate-related problera that the
progran right addresa, drought undoubtedly has high
prioritv. State and regional drought recponse plans
should be fostered, and coordinated national research,
monitoring, impact assessment, and relief programs should
be developed. Indeed, ecnhanced efforts to integzate our
growing understanding of climate varizbility and impacts
into national water resource planning and manzgemant at
all levels should be foatered by the prograz.

Another problem that remains to be addressed is the
developmant of managenent strategies to deal with
Bocioeconcnic conacquences of climate variation. These
ctrategies are virtually unknown as yet, except as
concepts, and their development will invclve partici-
pation from several disciplines.

Clipate knows no bordess; thus the international
dimengion of clinmate ias inherent and inescapable. The
world Clinate Progranm ("CP) being carried cut through the
world Mateorolegical CGrganization (13i0) continues to
merit strong support and vigorous participation by the
United States. Also, the potential of international
clirmate~related research and services to support U.S.
nztional interests in the world comuunity nerits closer
attonton.

CLIMATE SYSIEM RESRARCH

The statistical characteristics and time-dependent
variations of clinate depend on the behavior of the
global climate system. The quest for better understanding
of this gystem and improved capabilities to predict its
behavior received a golid kecad start through the Global
Atoospheric Rasearch Program (GARP). Ceontinued regearch
is prcducing significant advances under the aegis of the
World Climate Rescarch Program {(KCRP). A strategy is now
being developad for organizing clirate rcsearch efforts

[T
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with cuzhasis on ocean-atmogphere~land interections, and
a thaoretical bamis for climate prcdicticn is emarging,
Major accomplishments since 1978 include the followings

e {ipproved understanding of tha interannual
varisbility of the tropical ccuean and the global
atmosphore, through studies of the EL NiNo/southern
Oosgcillaticon ([1i50) phencsenon, and develogeent of the
international Tropical Ccean and Global At=osphere (TOGA)
progran to address these problens.

* initial success in sicelation of climatic
variability on conthly tics ccales,

* progress toward davelopmant of long-ranje
prediction modals by both 2ynamical and statigtical
methods.

* developeent of mathcede for moasuring end rpodeling
the ocaan and its interaction with the atrozphere.

* incrcaced undorstanding of past climatic regimes
and of the accoxpanying changea in atszoaphsric
composition,

¢ meoasuremants of trends in trace atnespheric
conatituznts potentially influencing climate.

s research on veriability of cneigy inputs and
outflovs to and from the clicate systen, through such
studica as tho Barth Radiation Dudyet Dxperimaat (TRBE)
and the Inteznaticnal Satellite Cloud Climatology Project
(18CCP) .«

Rescurch over the next f£ive years, and indeed through
the remzinder of this century, should continuz this
mezantun, constructively coordinated through the HCP and
the WCRr. WWithin thies broad spectrun of endeavors, a
nucber of recearch arecs wmay be identified that are
logical cxtensions of exisating programs or that zddrens
gaps that ncw exist. These include, not in priocity
order, the follcocuing:

e continued study of atpospheric trace constituents
and biozphere interaction.

e tho role of poler pzoccesacs in climate variation
and the response of polar ica nagaes to clicate
variations.

* the causcs and prediction of drought and
desertificetion, a concern heightened by the continuing
African drought.

T

N h e AT AN ool B e e i - P S T




Ricdd ot e

P T Y ix

o n kS

—T

[Setey Ry Y

g

i

bz
1

F~
2

the dynaznics of clould-radiaticn interacticna,

which are icportant for reducing uncartainty in climate

foreceuting.

the global ocean circulation, & toplic being

inaginatively addressced through the World Occan
Circulation Dxperiment (HOCD) .

long-range weather predicticn through statistical

and dynamical methods, where atmoaspheric states
potentially prcdictable over weeks to seasona may be

identifiable.

tropical ocean &nd glokal atmosphere inteoractions,

where significant potential for prediction of tropical,
gubtropical, and even mid-latitude climsto anonalies
exints, and where a well-focusced research program—-
TOCA--perits continued strong support.

paleccliratology, whare reseazch has yiolded

proaising new tcechniques and Intriquing new knowledge,
pernitting highly usafuel intoraction with clipatas

rodeling.

The offcetivencas of climate researca will depend uvpon
continued cooperative support by the fedoral agencies
within the context of the IICP, with the Departrnent of
Energy (DL3), Laticnal Science Poundaticn (N5P), ilational
Oceanic and Atzospharic Adainistration (I150AA), and
Haticacl Rarcnautics and Spsce Adzinistration (MAsSA)

playing particulerly icportant roles,

Fedaral efforts

will be egpcoclally necédad in ensuring the hesogeneity and
continuity of significant data sete by maintaining
canventicnal land, satellite, ocezn, znd trace spzcies
observing progrzms. In particuler, the integrity of the
oparational and resecarch satellite prograzs must be
naintaincd. Horeover, improvexerts are required in the
area of satellite data managczent to improve the timely
eavailability and direct acceas while lowaring costs,

CLIMATZ IHPACTS

A start has been mads in understanding the scciotal
impacts of climate variability and change. The ccozunity
of reaearchers addressing this area has grown and
gtrengthened, and mzthodology for the study of impscts
has becn greatly advanced and systesatized. The
Envizonnentzl Protection Agency (EPA) has undartaken
initial iwpact studies of sea level chance 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 atmoaphere. Other efforts such ag the Climate
Inpacts Perception and Adjustment Bxperiment (CLINBAX)
demonastrate concrote progress. International ctudies are
zoving ahcad within the context of the World Climate
Izpacts Program (v CIP) (under the United itlations
Environzment Progrzm (UNEP)) &nd the International
Institute for Applied Systems Analysis (IIASH).

Priority thomes for study over the next few years have
been identificd as follows:

¢ study of extremas of climate variability over the
rangs of different tine scales and the changes in extrexa
characteristics that might acccmpany man-zada or natural
clirate changa.

* tho Influences of climate variations on water
resourcaes &nd their ircplicationa for long-range plenning.

¢ drought, with spacial emphasis on long-range
ipplications for Africa.

¢ agricultural rmanagenent and research, with a view
to zchieving rore efficent production managenent through
bettar adaptation to ciiratic variations in agricaltucal
plenring and prastice.

* CC2 and zrzce gas irpacts.

A number of specific initlatives should be given high
prioritys

* A new Cliratic Atlas ig neeced to provide a
coaprchensive updated ciimatolegy of the United States,
and as a related 2ffozt to the World Climate Icpacts
Progran. The atlas would exphasize clirate-society
interactions and provide practical information necded for
planning by fedesral, state, and local agencies and tor
coammarcial and business ucea. The atlas chould be
developad in coordination with the 1920 census and should
have the sanz population reference base.

¢ Studies of the utility of clirate predictions
should ba undertaken. sSignificontly enhanced capabilitics
scen on the horizon, sccictal and econonic implicaticns
nay be great, and prasent understanding of the impact of
oparational predicticns ias lacking.

* Erpirical studles of the icpacts of actually
exparicnced climatic variaticns chould be expandad bayond
the current CLIMPAX project; gccnarios of likely future
clizate changes should be incorporated into long-tern
water resource and environrantal planning.
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In addition, werk is needsd to irprove disgenination
of ixpact usseasment methods, coordination and verifica-
tion of climate icpact models in varicus sectoral areas,
atudics of the social coats of adjustment to climate
variations, and poce tealistic projection of CO; and
trace gas trends.

The NCPO should play an increasingly important
catalytic and ccordinating role in climate impacts
regoarch. The demcnsctrated progress and clesr potential
of the field rerits increased support and active par-~
ticipation by a broszder range of federal and state
agencies. Internationally, thae tXC1P ghows increasingly

positive ra2sults and merits continuing cupport, guidance,
and involvemant.

CLIHATIC DATA, INPORMATION, AND SERVICLS

Clinate cervices are the ultimato product of the NCP, and
tho pregran's carly efforts have yielded significant
irnprovenontas icportant to government, industry. and
individual eitizeni. Teochnological advencas in corputers
and couzunicaticns have gzreatly increazed the potential
for irproved sorvices, while decision-mekers have cone to
denmand ever rore cosprehensive and tirmely information.
Treditionally, "woathor® data concerns current

atrsspharic conditicns, while “climate® data refers to
statistics of feirly lergthy pact tira periocds, 1In fact,
howaver, it is cbvicus that woather end climate form &
continuua, Indesd, there i an emerging and lazrgely
growing desand for ncar-real-time information. Agricul-~
ture end agribusinscs decicion makers, in particular, are
major ugers of noar-recal-tim2 inforration, in addition to
their treditional use of coaventional climate and weather
infornation.! FPuture dircctions point to a mor,ing of
the uge of veather and clirate data, and sugzest that now
institutional arrangements be conasidered by NOAA to
better coordinate weather and climate services and to
achieve the data in a format that {a convenient and
relatively insxpenzive to the user.

ipard, P.J., §.T. Sonks, &nd S.A. Changnon, Jr., Use of
Cligate Informaticn by U.S. Agribusiness. IXllinois Water
Survey {submittesd for publication); and Dale, (ed.)
(1985). Workehdp on Weather and Clicate Research Needs
for Agricuiture in the Hineties, University of Missouri.
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8ince initiation of the KCP, icportant advancesa in
clizate products ard serxvices hava been roalized:

s an interin climate data inventory has been

developed.

¢ a cogputer-hased Climate Anonaly Monitoring
Syaten (CAlS) provides a machanien for monitoring
anczmalies in rcal tims.

e the Monthly Climate Diagnostics Bulletin has been
enhanced,

o global crop conditions are being mcnitorod
through the Joint Agricultural Weather Pacility (JAWF) of
KOAM and tho Departmznt of Agriculture (USDA).

* g Haticnal Bnvircn=ental Data Referral Service
(HED2RS) has been ixplemonted.

¢ the Kational Clicatic Dota Center (BCDC) has been
strengthencd.

e tuwo regional climate centers have boeen establicted
and are demonstrating nathods for fedoral-ztate
cocparation in clirmate services and managezent.

¢ a przcaising dexonstraticon project in autczated
weather monitoring hast boen develcped and extended to a
regicnal drcughe-menitozring progzan.

Purther dovelcsmant of climats gervices night bo
guided by tho reccomandaticnsg of earlier roports of the
tlaticnal Rescarch Council (51C), many of which have not
yet boan addresced offectively. Haintonance of an
adeguate curface obgerving natwork i particularly
cosential. The cooparative climatological observing
networl., the solar and torrectrial rediation natwork, amd
the naference Clinatolegiczal Station petwork chould be
strensthened. The geals of tha Inti rgovernczental Clisate
Progran provisicnsz of the Hational Clirmuite Preqresn Act
should ba pursucd under the lezdsrclip of the HCIO by
involving exis~ing state and regional cliwato prograna
and by encourcging further developoent of such prograns.

Centinusd problems in providing services cten fron
scveral czusess expznsion and dispsrsion of basie data
gets, tho lack of tiroly data inventorics, slow progresns
by states in funding and in providing climate data and
related information to users, and caution in the private
sector in doveloping and marketing speciulized climate
gervices.

Despite the develcpmant of two recional climate
centers, the lack of dependoble fedaral funding has led
to frageanted egnd idiocyncratic capabilitices. The United
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States ptill lacks a nationwide system of climate ser-
vicens. 1OAA could advance the davelopment of asuch a
system by implcmenting the existing NCPO plans for a
ccordinated nationwide syaten of clipate services, which
include increasing opsrational support for exiating
rcgicnal conters and establishing new regional centers to
ccapleta a natloawide systen.

Techrnological advances in obsorvaticn, cormunications,
dsta procassing, astorage, and digseaination of clinate
inforrztion provide a foundation for development of an
effective naticnal clinate servicos program. The devzlop-~
neat of highi-speed weathor/climate data trancmission
systens and the developz=ant of systems and atandards to
deliver near-real-tize prcducts to meot state, regional,
and national nceds are zsscntial. The NRational Weather
8ervice (1'w3) rodarnization program will provide a £lcod
of naw data. Corresponding improvemonts in data manage-
ment aro esnantial. The tireliness of data and infozrpa-
tion is a koy iasue. 1lNaow tochnology will provide
unprecodented opportunities for rapid and cost-effective
data dicseaination.

