


















Refugee. t'om Ih.." coUapsing civUiZQtlons were ofte~ .blo 10 migrate 10 better
lands, Reid Ihyson, of Ille llnivcrsill of Wisconsin"s Inslitule for E"vlronmental Swdle"
.p"cuIQ~ thQt Q new rainfall p.ttern might acwally (evlve agriculture In ,ome once.
l10uridung regions such " tho no[them SahaTa .nd the h-anian platoa" wbe'" Dan""
annles fed_ llti. wu~ld he of little comfort, howcv"" to people amicted by the lomh·
ward eneroa,hmenl a[ Iho Saltaro. 11," world is 100 den",ly populn,ed and politlenlly
divlde<l to accommodalt· rna" mig",lion•.

Yet to UndefSl~nd Ihe ll',ults of dim' Ii. chango. we mnsl know ,olMtlling of 1110
b,,;}•• of c1im.lology and Ih. poop]" a'lod~leu with Ihls I.ione....

11Ie Slale of Iho Art ofOlm~lology

Th. dlmote of , regioll on Iho E.rlh I, 'aid 10 h. repre,onle<! by • ,tutl,lIea!
euJloelion of II. weotller condillon, d"ring " ,peclli'd thoe lntutvol. TI,ls Int"tv,,1 I,
u.ually ~t lea" two or Illree dcClldo,; for Ihe /lgency', p~rp(""', we wHi b. dcollng w\ih
months and y~a". (Iimarolo~y.", dcrive<! from the G,cek wor<l dimo m,unlng indln"·
tlou of Ille lun's I~Y~, rellecl. the imporlanco 'llrlbulod by (hc early ~lud~lIt, "f dlm~tol.
ogy I" Ihe InnuCLu'e of the ,un. 1'0' rom~ ~nknown ",",on, th1, impo"",,ce w", vlrlually
i~norcd br dim"lologl'I' "nlll" dccLt<lc ago.

Thc keys 10 "n<le,.lunding dimalology ir~'

Tho aeccl'IOncc of Ihc prindpallh,l nLl I"re "bllo," , h~lcro~en~om dWr/fJ"l/w,
,,! ('II"'lIr,

""''lIy"",t'lJIIlg Ii'" Earll! i. nlOddoled by voriotion, in the narth's orbll.lho
indln;ltlon of tlw Ean:\·. axl. willi, In orbU, the milerl,l. in (ho Forth'. "1Illo"
phore (<I"st, mol.t",., clc.I, .nd ~norb'Y JlIICIUltlon< (n Ihe "'" II.el f,

Til. ~drt" '" a",,,,,,,,I,",o absorb. only n '111"11 l"'rc~lItagc of th, OOC'llY .:omlllg
tlJr~"lly from Ill(' ,,,n.

Thermlll DI,lrlbulion Df Energy

Pamm~l~r. "lOh os lempeJ1tum, ,"inMI, ond wind velocity Cdn be ~;reelly rolated 10
Ih,· torogcn~ous <Ij>l[ibution of Ihermal enCfllY on lhe .urf..e of tile Eurth. They "'"
Ihe 1".y.,ie"1 lll.nire,lolion, of, global ,y'IC(n which allempl. to ottuin" tberm;,1 eq~;'

IIbrlum Ihroull.h Ihe inlerchange of pol.ntio' ond kinello ~nergy between the itm"~phe,,,

.nd Ihc "c~an"
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Ene.gy Reaching lhe Earth

Thcre arc two major ,ea.MS for the heterogeneous di,lribution of enmy on til,
surfece of the Earth:

CIOUU formations

S"rfacc .Jbodo- ratio of energy rellecled to ene,sy receIved from lhe ,un,

E"h affects lhc amo"nl ol'solarenerllY ab'orbed by Ihe Earth,

Thc energy required fo' lhe physleol proce"e, lakil'S place in the Earth-almo..
pho'e-ocean syslem I, almo'l lotally provided by t1w sun. Eoch minute lhe 81m radlales
~pproximate!y S6 ~ IOeli calories of encigy of which 2 x !O3 calo'Ics )lCr square oenll.
meter per minUle a,e inddenl U]>L>n our oUier ~lmosphera, The exael amount of 'olOJ
'adialloll Ihal aclually is inddeul Mpends upon the time of year, the time of day, end the
l.mude, Bare bnh ob'orbs ond lronsforms a~proximately 7S perctnl or alt "i,ible ligb!
Impi"ging upon It. The r~malnd"r or the energy J' renected back Into ,pace.

Flgul'e I depicts tbe ufmo,pheric cnergy a, it is ,ec6lved from the ,"no The surface of
the Earth, hooted by the absofpllon of vi"ble or sllO,t-wave solar radiation, eOMort. thi,
onergy 10 Ihermal or lO"8-WaVe r.dlarion which, ln turn, eonvecUvely and condllcllvely
hc"t, Ihe atmosphere.

In a typieal region of iiColtereu cloud' 2 pe",ent oflhe incident yjslble 'olar energy t,
"b'orbot! in the 'tMo'ph"'~. Ftneen pe",,"t of the remwnlng ene,gy i' typIcally
obsorbed in the tTopo,pllere .ad 'onverled to therm,1 energy.

Forly-seven pe",'Cot of the l'1illol rudialio" evenlually reaches the surfaee--J t per_
cenl diroctly ood 16 pe...:ml Ihrough "Imo,pheric djffusion. Note that 36 po<ctnt or the
Originll eMrgy is rdIceted back into ,pl,e-23 pe...:e~t from thc tops of doud" 6 perctnt
IhrougJ, Jlrru,ion '" the tropo,phere, and 7 paroo"t from llw ,urf,c~,

It Is uot obviou, how the Earth malntaJn. U, ""ergy bala"c., The Earth's ,urlace
_"bsurb, abo"t 124 kilo·langl,ys of sol" r~Iotlon ",ch yoar. Energy per unit area Is
-expressed in langley, (ly) or kllo·langlcys (kly). One langl~y is equivalent to 1 calorie per
square centimetor, Thc Ea'ih effectively ,"diates 52 kly of long-wave energy to Ihe
otmosph~re. TI,e difference betweon incoming aud ollrgoing rodiatlon i. 72 kly which "
tho net "norgy bnlanoo, The global r.dtalion balance i' zero a"ern~d (approxImately)
over ltlC year, but II Will not egual ,oro eithe, ,oosonolly or annually in a glvon latitude
wnc.
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The alma,phore is uniformly a ....Ji.tive 0001 sink al oI11.mud"', while Ihe Earth',
,urfac",:"'e~oopl noo, the pole,,·j, a heal ,0u,oo. Energy ma.t therefore be t....n.ferred
from the ,urfae", to \h. "lrno,phor. 10 keep Ihe '"'face from w.rmin~ and the atmos­
phere from cooling. The .wieal heat e~c!lllnge aceurs mainly by evaporation of wale:;
from the ,urfa<'e (heal loss) and condensallon In the almo,phere (heat ~ajn) and by

., conducllon of sensible hc~l from the sUrface and turbulont diffusion imo the atma'phere
ICoMcclina}.

