





























Energy Reaching the Earth

There arc 1wo mafor reasong for the heteropeneous distribuiion o energy on the
surface of the Earth: h

-

Claud Formations
Surface albedo-ratlo of energy reflected to energy recelved from the sun,
Esvh affects the amount ol solar energy absorbad by the Earth,

The energy required for the physical processes haking place in the Earth-atmos-
phere-ocean systen is almost totally providad by the sun. Egeh minute the sun radiates
approximately 56 10°9 calosles of energy of which 2 x 10% caleries per squarg cgnli-
meter per mimite are incident upon our outer gbmasphers, The exact amount of solar
radiation that actually is incident depends upon the time of year, the time of day, and the
[atitude, Bare Earih abscrbs and transfiorms approximately 75 percent ol all visible Fght
impinging upon it. The remainder of the gnergy is reflected back into space.

Figufe 1 depicts the atmosnheric cnergy as it is received from the sun, The surface of
thie Earth, heated by the absorption ol visible or short-wave solar radiation, converts this
energy {o thermal or long-wave rediafion which, in turn, convectlvely and conductively
heats fhe almosphere.

I o typicsl region of scaftered ¢louds 2 percent of the incident visible solar energy is
absorbed in the stratosphere. Fifleen percent of the remaining eneipy s typleally
absorbed in the iroposphere aad converted to theemal energy.

Forty-seven percent of (the visun! radiation eventualiy reaches the surface--31 per-
vent direetly and 16 percent Lhrough atmosgheric dilfusion. Note that 36 peccent of the
ofiginal energy is reflecled back inbo space -23 percent From the tops of ¢louds, & percent
through JifMusion in the eoposphere, and 7 perecnt from the sucface,

1t is not obvious how the Earth mualniaing s ene gy balance. The Earth's surface
_absarbs abonl 124 Kilo-lungteys of soler radiotion esch vear. Encrgy per unit areaz is
“pxpressed in Tangleys {1y) or kilo-langleys (kly). One fanglay iz equivalent to } calorie per
suare centimeter. The Carth effectively radiates 52 kly of long-wave energy to the
atmosphere, The difference belween incoming and outgoing radiatlon is 72 kly which is
the net energy bolanice, The global radiation balance is xzere averazed (approximately)
vver the year, but Ir will not equal zero sither seasonally or annually in a glven latitude
One,
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The avmosphere is uniformly a radiative heat sink at all latitudes, while the Earth's
surfece—except near the peles--ls @ leat soorce, Energy must thersfore be transferred
from the surface to the atmosphere 1o keep the surface from warming and the atmos-
phere from cooling. The verical heat exchange accurs mainly by evaparatlon of wates
from the surface (hesl loss) and condensation in the atmosphere (heat pain} and by
conduction of sensible heat from the surface and turbulent diffusion into the atmasphere
i convection}.

An example of ¢nergy balance is represented in Figute |, The atmosphere can gain
energy from a varlety of sources. The troposphere galns L3 percent of its thermal energy
through direct comyersion of visual energy 1o thermal enerey. Of the black body (thermal}
radiution from the Earth's sosfoce (99 percent), 91 percent Is partially absorbed in the
armosphere, mad the remaining 7 percent is radloted into space, The stratosphere proyides
un additional 2 percent ta the troposphers; canvection (22 percent) and conduciion
£5 percent) aceount for obout 27 purcent.

The surlace, then. has iwo sources af encrgy, It gains 47 percent in visunl-to-thermal
energy tumsformation ond 78 percent in back radiation. The surface loses 98 percent to
the atmosphere through Jong (infrared) waves, and 22 percent through convection and
5 percent (Rrough conduetion. The gains and losses In the atmosphere-surface system are
time dependent,

A layer of clouds, snow and ive can mellzet 86 10 90 percent ol the visible lght back
inta space. Becsuse climate deponds primarily upon the amownt of golor radietion that 1s
absorbed by the Earth and almasphers, ulbedo beeomes importunt. Albedo s the ratio of
the cnergy recelved from e sun and reflected by the Earth, The greater the albedo, the
colder the Earth.