8inco egtablichment of the NCP, private gector weather
and clicate activities have grown to serve thousands of
clicnta. 7%he private secctor Lhould ba taken into acctount
in the planning of ifuture weather/climate scrviceso,
should ba providsd unreatricted accsas to publicly
collccted data at fair prices, and ghould be allowad to
corpate for provision of services to both private and
public custczsra.
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No ningle feature of the environment may b more und-
versally tied to hurten exictenco and sctivity than in
climats. Clizmate hag chaped our anatcsy, body functions,
auvcat ¢lands, cold sencors, end plgmentatiear it dater-
mines cur £0ood cupply end dict; and it ias tho principal
motlvator for our drass and habitation. liincr changaa in
clicate can render man's works, developzd cver centuries,
inggoronciate and incozpatible with mon'a nocda. Clinate
chanjaa can bo catzclysmic ¢r co gradual that uae z2re
unaeace of them until gcza threchold is passed that linits
foed production or transports & bay or rivor frezzes or
ths water supply falls, early or late front linits & crop
range, or an escontial coznonsnt in tho focd chain dis-
. apraars. Just as the daily weather forccast can guida
) nan's activitics to nmininize weather—related losses and
take advantage of €avorable weather, knowledgs cr warning
cf clinsta changa can quide chose uho aro responscible for
longor range plann and cuntingoncies. At tho same tics,
the porsistence of climate pa2roits past experience, nmani-
festod in climate data, to culda current planning and
design of con-mode cystoms.

8inca the NCP was organized in 1978,% * a focus of
offort toward climata prediction and utilization of
! clirszte data haz baen achieved that 4id not pxist before.
3 The Huticnal Climate Progream Oflice (IKPO) hes served to
- inforn end, with the tlaticnal Clipate Progran Policy
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5 Thublic Law 95-367 (3aptexber 1978) The National
. Climata Picgran Act.
! : tHational Rescearch Council (1979) Toward a U.8. Climate

¢ Progran Plzn. Washington, D.C.: llaticnal Academy Press.
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Board (WCPPB), has helped coordinate agency efforts acroas
the government. NCPO has proved to be a poaitive fozce
in the coordinaticn of scme atates' activities. Experi-
ronta) forecast centors, gupplemented by the work of
individual rescarchers, have been & focus of predictive
experirents and have rqsulted in progreas in improving
prediction. Observational networks have shed much light
on the trends of grecnhouse gases (COg. CHg, N0, ClU3CL,
etc,). It {8 now zccepted that trace gases could socn
have an equal icpact with CO; in ternu of changea in

tha radiation budget. The BN30 of 1982-1933 was well
documented, and atmospheric and occeanic nodels using real
data have begun to reveal the physical bzsis for the
evolution of this phenorenon. Confldenca is building
that carly asigns of the next event rmay help in predicting
ancmalies for a year or more in advance. The irsportance
of long rocorda ¢f physical paremcters in the atoosphere
and oceaus has bhecn underlined. The need for under=-
standing anthropogenic, biological, and geolcgical
forcing and feedbacks has becoze rore cbvious than ever.
Global change,? global habitability,* and Inter~

national Grosphere-Biosphere Progran® are ewcorging
concepts largely stinulated by a greatar awareness of
clinata complexity, variability, and irpacts. gSuch
prograns csek to enhance our &bility to unify and
understand the glcbal systcen and make predictive modala
posaibla.

Technological advancer provide a potential for
ieprovenents in the quantity, quality, and timsliness of
clicate data. Many atetes have iratalled autonatsd
weather staticns to msat research and operzaticnal nceds.
A fow gtates havae been linked into a network. Increas-
ingly, cczputer and comaunicitions technology are used in
cozbination to provide climane data in near geal tira.

This has helped crecate opportunitics for new uses of
cligat~ data.

alone, T.F., and J.G. Roederer (1S84) ICSU Syrposiun
on Global Change. !ow York: Cambridge University Press.
*Coody, R.M. (1982) Glcbal Change: Impact on
Habitability. Jet Propulsion Lzboratcry (JPL D-95),
California Institute of Tcchnology, Pasadens, Calif.
3National Regearch Council (1986) Global Csange in the
Geosphere~Diosphere:s Initial Priorities for an IGBP.
wWashington, D.C.: National Acudaay Presg.
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Theae beginnings of understanding have been built upon
200 yearg of data stemning from the underatanding that
Washington, Jefferson, and Pranklin had of the importance
of clizate as a rasource anid the neceasity %o inventory,
mocnitor, and underatand it for the continued development
and guidance of scciecty. Future productivity and the
quality of life will dopend upon enlarging cur under-
standing and predictive cepabilities. They also will
depend on using the historical data and predicticns to
nake our systems more resilient and reaponsive to change
and to quide our actions in a way that will not induce
undesirable or cosatly change.

Climnte is at the same time a glcobhal rescurce, a
problea, and a concern. Thae physical connection beatween
evaents cceurring in any part of the glcbe and the rest of
the werld, telegraphed by the occans and atrespheres, can
bo cozzunicated into man's activitics that are further
connected economically, politically, and socioleqically.
Global understanding of climate can occur only throagh
global cooperation in scionce. The quality of life for
all rankind can be assured only if thare ias glcbal
utilization of our knowledge to mininmize suffering and
loss, to maximize productivity, and to minimize adverxse
izmpacts on oceans and atmosphere through man's activity.
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CLIATE PROGRAM POLICY ISSUES

Because clinate and society interact in cenplex ways and
because the Haticnzl Climate Program (ICP) i8 an intar—
agency, intergovernmental effort, quastions of publlc
policy pervade the program. Many ot thege questions have
been and are continually beaing addresszed by tha liaticnal
Climate Progran Policy Board (NCPPB), which ia nmade up of
senior agency officials. Thiso forum providaes a mschanisnm
for coordinating key clcnanta of the progren and for
establiching agency commitnonts to national and inter~
naticnal projectz. The borrd addrosces 4sy pulicy issues
raiced by our growing understending of clirata, its
impacta on socioty, and the sierging technologiss of data
wmanagezent &nd clizmats precdiction. A lizited nucbar of
these issues that descrve considoraticn in the HCP
planning process are addreceged here.

2.1 The National Climate Proaram Act and Its Provisicns

2.1.1 Interzgency Coordiaation

At the core of national climate policy ig the cct ltself
and its key provision for the ccordination and mhancement
of agency efforts in thae climute area. Tha devalorment
of a fiva-year plan i3 in itoolf a rmechaniga through
which interzacncy coordiration and cermitizznts are
éaveloncd. The main responsibility of the KCPO is to
ensure that the agreed program in adeguately coordinated
and that the planning prcecess is updatod ennually. A key
function of the NCPP3 is to foster interagency ccordina-
tion and to identify areas vhere such coordination is
needed. The NCPO and tho NCPPB algo should reach out to

user egencies to encourage their grezater participation in
the projren.
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2.1.2 Climate Act anendments

Over the lest five years, several efforts have been made
to anend and clarify tho National Clinate Prcgram Act of
1978. Congressional hearings have been held and a revised
bill was cenacted by both the House of Representatives and
the Scnato :n December 1984, Unlortunately the bill was
not signed into law because of problems with other legis-
lative matters incorporated in the bill. These anendnents
are being considered by the current Congress. Among

their proviasions are the removal of the requirement for

an advigory cczaittee of users and producers of clirate
data and information; the creation of a charter for the
existing interagency Clinate Program Policy Roard,
together with an outline of its responsibilities; elimi-~
nation of the requirement for a formal Intergovernmantal
Climate Program; changes in the frequency for revising

the Pive-Year Plan from biennially to at least once each
four ycars; and better definition of the duties of the
BCPO 2nd itg Director. (Note: the latest version of the
amanded act passcd the House in December 1985 and is
currently being considered by the Senata.)

2.1.3 Gap~Pilling Role of NCPO

Greater flexibility is needed by the NCPO to provide
support of "as nceded® efforts to £ill gaps in the RXCP
not. addreseed adaquately by individual agencies and to
support one-tice efforts such aa the recent review of
nuclear winter, and drought planning. Thiz funding
leverage is critical to the developzent of a comprehensive
climate prograr., Punding to £i11 critical gaps chould
not distract the NCPO froa ite core coordination miamsion,
but nust nerertheless be adequate to produce high-gquality
studies and 1ssesszents of emerging iscues.

2,2 Climate Data lianagermant

The naticn's uystem for collecticn; archiving, and
disseminating climate data ia far froz optimum, State
prograsa are of uneven quality. The regilaal climate
center concept has not yet fulfilled its potentizal to
intcgrate data gathering and management. pPurtherzorze,
distinctions betveen weather and clirmate infornmation in
terms of data coxzunication and managezent have Leen
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largely outdated by technoloagical developments in the
past five to ten years. Corxenications and micro-
processing technologies make it casier to acceca all
types of qeophyasical data in near real tire. Indecd,
expericnce has shown that any ucers need access to a
coatinuua of weather and climate data.

This blurring of the distinction botwsen w2ather and
climate data offers a goocd opportunity to coordinate
atmospheric data managesent awmong various lavels of
government and the private sector. This will be discuzsed
in chapter 5. The NCP can provide a framework and
impetus for taking advantage of this opportunity to solve

a critical problem in weathor and clinate research and
services.,

2.3 Drought Policy

It is time to institute a coordinated interagency and
intergovernnental effort to reduce our vulnersbility to
drought (including shortages in agricultural, urban, and
industrial water supplica). Policy planning analyses of
governzental drought responsge in tha 19708 2 point

to the poorly coordinated reaction to, and inecfficient
monitoring and assesszent of drought.

The develep=ent of several state drought plans (e.G.,
Colorzdo, South pakota, liabraska, ana Kew York?) spoaks
to a r=cegnized need to have in place mechanicas fer
datecting, ascessing, and mitigating drought impacts.
The creeping, large~sczle nature of drought makes it
particularly difficult co ranag2 without broad

TGencral Accounting Off re (1972) Foderal Response to
the 1276<1977 Drought: at Should be Done Noxt. Report
to the Comptroller Geneiral. Wazhington, D.C. 2% pp.
yilhite, D.A., N.J. Roscnborg, and M.H. Glantz (1984)
Governsant Responce to Drought in the United States:
Lesscn3 froa the HMid-1970s, Part 1, Executive Suzmary.
Progress Report 84-1, Center for Agricultural lMetcorclegy
and Climatology, University ot Nsbraska, Linceln.
wilhite, D.A., H.J. Rosenkerg, and H.2. Glan.z (1934)
Governnment Response to Drought in the United States:
Lessona fron the 141d-1970s8, Part 1, Executive Surmary.
Progress Report 84-1, Center for Agricultural ifeteorology
and Cliwzatology, Univeraity of Nebraska, Lincoln.
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coordination of information and responses. The apparent
lack of drought planning at the federal level suggests
that the next major U.S. drought will 2gain evoke an
inefticiont and poorly coordinated gesponse ac did the
droughto of the 19703,

The KCPO is in a unique position to initiate planning
of efforts to improve our scientific understanding of
droughts as & basis for developzant of more cffective
tactica and strategies for water and land managezent.
The effort should include the following:

e improved definition of drought, with encugh
detail so that response mechanisms can be tailored to
drought extent and magnitude.

¢ batter monitoring of key physical anrnd gocial
variablaas, and data analysis that feeds into preexisting
drought ascsessement Schexes.

* better local, state, and federal comxmunicaticn
ard coordination as drought develops.

e bhetter deternination of drought respcnse relief
responaibilities. A coordinated drought contingency plan
should also provide for pzedrought and postdrought
nitigation that encourages adjustzent in drought-
vulnercble arcas and activities while the ecxperience is
still frech.

An integrated drought pelicy must include the planning
and participation of all levels of governnant and private
sectors sensitive to water shortages.

Droucht ia a glcbal problenm posing challenging scien-
tific qucotions and involving difficult humanitarian and
econoaic issues. Specific further coments on some of
these questions are given in Secticn 4.2.3.

2.4 Application of Impact Assessment Maethods

A procesns of evaluation, innovation, and inteqration
during the last five years has yielded a better integrated
body of clinate impact asgesszent methodology than was
previously available." Articulatcd chiefly within the
acadeaic comzunity, it is prudent to suggest that

*Kates, R.W., J.H. Ausubel, and M. Barberian (1985)

Clinmate Impaci A~sessment. SCOPE 27, Wiley, Chicheater.
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the nethods ba transferred, where appropriate, to govern=-
rental operation impact assescmont effortc. The PO
should continue to promote the application of clinate
impact aspescrento by federal agencies.

2.5 The Social and Institutional Implications of Clinate
Porecasting

Research developments may portend increased skill in
long-range (e.g., monthly a&nd beyond) climzte forecasts.
Studies of the Bl RiRo/sSouthern Oscillation (EXRSO),
oceanic circulation, and the weshing of statistical and
dynamical approaches promise irproved accuracy and lezd
tire. This raises a host of policy questions centering
on the social and inastitutional irplicaticns of such
forccasts, both nationally and internaticnally. Acong
theze concerns are problems gtezmaing frea uneven fcrecast
quality fron different sources, possible premature
reliance on climate forccasts, and potentiel cconcaic,
legzl, internaticnal, and ethical questions gurrounding
forecast disgeminalion and use.

The Experimcntal Forecast Pregran, mandated by the HCP
Act, includes a cauticn &gainct prcomature reliance on
long~-range forccasts. Dut recent aovents (e.g., burgecning
gengitivity to issues of liability in gcvernment-generated
forecasts, and international concerns over earthquake
predictions and their eccnoxic impacts) suggest that this
caution be widened to include review of the full range of
social implicaticns of emerging long-~range forecast
capabilities.