An example of ~nergy balan'e is represented in Figure I. The "lmospher. CaU goin
energy [rom ~ varloty of sm, ...."',. The troposphere ga'., IS perc."ot of irs thermal energy
through direcl con.~"i"n of vi',,,ot energy 10 thermal ~fle-,llY. or tI,e black body (thermal)
radlallo" from the Earlh', ,orfoco ('18 percent). 'II rer~nl I' p.rti.l1y ab,orbed in the
almo,ph"",. 0"" the rem.inil1$ 1 pol<ent i. mdloted into ,paee, The .t"to,phet. provide'
an .udltlouol 2 porcent to Ih. tropo'phere; convection (22 percent) ond conduction
(5 pe,ce"t) ",-.:aUnt for oboot 21 per«n!.

Tltc .urf.ce. then. ho' jwo .ou",e. of energy. It ~"in, 41 pc",enl In vl,u~l.to·lherm.1

enorgy tml,fonnotion ond 18 pe",onl in b.ck r.di.tion. Tltc ,orr.ee lose' 'IS percent to
the otmosphere through 10ugHnfr.red) wave" end 22 percent throo~h convection ond
5 perccnt through condoction. The Holn. ond lo"c.ln the olmo,pherc-,"rfoce sy.tem are
tlmc dcpen~enl.

A ioyer of cloud,. ,now an~ I<'e e'n mlleel 80 10 '10 pereent of U,e vi,ibl.llght b.ek
int" spoce, Becau,e climate dep~nd, prImarily upon the amount of '010' "drotion thatls
ab'orbed by th~ torn, and .tmo,pJ,erc, albedo b~"om.. imp",t.nt. Albodo J, the rollo of
the ene'~y tIlceived from the sun "nU '~f1ected by die Eorth. The greate, Ihe albeu", the
coldot tll~ Earlh.

Clouds ,an se",e to moderat~ wl'atev.r cllmnto trend i, under way, if tho Earth ..
~urf.ee Icml'erutur~ climb' f"r whato"., ",,"on. more w~l.r evaporate, ~nd may rr,~ to
fO'1Il maN cloud cU"~t. Thl' inerea,e, the ~lb~do .nd lo"~r\ the rote of he. ling. leo and
,now. on the olhcr hand, provide I'0,itiye feedback; if tll~ awrose y~,,-round tempe..­
ture doctllO>l)'. lha e~lent or ice ond 'noW euvelllH~ increa'es .nd rollect. more or the
jneumin~ f.'nllght back 10 ,p;o~o. The ,e,ull I, IU lower the "te of h...!in~ s!lll more.
paui,ulorly Illtbo region, dosest 10 the pole,.

Ther~ i' yot an"ther c'<>nl<1hutor to the plan~t'••lbedo··alrborne po,tlele,. part leo­
I~rly lhe ""lNm'ly finc du,t p"rllcJe, lh.t IliVO beo" carried 100 hiHh in the atmo'phere
to be wo'hed out by predpilution. M"ny of l11e,e partido. remain aloft for m"nth' Or
yon". Th"', ~ hetcrogen,ou. di,'rihulion of clouds moy eventually ca"... heterogeneou,
di~lrJbo!ion of therm.1 cnergy .round ihe E""I,.
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Earth's Alma,phere

Many "'''''hanl'In' arc employed b~ I"" brll, to brjn~ il,elf into thermol cquiJi1J..
rium, When lho,mal radi"!!un from 1.",1 'llrfae'" heal' the air di",,,(Jy above it, the ri'ing
air cau,c"" Chinge In Uto local almo,pheri,· oro,'Ufe. The ,pInning of the Earth "od the
"""Ilonl pressure differential' are physically ""nlfc,led by lhe ~...ous current, known
as ·'wind." Thcrml1 radlallan [mlU. the Eurth also C"U,~S (h~ evnpor,llon-conden'stlun
cyde llral fore"" molstme rro,~ land and Oel',," 'ou"o, (0 cnler the atmo'phe,e
(Fi~u'" 21. Th"'_ the IIlmosphere become, one of the m".ior m~Un, of eqn.lizing the
Ihe,m"1 CII"'SY distribution ''''Un" the world.

Forc'Vapo,atlon 10 Ownr, both" drlvln~ for"" .nd" soure< oren.reY in the l,an,fo1'­
malion pha,e nrc requirew. Rowluliun i' lbe Inoin .ner~y ,ou,ce, In Ihe pre,ence 01' ,n
.wo~u.le s"pply of enolllY, nlO$t predpi~utlon CYiporate, before it h.s. chance to run
off. The OC",,", lme mO'e wuter by eV"pOTatlon (M pe,cent) Iban Ihey llUin by precipit""
lion (17 poreonl). TIle deflcil i. mode "l' by Tun off from tile continont, (7 per<:enl) oyer
wbich p,"dpil.t]on "xce"~, e..dpordllon.

TIle OWin' proYide about 84 pe,,,,,nt of 810bol evapo,ation. willie the eonllnenl'
proyj~e the 'emoining 16 pereonl, Thc change of phose from a liquid 'laIc 10. YOre,
"'1"1,,,, IIl"t energy be provided to OvercomC dl" inlC,nwlecular ullmelion, belween
W"dlw mo!c"ules, TI,e latenl heat required 10 eYOpO"Ole onc lO'~m of waler ot o"C, L<
600 culorie,. Condcn,,"tion I, relpon'ible fo' reloa'ing lhl' energy. 11lu, U", 7 percent
ho'izontal od""clion of w,lcr v"por to tile land m~"" eonlrib"t", ,ignificantly 10 Ihe
t,"":'o, of enorgy 10 lhe contin~nl,. 11Ie norm~1 dynomlc movemenl of ai' and YOPO'
mo,,~' I, continnon,ly direoled ~l tllo cquallt.tion of on~rgy in th~ ooo.nl 0' woll"' lond

"'0l\W',

Sin,~ ~O percent or lhe "a,th', 'u,fac" i' waler, prlncipoJly Iho ocean•. it woold
,"""l roo,oll"ble that mochalli,ms JIO~ to ~"1,1 In th~ oc~all' 10 off'et Ihe h'l~rogcnoo",

dl,lrib"tlon of thormol "",r~y, Thro"yh~"t, all th~ mojo, .o""an', 8'~"t "um>ntl of w.l~r

llow belwoen ene'll)' .ink. lind ,umps. Th~ wind' ereotod hy ti,e oc~""', r~dl"l~d cne,gy
fo,m .lmo,pl,eric tide,. A' in ~",mplc. fho [!:ro'le'l m... "r walor 0" \h' narlh- the
Pocille O..'.n i' constanlly <1epr,,""u OM m~lor on the oust 'ide as comr.red wilh lhe
w~,t It"" to all almo,plloric pre"""," .nomaly ,