Clouds <an serve to inoderale whatever climate trend is under way: il the Earth's
sutface lemperatire elimbs Cor whalever reason, mare waler cvaporates and may sz to
forim more cloud cover, This incrcases the albedo and lowers the rate of heating, [ce and
snow, on the other hand, provide positive leedback: I the average yeor-rovnd tempera-
lure decreases, the extent of lee and snow cuverage increases and reflects more of the
lcoming cunlight back 1o space. The result s to lower Lhe rate of heating still more,
particulatly in the reglons closest (o the poles,

There s yel another contslbutor ta the planct’s albedo--zirborne partieles. partlou-
laely the extremaly finc dusl parficles that have been eamried oo high in the atmosphere
to be washcd out by precipiiation, Many of these particles remain alelt for months or
years. Thug,  heterogeneous disiribulion of clouds may eventually cause a helerogeneous
dixtribution of thermal energy around ihe Earth,




a3

Earth's Aimosphere

Many mochanisms arc employed by the Earth to bring iiself into thermal equilit-
rium, When thermal radiation Toom land surfaces heals the air direcily above it, the rising
air causes o change In the local atmospheri- vressure, The splaning ol the Earth and che
resultant pressure dilferentials are physically munifesied by the gascous currents known
as “wimd.” Thermal radipiion (rong the Eorth also causes the evaporationscandensytion
eycle thal Torces moisture Mo land and ocean sources. Lo enler the atmosphers
fFigure 21 Thus, the atmosphere becomes one of the major means of equalizing the
thermal energy distribution around the wordd,

For cvaporation 1o aveur, both a deiving foree and o source ol eacrgy in the teansfor-
mulion phase are required. Rodintion is the main energy source, In the presence of an
adequate supply of energy, mast precipization ¢vaporires before it has g chance o run
off. The oveans Iose more wuter by evaporation (¥4 pgreent) than they puin by precipita-
tion {77 percent). The deficit is made up by run off fram ile continents (7 percent) over
which precipitution exceeds evaporation.

The oceans provide shout 84 percend of global evaporation, while fhe conllnents
provicie the remaining 16 percent, The change of phase rem a liguid state to o vapor
requires ihat energy he provided to overcome the inteemolecular oftractions between
water molecutes, The Intent heat required Lo cvaporate one wram of water at 0°C, is
600 catores. Condensation iz responsible for celossing this encngy. Thus the 7 percent
horizonta! adveciion of waler vaper ta the land moss econtributes significanty lo the
teancfor of energy to the contieents. The normal dymamie movement of air and vopor
masses Is continuously directed ab e cqualization of energy in 1he geeans as well o5 lund
MRISSE S,

Since 80 pereent of the Earth's surfaee s waler, principolly the oceans, i€ wounld
seem reasonble thot mechanisms had to eadst in the owgans o olfset the he ferogencous
distribution of thermal energy. Throughout all the major oveans, great currents ol waler
Mow belween energy sinks and sumps, The winds ercated by the ocean's rndialed ¢nepy
lform wimospheric tides. As an example, fhe greaiest mass of water on ihe Earth- the
Pavifle Ocean is constandly depressed one meter on the 2ost side as compared with the
west due te an almospheric pressure anomaly ‘

Figure 3 shows tlia€ the most dangerous effect of the global cooling trend fias been a
change in almospheric circufation and rainfall, YhE chonge ceniees on ihe bekavior of the
circumpalar vortex, the great cap of high-aldinde winds revelving ubout the poles from
west to wisl. The broud band scross lhe Northers Hemisphere marks the approximate
southern edge of the wind systen ag it was durdng the summertime in the carly 1960z, Its
southern edge determines 1he location of the proeminent hlgh-pressurg regions, Didicated
Yicre by narrow clockwise-spiraling arrows represenling winds Mowhng outward, The highs
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resolt from dry winds that descend after fraveling at high altitudes from the equatar.
They created the warld's great deserts and determing the nocthern imit of penetration by
riiiz-bearing summor mongoons (lndicated by heavy, northward-teending aseows), The
limit is known as the “intertropical convergonce zone. "

Because of the ptobal cooling trend, the lower edge of the circumpolar vortex has in
recenl years stuycd loriher south during the summer, in e position shown by the smialler
bund near the crprator. 1t hag kept the high pressure zones farther south tao, blocking the
mansoons out of regions where Lhey ure vital to the survival of hundreds ol millions ol
people. Al the some time, the vortex's semistatlonary wave pattoms have altered,
aflecting exinfall patlems in emperle repions and making the cliimate more variable. The
deeper wave over the U.S., for example, s believed tespansible for recant cold wintors in
the West and mild ones in the East, The West has been subjected to north winds: the Bast,
the return Mow. Allhough some evidonge exisis that the cooling trend has affocted wind
patterns in the Southern Hensisphere as well, weather stotistics are sconty.