During the next five yeara the KCPO should initiate
and support a forum for alerting the climate cortunity to
tke posszible social and institutional issues raiscd by
clirmate forecosts and their uncertainty, format, dis-
gseminaticn, and source. The goal of this forum should be
broadly exploratory, in an attecpt to identify posaible
problexs before they becoxma critical. 8imultaneously,
the effort might be used to idsntify useful applications
for long-ranga forecaats that might not yect be apparent.

2.6 Water Regsources and Climate

The energing nationwide problem of water supply and
quality pay not have been accorded tirmely and adzquate
attenticn by the NCP. Key agencies with water resources
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raecporgibilitiosn (e.g., tha U.5. Goolejpical Survey (UEGS),
Bureau of Rzclezaticn, £oil Consarvation Gervice, and the
Ary Corps of Engineers) have not bezon integrated
adegquatoly into the prograa. Yet water icsues raise
serious public policy concerns for tha near future. Tho
Rational Clirate Preaxeqa Policy Bozrxd should rnke a
concarted effort to noa that vidaarstrnding of clinate and
ita iroocta is poro fully considared in vatar ninnning
and wpaneqenent, Thoe effort, through increaced interaction
of the relgvant agencics and water-related profecaions in
workcheopn, data sharing, znd ressarch, chould bo aired at
anticipating the water problexs likely to be associated
with futuro climate fluctuations.

2.7 Internation.l Cooparation

The central intexnationsl effort in tho arcna of climate
is tha tiorld Clirate Progrem (WCP), an enterprisce of the
World i2teorolegical Ocganization (1220). The WKCP bas
four wmajor subprogresas

1. The Uorld Clirate Recearch Progren (ITPP}* o
gponcercd by 120 and the International Council of
cientiiic Unlcns (ICSU)}. It io directed by a Joint
Scicentific Comitter (JSC) and carcicd out by G Joint
Planning Staff. Tha WITRP gacks to develop the scientific
undarstanding nccasaary for predicticn of climate
fluctuaticno and asseanzont of thoe cansitivity of clicate
to huzan influences.

2. The liorld Climate Ircpacts Progrean (ICIP), led by
the United rations Dnvironment Program (ULEP), sceks to
develop and apply mathodas for assessing the effaocta of
ciiczte varietion and change on hunan society.

3. The World Climate Applicaticns Projrena (WCAP) .
oocnducted by 1320, seeks to develop and disseainate
techniquen for applying our knculedye of climate to
prectical applizations in problen arcas guch as food,
water, and ecnergy. For exasple, a Climate Applicaticns
Referral System (CAKS) has been developed.

$Internztional Council of Scientific Unions and torid
Hateorological Grganization (1985). PFirst Implczcntation
Plan for the Vorld Clizate Research Programmes (WCRP KHo.
5).
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4. The trld Clirate Data Progren (3TDP), also
conducted by the i, zosks to icpreve tha availability
of clirmate data requircd by the other corponents of the
progran.

The United gtates has been a rajor contributozr to tha :
develogent of thao 12 and will boa a major boneficiary.
A the progroa aevolves to maturity, its worldwids gupport
hag strengthaoned csteadily. The inherently global nature
of nany of tha moat important climate-related scientific
and cecietal problens dirmandg a ccherent ond stoble
intornaticnal framavork. Therafore, it in recoozended
that the United States maintain ito long-standing
endoruezont of the progren es a whole and toake part
ectivoly in its cocponcnt subprogrenas.

In the next £ive yeara, the 1320 will ask mzrber natioas
to nmake naticnal cocnitronts to prograss of the WCP. &n
informal coomitments nceting for the WCRP is alreedy
plenned for iay 1286. Ths NCPO has tho recpensibility
for ccoordinating tha develozzent of a naticaal positien
for ccamitzant msstinga as thoy arice. Tho ITP Policy
Doard ia tha apprcpriate forum for ncgotiating agency
commitoents to the WCP and for developing nationzl
positicna.

Othor forms of internaticnal cosparation {2.9.,
bilatsral cgreccents with the Soviet Unicn oand the
Pecple's Repablic of China, ard theo recently sicnesd
Keozorardun of Understanding with the Conzadian Clipate
Progran) are to be enccureged, us zre collaborctive
reseacch, data, cnd sarvices activities.
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CLIMATE SYSTLM Rrrancy

Tha s=ccond objective of th2 Glebal Atrozpheric Resaarch
Progran (GARP) was to undertake roecsearch that would lezd
to a botter underustending of the physical basis of
climate, Considerzble projress bas buon made in advencing
cur &bility to model the climate cyatsa to the point
where cany of its grors charcctoricticn, and cven ccxa of
its nuances, can be asirulated end verificd. A3z a reeult
of this substantial headztart, 2linsto systea ressacch
has gcne boyend rarely accounting {or the large-ccale
structure of ths average or “cquilibriva* climato. e
are beginning to h2 cblo to deal with clirate varfability
on several diffcerent tin» scaloa.

gcae of the timo gocleo of clizate varichility axe
forced by axtarnal influences, such as by saescnal varis-
ticns of the colar declimstion or by ruch longer-terit
orbital variaticas of thke plonst (20,000-100,000 years).
Othora 2roe related to changas in tho coaposition of the
atmosphcre or in tha natuse of its lower boundarye-
predblens with time scales of years, decades, and cen-
turies. Coupositicaal changes could ba anthropogenic or
natural in origin=--C0; baing a notible excrple. The
gene ig trua in the case of tho lowsr boundary
influencos~-~deforestation and cvergrazing providing cgeod
i{llustzetions of huran frfluonces. Considerable regsearch
is being supported in anticipating the rescponse of
climata to such forcing fecotozs.

The clicate systen corprises the atrosphere, the
oceans, the land surfaces, the blosphoroe, and tha cryo-
sphere (that is, the crow and ice cover). Thio syctexs is
extremnly cooplicated. Its cozponents have widaly éif-
fering thermal and dynamical respense tizmes. Puzthor—~
more, the total syster has built into it fcodback
mechanisna, socas of which zccantuate interactions and
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coas of vhich modorate them, Beverel of thess fezdback
ncchanizzy alroady havae hLecn identified ond rmodeled,
Such facdbacks cexzplicatae the nature and tho genaitivity
of responsa of climate to such influences az a COy
incroaca.

Neverthalecs, feedbasks aleo complicate the natural
varicbilicy of clirzatae, vwhich would occur even if ran did
not tcxpor with the atuosphure's cowposition or with the
characteristics of tha lowsr boundary. 1In fact, it is
now thought that cortain characteristics of this natural
varicbility nicht be pooedictable, at leaat in zomo of its
gignigicant atetictical proparties. The sost proainent
exacple is variability on secascnal and interannual tizme
scaloz, including such phenonona as Tl Hitlo, drought, and
othiur chert~tarn extrczis of climata.

In lcoking beock, it ia evident that soma prograess
already has borsn wrda ia understanding the workings of
the clinate muching, but as our ability to provida
enpyars impreves, voe insuorably ask moro difficult end
more detailed quaasticns., It iz thia chain of challenges
that drives the guest tor the ingrcdicnts of a more
intimate undarstonding of naturu.

3.1 Progreas (1570~1985)

Recearch in climate has progresz2d on a verlety of £rcento
sirce 1578, Es=o ot thoe moat icportant advancses include
tha following:

* groatly increcaszed understanding of atucsphere-
occan interzcticn including ths LSO phencmanca.

* a now cporceintion of the distinct structures of
atzcaphoric varicbility on tice cecales of wvesks to moatks.

e irprovexcats in both staticticel end dyuuwical
long-renge ferecasting.

¢ breckthrougas iu satellite techrology that,
togathor with now kecuslcedsa of trensicnt tracesr dig-
tributicns in tho ccoees, hava cpoaed now peszibilicies
£or ccranic modsling.

e tho first mrazuzozantas in ica coro buldles of the
CO; cecacentraticn fres glacial tices to tha precent.

» tho moasurencat of sicaificent upward trends in
grecnhoure troce gacas, &s wall as ney data and podole
for tropeapheric ozcae and stratocpheric aerciole.

e tha develepz~nt of tha Garth Radiaticn Budget
txperizent (ERSD) £atellite and thke Internaticaul
8atcllite Cloud Clizatology Projeet (ISCCP). :
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3.1.1 1Intsraanual Varicbility of the Tropical Ocean and
the Clcbul Atcoszphere (TOGA)

Within the past 20 years, scciontists have recognized that
the ccoanographic El Niflo phonozenon and the atcogzpheric
s Southorn Ozcillztion are intimately related parts of a

: singlo phanczonon, ENSO. Undarstanding of the two-way

- interecticn batuaon the tropical ocean and ctzosphsze
rosponsible £or EUSO has progrosced repldly since 1978

- follcuing the eatablishment of Duatorial Pacific Ocean

) ‘ Clizato studies (FPOCS). Iatocrolegists have learned to
) N recognize tbe pattorna of global atmospazric circulaticn
o ancaalico that arise in reapense to El Dilio zoa aurfece

; terporature ancmalies. Oceanographers have gained an

o underatanding of tha recpcnea of tropicel oceans to wind
. enocmaliea., Coupled atmogphare/ocean codels have been
davelopad that sirulate come features of the IS0 events.
Recont etastistical znd dynanical modeling suggests that
ElIISO cvents, including stmosphoric manifestaticens cuch as
. drought. in India znd Indonssia, £looding in Paru and

, Ecuador, and cold winters in the ccutheastern United

N States, mty bo predicteble with varying degrees of ekill
b a yeaz or ora in advance.

’ 3.2.2 Low-Prcjuency Varicbility

Ctzervaticnnl and theorotical ztudies have dramatically
increaced our undarstanding of the structurce of
atoeopheric variability on tino scaleas of weeks to
nontha. 7%hace otructures includ2 nid-latitude blecking
and wvavelike telsconnection pattarns, oid the 30- to
50~day oszcillation in tho tropics that Lo inticately
related o the “active-brezk® cyclc in “he Indian cunnzar
nonzoon. This work has previdsd a newr cencaptual
freom.ork within vhich erno cen anzlyse the cuccess of
failure of lemg-zeprna fezcouatn, Increasing cczputer
power alss has parnittod the caxlysis of the natuzal

" varicbility of atcogphraric gonaral circulaticn models on
- . thece tinay ccales. The cpontancous goncration of all of
¢ the above-wrintionzd structuras has been obiosrved in tha
- rodslc, generating a varioty of naw avenuas Zor reacarch.
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3.1.3 Long-Rangae Predicticn

o

Irportant advancaon have baen nade in both dynamical and
statinstical prediction on tiwma acales of woeks to
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montha. Soplhisticated ctatistical cathoda have beon
davelcpaed that leava no doubt that objective astatistical
forecasta of monthly and coascnal mean toenpsrature do
have significent skill. Dynamiczl predictions with
gaeneral circulation mocdols of tire-averzged propsrties
alco have shown very promising skill in certaein inatances.
Analysic of the tinas evolution of syatamatic errors in
nuzarical weathar foreccasts has developed into an
izportant technicua for isoiating sourcas of bias in
atmoaphiaric circulation modela. The coexbination of
resulto froa obsorvational ctudies, dynaaical wodels, and
statictical predicticn hes aet the strga for advancas in
forecasting ability on thase time scaloa.

3.1.4 Ocoan Circulation

Marked prograss tock placa in the poriod asince 1978 in
thae chility to cbscrve ernd underatand the ocean cir-
culation on clizatologically irportant spece and time
gczlens, 1378 was tic year of the SEASAT rpacccraft
nlzsion, vhich logted leng ensugh to demnnstrate the
capability of measuring glcbal surface winds end the
alticetric determination of sca surfoace topegrophy. Hany
othor major technolegical cavelopzsnts of the mid-19708
to the wreaent occurred in in nitu instrements, cuch as
neutrally buoyant flcats, end in zecustic and cthor
instruzents cepzble of large=-zzale deployments.