Fiyllre ~ ,how. lh.t lhe mO'l dungerou, CffcCl of lite glob.1 coolin~ t,end ha, b~en.
~hollYo III almo,pho,ic circ"l.fion "nd winfall. 1'],. chong~ eonto," on lhe behavior of lhe
d,eumpola' YOrlOX. tho g,ool car 01" hi~h".ltitnd~ wInd' I~volying obout lhe pole' from
wo,,! to 011'1. Tho b"'"d hllnd "cm~, lh~ Norlhorn HOllli.pho", mo,ki lho opproximate
.Iouthern edgo of tho wind sY'lem as it wa' dllring Iho summo,time in tbo oarly 1960,. It,
,o"th~rn "d~. d~l"rrnjllo, tbe location or Ihe plomi"ont hlgh"pTl$S"re 'egions, IlIdieoled
110'0 hy o.FtoW dockwisc",plmling .,row, ,el"o",nling wind' Ilowlng outward. Tho hi~h,
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r~sult from ~ry win~s that de,cend arte, traveling at high allitu~e. from the equator,
They creat~d the wotld's gre.t deoerls and detemlin~ the nor(hem limit of p~netTatlon oy
min-oearing snnlmer manseon, (lndieated by heavy, northward-trending arrow,), The
limit is known as the "intertropical convergonce zone."

Be~.use of the global cooling trend, the l"wer edge of the cireumpolar vort~s has in
,cce"t yea" stayed fnrthe, ,oulh during tho summer,ln tll~ po,ition shown by the 'aloller
b-Jnd ne" Ihe e'lualor. It has hptthe high p,essure zone, farthe, 'outh tno, blocking til.
monsOO,ts out or ,~gion, where they nre vilal to the ,urvival of hundreds of millions of
people. AI tbe ,arne time, tho vorto~', semi,tatlonatY Wave p.ttorns h••e altored,
affe~tlng ,.mfalf palle,o' in tempe.. te ,egiom nnd m.king the dimntc mo,e .arlable. The
deepe, weve ove, the U.S.. fo, exnmpJe, Is believed re,pon,ibl< for moonl cold winte" in
the We't nod mild one, In lhe Ea,t, Tbe We't has beeo subjected to north wind': the Fla't.
the leturn now. Allhough ,orne eviden~e exlst' thnt tl,e coollllg trend ha' affocted wind
patlerll.' in Ihe Southern Hemisphere a' 'Well, we.ther stnlistics n,e scnnty.

Current Approaches 10 alm"tology

There are Ihree b.s;t' ,ehonls nr philmophle, of climatology, The fiT'll Is ~enlcrod

amond Prof.SIlo, H. H. lamb, who I' currenlly the Dlrectol of tile C11IMtie Rewa,eb
Vnit at the Univorslly oflin,t An~Un In the United Kln~dom,1111' ,ehool ~ontellds lhai If
a ~lilnalologl'l I' to proJe.t fut!'fe climate., he mu't ~nderstan~who; has occu,red in the
~",l, 11\e second is ch"rneterl~ed by Dr. 10,"~h Sm"~OJln,ky, who is the Di,ecto, of the
(;eo~hy,Je"1 HUld Dynamics Leborato,y nl Princeton Vnive"ity. Thi, eente, b"lieves th.t
a complct~ understnnding of utmo.,pherie circul'tioa i, ,umelent for climatic fornee,ling,
The third is best rcpJell<)nted by DJ, M, I. Budyko, nn eminent Soviet climatolow:eJ
theo,etlclan, lie pUlllue. the hYPOlhe,ls that an "ndelillallJlng of lite tot:~ di't,ibution of
lherme.l enelllY isnecc,"",y for dimalie foreca,ting,

Tile I••mb/a" .<"hmll Is bll,.,d on fhc e'labll,llInent of cllm"tic 'latistlcal trend,. A
Steat deel of cffolt hWl been expended by the foUo'vcrs of thi, philo,onhy In quontil'ylng
the '1uaUMJvc desc,iption. pJo,ideJ by hiolorloal roofce. (""cient cou,t serioes, ,hip',
log" and scholars), TItei, fCcon.t",elion of el1mallo condillons ha, reaoiled back 5,000
yeats, This partl~ulal ollproa.h wn. olmo,t totally dependent upon man-mad. ,ecords. In
rccenl yea". the use of seophy.ienl indieato" such as tree rings, ",dlmentary depo,its,
and Atelle Ice layeriliS hns added .ubst.nliolly to the globol data pool.

Unique ,dentlfle methods have been developed whlcl1 allow the climatologist to
d~tcrmlae the historical (ntcnslly .nd disr,ibollon ofsola.- radl'tion and preeipitation on
• worldwide ba,,",, Defo!e thc,e development's, it was nece..ary for the ,cienli't to Infer
elimatle variability based on mnny indirect faeto". Thoogh thi. work i, still quite Incom­
plete, prolimiootY ,eports by D,. John Imb,ie (Brown Unive..IIy) h,ve provIded a fa,ci­
Olling portrayal of thc Eaflh's cllmalology over thela't SO mlllion yeai'll.
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Conent evidence ludic.le, that ttle coollnental areas whiclJ we... once In the tro~iool

ctlmaU. reglons of this planet. for some rea",n, underwent. rapid dim.tic Change,
Beginning approximately 20 million yo"" ago (miocene period), large climallc vidal;O'"
charictell.cd by what is known a, the Ice Age. belllln to make appearllne«. Dr Imbric's
group ha, been ~ble to e,tabli,h that thase lee Age, are cyclic in natnre llIld consi,t of
approximately a 90,OOo-yeu' gladal period followed by • relall,ely brief warmllll: peok
for 10,000 to 12,500 yea", called the inlerglaclal period,. Thus, OS we ,e. In Figure 4
b"~"d npon • sample space of 20 m~lion yealS, lim rather narrow neriod of the inter­
glacial 'pan is. comlSleot [••tu ....

lnve,tlgatlon, indlcale inlel\llacial periods neyer extended beyond 12,500 yea', nor
ba' Ibe period evor boen 10" Ib~n 10,000 year' (Figuro 5). The c1aclal period. may b.
cl1aracl.r1~ed by (urge conllnenlal Icc sheot' that exlended a~ro,s v"t region, of Europe,
Norlh Amerlc~, and A.Ia. Thi' phenomena b well documenled on Ihe North American
~onllnont and came to ~n cnd approxim.tely 10.000 year' ago. The pre,ent inlo'1!ladal
cr" Is dl.racl.rired by • Ihermal maXimum which OCCUlTed aboul 5,000 10 3,000 B.C,
During lhi' time, many majm de,erl, in lilt wo,ld-tl' we know Illcm-we,e formed, ,uch
a, Ih. Sabaru, the Arabi.n, and !!Nat Mongolian de,ert•.