Current Approaches to Climatology

There are Hhrez basic schonls or phitesophies of climatoloay, The (st 15 centered
sround Professor Ho H. Lamb, who is currenily the Director of the Climatie Research
Unil ot the Universily of East Anglla in the United &lngdam, This sehonl contends thai if
o elimalologist I8 10 proJect future climates, he most wadersfand whai has aceurred in the
past, The second is charactedzed by D Joseph Smagorinsky, who is the Director of the
Civophysical Tiutd Dynamics Laboralory al Princeton University. This center belioves that
i complete underslondiog of stmosyphcdic circulation is sulficient for climatic forecosiing,
The third is best represented by Dr. M, L Budyko, an eminent Soviet climatolag! :al
theoretlelan, He pursues the hypothes|s that an understanding af the Loty distribution of
thermal energy is necessary Tor elimalic forecasting,

The foambign schood [ buxed on the gstablishment of climatic statistleal trends. A
great deal of ¢fforl has been expended by the lollowvers of this philesopliy in quantilying
the qualltative descriplions provided by historleal sources (ancient court scribes, ship's
logs, and scholarsy, Tlicie reconstruciion of cllmatic conditfans has reached back 5,000
years, This particular approach was alinost tolally depondent upon man-made records. In
recent years, Hw use of geophysical indicators such s tree rngs, sedlmentary deposits,
ond Aretle jce layerng has added subslantially Lo the global daia poal,

Unlque scigntific methods have been developed which allow the climatologist to
determine the historical intenglty and distribution of selar radiation and precipitation on
a worldwide bases, Belore these developments, it was necessary for the sciendist to Infor
climatic variability based on many indirect factors. Though this work is still quite ineam-
plete, preliminery raports by Dr. John Imbrie (Brown Universily) have provided a (ssci-
nating porfeayal of the Tatlk's climalology over the last 50 million years.
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Cuorrent evldence Indicates that the continental areas which were gnee In the tropical
climatle reglons of this planet, for some reason, onderwent a rapid climatic change,
Heginning approximately 20 milllon yeors ago (migegne period), large climatie variations
charactedzed by whal is known as the Ice Ages bepan to make appearances. Dr Imbrie's
group has been able Lo establish thar these [ee Apes are cyelic in nature and consist of
approxinately a 90,000-yeur glacial peried followed by a relatively brief warming peak
for 10,000 to 12,500 years, called the interglacial periads. Thus, as we see In Flgure 4
Bused upon a sample space of 20 million years, this rather narrow period of the inter-
glacial span is a conslstent [eaturo.

Investigations indicale interglacial perlods never extended beyend 12,500 years nor
has Ihe period ever been loss Lhan 10,000 years (Figure 5). The placial nerods may be
charactedzed by inrge contlnental lce gheets that extended across vast regions of Burope,
North America, ond Asia, This phenomena is well documented on the Worth Americun
contlnent and came to an end approximately 10,000 yoars ogo. The present interglaclol
era 1 chiaractarized by a thermal maximum which ocewrred about 5,000 o 3,000 B.C,
During this time, many major deserls in tie warld - as we know theme-were fonned, such
as the Sahnen, the Arabiun, and great Mongolian deserts,

Climate change at the ond of these intendacial tire pericds is rather sharp and
dramatic, Excallent hislotieal cvidence oxists from areas on the Eurapean plaine which
once were oak forests und wore laler transformed into poplar, then into birch, and [nally
intop tundra wilhin a TO0-year span, Thus, the researchers of 1lie CLIMAP group
(CLImathe MAPing) hypothesize that the change from an interglacial to glacial tlime
" periad could toke place in less than 200 years. An example ol ropid climatic changes gre
the remilns of frosen mostadons completely preserved In Siberisn end North American
ice packs, '

~ Sclentins are conlident that unless men is able ta effectively modily the climate, the
northern replons, such as Cunada, the Eurepoean part of the Soviet Unjon, and major arcus
in northern Ching, will again be coverud with 100 to 200 leet of ive and snow, Thot this
will oceur within the nest 2,500 years they are quite positive; that it ;may oceur sponer is
open 10 specolotion.