Iaw analytical techniques hove nade it practiczl to
utilize a nuzbor of man~zndo trace substeances, par-
ticularly £roons and tho {zotopa pair m3/fe3, for the
etudy of deccdal tio? pozle erxchange betwosn atoesphsre
end ocenn, and tha rolatsd cccanic transport procecces as
well as rates of vater nass modifications. Pgually
irportant prejress vas pade in computing pouar and modal
develemnzat co that it now 1o apperent that oddy
recolving, thermedynonically active basin, and lorger=
scala cooan circulsticn models are beccaing availoble,

Tae preapactas for availsbility of cubatantial data
sats have ancouraged increasing effort teo davalop
dizgnostic techniquas and to tecot the performence of
nuxaricai ocosn circuiation wodals in prediction of
trangient tracez f£icld evoluticns. %8sl psrforwence in
thia respscl in irpogtunt for problcms like tha cceanic
CO, uptecke zs wall as for studiec of heat trancport
transicnts and of bicgecchenmical fluxos of potontial
olinztic cignificance. A technolcgical revolution
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aralogous to that waich led to tho Glcbal uaathor
Brpariczat (alco knowm as GGG, tha Plrst GARP Global
Bxpoerinent) da, for tho £irxot tima, posaiblo for oceanic
obzarvation and undercteniing,

3.1.% Palecclinatology

Palcoclicatolegy coatinves to provido valuable insights
into climate dimomico and nonzitivity. Rocent neacurs~
nents of tha ccr-position of air bubbles in Greenland and
Antarctic ico coras have dozcastrated that the COa
ccncantration in the atmozphera at tha pock cf thae last
ice rgo woa oaly about 200 pra (comparca to about 26C ppa
in 1050 and 340 ppa2 now). ICa cOro massulcmints have
aleo provided now cutimatea o2 thy pro-Industrial CC)
concentration. It io algo noyw apparent from dstailed ice
ccre studics that tho changes in atzmeaphkaric COp
moanured from ico cores and terperature changes decived
froea oxygen icotonic analyses are remarkably coincident,
thug obzcuring any dircct causal zolationship.

sirulation of tha ica aga climata and climatez of the
agrly Lolocene with genoral circulation models [Giis) has
indicated that rcconstiuctions of thasa paleoclinstas are
invaluable in testing the rodels' sonsitivity. Daw infor-
nation on tha gvolution of cceanic cltculaticns frea
glizcial to poatglacial tires pronises to provids very
uzeful tests of cosanie medzala. The casa has bzen
strengthaoned that the glacial and interglacicl fluctua=-
tionz of the last nillicn ycars are controlled Ly changes
in tho carth'so crbital parczsters (the lilenkovitch
thzcry), challanging ths clirate medelers to oxplain how
theso perturbaticns cen preduce cuch largo £luctuaticna.

3.1.6 iinor Atmoapheric Constituents

Treco Gas Trenfs. Rocent evidence (snasurczonts and
modolk roecuizco) gugoests Lhat ths cuzulstive effecta of
increnaing concantraticns of radisatively activo trace
gaces in tha atmosplera {e.9., 10, Cly, O3, CUCLly, and
CraCly) cculd have an ovarall gresnhouse sffect comparsble
to that of COy. 8inco accunulation rates of gozo zpecies
are growing at a rate greatar than the accumulation rate
of CC2, a suitable monitoring pregran is varranted as a
bzais for projecting futuro concentiaticas.
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Y Trenospheric Ozono., lMeasursments have shown that tropo-
o apharac ozono has increased in northern 2iddle latitudes

by about 7 percent during the past dacada. The caugse of i 3
. this increecse is unkncwn. This i8 of particular concern .
- bocause of ita dual effect as a greenhouse gas and as a !

- troublescaa pollutant. .

A 8tratospheric Aorcsols., Recent astudies of stratesphoric
aerosols injocted by volcanic eruptions, e.3., Bl Caichen, ;
have provided much insight into the effects of aerocols

. on atmoapheric radiation and climate. In gensral, tho
inpact of stratcaspheric cerosols ia oppoaite to that of
infraced sbsorbing gases guch as COz! in that they

tend to preduce a heating of the atratospharoe and a

' tropospheric cooling. On the basis of cozparicon cf Bl

N Chichon with other volcanic eruptiona (e.g., kt. 8t.
Helens, Agunjy), it vaas concluded furthoer that thae critical
] factor is not so much tho erplosive power of the erupticn
ag the quentity of sulfur coznounda injeccted into tha
stratocphare. Variations in the stratosphoric aasrosol
loading will cecoplicate atterpts to icolats the predicted

varning dus to greonhouso gzsas.

T 2 B

Trew iy

3.1.7 Rediation ard Clouds '

Building on oxparience gainad fron exporicents flown

i duriny tha 19708 a3 part of the initial tlizbus progzam,
; the ©ASh Tarth Rediation Dudget Bxporizonts (BRED)
progran vas doveleped to provide lmproved broad-band, .
top-cf-tha-atrosphore flux msasurcnonts crucial for ]
understanding and modaling the ensrgy balanca of the i
earth. Tha firzt two satellitesd in the threc-zataollite
progran wore launched in 1204,

The Intornational Satecllite Ciloud Climatology Projcct :
(16CCP) boegan its operational data collecticn phasza in v ,
. 1583. Tho objective is to produce a five-ycar radiance !
and cloud data se¢, tho nogt izportant churactoriatic
. X being globally uniforn coverzge of various indices of
r cloud cover and roadiative propertics. The difficulty of

ljjorld Hateorological Ozganization (1585) Conferonca )
Statement on Intornaticnal Aasascumant of the Role of

- Carbon Diox .de and of Other Greonhouse Gazes in Clirate
N Variationa aad Agnociatced Impacts.
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rodaling clouds in climate models is tho moin irpediment
to ixproving estimates of cliratic senaitivity. tThe
global 18CCR data oot representa a £tcp in the attack on
this very tough problem.

3.2 Priorities for the Future

In asseecing the progress made in climata systsn research
since the LICP began, ths icnortence of inatitutional
flexibility becozas obvious., Although rpany of the
“esearch geps and opportunitioca idontified in 1978
.etainad thair isportance or urgsncy, ncza problezs had
not bezn anticipated at all or at least thair importance
had not been fully cppreciated. Yot the fedaral nystan
of rescarch support was £lcxible encugh to respond to
chenging needs. Such fleoxibilitv ig engential for the
continued guccecas of any national climatd xrecsarch
progren,

The climate research progrez is brozdly intordis-
ciplinary with subprogrems that often are bzsic to
scveral difforent objectives. PFurthermore, soxe programs
have booccae tizmely becausa an opportunity has attoined
naturity, somatimes unexpsctedly. Others are timaly
because of a critical reed to £ill cone important gaps.
Soza auvbprograas arg critically in need of a fow good
ideen that may turn cut to be inoxpenaive to izplezent.
Others mcy bo unavoidably expensive, particularly
obsarving gystena. Scme efforts may rcquire protracted
attention, while others may prozise a roletively short-
torn payoff,

It would bc nisleading to assign relative priorities
baz2d on oversirplificd indices of judgnent. hat follows
is a list of oight subpregran arcas of widely diffcrent
typs, dimonaion, and disciplinary content that have been
identxfied for sponsoring zgencies. Thoese ara legicel
next stop3 in an covarall gtrategy to undsrotand and
predict clizate veriations. There is no significance to
the order in which they aro listed. Clearly, the
recponsive flexibility dexonstrated by nission agencies

uil) centinue to bo reguired to fund and icplesent tho
overall progren.

3.2.1 Hiaor Atmespheric Constituonts

Radiativaly and photcochemically active trace gases and
aerosols in tho atmogphere influeznce the earth's clirmate

pm ¥ mdarate o Sl ARnadad

b




vf

| O At
SR AN (o "':"'V-‘ SRR

’

i
v d ’

.

7 T TLY ST AT e mw Ty g T Lot
\ 3 B .

vy

B T Ll RE it L LI R A LRI A S A
- ~ .

!

‘ . 3

26

to an extent far grea~er than tholr concaentzation suggeats
at firat glence., The recent diccovery that the cozbined
effecta of a nusber of traca gases (nitrous oxido,
nethane, fluorzocarbonz) arce likely to produce clicate
impacts ccaparzble to thoze of the expected COp risco
ovar the next 50 ycars warrants significant attcntion to
tho monitoring of and resoarch on traca gascs. Recent
studies irdicate that tho chenmistry and rediutive sffocts
of volcznic acrozolao end their residaonce times in the
stratospucre may rask and chacure the greoenhouae effest
of tha traco gases. Accordingly, a coatinuing rescarch
progzaa chould ba raintaincd.

To accoupany nenitoring of trece gaa concsntraticns,
roesearch on biogcochezical cyclas ghould ¢ddreas the
quogtion of sources, both natural and nan-pade, and sinks
of thace potentially important conatitucnts.

3.2.2 Polar Prccesscs

Clizaie variability resulta £rem changes of the glodbal
atzoophoric circulation that arce forced by tha global
pattesn of haat gain and loss, The time vasicbility of
the glcial pattorn of tharnal forelny is conteanl to
understanding clivate variationsa.

It i of fundczmantal irportanca to delincate the tima
varicbility of the intencity of tho two polar heat sinks,
ecpocially Antarctica. Priority should be aivan to
tesporal variability over the last contury, a peziod for
which instruncntal cbaervatiscas parnit reconstruction of
the structuro of clinato variacziona over much of tha
planat, It i3 also icjortent to daiincato cclievent
opatial variability ovez antarctica by rescoast.ucting
tergorature historics £ron & natuverk of ghallow cores
froxz tha high ico plateau (20~z depth is adoeguatd for
eoat locations).

It i5 ulgso important to dctornina the phynical
prozescas and fastors rozpensible for intorannsal and
decadal vorichility of tha Antarctic hoat sink., Tais
requira3 caasuremint over time of &all corpeacnts of the
surfase atrmocpherie and ocoanic heat budgets at selected
etaticns that are rapregontative of large reglens.?

2haticnal Rasearch Council (1984) The Folar Rogions and
Climate Change. Wachingten, D.Ce.: UHaticnal Acedcomy Preos.
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Modal results indicate that the greenhousa warming
will be largest in polar xegions. This polar amplifica-
tion is sensitive to the details of the sea ice rodel.
Pleld progrars designed to imprcove our ability to model
sea ice, ico ghelves, and narino-bused ice gheets should
be given high pricrity. The formation of decp and
interrcdiate waters at high latitudes is of particular
importanca.

3.2.3 Drought

The topic of drought i3 both a gap in the climate program
and a special ogportunity to advance ovur undaratanding of
climato variability and clinate change. Drov “t rcsearch
also includes the rmorae general prcblem of wate gsource
availebility, cspecially since ona cannot understand or
define a drought without conaidering the poricds of rnormal
or scurplus precipitation. Worldwide attenticn on the
drought in Africa iakes it more likely that intellectual
and £inzrcial resources can be marshalled to provide the
o8t cozplete description of global moteorological and
other cliratic variables acgoziated with this tizgic
phenocmonon. Such & set of cxpirical studies is a
preconditicn for advancee in theory and modeling.

The study of low-latitude rainfall varicbhbility
requires an oxtenaion of the knouledge of ccean=-
atwosphere coupling accunulating under the TOSA rubiLic to
a rclated but rore cozplex cituation in land surface
prcececses. The rclation of drought opitcden of a few
years duration to the longer torn preceus of decertifica-
tion should be investigated. Longer term is uzed here to
nean several decades, but it should be noted that the
drying up or tho Sahara has been waking place for
thousands of years.

Recurzent droughta in regicns of the continentxl
United States are an cbvious ccncern of the National
Clicate Program,., It would ba valvable to study them in
parallel with droughts in trcepical end subtrepical
roegiong beczuce the contrusts and similarities between
drcughts in the two regions schould previde broader
insight into the general problem of drought.,

High priority should be given to focused study of the
clinatic aspects of drought within the context of tho
national and weorld climate prograna., The project might
include tha following cozponentss
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* reconstruction of long time series of African
clirmatic data to improve our understanding of the natural
variability of rainfall and paleoclimatic reconscructions
of pact vet and dry pericds,

* a study of the older droughts in the United
States, such asg thoge in the 15308, Hetcorological data
in addition to precipitation data are required.

* TOGA~related rescarch bearing on the gencsis and
predictability of low~-latitude rainfall,

* wmodel studies of the relaticonszhips botween land
suxface changes and clinate, notably including efforts to
incorporate more realistic ground hydrology into GCMS.

Changes in land use and vegetation (e.g., large
irrigated areas, deforestation, and cvergrazing) have
important feedbachs on climate. Por example, there is
soae evidence that summer iriigation in the U.S. western
Great Plains is associated with increased precipitation
in that seascn.

3.2.4 Cloud-Radiation Interaction

A major deficiency exists in the parameterization of
clouds and their radiative effects in clicate rpodals.
Changes in cloud cover statistics over a large area will
alter, after a period of tima, the bacic state of the
atrmosphere and oceana, and thus will constitute a
potentially impertant feedback mechanisa with respect to
climate change. Thigs i3 of particular concern in efforts
to evaluate clizate recponse to CO, and trace gas
increase,

Increasing the cloud cover =t the same altitude, in
gencral, will reduce the solar encrgy absorired by the
earth-~atrosphere syastenm and, at the saxe time, reduce tha
thormal radiaticn loss to spacs. The extent to which
theaa effects tend to balance in zome overall sense has
been a subject of great controversy over the past decade.
In principle, it is poasible to ccmpute the radiation
fluxes when the cloud distributicon and phyasical structure
are known accurately. Nevertheless, the probleam of
predicting the cloud fields in the required detail is far
more tormidable and is as yet unresolved. Particular
problens relate to the prediction of extended nmultilayer
clouds, marine boundary layer stratus clouds, and cirrus.