Climate chango al lhe ond of Ihe,e \nle(\;laclal tl"'e period. i. millo, ,harp and
dramallc. Ex""Uenl hi,lorl~al cviMncc oxi,ts from area, on th. European plain. whlch
once wo", ook forest. and woreloler lTaasformed into popillr. Ihen into birch. and finally
into lundr. wilhln a 10o-year spon. Thus, the rescarch.", of Ihe CLIMAP group
(CLImatic MAPin~) bypothe<l"" Ihal 11,0 change from an inlerglaclal 10 glacial I1mo
p~tlod could tnke pl.oo In JellS than 200 yeurs. An e~ample of mpid clim.lic ch"igc! ~'"

lho rumal'" of flOlen llla~lodon, completely preserved In Siberian and North Amariean
ico Pllck.,

Scicnli'\s arc conlidonf Ihat unle,. m.n i' able to effecUveiy modify Ihe clim'tc. the
nortbern ,~glon', such as Cun.da, Ihc Europaan pa,t of Iho Soviel Unlol,. and major a",",
In norlhe." ('hin"_ wHlllllilln be coye",d wllh 10010 200 feet of i'" and ,now. Thai thi'
will occur wlillin lhe n~'t 2.50il ye.rslhey arc qlLlIe po,llive; Ihal it may occur ,oonur i,
opon \0 'peeulelion.

11,e Smagorinsky-lt1n .clw,,1 of climalolo~~ J. ba'ad UPO" Ihe meleorologlsl'.
attempt. to cdund Ihc predictive capabilities of Ihe equnllono of ~uid motion. Meteor­
olollY deals princip.lly with the foracasling of atmo,pheric pre..ure differenli,l, and Ihe
prol'On,lly fOf &I",n ,mllems 10 result lrl rain, snow, ico, bigh wlnd~ ef'" II doe' nol take
inlo ""counl ,0Jar or Earth radiation nor hydrological (I.e" evapo,alion) .. riabIM.

Since thn .vail.bUlty or setial, nUmerical compule" in tbe laner half of Ihe 1940.,
the l;Ieleorologi,1 has developed. system of model' to predict ne.Herm almospheric
vori.lions. The basic 1001 ~mpToyad by tl11s group j, the General L~rnul.tlol\ ModeJ. The,e
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nwdels describe Ihe effecls of lame-scale almoophelie mollon and are lroated explicitly
by numerical integratlon, For almost 30 years Ihe meteorologist has tried unsuccessfully
tn extend his ptedj~tlve capabllity past a 24-hour forecasl. The $nlajlorlnsky-ian
approach, however, is the currently accepted methodology wilhin lhe Urtiled Stal••
Go""rnm"nt and reeolves mOle fhan 90 percent of an Ihe research and development
funding available the.. in.

The Burly/w·ia" .cJlQolls based upon the theoWleal work of Dr, M. l. Budyko, who
Is ""odated with Ihe GlObal Meterological Institule in leningrad, .The basis of rills
approach 10 the climatological problem Is Dr, Budyko's 1955 paper entitled, "The He't
Dalance of the Earth's Surf...... " This paper adv.nw. thn hypothesi, that aU atmospheric
motion, arc dependenl upon Ihe thermodynamic effenl of a nonhomogeneous dlstrlbu·
tlon of energy on lho ~"rth's su,face. Though lhlB work originally mel wJlh oppO!'ltion
from Ihe world's meteorologists, II Is now accepted as a more rea'onable basi. for
doveloplng a ,,,=,,ful climatic predlotlon model, The earUe" simplisllc exptanation of
dimate wa, ba,lcally Uudyko.lan,



RECENT MILESTONES

Explanation of tile Sclentlflc pllenomena and elaboration of tile three methodolog·
leal s<;hoob provide a background for more recant development,-developments which
have more relevancy to requirement, as they might emerge ILl the InteUlgence Com_
munity. The UnivenJty of Msconsln's work appeani 10 be providing the cohe'ion for
continuing re,.arch in this orea.

The Wiscon,ln Study

The UnivePliw of Wisconsin was tile first accreruted a""demle cenler to forcca,t tl,at
• msJor global climatic change was un~erway, Their analysis of tile Icelandic temperatur.
data, which they contefld ha, Illslorlcally been a bellwether for northern hemi,phere
clim~lIc condlllons, Indl<ated that tllc world was returning to the ty"e of climate which
p,ev.iled during the tirst part of tile la,t century (Figure 6). This climatic eh.nge could
ll.yO for·re,ching aconomlc and 'odal Impact, They observed that the climate we hev.
enjoyed In recent decade, was extremely f.vorable for agriculture, During thl, parlod,
from 19JO [a 1960. Ihe world populallon doubl~d, national boundaries were redrawn,
Ihe i.duslrial revolution boc.me a worldwide phenomenon, marginal I.nds bogan 10 b.
used in an errort to feed ....Uy increoli<d pOl'ul.tlon, and specl.1 crop slraln, optimally
suited to pre.alling wealher eondition' were devoloped and became parI of what we,
caJl~d Ih~ "green revolution:'

The dimale of the IBOth Wa, far les, favorable for agric~lture In most aroa. of II>.
world. In the United St.t~s during Ih.t ocnlury, Ihe midwest sraln·produclng .r•• , were
cooler and weller, and snow line. oftl>o Rus.sl.n staVp.. lasted for longer perIod. of time.
More eXlended period' of d'ouglll we," noted In th. area. of Ihe Sovlel Unioo now
know. a, Ihe new lands. Moreover, extensive monsoon fallure' were common around lhe
world. arrectlng In partiCUlar ChIna, Ihe PhlJlpplne', and the [ndi.n ,ubeontinenl.

The Wlsoon.ln "nalysis 'luastloned wheth.r a return 10 Ihes. elim.Ue condIdon,
eonld ,upport a populallon thol h" grown from 1.1 billion in 1850 to J.75 billion In
1970. The Wisconsin group predIcted thaI the cllmale could not ,upport the world',
popul.lIon si""., lechnology .offe" no Immedlale IOlntlon, Fnrther, world gmh' r",crva,
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cunonrly amount 10 loss than One mooth; rhus, any d.lay in a.ail.bUlly of ,upplie,
implies rna" ,Ia",alion', They aho eootended tltal new crop <lraio. could nOl be dewl­
opod ov.rnighl.•od marginal I.nd, would be l.ss ,uited or perhaps un.uited 10 asr;eul·
tural production. Mo,..over, Ihey obs""'"d th.t olll'icultur. would become eyen more
ene'1lY .iependenr in a wOlld of declining re,oul'C<)'. Their "Food for Thought" chart
(Figure 1) conyey. ""me il100 of the enormity of lhe problem aod tlJe prec,riou, .tate in
whleh. mo'l of Ihe world', nn(lon. could 110d them••IY.' ii/lie 11'1«011,10 [ureeas! I,
CU!I'I'C!.