The Smagorinsky-len sehiood of climalolopy I3 based upon the meteorologist's
atkempls do extond the predleilve capabilitics of the eaquatlons of fAuid motion. Meteor
olegy deals principally with the forecasting ol atmosphenc pressure diffcrentials and the
propensity lor given pattems ko result In raln, show, ice, bigh winds, ek, [t doss not take
into arcount solar or Barth radiution nor hydrologleal (2., evaporation) yarables,

Since the availabillty of serial, numerical computers in the latler Balf of the 19403,
the meteorologist has developed a system of modeis to predict near-term atmospheric
variaiicas. The basic tool emptoyed by thils group is the General Cliculation Model. These
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models describe the effects of large-scale aimospheris metion and are treated explicitly
by numerical integration, For almost 30 years Lhe meleorologsl has tried ansuccessiully
tn extend his predictive capability past a 24-hour forecast, The Smaporinsky-ian
approach, however, g the currently accepted methodelogy within the United States
Governmont and receives more €han 90 percent of all the msearch and development
funding available therein,

The Budyko-ian school Is based upon the theoretical work of Dr, M. [ Budyko, who
is associoted with the Global Meterological Institule in Leningrad. The basis of this
approach to fhe climatological problem Is Dr, Budyko’s 1955 paper entitled, “The Heat
Balance of the Earth's Sucface.” This paper advances the hypothesls that all atmospherie
motions arec dependent upon the thermodynamic effect al a nonhomogenzous distribu-
Hon of encrgy on the Earth’s surlace. Though thls work originally mel with epposltion
fcom the worlds meleorologlsts, it 15 now accepted as 8 mare ressonable basis for
developing a snccessful climatic prediction model, The enrlier, simplistic explanafion of
climate was basically Budyko-lan,




RECENT MILESTONES

Explanation of the sclentifle phepomena and elaboration of the three methodolog-
ical schools provide a background for more recent developments—developments whiclh
have more relevancy to requircments as they might emenge in the Intelllgence Coms
munity. The University of Wiscansin's woerk appears to be providing the cohesion lor
continuing research in this area. '

The Wisconsin Siudy

The University of Wisconsla was the flrst accredited academic cenler to forecast that
a major global climatic change was underway. Thelr analysis of the lcelandic temperature
data, which they contend has hislorlcally been a bellwether for northern hemisphere
climatle conditlons, indlcated that the world was returning to the tyne ol ciimate which
prevailed during the first part of the last century (Figure 6). This climatic change could
have fur-resching economic and social Impact, They observed ihat the climate we have
enjoyed In recent decades was extremely favorable for agricalture. Durtng this period,
from 1930 o 196Q, the world populstion doubled, national boundarics were redrawi,
Lthe industrial revolution became a worldwlde ghenomenen, macginal lands begen to be
used in an effort fo fced a vastly increased populatlon, and special crop strafns opiimally
sulted to prevailing weather conditions were developed and became parl of what was
callzd the “preen revelution,”

The climate of the 1800s was far loss favotable for agriculture in most arcas of the
world. In the United States during that century, the midwest graln-producing areas wore
cocler and wetfer, and snow lines of the Russian steppes lasted lor ionger perfods of time,
Mare extended perods af d ought were noted in the arcas of the Savief Union now
known as the new lands, Moreaver, extensive monsoon failures were common around the
warld, alTecting in particular China, the Phillppines, and the [ndien subcontinent.

The Wilsconsin analysis questioned whethor & return te these climatle condltions
ceuld support a population £hat has grown from L1 billion in 1850 to 3.75 bllllon in
1970, The Wisconsin group predicted that the climate could not support the world's
populalion since lechnology offers no Immediafe solution. Further, world grain reserves
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gurrentiy amount Fo less than one monils; thus, any delay in availabllity of supplies
implies mass starvations, They alsp contended that new crop straing could nof be devel-
opod overnight, and margingl lands would be less suited ar perhaps unsulted o agricul-
tural production. Moreover, they obscrved that agricolture would become sven mors
energy dependent in a world of declining zesources. Their “Food for Thonght™ chart
{Figurc 7Y conveys some idea of the cnormity of the problem and the precadous state in
which most of the world's nations could find themselves §f the Wiscansin forecase is
correc, :
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As an gnample, Europe presently, with an annual mean temperatore of 122C, (abowt
S3YF.), supports threc-persons per arable hectare, N, however, the temperature declines
1°C. cnly o litile over two persons per hecrare could be supported and more than
20 percent ol the population could not be led from domsstic sources, China now sup-
porfs over siven persens per arable hectare; a shift of $°C. would mean it could only

supporl four persons per hectare -7 drop ol over 43 percent.