Ultimately, to be useful Zor climate studiesn,
parareterizations will have to be such that statiztical

.
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propertics of cloud fields will have to be related to the
large~-scale paramaters of the clipate syatea. Steps to
achieving a satisfactory scheme are &3 followss

* develop a global climatology of icpertant cloud
cover parameters and exploit these dota in the ptudy of
cloud/clicate fecdback.

e develop cloud dynanic mocdals in which the
turbulent, thermodynanic, and microphysical proceaces
that contribute to the generation, naintenance, and
dicsipation of clouds are incorporated.

¢ develop and test pathods of parcreterizing clouds
in a hicrarchy of climate wodele including GChs,
statistical-dynazical mndals, and energy-balanced
nodels. Parapaterizations must cover the radiative and
dynanical processes.

These three steps involve a wide range of rescarch
activities including eatcllite obaarvations, data sot
develcpaent, theoretical studies, and ncdal developzments.
The first otep is addressad by the ISCCP, the seccond and
third by the Pirst ISCCP Resgarch Cxperipent (PIRSE).

3.2.5 ¥orld Ocean Circulation EBxperimsnt (WOCE)

As scon as time scalea of interest in climate axceed a
few weeke, understanding the role of the ocean ag an
active participant becosos essential. The development of
oceanic models of the gsophistication necessary to undex-
stand climate will flounder i£ the ubility to observe the
occan on glcbal ccalec coes not {pprove dramaticezlly.

At the preg-nt tice, thore are aliost no continuing
obgervations ol the ccezan other than marine surface
mateorological observations. The technical revolution
describad in Section 3.1 has mzde it posaible to construct
a plan for observing the ccaan for the first time on the
requisite global ccale. ‘This plan, #OCR,? will previde
a global-scale observation and wodeling progras directed
squarely at climate igguee. (IJOCE also is a major slement
of the tiorld Climate Reagearch Progran.)

3goods, J.D. (1985). The Horld Ocean Circulation

Experiment. ature 314:501-511),
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Por WCCE to proceed there must be cosmitients in the
very ncar tern for tha long-lead-tizme satcllite elexents
that are crucial to its cuccess, Ocean Topography
Bxperisant (TOPEX) and Navy Rewote Ocean Senasing System
(KROSS) . In order to realize the full banafit of tlhase
new satellite observing systerms, it also is necegsary to
put in place certain ground-based obgerving systenrs such
as an expanded and modsrnized global sea leval observing
network. Chenical transients (especially fluorocarkons,
tritium, and helium-3) must be okserved on a glohal scale
beginning immediztely, before the major benefits of baing
able to obszerve them are lost. Hodeling rosources
necessary to cope with the anticipated datna gets nust
becowe available.

3.2.6 Long-Ranje Weather Prediction (weeks to moaths)

Through davelopz=ont of statiszical and dynapical mathods,
tuera has been an icprovement in ocur ability to prepare
ponthly and seaconal fcrecastz. For evample, experimspte
in recant years with genaral circulation cedels have
suggested that the persistence of a blecking epicods for
as long as a month may be predictable in so=p cases. The
potential ot & still brozder clama of predictable staten
in the woeka to seasonal tirme range needs to te explored
aggressively. 1If such ctatad can ke isolated, and under-
stocd, then the prediction of extrerme ancmalies of
precipitation and terparature can b2 exploited for
declsion raking for vecther-sencitive socirocconcaic
activities, Purthermore, rasearch on extended range
prediction prozices to be invaluasie in isolating biases
in mcdals now used both for extended prediction (i.c., 19
days or leas) and for clinate gensitiviiy studies.

It is through the experimantal clicate forccast centers
that university sciaentists, working with governzent
operational projrams, can initiate, develop, znd teat new
prediction ideas. Such university-baced basic research
fnecds to be expamded.

3.2.7 Tropical Ocean/Global Atiosphzre (TSGA)

The TOGA progran, especially in its ElLSO-related elewent,
offers great prospects for a payoff in the future. It
appears that a sacisfactory theoretiral framework for the
TusO cycle will be firmly cctablished within the next
five yecars.
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Progrees in understanding the ccupled ccezn-atmosphare
gystea in the tropical Pacific and lt3 celaticn to global
atoosphioric fluctuations can bo expected to luad to naw
incights into othor phenoxanz thet depend on a coupling
batwcen tha trapical oceans and tho global atmocphare.
Clinate variations in countrics surrcunding the tropical
Atlantic and fiuctuations in the Indian monsoon sre likely
exarples., In addition, tnis ipproved understanding and
modeling cepability strongly suggests that cignificant
predictivo skill for Bl tifo ard related global climate
fluctuaticna in both tropics and rmid-latitudas (i.e., tho
Southern Creillation pattern) will be attained within the
next five ycara. Prospacts for puccesa for this fere-
cesting activity can ba cnhanc?d subatantially by
providing the proper support--observational sonitoring,
data collection and analyaias, and mcdal develop=ant.

3.2.8 Paleoclinatology

Dofinitive estimates of climatic sanzitivity remain
olusive, primarily because of uacertainty &n the cloud
feadback. tlew methoda ot estimating sensitivity and of
testing ciimote nodelc oust be pursu2d vigorously. The
oot preaising of these involive paleoclicatolegy. Paleo-
clinatology, paleozcolegy, &nd palecchexzistry are the
backdrops acainst vhich huzan modifications must be
acaled.

Tha accurate reconstruction of past climates has taken
on a naw urgency with the recent diccovery in ice cores
of low atxospheric CO, concantrations during the last
glacial @axiruxn, raising thz pogaibility that infozmation
on genaitivity to CO7 can be extractsd frea such
recenctructions. The lce core work itself guse be given
tho highest priority. Rscearch azized at icproving the
paleoclimatic record over the tima interval for which
€O, inforration is available is alzo of central
irpertance. Of particular concern arc ica age clinates
in the tropicc (both over land and over occana) and in
the Southera Hemigphere. For exrrple, thare i substan-
tia) disagrecnent betwecn the Clinate/Long-range Inves—
tigation, Happing and Prediction (CLIIAP) reconstzuction
and current clicate wodzls in the tropics. On the other
hand, rodals guggest that it ic in the Southern Hemisphere
that the CO; signal in the palcoclimatic record is most
eacily isolated. Paleoclimatolesy thus continves to
provide veluable tesis of cur understanding of clinato.
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ddegquate support for a well-roundsd progras on & varioety
of time ccales is highly desirable.

3.3 Obacrvational Syastens

By its vory nature, climate resecarch is global and
requires zdequate global obsorving systeaz. It is
rmultidiociplinary and reqguires comaltmant of resouzces
over long pericdz of tics. Tho probliens of globhal
obgcerving cystera, climate monitoring, end daty analysis
are not glamorous, but are the foundaticms for improvo=-
gents in clinate reasarch.

Data required for research are often providad as a
by-procduct of operational gorvicea and by dedicated
regearch-orisnted progra=s. Thus MOMA's ensraticanl
proareng, while prircarily 4ustiticd tor routine woathag
prediction, forn an irndispenssble bhage tor elicate
reeearch,

Developzent of satellito-baged cobaazving systezs and
profotype data gystons by BASA and LOAA hoo ceatribated
greatly to clizats rogourch. Continuing and atable
comnitmant of resources to raozearch satellite systemz;
satellite deta analyscis tegather with assooiated
diagnostic efforts; cnhznced coputer rescurcas,
particularly at the batienal Metcorclegical Contar (LHC) g
and data managecent facilities will be esgentisl in the
future for the orderly devolepzont of the climate
rescarch progran,

With respect to cpocific ohzervation and data needs,
the follcwing goals ate offercd for considerations

{a) ‘“lomcgeneity and continaity in climatically
significant date sets.

* Maintain, at all costs, current oparational
satellite capabilitiasz, including geostaticnary and
pclar-orbfting satellites., In viev of the importance of
wind atrecs both for mochanical foreing ard &o a major
influence on trzce substance transier at the occan
surfoce, necasuresent of curface wind atrosg f£roa future
operaticnal satellito aystoms is of major coacern.

* Qavolop a regular ocaan ohsarvaticn system and
improvements in the existing global sea level network
pacticularly to ceat the needs of the TOGA progrem. The
Integrated Global Ocean Services gystem {IG0SS), while
valuable, does not cnosure & regular £low of obsorvations.
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s Izplezent future resoarch satellite nirsions that
will noacure ogaan topography, atmosphozice trece gases,
and lznd surface processes inportant for clicsta and
precipication,

* Uxtund atoospheric trace species mcnitering by

both direct asaxpling and satellite rexotu acnaing
technaquas.

(b) Institutional arrangements for data nonagemsnt to

ensure continuing icprevezonto in datn avalilability,
accans, and coat.

e Insigt that dnta irplicaticns be considersé in
the plarning procsss for each major rossarch initiative.
Thia io sczatices done (as for ICGB, IUB, TOGA, 8tc.),
but it cust bs a necasoicy in thke pleanning of future
prog!m.

¢ FPacllitate accass to rocent (ngar roeal timd) data
streans for coma ressarch coaserns (a3 for sclecied
acpacts of 1CCH) .

* Undzrtzh:a sclected Gata reccua cfforts,

* [iaintain a relatively sanll but centinuing eZfort
in data refarral. 7hic inclulos tho noed for cumzariced
inforuatica in ad2ditica to extensive Adzta lictines.

¢ Continus to purcux technological davelosments
that con parnit a reduction in ti2 nurchoea and
precesding costs of large velure data cots that now
irpeds thair usa for izportant climate rescarch.
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CLIMATE IMPXACTS

The imperative to undarstand the actusl and potential
icpacts of cliratic vericbility and change has intznsificd

in tne yoara sincoe the I'CP was establiched.

The world

has experienced another Bl Wilo and chcerved a ccatinued

African drought.

Bvidsnce has accuzulated that mankind

may bring sbout a long-torm global werming while kajor
increazes in volcanism c2uld produce an opposite effcct.
Huclsar war could algo produce a acvero tranrzient global

cooling.

Trenslating our underatonding of cliratic

vaziation into rceponses by tho eavironnant and cocioty,
snd into sound plans end policica for living with clinmnte
varizbility and change renains a nmajor challangs.

At the sang tins, tho davelopzont of the icperts

aspacta of the UC? has been gratilying.

Tha ccununity of

zenearchern consorrod with the iopact of clisate variation

on

ho environzont and scciety haus beon atrengthened,
domeatically and internationally.
published by the avironss

& directory recantly

ntal and Soclotal Irpacts Group
at tho Eational Cenier for Atmoapheric Recazrch (LCAR)
1inted soze 25 groups ncy active in ths United :ates.?
Kothods of studying relaticashipa of clirmata to sceioty
have been clarificd and irproved,? and goveral uvseful
pleces of work have been cerpleted, ranging from
oxuninations of drought impacts to azeascmonts of

lEnvironzental and Sociatal Iempacts Group (1935)

o -

Institutional Director.
Irpacts.
Boulder,

Vetuorksohop on Climate~R2aintad
uational Conter for Alrmospberic Rescarch,

tgutan, R.W., J.H. Ausubel, and . Berberian (1935)
8COPE 27, Wiley, Chichestor.

Clirate Impact Aszessxent.
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conzoquancess of a huran-inducad greerhicusd warnminge.
Tacsz otudics hove boen carricd cut by both tha accdenic
recearch comxzunity and researchers in governcoent zgoncicse.

A seeond gensration of climate irpuct studics o now
undar wvry, bazcd on clearcr preblen dafiniticng end batter
apzrecicticn of appropziata techniques and availoble
dats. ZIz2ag these micht bo ronticnad tha IZRAZA/ULLD
studies on climate change ond cold ¢nd comi-arid agri-
cultural rorging,® studies cn the envircnmuntal con~
sequanses of nuclanr winter,* end ths Clisnats Irpacts,
Porceoption, end hdjustosnt Duporicont (CLXTAX) . diccussed
belcuy. UWhila tke LR hzo not bech contral to tha ccaduct
of theco offorts, tho czistenco of the prewrez has bol-
staored greatiy tho ability of the U.8. comunity to focua
and work togather. Tho existence of tha rrogran hae
halpad dasilicate ascses teo uceful data, for exauple, at
tha Clicate Rsalynis Conter znd the [laticaal Climatic
pata Conter (3220).

tfhen tho KCP began, thoe principal guprport for irpocts
vork was coaing £ren tha D23, in ccanscticn with the
{dzntigication of nrecas of corlaccononic inpuct frem a
potential CO~inducod cliimatic chacngn. Thoe D02 curport
for irpact otudles dininiched, ond their suiport woo
czaosntrated instozd en gucsticns of physiological
iepasts of COy incre=so on plonts. In th2 last year or
so, tho BLZ again has bogqun to cupzort cifiate irmacis
work, laccely within the DOB national lakozateries.
Hoaruhileo, the ISP hac amarged as the principal scurca of
suppezt for indspendant workeors 4n the imnsois arca.
hgenclea, of cocuzce, have continued to poctorm {vzocte
work in suppect of thoir rpici?ic nigsionc. Tor cxample,
the USSA ord AR hove devalerid dizgnostic bulleting ca
climate znd agricultura. ETA kas parfornad oeveral
aseoscoants portinont to enviconnmontal quality.