•

P",o", ..,"".T•
•""bI""d,

,

,

•

•

,

Fil!u~ 7. Food for Thought
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1\"0 caampl'" Europe pre,anily, with en .nou,1 me.n temperalure of 12"C. (.bout
53"F.), support. three-person. per arable hectare. If, howe,.r, the lem",,"l"'. declInes
l°e. only 0 lillie "vc, two pe"'ons per hectare eould be supported and mOre th.n
20 """,ell! of lhe I'Opolotion CQuld not be red fram dom..tic source•. China now ,up­
porI' over ",ven p.",o.s per arable heclare; • 'hlfl of 1°C. would mean it could only
support four person, per heela,. ~~ drop of ove, 43 (lI'rtcnf.

A unique .,peel of Ihe Wi,con,;n ""uly.,i. was their"stim>te of the durotion of thi,
c1imalic ehaol:". An analy'l. by Dr. J, E. Kulzbuch (Wisconsin) on lhe rale of elimatic
changes during lhe p",cedin~ 160Qycar.; I"<licat•• on omInous consistency 10 th. rate of
which the chal1tlC lake. pl."e. The maximum lemper_h,,,, drop norm oily occurred withi"
40 years of In,""pllon, Th~ ~~rlbl relurn occurcd wilhfn 70 ye",., (Figure 8), The lon~·

e,! period nol~d "'""' )80 yo,rs.

•

.,.
Nor",,,"
Hemi",,,,,,,
T'"'P'ra'."

VOl"

ANALYSIS, 0,_ J,E. K""!>o,~, Uol, "';'V 01 Wl,ooo,io " M'dl'o"
"""","N" leoo...,,,

Figure 8. ~tean Temper.lure Variation
Duringa New OlmaUe En
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The study of tho imp,,! of dim_Hc ch.nge an p.,t .nd pre,ent eultu,o, ho, boen a
oooperative YenlU,e betwe,n tho .roel.1 'denti't, the hi'tmi.n. and the climnlalogl,t. It
h.. been .hown {Figure 61 lIun oyer the 1.st 10,000 ycars thc'" h,Y. been many climatic
chong" of ,ogia",1 or.d global significancc, Det.i1ed de.criptlon. ~xl.t 'howjn~ how these
ellm.tJc ~h_ng"••ffectod nUl p~oplc or thele ,oglons. Tho Wisconsin ro,e"",t.uggest. lhat
tho world i' rolurninslo lh~ cUm.tlc ",gime th.t exi.led from the 1600. to tho 1850s.
no,m.lIy, ca!l~d tile neG-boreal 0' "linte Ice Age." 1T1lls Climile wa" phy'lc:dly ell, ..
acteriLed by b'ood ,trip., of excess .nd deficit ""inlall in the middle lalitude. "nd exten'
,Ive r.llure of lhc mon,no"s.) The political, hMo,ic~l, and economic eonlequcnce, or thi'
clim.tk era have ho,.torme been masked by the historIan's p,ooc,<;upallon with the
technical rJ0S"'''i. w. h.YC moonl evid.nce of '1 hi' typo or raully onaly,is which h.,
p""",.d~d the mude,n ayroeconomllt that mnn', agrioullUt"1 growth during tho 10.1
40 yen", wa. only d"c 10 tocbnoJogy .nd not lhe .gro-dimatk optim"m or th., period.

D"ting lhe 1.,1 n",-b"re.l em groat Icgmenl. or tho wo,ld pop"I'tion were decl·
m.lcd, The groot plaguo. or E,,'OI'\', India, ArriO", ""d R"",i. th.t ooeurred durIng thl.
poriod co"ld have been tlio dlre.l relult or !t.Mllon and malnUlrhlon. In lho pa.t yea,
dal. rrom the Sahol, ElillOpi., and Indio indl""to that for ••ch d•• th c"u,.d by ,I.,W­
Han, len pcoplo died or epidemic di'••.., 'nch .1 ,m.llpox 'nd cholcra, Bodi., w.ak
flail' hao~.. are .alY prey to 1I1e normal p,thoseo!c eoemie, or mun,

lh,' ~"",rnm."t' and pouple "r no"horn Europo onco "'''llllied to ,,,,,,lye 10 "n
o"'i,""II\O"t "r p,'r>I'lonl crop f_iIltre and d,c1inl"g 1'01'01.110'" 0" II," otho, h.nd,
Sp;"", 1''''1 "gal, "ud lilily .,l]<>ycd \I gulde" 08e, 'Tf'oI' .lim.le _"'''led tlwm of a "'liohie
h",,' I", ",,,,I ptull"d;ntl. Th" Go,mao _,I,le" Rll"io, Ihe otlW' Slavk nolion>, and lO a
,'o,l,u" ,·'t,'nl ".'en I, "8,,,,,<1 alld F,once, liv.d In Iho lWlllght or l)e,""l1Oot winte"

",1-", ,~ll ~c,," n""t "I' II", wmld ,uffo,.d ",IljO' oc"nomic ."d politkol unre,t which
,-",,1.1 10,· ,I"c,ll\ or indi,oclly "ttril"'tod 10 thc dim.le "f lho neo-bore"1 e,•. The greal
1'"",(0, !.lin",,' "I Ix4~ in Irel.nd wa, lbe 10'1 go'p or tl'" "litlle k., uge," YO! ror .,yelY
,Ie"tl' If' !rd.L1111 tll,',-" w,'"" 1"11 ill Ihe A,I,n COUtllric_',

Wh,,1 ..""hI" relum r" Ihi. dimalc moan loday'! Based on Iho Wi"omin .ludy, il
wmlld "'0"" 11l"1 In,li" will l1",e a ,".jor dm,,~ht evcry ron, ye." and "ould only ~Uppol1

lh'ee·r"",lh, "I" her pmwnt popul.llon. The wOlld re_<ervc would h.,o 10 ~upply ]0 to
SO millio" ,not,ic lon, or ~roln 0.011 y.,a, In p,e'ent lhe doatb' of ISO "'filion Indl,n"
Chl"o, with" rnajor ramlne e«ry five yea", would requl'e a ,apply "r SO million mel'lc
10"' or tl"in. Th" Suv,ol OnIon W<luld lose K"takh.!"n for gmin p,odacllon the,cby
,h"wi"g 0 yeally I"" of 4H million IlIcl,ic ton, of ~r"jn. C.nada,. m"Jot eXI'a'to" would
lo,e 0«' SO pe"."t in prod"ction o.pabUlly and 1S porce,,' In expo,tlng, Norlhe,n
Eo,,,pe would 10"" ~5 to .10 pe",ent or it> pre",nt prodU"l c'p"ability while the CO,","OlL
Mnrkcl couIllrfc, would ,oro Ihelr c,port,_