A unigue aspect of Lhe Wisconsin analysis was their estimate of the duretion of this
climalic chunge. An analysls by Dr. I. E. Kutzbuch (Wisconsiny on the rate of climatic
changes during Lhe preceding 1600, years indicates an ominous consistency in the rate of
which the change lakes place. The maximuin temperafure drop normally occurred within
40 years of Ingeptlan, The eardiest celum oveurced wilkin 70 years, (Figure 81, The long-

el period noted was VRO yoars,
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Figure 8. fiean Temperature Variation
During a New Climpiic Era




The study af the impact of climatic change on past and present eultures hos been 8
cooperatlve venture between Lhe soclul scientist, the historian, and the climatologist. 1t
has been shown {Figure 6 that aver ihe tast 10,000 yeurs there have been many climatic
chonges of regional and plabal signilicance. Detailed dezcdptions exist showlag how these
climatte changes affected the people of these reglons. The Wisconsin forecust suggests that
the world i ceturning fo the climatic regime that exisied lrom the 16005 to the 1850s,
normally, cafled the neo-boreal or “Likele [ee Age.™ (This climate was physically char-
acterized by bread sirips of excess and delicit rainiail in the middle katitudes and exten-
sive failore af the monsaens.) The political, bisterical, and econemic ¢onsequences ol this
climatic era haye heretofore been masked by the historlan's preocewpstion wilh the
technical progress, We have recent evidence of 1his type ol Taulty analysis which has
peesnaded  the modemn aproeconamist that man's agricultural growih ducng the last
40 years was only due 10 technology and not the agro-climalic aptimum of that period,

Dunng the last neo-bareal era great segments of the world population were deel-
matad, The great plagues ol Eurppe, India, Africa, and Russia thel occurred during thie
pered vould have boen 3e direet resull  of efamvation and malnuerkiion, In the past year
dara Mrom the Sahel, Ethuopio, and [ndia indlcate that for cach death cavsed by slanv-
fion, ten people died of epidemic diseages such gs smalipox and cholera, Bodivs weak
from hunger am sy prey to the normal pathogenie enemies of man,

Tiwe governments and people of notihern Butope ance strogeled (o survlve nown
pvironment of pepstdent crep Gilure and declining population, On fhe othee hand,
Spant, Portugal, and Lady endayed o polden age Thelr elimale assured them of o religble
base Tor fod production. The German states, Russia, fhe other Stavle nabions, and (o a
certan extentd evien baglood and France, lived dnoihe twllight of pesaroaent winler.

e 2R wears most ol e world sufTered magor economic and politicsl unrest which
eould Y directly or indircetly sftributed to the elimate of the neo-boresl cra. The greal
pestatn Sammie ol THES in Trelumd wos the o) gasp ol g “Hele e age,™ Yot Tor every
bttt e el these wasre e i Tie Asion eaunirics,

Whatl would o retum fo Lhis cdimate mean loday? Based on the Wisconsin study, il
would mreza | Bal India will have o nafor dravghl every Tour years and could only suppon
theee-Tanrths of her present population, The world reserve would have 1o supply 10 1o
50 million metric fons of grain cacl year to prevent the deaths of 150 million Indions,
Chirta. with & major famine every five years, would reyuire a supply of 50 million melrle
{oms of prain. The Suviel Unjon would loge Kazakhstan lor grain production thereby
showing o yearly loss of 48 mililon metric tons of groin. Canada, 3 major exporter, would
lose over SO0 percent in produciion capabillly and 75 percenl in exporting. Northern
Eneupe would lose 25 to A0 percent of ils present product capability while the Common
Market countrics would fero their exports.




People, Places and Approaches

A Limited number ol people within the United States are invelved [n climatological
research, On the West Coast there are two slgniflcant groups. The {irsi is under Dr, Larry
Gutes at the RAND Corporation in Santa Monica. Dr. Gales' work has been supportted by
ARPA and is theoretically Smogorinsky-ian. He has worked lor three ygars under an
ARPA grant utilizing basically the UCLA two-level General Circulation Model. Though
the work has been Lheorctically intercsting and has developed many new suglwarc capa-
bilities, they have sfill not asdved at an opecalional system. Dr. Gates has been strongly
Impressed by develapments In the Budyko-lan school and is in the process of mod{fying
their simulation programs to incorporate some of the more recent thermadynamic dovel-
apmenls.