Duzin . the noxt five yoars, & nuchor of izpzch gread
cen ha idantificd eacily as legical extensicns cf current
vozk., Cbvicusly, tha progren rust be opan to frech
idzas, opportunities, and naods that connotl be
anticipated at preseat. Alco, different ayeac may

Yparry, 1l.L., ed. {1985) Clinstic Change 7.
Igssue on Clizcte Irpacta.)

‘Harwoll, H.H, (1234) Duclear Winter: The Human and
Envircnmontal Conseguences of Luslear Wor. Haw Yookt
Springer-verlag.
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requiro very different levaliz of cocmitmvants of rezource
and effort by the kCP. Theua arcna include the follcwings

e pgtremas. Thare i8 a nend for greater attention
to the study of extrcnaoa of climate variability and
excuragions that night cause a changa in the contral
tendancy of climzte. This night cccur am & rezult of
increasos in the atmospheric concentretion of greenhouse
gages, Alcost all attempts to ctudy impacts off greanhouse
gases have focused on chenges in average ¢’ imate charac~
teristics. Heverthelees, nany scientiats bolieve that
society perceives, responds to, and i3 affected pzimarily
by extrema events. Close intgracticn batween natural
scientiots end workers in iupacts ecreas will be required
in this regard.t

* Clirate and HWater. WKhilo cozuunities explicitly
concerned with climato in relatfon to agricultuie and
energy and scze oth2r cectors have anerged over tae firs:
phase of ths 1P, a sinllar group has not doveloped to &
great extont in the water arca. This ic przobably becauns
many clicate-water pzcblema have been colvaed or it is
patceived that they hava been ecolved. tieverthelsss,
thoro eay be sovsral creas vherae irgportant icsuss remailn,
A=ong potcontial prcblon areas are tho rolation of climete
variability to water quality, optimization of water use
efficicncy undar varicus clinatic conditicna, and tho
izpact of a potantial long-term climatic changae (bayeand
dosign valuae) on water supply aystecs. Ar noted in
Saction 2.6 chove, tho UCPO should oxplore tha usofulnass
of an cnhenced preogran relatcd to climats and watar with
the U0G3, the Burccu of rscluaration, the aruy Ccrpu cof
Engincers, the Soil Consorvaticn Sorvica, other governmant
units, and profesoicnal groups concerncd with water. A
workchop would be a suitzovle way to idantify needos ang
future activities,

¢ Drcught, with Speclal Brohasic on Africa. Ualle
drought is likely to continue in Africa for zoma tina, it
rezaing unclear what major contributions aight be rade in
thin regard by tho irpacts prcgran. The climate rescarch
prcgran can help expand what wa know abcut African clizate
and vhethar human activitiea have coatributed to the
apperently changing behavior of the climate. Pregran

sitiglay, T.M.L. (1985) Icpect of cxtremo avents,

Kature 3153136-107.
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optionn range from rapezrch on tropical drocughts (ze in
Brasil and India, for exaxple) Lo comparative astudies of
drought responsa omeng arcas. Agricultural daveloprent
progrens sugported by U.S. AID and othar intsrnaticnal
gpcnsors can be irmprovad greatly by the inclusion of
cligatolegical informaticn in thoir planning. hgro-
meteorologicta can assiot in tallering agrencmic systara
to local conditicns 0o as to mininize clicate agtrosses
and nake best use of available sunshine and precipitatiicn.
Specifically, crop scheduling to avoid prewmature germinz-
tion of oeeda, use of windbreazks, intercropping, relay
cropping, irrication scheduling, aad othor tcchniques
depend on the proper use of climatic and meteorolcgical
informaticn,.

Large apountes of funds and numbers of roesearchs:zs,
advirorns, &nd conaultante aroe engaged in applicaticns of
clinzte inforrmation, such as thooe listed abova, ard in
daveloping new epplications. This rezecarch, technology
transfer, ani uce of tha rasults of climate ixpact
asgascnants chould continua.

The interdicciplinary roquizensnt is ecpocially
important and undoerlies all gucccaesful clicato impact
assesgzants. In tha case ol African drought studies, for
instancs, the participation of paysical gsogrephoras and
agricultural coicnticts iz nesdad to describe expscted
changes in land uzso ¢nd ecclcglcal systems for use as
assuxpticns in sipulations of f£uture aAfrican drought.
Then, chould simulations preduce maaningful results froa
a soclotal point of vigu, expsrta frea the social and
bshavioral ncicnces chould ba involved to help interpret
their asignificance. as rcgional ajro-ccological systems
begin to be undezntcod and mappad, this {nfermation
should ba dicsexninated widely and problens identified for
follow-up action or further research.

e Cacbon Dioxide &nd Othor Trace Gases. Staadily
increasing atrospharic concentrations of CO; and othez
radiatively active trace gases are expactced to produce
aignificant changos in glcbal climate., Many izportant
decizicag in water reoocourca davelopmont and utilization,
largo-scale onginesring projects, encsrgy pleaning, and so
on are being mado orn tho assurption that the clicate of
the futuge will bhe the sama as that of the rccent pant.
Moreovar, changes in the grecnhouse goscs arise froa a
cceplex of huzan activities--population growth, irdusg-
trialization, ensrgy productiocn, &nd land-uze changeg-=-
that are in turn linked with other cnvirenmen’.al probleus
such as acid depozoition., Rocearch is thus reqiired not
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enly on the {curot of loasg=tornm clivatisc change but aluo
in tha annlysic of policy and economic coptions to dsal
vith this interlinkaed network of igsuca. Such otudies
should be carried out through sctive collaberation
batwgen sclontisnts and policy makers and may roquire the
dovgloozant af innovative rathodology.

4.1 Areas for Opscific Initiacives

0f tho following ecaven cpportunitica for irpacts project
iniciativea, the tcp throe represent a pricrity group.
The additional four are reccsmanded as zeagurcoas pernit
or as necds arise for inforraticnal analyscio relatiug to
apccific probleama.

4.1.1 Doavelopant of a New Climatic Atlas

A now climatic atlas deaigned to elucldate in a zyatcamatic
way the intoracticn of climate, onvircruant, ord ccocisty
can beth advanco tho state-of-the-art and corve gany
concornsd groups and irdividuslo., Publiched and availcble
in both hard copy and digital formats, it would contain
raps and charta of, for exacple, tho following:

* preductive petontial of agricultursl regicns as a
furction of clinata;

* variehility o% crcp producticn attributable to
clirate;

e diffizicn of crop variaetios relative to clicata;

* water supply in various 1 eglona given a cuongcd
cliratic reginay

e mnicraticn of people versty clinratic aones;

* coura of cliratic adjustzont in difforent rcgiona;

e frequency and diatribution of cliratic hazsacrdsg

¢ puastalned clinatic ancmaliess and
distributicn of pogpulation and proparty &t land
elevationa that vould bo affccted by seca level rise,
incroasaed stora surge, and cosgtzl erosion.

A U.2, clicnte aclas cheuld be considered as a
contribution to the tiorld Climate Impasts Drogzam and
night gserve me an exarple to ba crulated by othor
countries, thile ccae products might bigin to appear
guite goon, ths long=-tarm and continuing natura of tnia
venture rhould be or-phzaoized. Ono strategy that would
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increase thoe quality and aoplify tha utility of the atlaa
wculd bp to link cartain oepzota of Lt to data obtained
froa tha 1570 Population Census te be parforzad by the
buxeau of the Consun of tha Departrant of Connsrca.

In vicy of tha rany potential practical end intel~
lectunl bonzfitz frea the endcaver Lo dasign and produce
the atlza, high pricrity should bao given to this task. A
leaduzzhip rola by tho LGP0 ic f{ntegral to tha suscesa of
the projzct.

4.1.2 vtility of Prediction

It is likoely that within five years or 20, climate foce-
casts will havae sufficiont skill to be of intersut to a
considsrably largor nazbsr of uasrs beycrd che resszrch
cozunity (ces Chepter 3). 2Amsng ths saveral styloas of
prediction now beiny explored: it is reazonsbla to eipoct
that sona night hove greater spplication potential to a
full rango of uzoras £ria govornaant and private orgzniza-
ticna to indiviguala, both in the Unitad Gtates and
abrezd. Buring the pagt ceven yoarz, little attontion
han hoan givea to cquaations of tha value and pollay
inplications of tro availebility and uza of long-range
forccaoting. Whilo a fow res2archars have puraucd
quesiicno in this &zxon, it now apprars timuly to support
a broader cffort, linked to the czarqging capabilitics for
clircte forecasting.

The KCRO io noving in thic directieon, with the
ccheduling of a cexinay in racch 1966 on policical and
eccacaic aspects of ipproved climate forecacting. This
gyrmosiun w411 bo used to idcatify policy icsucs that may
require further atudy by agencics {in the LCP. The next
fav years, vhile clicate forecastirg is in ite corly
stages, are tho tiny for research on the utility ond
valua of climate predicticn. At this stege, feedback
betvasn racearchors cxepining tho physlcal systen and
thozo concernad with zcocial end behavioral agpscts caan be
aspacially fruitful.

tgencics cupporting research on leng-range forecasting,
aspecially n0AA and 5P, shculd gupport and help catalyse
gound zropocals in this aren.
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4.1.3 Etzpirical 3tudies of Coxparativae Irpacts of
actually Cxperdienced Cliratic Varlaticns

Sevaeral nothads have beon idzntified for anecsaing seg~
torzl irpacts of climate. The opportunity now cuists to
apply thoso motheda, ecpecially as the hiotoric climatic
data baco i3 growing and is oore eaaily accecsed and
utilized. thile thare are cavaral opsrational offozts to
igsue tipaly catinstes of costs of climatic varilations,
little vork io done that carefully goas back ovor well-
docunented epicouss and acsezoos izprets in a way that is
conzigtant with meacurcmant of irpacts of othor episodes.

Ona opportunity to achicve rozults alcng theso lines
is the Climato irpacts, Adjustmant, and Porceptica Experi-
ment (CLIL2AX), which will evaluate tho agfects of
precisgly dafincgd, sustainced (10=20 yoar) cxcursions fron
clicatic neana on water supplics, energy demand, agricule
tural ylolds, zrd so forth fer salected rcgicas in tho
Unitcd States. Buch efforts to achiave a much more
relieblo cat of ccoparcbhle analyces should be cncouzcged.
Bfforts liko CLIIPAX provida gocd oppurtunities for
contributions te the ICP by a range of agsncies and for
partnozchip acong tha fedoral aganciss, gtale grouys, ond
recacarchers in universities.

4.1.4 Dieszenination of licthods

Progress hap boson mado, as noted zbove, in a numhier of
are2g of icpoct accessment. Thia proyreas is likely to
daiffuse rapidly in tho acadonic reccosceh community.
Hornzl procecses pry not work as ropidly in fedzrel ard
stata agancies that rake ouaraticnsl asgosenents and
acong individuals whosze £ccus ia net on climate but en
the climate-related activity. It cay bo por~cible for the
NCPO to tcke idvantaga of such activitics e, m=cotings of
stato clinatologists, proZessional cocictiesn, and
reglenal groupa to organizo secsions on rocent proegrass
in clicate impact cszeascent,

4.1.5 Coozdination and Verificaticn of Models

ltodels connecting climate variatiors with czops, fish
stecks, foreotry, and a varioty of other aectorzs havo
b2en oz can be developad. A deoirzble goal io to have
available tested modele, which might ba exploycd in givon
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sitvations and which are widely conced2d o bo tne most
asuitable for the given quostion, 20 reach auch a situa=-
tion, it i3 necassary for a critical dialcgue to develcp
around clirata inmpact nedels. Tha NCPO should take the
load_in encaging concerned fedaral acencieu in such a
dialoque. For exauple, a workshop on intercomparison and
appiicationa of czop~clinate modols or fisheries-clirato
rodals night be usaful.

A good exazplao of the typa of modeling to be achicved
ia in the aroa of fichories. vhile it is well known that
clicate variability affects thoe ahundance of £ish stocus,
the internaity of driving forcea, which al2o are variable,
ig not known. Tho atmospharc and the ocean gsanerate
variability ia occan tecporature, in roticn, and in the
digtritution of irradiznce. The variability in thege
physical variables gencrates in turn variability in the
producticn of phyicplankton and tho vrganisma that depend
in various waya on phytoplankton, zooplanktcn, f£ish and
oceanis nincrala, and sea birds. Thus, the prcblem is
not cnly one of fish varilability but alao of biological
oceancgraphy~-hcy the ocean-atrosphere coupling affects
1i ing plants and animals of tho ssa and how £ish
production relates €o the general biclegical productivity.