·2S·



People, Pia"". Bnd Approae~es

A limlled numb.r of people within the Unit.d Stat., .r. Involved In dlmalological
r.... rch. On the We,1 Coa,l there are two slgolflcaol groups. The firsl is under Dr. ta"y
Galos at the RAND CorpoMlon In Sanla Monica. Dr. Gates' work hs' been oupporred by
ARPA and is Iheorelieally Smagorinsky·ian. He h.s worked for thr.e yo.rs unde, an
ARPA grant ulilizing basically the UCLA lw()-Ievel Generol Ci""ulotloll Model. ThouSh
the work ~o, been theoretically Intere.ting .od ha' deydoped many new ,o{twore capa,
bllmes, Ihey have still not arrived a' an ope,olional ,y,lem. Dr. Gale, ha' b'"o ,trongly
Impr....d by developments In Ihe Budyk<>-I"n 'ehool and I, In the process of modifyIng
thcl, simulation programs to Incorporate ,am. of the mom recent the' rna dynamic dovel·
opmenls.

The Scripp, Instllutlon iUOUP"t La Jail., under lhe dlroetlon of Dr. John I,as... and
more re.",ntly with the inclu,ion of Dr. J.rome Namals, h.. followed bolh the Lombion
and Iludyko-Ian a.npro.eh<)S 10 dimatologleal problem,. Th.,ir main eapabilitles have been
In Ihe dovelopmenl of c1lmatologicsl "bl.",abl••. Dr. I,aacs' cally walk, wltiolt ~a' been
eonHoued by Namal,' ",..a",h. wa, dlreeted at lhe thormodynamk Innoence of the
O<'lIan, on wol'id almospherie clroulalion. At p,esont, no pragmatic climatological [oro­
ea,tlng I. wing pursued at Scripps,

The atmospheric ,ei..e" iUO"P at tbe Unl,"rslty uf ArilOna is solilily Dodyko·ian
Dr, WIIII"m Sell.rs w~o bood. thl' group I, uoc of the .""olry', loading toebnld.us Ir
Dodyko·iao m<thodology. HI, flrsl pobll.'hod dilll"tie model in 1%8 wa, not woll re·
eelved' by Ihe Sm.gorln,ky·;an., or by the BUdyko-i"n, witilin lhe worl~ .:ommunlty,
They did oeknowledllC. howevel, th,,1 it wa, Ih.. ror,t pra8m,tic system,lI,Jng of thi,
oppro.eh. lli' lalest model. developed In 197~. h"s hod" 'ignm.:anl erreel in ",y"ali,lng
Ihl' whole philosophy and demon'ltaling, prJym"tlc dhnntologl"al mod'l.

Tho'e o,e two ellm.le group< In tllo midwest one heing NCAR (National ('cntef fOf
Almospherlc Re",a",h) al Boulder. ('olor"do. TheIr efforts have been 10 explore highly
dl,al!llreS1lted atmo,p~eric mod,I,. 111. 'o"oud group. ot the University of Wlsoon,in, is
ondor Reid Bryron "nd John Knl '.boch. bOI Ii nl,nlloned .",lfer. Their work at Wl,consin
rep,•.,cnl' lbc roc.1 point for c1im. 'ologl",,1 research in tile Unltod State" Tiley are tho
only pcopk wllhln the ",aliemie commonity in Ihe United St.t.. lh.t Ita" a 'ea,onal
c1lmalologlcal forcc'S1ln~ system.

Th,' ea,lern ",t"hli'hment. eon,ls/ing of Princeton .nd Ihe Masaaehu,ctt, In'tituto of
TochnolollY. is prim.rily Smagorinlky·l"n, Thoy are b.sioally NOAA·funded and. thougb
primarily .ngaged in increasing the ."uraey of meteorological for.casts, have att.mplCd
wi th"ut ,ue.,.,,, to provide climatological fo,oc"tlng oapabillti...
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In summatfon, the ea,lom ..,hool. h.-o omployed ba'ically the Smagorin,ky-iao
p~ncjples 10 on. way or 8n01he,. Tho llmitalioo of tW, approach, ahho\lg!l not yet
appa'enl to Ihe e,tabll,hment. i, rapIdly belog ablodonlld by the academ,c communIty.
The ['ragmanc capabilitie, of the 8udyko-ian, and the methodologle. thereIn ale quickly
~eing ab'orbed by both the Ea'i and Wc,t C"ast ostabll,hmcnt'. The Lambian, aad th.ir
primarily .tatisllc.1 .pproloh arc begInnIng 10 I"," C..or. bUI their developmenl of
hl,torical dimatologlcal record, ha, pn"ld~d a vital ,"",icc wilhlo 'h. cllma\ologlcal
community.

Son Diego Conference

By th. rail of 1913 thc OITI" of Rcwareh and D,voI"pmcnt (ORO) had obtaln~d

,ufficient evidence to 01011 Ihc Agency an"I~>!,' tl101 I"","ca,t, of.a o"golng global cli­
mate chnnge we", real<lnabl~ lnd worth~ of allomioH. ORD ~I~o d.1CImlned Ih.t it was
fenible 10 ~eg1n lhe developm~ol of forc,aSling technique, and imp.c! .sse',menl. How­
cver. Agency .naly't, remained ,kep1ic~l. noting tht th, mix of approache, (Wl,consln,
Scripps, RAND, NCAR) "nd Ih" ,eiealine p"rso"ullti", pu ..ula~ them prevented a cle.r
expression or what the roc'ogalze<l authoritle, Wete .W"'elng on.

To re,olve Ihe,e Iss~"" tho prlnelpal Inve'II~~IOt' teple,entlng lhe "riou, re,",rch
.pproaches conveocd In S.n Diego;n April 197410 df,culllhesc three specific lopios:

Th' .t.l" of c1lmOlologi"al for",·o,llng: idenllfic.tioa of element. of tho melh­
odology wherein ther~ i, som" con,en,u•. "urrenl lrends;n developmenl, ond
new "ppm,che"

Pro,peel. for devc1opl"~ Ilear-Ierm .pplic~tion. of climalOlogy 10 Agency
Ime..'I'.

Recommend",,,ns for high- Dnd low-ri,k "pfO.cho, for long-ronge dlmalologi·
clI modd, do'elopm:ot,

I'or Iwo d.y, Ihey argo"d, dl,"ussed.•nd defended their .ppro,ehe; 10 elimaU"
foree.Slln~ 'nd lhe ;mp.ct of climatic change. By the "cond d.y a con'e"'U' 1'1" reachcd
on the follOWing f"nd.men!~1 i"ueo:

A Qlob.1 cllm.lIc eh.nge I, I.king place.