The Scripps (nstituffon group of La Jolla, under the direction ol Dr. John [saacs, ond
mare recently wilh the inclusion of Dr. Jerome Namals, has (oltowed both the Lombian
and BudyXo-ian anproacheos te climatological probloms. Their main capabilitics have been
in the dovelopmeni of climalological cbservables, Dr, [saacs' early work, which has been
vondinued by Nomais® research, was direcwed at the thermodynamic [nfluence al the
aecans on world atmespherie circubation. At presont, no pragmatic climotological [ore-
casliog is being pursued al Scripps.

The atmospheric seiences group at Lhe Universlty of Arizong is solidly Budyko-ian
Dy, William Sellers who heads this group |s one ol the conntry’s leading fechnicians ir
Budyko-isn mcthodology. His fist published clinptie madel in 1968 was not well re-
ceived By the Smagorinsky-ians or by the Budyko-ians wilhin the world vommuniy,
They did acknowledge, however, Thal il was the first pragmatic systeinatizing of this
upproach. His latest model, developed in 1972, has Tod o signilicant effect in cryslalizing
this whole philosophy and demonstraling a pragmatlc ciimatologlcal model,

Theee are 1wa climale groups in the midwest  one being NCAR (National Center for
Atmospheric Research) at Boulder, Colorado. Their ¢lTorts have heen lo explore highly
disaggrogated atmospheds modils, The second group, ot the University of Wisconsin, is
wnder Reid Bryson «ad John Kutebach, botl mentloned ciarlfer. Their work at Wlsconsin
represents the focdl point Tor ¢lime ‘ological research in the United States, They are fhe
only peoplc whthin the academic commuonity in the Uniled States that have a seasonal
climatelegical Forecasting system.

The eastern eshablishment, consisting of Princeton and the Massachusetis institufc of
Technology, is primarily Smagorinsky-lun, They are basically NOAA-funded and, though
primarlly vngaged in increasing the accuracy of melcorological forecasts, have attempled
withoul succoss 1o provide climalological forecasting capabilitios.




In summation, the easiern schools have employed basically the Smagorinsky-ian
prngiples in one way or another. The limitation of this approach, although not yet
apparent to the establishment, is rapidly being abandoned by the academic community.
The pragmatic cepabilitivs of the Budyko-ians and the methodolpgies thereln are quickly
being absarbed by both the East and Woest Coast establishments, The Lambians and their
primarily statistical approach arc beginning lo lose favor. bt their development of
historical climatological records has provided a vital service within the climatological
community.

San Diego Conlerence
L

By the fall of 1973 the OMce of Besearch and Development (ORD) had obtained
sufficient evidence o gled the Agency analysis thal lorecasts ol an ongoing global ¢ll-
mate change were reaganable and worthy of artention, ORD lsg determined that it was
feasible to kegin the development of Forecasting technigues and impact assessment. How-
cver, Agency analysis remained skeplical, noting that the mix I upproaches {Wisconsin,
Scripps, RAND, NCAR)Y and the scientific persanalilivs pursuiog them prevented a clear
axpresgion of what Lhe recognized autharities were agrueing on.

To resolve these issuwes, the principsd investig#iors representing the vorious research
approaches convenad in San Dicgo in April 1974 1o discuss these three spreific topics:

» The stafo ol vlimotologival forceusting: identilication of ploments of the meth-
adology whirein tharg is some consensus, current trends in development, and

new anproaches,

. Prospects for developing near-lerm applicstions of climatology [0 Agency
interests, -

Recommendations For Ligh- and low-risk approaches Tor lonp-range climalologi-
cal models develapmant,

For Iwo duys they argurd, discussed, and defended their gpproaches to olimatic
forecasting *nd the impact of ¢limathe change. By the second day a consensus was reachoed
on the ollowing Mindamenia) jssues:

A plobal elimalic change Is taking place.

We will net soon relurn 1o the climate patlerns of (HY recent past,




For the Mature, there is a high probability of increased vatlabllity in a number
of features af climate thut are of Impartance Lo erop growth.

The most ptomising longrange (1-5 years) opprosch fo climate Torecasting
appears to be he siatistical synoptic approach. The vonsensus expressed cau-
tion -in using these projections withoul an atfempl e Jovelop some physical
understanding of the underlying weather-forcing mechanisms.