Darpite ii.s irportance, thore are few dynenic rodels
of tha systen. In fact, it might be said that the
clinare/occan/€ish resource systen 18 azong the nost
peoxly underastoed components of the earth's natural
receurce systea., Taia is but one ciasple of climate
resource interactiona for which realictic mcdels are
needed., EBut, mudeling ig a dynamic ectivity, and modela
change over time. Thc KCP ormphasis muzt be on encouzaging
develorzent and ongoling cxitical dialcguc and quality
control within rglevant medel!ng ccu=unitiea,

4.1.6 £ .cial Cozts of ndjuastment

While there are projects undoz way that will clacify and
corpare a range of firgt- and cecond-ordar icpacts, the
largezt single irpact of clirate may be tho human effort
expended to adjust or adapt to seazonal changas and
expcected variability of climata. Thera have bheon few
systematic studies of tha extent of guch adjustments. 1In
practice, low residual loases or danages may ba a 3ign of
relative ingonoitivity to climate or, conversely, of very
great sensitclvity accozpanied by offective, succueasful,
albeit coustly human adoptation. 7This topic may provide a
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largely untapped ressarch arca cf great potential
interecat,

:

4$.1.7 Projecting Trzce Gas Emissions from Euman
Activities

The future evolution of climate will be greatly influenced
by changes in thoa composition of trace gases in the
atmosphere. Projectiona are thus necded of what emissions
will result from industrial and agricultural activity.

The beat information available from experts in industrial
processes and products, agricultural trends and develop-
rent, geography, econoaics, and so forth should be
enployed in generating these projections. Such projec-
tions are of irportance to many agencies involved in the
RCP, including UOAA, UASA, DOB, EPA, RSP, and USDA.

Theee agenclea should carefully cocrdinate s2£forts to
obtain sound and defensibie forecasts of future cmicsions
and not asirply erploy projections that extrapolata
casually from recent reccrds.

4.2 1Institutional Insues

The HCKO should pley an izportant rcle in regard tc
climate impacts, primarily as a catalyst. Projects such
as the preparation of the new climatic atlas are of the
type wihere NCPO can play ar ingortant role.

While congiderahle progrese has been made in impacts
research, this rescarch azca needs strengthenina. In
carrying out their niszion, it is rocomrend:d that
agencics such as DOB and EPA make investuents in such a
vway that a lasting naticnal capability is created. The
diatribution of expartisce in academia, governmant
agencies, nonprofit research ingtitutes, and for~profit
consulting firms needs to be kept in mind. Exrphasis on
achioving short-tera results or reports is not likely to
produce either a credible £inding or a capability to do
better in the future.

Internationally, ther2 have bean positive reaulto from
the World Climate Impacta Progran. Three of the principal
projects supported--tha Sclentific Cormmitteo on Problems
of the Environment (SCOPE) project on ippact acaessmont
methods, the International Institute for Applicd Systems
Analysia (JIASA) project on climate impacts on cold and
scuiarid agricultural margina, and the Intcrnational
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Moteorological institute (IMI) project on COp-induced
clinate chango, cxphasizing effecta on northarn
ecogyastens--are all besring fruit. GCcma other projects,
for exacple, on clinate and fcod systems in Fexico and
India and on identification of clizato-sonsitive sectors,
have bocn leas succescful. ¥hile overall resulta of
these projects have bcen good, the manajement of tha
progran has becn gozgvhat weak. A streanger Seiencific
Advisory Comamittee for ths WCIP is highly desirable.
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CLIMATIC DATA,. INFORMATICH, AND SERVICES

The need for climate data and information is expanding
rapidly vorldwida. User needs have increased in parallel
with technological advancas in computers, communications,
and data storage redia. As a result, there has been
increasing recognition of the value and utility of climate
information threughout our scciety. Hurman activities
kave placed increasing Jdemands on the environment, neces-
sitating further zonitoring and underatanding of thea
earth's clizate., Climate services are the uitirate
product of the KCP. They sustain the application of
current knoculedge and information for government,
industry, and individuals,

The first years of the RCP (1978~1985) have produced
wodeat achievermants in the procesaing of data, Information
exchange, and the provision of climatic services to tha
public. Experiences gained have also brought a nurber of
prcblens into clearer focus. Nouw it is tize to deal with
these problcms, &1l clinate servicas are intensely depen-
dent on data erd dissenination capabilities. Advances in
technoloygy have tranaformed the time scazle and atrnacrure
Of clirzate services. In fact, the past decad=? has brought
together twvo astreans, one technological and cne behav-
ioral, to changa climate services. The technological
change has baen the development of inexpensive ccuputers
and comzunication systems that greatly increase the
capability to handle data necded for clizate cervices.

The full benefit of this change awalts zdvances in data
storage, a limftation in the paast that is being removed
rapidly. The cultural change is that individuals charged
with decision-naking repponsibilities ere expecting, even
deranding, tc have accurate up~to-date information to ugse
in decision rmaking. At the szae tizme, there is a con-
tinuing need for the traditicnal long-term climate data
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archival progranms that should incorporate the optinum mix
of azruscript, digital, and nicroform storage madia.
Thece two changas occurring at the sawxs tica provide a
unique opportunity for climate services to rove forward.

S.1 Weather and Clirate--An Yssus

Historically, the words wcather and climate huva referred
to very different tima scales., Heather 1o related to
cuzrent atroopheric cecnditicns. Clirate is8 daccribed by
atatistics of tha atzosphere for a tirs period of gaveral
years to doczdes. Thesa limited wiews loavoe a questicon
of what to call tho state of the atsmosphere yesterday,
last weck, last rmonth, last ceason, aad last ycar. Dow-
ever, ucers of weather and climate information have little
concorn for this typo of dafiniticn. If the information
needed for yesterday, last weck, or last month ig not
weather, it cuat bo climate or vice versa. Tha exerging
demand for near-real-tinza data in a pericd of hours,
days, and voeks and ingorrration on a par with current
technology brings intu focua ths point of vicw that
woatbar and climacte form a cuntinuus in tima.

Tho provisica of tiraly eand effcctive clirate services
dependa, ultimately, on data rescurced avsilable to the
providaer. In order to be valid, data zust undergou a
pzocons that begins with criginal obscrvaticas wmade
according to accepted practice., The obscrvations are
collecked, quality controllesd, and stored for f{ugther
use. Furthermore, thece data nust be cataloged, roifec~
enced, and cade acceasible for convenieat retrioval, or
they have little valua,

At tha fedaral level, the cecrvice function ieclative to
rateorological weather and climate data resides in BO3AA.
The prirary data sources include ccoperative cbsoervers,
surfoce synoptic ctations, marire synoptic chservations,
solar radiation observations, upzer airx stations, satel-
lite cobrervations, radar oboervations, water lovel
observations from tide gages, hydrological netwerks, znd
polar moasurenants,

The observation and collecticn of weather datz ig an
WS function, while the quality ascurance, atoraga,
nanagezont, and retrieval of these scame data used for
clirate activitics resicdee in the uationzl Envircnmontal
Satellite, Data, and Information Service (NESDTS) at the
Hationnl Clizatic Data Center (CDC). lliverthaless, WCGC
has no explicit role in managing the collection networks.
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anges in the cperation and maintenance of obzerving
networks generally respead to U118 forecast and warning
pziorities with little xeqard for irpact on climeste
records. PFor exazple, obderving sitas are genarally
located at alrpsrts or in urban arecas that care not
reprezentative of the gensral arez arocund the aite.
8iteo may b2 noved or hocurs of opsratioa nay ciuange
cauaing zajor iwspacts on the data record. FPrrthaeroore,
BoRe new roxote sensing cquipment--cuch as the Low Lavel
Hind Shear Alert systems being inatalled at airports
around the country--Coes not allow for the recording of
the patcorological data collected.

The 48 also providzs gcza clizate services through

the Clirate Analysis Conter (ChC), including tho
followirgs

¢ geloctive data validsticn,

* temporary storage (up to 3 veary) cf salected
worldwide date,

* t¢ailored applications producsts, and

¢ dial-up accecs to 1ty data besa.

The Climatu fnalysis Canter's (CAC) service rcle grew
repicly during the 19808, and this tread is likely to
ceatinue. CAC's mission allcwas accesa to 1L's coopuator
tecocurces and full govearrnzent funding, adeguate to
provida freo servicea to the user czrmzunity. Allhough
CaC nrovides a vzluable ocrvica, it does not have the
nizsion to collect, guality control, ind archive official
clinatolegical dzta. Tols aissicn reaidec vwith the
ECDC., fThis somotimes 1lceds to deta ast differcnces, but
it nust be recognized that CAC dzta scels are proliminery.
Reseazch quality data sats are tho respensibility of
HUCDC. lors axtensive quality control proccdures completed
at 1ot rmay lezd to differences in cemmon dats sate.

Frcn tha point of vire of o3t dzba ugers, thore 18 no
sigrificant distincticn betueen weathar and climate. In
practice, nony applications regquiriry meteorolojical dazta
require integration of near~roal-tira woathsr data with
past climate data, It is critical that tha manogenont of
weather and climate data ba gtreanlincd within the
federal governmant end tbat the gap in the availebility
of ncar~real-time date ba filled. UOAR should review how
the adainisirative ceparation of weathor and clieate
functions affect ita ability to addreze preblens of data
obgervaticn, collecting, archiving, and dissenination.

It is timaly to &ddrens this iscue. (hile NONA beging an
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sxhitious program to rodernize the %3, the future design
of a clirute delivery system should be addressed also,

5.2 Raviow of Activities (1978-1985)

S8ince the NCP was inaugurated in 1978, a number of
tetivities have beon started and several ipvortant
products and services provided.

* Intorin Clirate Data Inventory. This fnventory
of hiatorical ciircate data has been developed by NCAA's
MUSDIS and instslled on an information rotrieval system
that can ba accassed by telephone. The inventory hus
bean publichad ocs the North America Climatic Data
Cetalegue (Part 1), which containcd 770 deccriptions of
climate data £iles and relatsd publiications available in
the Unitod States ond Canada.

* Cozputer-Based Climate Anomaly Monitoring Cystem
{CAliS). This systen, developed by the Hational tioather
Service’s Clirate Analyasis Center, identifies and
describes significant temperature and precipitation
ancralics from analysis of global data recaived at the
Haticnal ietecrological Center (I1Z4C) and provides a
mechenicn for monitoring and analyzing clirate ancoelicc
in real tima. Output £roa the aralysis io the bazic for
the weckly and ronthly clirate bulletins that dapict
significont global climate ancaalies ard climats agri-
cuvltural enalyses by the Joint Agricultural westhar
Fecility (Jnm).

¢ Hoathly Clirste Diaagnostics Bulletin, Thic
sur—azizes glchbal patterns and ancmalies of atmoopheric
ica, snocw cover, and several key climatic indices. Uhere
necessary, dessriptions of significant climate avents zre
includad cach wonth, as was the case for the 1982-1983
El uino.

e Inproved Monitoring of Global Crop Ceonditionz.

The Joint Rgricaltural Weather Faclility (JAWT), staffed
by USDA/¥crld Igricultural Cutlcook Board (H203) and
ROAVILIB/CLC ewplovees, hau expanded significantly its
ability to monitor and assecs weather conditicas in major
agricultural regions of the world. 1Ita assecuments of
glcbal weathar and crop conditions, published in the
Visekly taather and Crcp Bulletin, are used by USDA
agencies to make naticnal and worldwide estimates of crop
conditions. J2UP also provides nonthly zsses:apents of
yieldc for =ajor coummodity creps around the world, which
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are incorporated into USDA's monthly verld crop producticn
aegstinates,

* lational Eavironmental Data Refecral Secvice
(¥BDRIS), This servas as a clsaringhousa for description
and locatior. of data Lases and inastructiona on accosa.

¢ Improverments in tha Hational Climatic Data
Center. The statutory nmigsion of HCDC io to archive the
official wenther records of the United States (frcm which
clipatic statistico ars derived) and to process, gun-
warize, and publish data gufficient to éascribe the
climate of the United Statos, and to provide clinato-
logical data inforzation egervices. Tha official clinats
# .t> at BCDC are uced, anmong other thingsz, to catablich
clinute norms end uxtrezan {or setting building codas or
ingurance standards. Enowlcdge of long-tern behavior of
cl.mate is crucial in engincering construction, water
allocation, and fucl distribution.