We wlll ~Ot ,o00 relUnll0 lhe climole jl<Illern, or Ih~ recent paill.
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For the [ulure, th.re is • high probnblilly of inc",."," votl.bIllly In" number
of feal 0"" of climate thai are of Importanoe to crop growth.

The mo,t promising long-ranS' (1.5 ye.rs) approach to climate fore.lIStlng
appears to l;e Ihe "arlsllc.' synoptic approach. The ,"{Insonsus expressed .8U·
(jon -in using Ihe,. projections without 8n .ltempt 10 devdop ,orne physical
unJerslanding of the underlyil'8 we"lhe,..fordn~ mech,,,i'm •.

In general, lhe coM"enc,", p.rtldpBnls Oil"" skeptlc.1 of the pro,p,,'I, of making.
one- La live-y.ar foreeo'l 81 thi, l,me, st.Hn~ 11,,1 only '.8,on-\\*,," ••00 fo,"c'.'b were
within lho state of the arlo

The conference pUTticipant, unanimously recomnl'nJed that (he clear need for.
10nS-"oge prediction dicta led the c.t.bli,bm.nl of an Operational DiagllO'tic Cenl~r

~h~rll"d wilh devclopi~g global foreca,ling lcchnj4u~, aod for 'ervicing Ihe Govcmmenl'.
need. for one-tn-five year fnre,""l,.

Nalion" aim.le PI.n

In lhe ,ummcr of 1973 lhc Wl,eon,in Plan (or ('Ilmalic Re'e~1"Ch w~, pre'ontcd 10
Ihe National Security rooneit NOAA ancl lhe N"lion~1 Science 1'0unci~liOJl Were re­
que'lolilo review Ihi' pl~" unci 10 .ulllle,1 how if 'houlci be implem'nloci. The \Vi'con,ln
I'l~n ,tlmulaled aclivily in many agencies_

In lhe run of 1973 lhree Ilgondes in the government be"me acli.. ;n the develop­
mcnl of dlm~ll< ""'arch plans: NSF. NOAA, and lhe NOlion.1 Academy of Scion""•.
The Nalional Acadomy of Scle"co' eslahli,hed lhe Commillec on (,llm~lle V.riation.
,h.i",d by Ilr. Larry Gale" The <"ammi!!ce mombers completed thdr recommendatloo'
for. NOlional ('limotic Re'ear'd' Plan In June of 1974. Thi' plan i' p",scnUy un~er

","e"ment by the N~lion"l Aeu~emy of Selenee•. It, final opprov.1 i. exped,d 1.1c lhi'
yew,. Early in 1974, NOAA besan developing a plan whioh W<fuld include a Conlcr for
CHmalie und EnVironmental A,,~ ..'mcol a' ,ullllc.ted by preliminary "'commendalion.
from the Nolioo,1 Academy of Science, Committec. Thi' plan would .Ilow NOAA to
..e,~ond rapidly to tho neo~, of government .[!Cncles Ih.l a", eoncorne<! with lh" imp"'"
or c1imatle l"ctO,. on both a oa[\onol an~ global .c"lo.

In the "pring of 1974, Ihe Ili",clo, of the Pol.. Studl". Dlvj,;oo·<Jf NSF d"wlop"d"
plan 10 e,labU"h ~ Ceoll'r for ('Iim3tic Re'earch a, well as 10 provide funding 10
appropriole '''adcmk cenlc,,_



Doth of Ihese pl.n, have been Inoorporat.d into what I, now OIlll.d 1M National
ellmale Plan, NOAA would be ruponsJble for d.veloping melhod. for p,actical climate

t'" forecasllng ,. well •• developing techniquOIl appHcabf. for Ih••"."ment of national and
international food production. NSF would provIde ,upporl to ,e,poQ,fbI••c.demie
,"nleu and eSlabli,h • Center for Climatic R""'r<:h. This Center would operate tn •
&lroll .. manner as th. pre,ent Nation"~ Cenio, fo: _~fmo,ph.rlc Re••arch (NCAR) .t
Bould"'. Colw.do. Th. N.tion.l Climatlc Pl.n ls pre.ently under "'view by NOAA and
lhe NSF. They ."pecl to seek approv.l from the Office of Management and Budge! In the
fall uf 1914 for PY 76 program funding.

,



CONCLUSIONS

Leaders in dimalolo/lV and economics are in all'eemenl Ihat a ollmalio ohange ii
lakJng plac. aud Ihal il has already ~au,-ed ,.,aJOI economic probloml throughoul Ihe
world. Ai It becomo' more ~pparenl to the nalions aro~nd Ihe world Ihal the CUlrenl
trend i' Indeed ~ long·term reality. ncW .lignmenlo will be made among nalion.lo insure
a ,ecoro sopply "r food roIlOUrc.,. Asse"ing lhe Impact of ellmalle oI,rrnge on major
"aliom will. in the future, OCcupy a lP..,jor porlJon of llle Inlelligenoe Comm~nily'.

ilIIsctg,

Climatology is a ~"dding 'dence th.t has only rooenlJy glwn promi'. of fruition.
Clasllcal dlm.lology "," o""opi~d wllh Ihe arohr'ing of e.ldenee. Until 1968 very II ttle
was "ceomrllshc~ in llll' ,olonee toward definIng o.,ual rcbllon'hip" D~ring Ihe 1.'111'10
yoars olimatologisls have maW subs/an ~"I progreso In fhe de velopmenl or melhodoJogie•
• od t.chniq~os in fOrliCQ.ling dima(ic change" r..oo.nl dewlopmcnls in dima(olo~y have
shown e'ltJ,.lvc promise loward pro.idin! ,0.son.1 forocftsling, [n fho neftr fUlUfO iI may
be po"ible 10 provld" foreoa,ls in lile realm of one to n.e yean;.

The f~ne(jon of re,oarch within Ihe Agency h.s been directed UI defining Ihe rela­
tion,hlp of cllmfttolollY 10 (he InMllgen"" problem'. II is il,creaslngly evJdcnt (hat the
[n(elligence Communlly must umlerstand (he magnilude of in(ernolion.1 th,..,(. which
O\:eur ft, • Ilmcllon of dlm.tic change, These monlodolo!le. arc nc"""nry to forewarn ~s

of lhe ."ouomic and 11011110"1 collap.e of "allon' ca..,ed by a worldwide f.ilure in food
producllon. In addition, methodologie' Ore .1,0 neoe",ry (0 projod and """,, 0 notion',
propenilty (0 initi.(e militarily large-scale migrallon. of their people as has been the ca.e
for Ihc I"t 4,000 yeurs.