In general, the conferenee paclvipants were skeptical of the prospects of making a
onc- Lo five-ycar forecast ol this hime, skaling that only season-tessedson forcvasts were
wilhin the state of the art.

The conlerence purticinants unanimously recommended thay the clear need Tor o
long-rznge prediction diclaled the estyblishiment of an Gperational Disgnostic Cenler
charged with developing global forecasting techntyus and For servicing the Government's
neeis for one-to-five year forecasts.

Nationgl Climate Plan

In the summer of 1973 the Wisconsin Plun Tor Climatic Resvarch was presented Lo
the Mational Sceurity Couneil. NOAA and the Nationul Science Foundation woere ro-
guesiod be review this plan und to supgest how if should be implemenled. The Wisconsin
Plan stimuloted activity in many agencics.

[ the [ull of 1973 three agencies tn the government became aclive in the develop-
ment of oimatic rescarch plans: NSE, NOAA, snd the Mational Academy of Seicnces.
The National Academy of Sciences established the Commiltee on Climatic Variation,
chaired by Dr. Lurry Gules. The committee members completed their recommendations
for s Nulional Climmiie Research Piun in June of 1974. This plan is presently under
ussessment by the Natlonal Academy ol Sclences. [ts inal approval is expected lade this
yveur. Eary in 1974, NOAA began developing a plan which would inclade o Cenler Tor
Climalic and Environmental Assesament us suggested by preliminery recommendations
from the MNational Acudemy of Sciences Committee. This plan would allow NOAA to
respond rapldly to the aveds of government agencies thal are concerned with the impast
ol climatle fagtors on Both o notional and global scale,

[n the spring of 1974, the Dircetor af the Palar Studies Division of NSF developed a
plan fo establish o Center for Chimatic Research as well o5 to provide funding to
appropriate weodemic cenlers.




Beth of these plans have been Incorporated inte what {s now called the Natlonal
Climate Plan, NOAA would be rasponsible for developing methods for practical climate
forecasting as well as developing techniques applicable For the assessment of national and
international food production. NSF would provide support to responsible scademic
venters and establish a Center for Chimatic Research. This Center would operate in a
similar manner ag the present MNational Cenim Tor Afmogpheric Research (NCAR) at
Boulder, Colorado, The National Qlimatic Plan s presently under review by NOAA and
the NSF, Thay expect to seek approval from the Office of Management and Budget In the

fall af 1974 for FY 76 program: funding.




CONCLUSIONS

Leaders in climatodogy and economics are in agreement that a climatic change is
taking place aud that it has alrsady ssused major economic problems throughout the
warld, As |f becomes more upparenf to the nations around the world that the current
trend is indeed a longferm reelity, new alignments will be made among nations to insure
a securc supply of Joad 7esources. Asscssing the Impact of climatic chonge on malor
aalions will, in the future, occupy a major partlon of e [ntelligence Community's
agse (s,

Climatology is a hodding sclence that Lag only recenily glven promise of Mruition.
Classical elimatology was occupied with the archiving of evldence, Until 1968 very llktle
was aceomplished in this selence toward defining casual relallanships. During the last two
years chmalclogists have made subsiantiol progress in the developinent of methodalogics
and techniques in forgcasting climalic changes, Recent developments In climatolopy have
shown exbensive promise toward provlding seasonal forecesting. [n the near Mtute it moy
be possible 1o provide forecasts in the realm of one to live years,

The funelion ol research within lhe Agency has been directed o1 deflnlng the rela-
tionship of elimatology to Lhe intelligence problems. LE is increasingly svident that the
[ntelliggnee Communlty must understand the magnifude of internetional threals which
oceur o5 a Muncrion of climatic change, These metlodoloples are nocessury To forewarn us
of the eeonomic and political collspse al pattons caused by a worldwide lailure in food
productlon. In addition, methodologies are also necessory to project and aszess o nation's
prapensity to initiate militarlly large-seale migratons of their peaple as hos been the ease
for the |2t 4,000 yours.

Though the fssues are [mportant, the United States hos a limiled capability in
cimuabic forecasting, The government expends over $150 million annually on shortrange
weather farecasting, bul only a minimum of direct dellars on climatic forecasting. QOnly a
Few academic cenfers in the Unlted States are enpsged in fraining personnel in this held,
which suggests we have a ignlted chance of solving the Intelligence Communily’s problem
unless dosisive oelion is laken.
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Fimure 5. Historical Tempersiure Trend