* PRegiconal Clirate Centers. 7Two regicnal centaers
have been establiched to de=zonatrzte cocrdinzticn of
climate studies und data manzgoerant, and initiate or
strengthan delivery of clinate inforzaticn ard wervices
throughout the regionc they cerve. The Wogtheect
Regional Clirate Caentor (Cornell University) provides
real-tize veather and clizate infornmation to vooro via
cemputor links and tormincls with teolcephions pedinas. Tne
North Central Ragicnal Clinate Center (Illinois gtate
Water Sucvey) aloo collecis real-tims informaticn on
weathsr parameters and climate-affected conditicns and is
currently using atate agencics to test access nethods,
Daily data for the sycten are derived fres ccoperative
weather obusexrvers at 35 lcecations around Illinois, frea
22 other NW8 ctetions via Autoration cf Pield Operaticnc
and Service (AF0S), ond from thoe Midwast ngricultural
Porecast Center, which digitizes and trancnits waather
cboarvations by telephone line to the climai- cznter in
Champalign, Illinois. Tho North Central Regional Center
also has agsisted the NUS in developing a systes for
daily reporting of clinate data by cooparative cbacrversd.

e Autozated Network. Uabrasika has develcpad a
etatewide Autonated teather Data Netwerk (RITH) with 25
weather stations that record Liourly data (collected
daily) on wind, teoperature, rolative hunidity, solax
radiation, precipitation, and scil terporatures. This
network hac been expanded to 46 staticas in licbzaska and
cdjoining statos for a regional droeght ronitoring and
assessnment program. Public access to data from thic
network io available on a dial-up systom (#f NZT). More
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than 15,000 accessss wero wado in 1984. The data frea
AWDY, togather with data collectad frcoa AFGC3 and cocplra~
tive obcorvera, are ugsed by the Babraszka njricultural
Clinate 8ituation Committee. Thic group of gpecialisots
reots weekly during the growing seacon to coasider recent
and cuzulative irprcts of weathsr on agricultural opsra-
tions and subsgquently releases edvisorliea to the public.

5.3 pPriorities for tha Tuture

Reeent technological advancot are providing new oppor-
tunitics throughouc the climate ssrvices cystes. Hew
ohserving gystemg~-baoth in situ and rexsts sensing=--arQ
increszaing ths frequency cnid coverage of meteorological
and cconnogzophle cbsorvaticas. gtatz-cf-the-art
capabilitics in data procuzsing cnd ctorege ere greatly
reducing the tines necdsd for data anaimilation and
quality control. lost irportent, advances in coore
sunicaticns and remote acccsa capebilitiocn sra cseating
now cpportunities for ticaly delivery and utilizatica of
data ead infermatica.

Beverthele:d to moke full uge of thace new copadil-
ities, an czgoniced clinato sarvicss syatca mast be sot
in placa, cugported, end paintained. It 4o coposially
crucisl that tho covernpental cerzonsnts ¢of thio eyaten
ba structured in an efficisgat and straightliorunrd pannar
and that their roles ond recpensibilitics be vall dedincd.
There is zn incrcasing recegnition of ursr nexda for a
continees of ucathar end clicate information end sagvicez.
EOAA should thus ceasidar possihle new institutional
arrenge=ents to irgrove the cool dinaticn of veathor and
clipate activitica.

The existsnco and effcotive opsration of thio basic
structure »1ill bo esczatial to tae dircct vzor of glimate
data and inforpaticon, particularly to tha proivate cectes,
vhich ray vant to zeize tho many now opportunitiss in
clirate applications that zre surfocing.

5.3.1 8 Modernization~-Data

As a rosult of the 333 wmoldernisatiou pregrea, there will
be an cxplosion of conventicnal (2.9., Jutczatod Surface
Obcorvational Bysten (R803)) end nov (Q.9., ekt
Cenaration leathox Radar (KTXRAD) ) datx, which ECDC will
be required to procszs and manuage for clicatological
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. - purponca, LCDC's autoaated data processing capabilities
LT alre=dy are strotchod boyond its ability to mact today's
i . oot L needa, It is egcential that 13CDC ba upgraded to be
, capable of handling the incroase (by orders of mzgnituda)
in data erpoctod in the oarly 13903,
From a oclimatolegical vacupoint, conscqusnces of this
, aituation will rosult uplticately in dessging cradsoffs
. : botwaan quality/tirsliness end/or the actual terminstion
. of poza clinate gorvicea., Xt 1o esxgentirl that necazsany
: ' .- resources are rodae availeble to cnsure that such a
situation ig not allewad to cccur. )
, ' LIOLA should act quickly to modernize its capebility to '
. o manzos the naticnal clicate data roscurces by providing
- . . gufficiont support to do the followings

LY SN

L SUURITNE

N

, * perforn research and developasat of new toch-
: . nolegien for collecting, validating, storing, rotrieving,
- . end coxzunicating data.

e devalop clear standards for data collection, ¢
quality control, archiving, and dicaseaination.
. ¢ enoure the ccntinuity of key clizmate natworks,
i . . ' including tho cocperative ebocrvoers, surfeca syncptic

. stations (including carine), and the solar radiation
. . sites.

* devalep adequate autorzated data procecsing and
‘ ceamunicaticn networke to noot ucer service requirenants,

Other data menxgemsnt issuea requiring attention '
include tha folleuing:

. ‘ ’ () bDisgoenination and uga of clicate data. '

= * Timgly relcase of data collected at public cxpenso
after the uase for its collection iz rot.
¢ Casy &acceas, by other usecrs and recearchevs, to
, data usad in preparing climate products and reports fer ,
. public discemination. '

; (b} Data nanagezsnt to handle incressed data losdes.

/ ) ¢ volune of occan and atmospheric data collection '
(1850 to prescont) by WOAA will double in tha nuxt five *
years, .9s,

= noy land-based obavrving syatess will provide
H data rateo and volumas compazable to gatellite data rates

and nay requize coxmpaction, agelactiva saxpling, or
suzmwrization, and
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nov space chzeszving platferms will provide &
wida cpoctrua of data at vory high rates nnd volunss of
data that will roguiro opecial dota nanngensnt adjustzonts
and chould bo includzd in thoe oporaticnal plens for now
pyetena,

(c) Tochnology.

* low instrusantation requiroes cdaguato docursn~

tation, colibraticn, ard poccible changes of quality
control procedurca, Data monagensnt guidalinas are
necded for autoxmated weather okoosving eyctews boing
installed by statos znd the privete cactor. Induntry
stendarda chould ba adopted whonavor it is fozcibles

¢« Technolegy and fleoxibllity of diossninaticn of
clirate data and clizmate products should cdvenca with tha
sophistication required by usaca,

* Ney technolouy In diglital storeago capability,
ccmmunications, and cconputer procsgaing requires coatinucl
eraluation and posaiblo changs in every arca cf data
Ranzgonuent,

5.3.2 Dolivery of Services

Tho dlescaination and delivery of climuts data ond thy
inforration generated thorefroa pay oftan b dulzyed
and/or inadsguate £o ceorve tho nocda of many URILG.
razults in part becsuse there cre mony particinzants
(findeoral, ntate, ond private sector) invelvaed, tod in
part beccusa tha federal role gtlll rezains unclarigied,
which digcourages cthor nenfedsral greups frca icple-
manting dellvery systons.

Timaliness of dota and inforraticon i3 a .oy issuoe, foz
tizoly inforcatieon has becoma a key ingredient in U.0.
cocloty and econcaic welfaro.

Technological dovelozzants uoy allow revecluticasry
low-coat cdvancod in data dslivery, allowing oppertunitias
for ropid and cost-stfoctive cezonstrations of tha valae
to tha natiocn of thz teticaal Clinots Progren. Rouly
eantcblirhed locnl and state corputaz-baced clinste
data/inforpation systcn3 roveal an cnerrous potential for
cospareble dovelegzant or rogisnal wocles. Such data
bare eystess reopressnt an offcctivae interfass batucon
governz=aat sourcas (verified dzta) and pacheting of
valuo-23ded sorvices by the privato soctor.
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Tho censept of a nationwido norvice cystem hes omcrged
fros recczvendacions of an XRC panel and £rom an ECPO
terkchop on Cooparative Climate Bervices. The present
regicnal ciirmate conters, supported by NCPO, provide a
concept and a patterr for initiating a natlonal systen.
BOAA should conazidar implemznting the pilan daveloped by
NCFO for a nationwide cystem of clinato services.
gpacifically, kOAA chould do the followirgs

* provide oparationzl support to tha existing
centers,

e centinue its intergovornrental activity by
eatabliching, with the states, new regicnal climate
centers. )

¢ develop high-speed weather/clirate dcta transe
nissicn systens to gerve climato ucer neods, including
transaisgsion of data to atato, ragional, and national
Cclimate conters. These systens should involve data froa
cooparative staticac and/or spacizl stations to help
provide tha spatial density of data ncedad in nany
clinate-affccted busincsaes.

¢ develop systens for dolivering near-real-tics
clirate data and informaticn to scxve state or regional
nceda,

5.3.3 atles
As discucead in Section 4.3.1,“a coxzprehencive now
cliratic atlzs is nov nesdsd for the United Stataes.

5.3.4 Utilizaticn of the >rivate Sector

In the past seven years, wae have cbserved the rapid
grou:h of a new industry in the private mateorological
Sector. Scveral firma have succcasfully ontered the data
and information gervices narket by providing value-addsd
weather and clicate information to cozmercial and govarn~
ment clients via a nuzbor of innovative commanications
tochnolcgics, The gourcas of the data are prinmarily
C's fanily of aervices, tha CAC user pcrt, and the
Global Telecoxz=unicaticng Systea of the 30.

Thesa firms offer brondeast or regucst and reply
delivery ovar tolephona &rd satellite linkg to customers
having a variety of rccoivirg nmechanisnms ranging froa
cynthesized voice over the phone to szophisticated
microprocessor-based colorgrephics wezk stationa.
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, . Today, thousands of clicnta are baing provided with !
' w weather and clirato data over private sarvice networks,
- -4 . The trend is for continued rapid growth asguning that the )
s LA . private moctor continues to have electronic access to the
T ot \ ¢éata courcaes in IOAA at a fair market price. NOAA should
. an3zure that any actions taken to modify and irmprove the :
AU AT fcdaral woathar and clirmato data and information progranr ’
. . will not restrict tha ability of tho private sectox to be .
& full participant. Spocifically, the private sector :
* . should ba :
- ¢ included in the planning for future weather and |
o - clinate scrvices, :
i * allowed unrastricted access to publicly collected :
- ¥ -
‘ wvgathar and clivatc data at a fair nmarket price, and ;
Ei’} * allgued to coxpoto for gervices in both the
, - cermzarcial and the governmant marketplace. '
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APPLIIDIX A

ACTOENS AND ARZREVIATIONS

Autcenzstion of I'icld Opezaticns and Sorvice
Autczatad Surfaca Cboarvaticnal Cysten
Autoxated Weathor Cata Ratigork

Cli=ate Analysis Canter

Clir:ats Anczaly tionitoring System

Climzte Applications Roferral Syztenm
Clizate/Long-Ranga Invastigotien, lizpping and
Predictien

Climate Icpacts Parception and Adjustmant
Experinent

Departent of Enorgy

Bl liifio/Sauthern Ozciliation
Cnvircnmintal Protection Agensy
Pauatoriol Pacific Cczar Clicato Studion
Earth Radiaticn Dudget Buporimont
nviroamgntal and Cocictal Irpacsts Croup
Plrast GAnP Glchal Bzporlmont

Pirat ICCCP Reocoarch Mrperimont

Globzl Atmosphacric Rscearch Progran
CGsnoral Circulaticn iicdel

Internaticnal Council of Scicntific Uniona
Integrated Glebal Cooan forvices Systen
Intscnaticnal Inctitute for Applic) Syztens
knalysic

Intovnaticnul Matoorclegical Inagtituts

International Sateliite Clcud Clinastcloay Project

Joint Agricultucal Gaather Pocility

Joint EScientific Cormities

Jdaticneal Acronautics and Opaso Aduiniatrzticn
Rationa) Center for Atzeaplueric Rasearch
iatiocnal Climatic Data Centor

tlaticsal Clinzate Program

Haticnal Climato Pregren Office

54

. i - ! . L S
h AN - v - S -
- - B . Ly \ <
- - - a1t

D
N T

7 %, T Lo L
-y PETER ISR I U Ry RS Bt

'
@ P rains in.

[ S TR

prage

a
s . B
Al A8 i A e il et o R i

’



PR T W T )
- : ‘
]
-
v {
< 55
; RCPEB Batioial Climate Program Policy Board
‘ NEDRE3 HNational Bnvironzaatal pata Referral Service
3 REGDIS Mational Environzental Satellite, Data, and
} Inforpation Service
i NEXRAD Next Generation Wzather Radar ,
| HMC Raticnal Metcorological Center .
NOAA Hational Occanic and Atmospheric Adminigtration
A HEC National Research Council
. NROGS Navy Remote Ocean Sensing Sysien
Nsz National Science Foundation
. : wAS National Keather Service
. SCoPB Scientific Comaittee on Problems of the
- Environaent
- TOGA Tropical Ocean and Global Atmosphere Progranm
* TOPEX  Ocean Topography Experirent
) UNEP United Natioas Environnent Progran
-4 usoba U.S. Departrent of Agriculture
. UsGs U.S. Geological Survey
L WAOB World Agricultural Cutleok Board
3 WCAP World Climate Applications Progran
N KCOP Ylozld Clizate Data Progran
5 werp World Clinate Impacts Prcgrawm
- WCP World Clinate Proaram
. WCR2 World Climate Resear:n Program
A 15:30] world Hateorological Orgaaization
£3 WOCE World Ccean Circulation Experiment
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