Thongll Ihe Iss"es orc Imporrant. th. United SlUte, ha' • limited capabili(y in
olimatic foreca,lIng. The govornntenl e,pends uver $1 SO million annUa Uy on .borl-range
weantor foreca'ling. bu I only a minimum of direot dolla" on dim.tlC forec.. tin~. Only.
few academic centers in the United Slales are eng>lgcd iu tmining pe"onnel in (hi. f,eld,
which ,,,ggoslS WI: h.yc. i~,lltcd eh.nce of ,0MnS rhe [ntclligenoe Community's problem
unle," ~c"l,iv" nclion ill.ken.

-31-



BlllUQGR",'HY

Adem, J., 1964: "On tho Phy,lcal Oasl. for 1110 Numorical Pr~dktio" of Momhly ,,,d
Sea,o"ol Temporalores In Ihe Tropo,ph,',,""Occall·Conllnerit System," MaPi. W,,,,,
Re'·. 92: 91·103,

Alexander, Tom, 1974. "Omlnou, Chang" in the World's W"uU,er," Form"e, 1'. 90,

A,ukul1l. Tadashi. 1974. "Uno,ual Woather ~nd Environmontal Pollulion," U,S. Jolnl
Publloalious R..e.rch Servke, JpRS U491 3, 11 May.

D."er. K, GoO 1~71: "Lin"., Prediction of a Muill".riule Time Serie' Applied to At"',,"
'pheric S"ul. Field," p',.n. Th"I,. Ulllvc"lty ofWiSCO'l,in·M.di,oll tU"pllb;I,'h~'iI.

180 PI'.

Dry,on. R. A. and J. A. n"llo". ['1(,1: "Somo A,pooh of tile Vorionce 51"dra ofT,'o
Ri"Il.' "nd Varve'," Am'''/.\'. Y. A""". Sri. YS( 1): 580·1>04,

Dry,on, R. A.. IQ7~: ClI"mlle M"dlOeallun by Air Poll"tioLl in rilf /o","'lrm"""lIIol
hall,e. N, l'ul"ln (cd. I. L""d"n: Ma"mlllo", "iv + 61>0 (PI'. i34·114 1.

Dry'''',. R. A. and J, E. K"II.ha,·h, 1973: "On the Am,ly,l, of Pollcn'("li",utk C.roon"'.1
Trumfcr ':"ello"," (in prep,rutl"n l.

Dry,,,,,, R. A. ond W. P. Lowry. IY5S: "Synopllc Cllmalolo~y of lho Ar;l.Ona S"mm~r

Pr... ~ipjtatlon Singul,rity:'1II,II, JI""'r/, M'·I. S"... 31.' 319·399,

a"dyko. M. I., I%<}: "Tho Eff~ol of 5010r Radiation VarMion on lito Clim.le of Ihe
E,mh." fell'" 11. 61 1,61 9.

Chu"g, J~n·H". 1970: "Pot~nllal l'holo,ynlh~,I' and Crop Product;vlty," A",1. A!,or.
A",. G'·(J~'. 70: 92·101.

{·"lIam. G.. E, Howell, F. Sto"m" and N, Korblgcr. 1972: "Producllvlty Profile of
Wi,eon,in. Purl If." lia.""'" /Jeddllow; Foro.., Me"''' Ref"'" #72-14~.

l)ovl., N. E., 1971: "The Variobility of tho Onsot of Spring tn DriMn." Q""". J. Roy,
Mer. So,,, '18: 763·777.

,
·33·



D"itaya, E E, 1965' "Tnc Po"ible Influence of "'tmospheric Du,tlne.. on tile R.ces·
.Ion of Gladers and Wa,ming of Ihe Climate," I,v"riya Akad. Nallk SSSR Gwg,.
Ser. No, 2, M.r· ...pr.: 3·33.

Dwyer, H..... and T, Pet lSon, 1973' "Tlme-dependenr Global En...s¥ Modeling,"' JOII'.
Appl. Merear. 120),36-41,

Fritt5. H. C., T. J. 8Ia.Il18, D, P. H.yden. ond J. E. Kut<bach, 1971: "Multivariate
Techniquel for Spoclfylng Tree.(;mwth and almare Rel.llon-hlp, .nd for Recon·
.lm.hag "'nomalioo of Puleoe!imal_," J"",. Appl. Mell!<>l, 10(5): S4S·S64.

fuUz. D., 1961: "DevelopmonlS in Controlled Experiment' on Luger Seal<' Geophysical
Problem;." Adl', G""I"lp. 7: H 03.

Ilc,~nml, 0.0.. 1911: .....n Empirical Pormulation uf all lTD Rainfall Modol for the
Tropics.. A Caw Study WI Nigeria." Jour. Allpl. Mel. 10(5): SB~·891.

Kukl •• Georgo J" and J. Helena. 1974: "In"",.,,~ Surfa"e "'lbe~o in the Northern
Homl.phere."' SciNln 183(4126), 709.

Kntzbaeh, J. E" 19,1;: "Large·Seale Foatnrc, uf MOIHhly Moan Norlhcra Hemi,phere
Anom.ly Maps of Soa I.ewl PleSliu.. ,"' MUll. Weo. R"I·. 98(9): 708·716.

Limb. H. f1 .. 1966, "almaw In lhe 1960's:' G..,groplilr JlJumal 132, 18J·21 2.

!.;1mb, H. H.. 1970, "Vole.nk.Du'lla the Atmosphe",." P/ilI, T,",.,{. R"l'. Soe.l.rmdm.
266fl j 78): 42S·Sn

Lan~sberg.H., 1967: "Climato, M'n.•nd Some World Problem':' S<'lentliJ May·J UIlO.

l.ellau. H. H. an~ K, L!ll.u, 1969: "Shortwave' R"~lalion Cllmalonomy," Tell'ls 21:
20a.H2.

Lenon. K" J973, "Mo~eHng of the Ann".1 Cycle of Soil Mols!nre:' Pm(. "r the
SYIIII",tlum "r Pllen/JlllB'}' am} SCo,o,,"llIy MlJdell'lg. SprlnsarNorJag: New York
laee1lpl0~ for pUblication In 197J).

L>llh, H" 1972, "Modeling and Primary Productivity of the World:' NOllIr. and
ResOIm:es8, HO.

Lor~nz, l'.. N.. 1970' "ellm'lie Change a' a Mathemalie.1 Problem," J. App/. M.t" 9•

.'4-



•

Macht., Loster, 1912: "Malina Loa and Glob.1 Trend' In Air Q.lllIty," Bull, Am. Met.
Suc. SJ(5): 402-421.

McQulee, )., S. John'on, and J. Tudor, I912: "MeLeorological Dlversity·Load Diversity,
A F,e,h Look al an Old Problem," J. Appl. Mel. (I 1)4: 561 ·566,

Miller, P. C.. 1971: "Bioolimale, Leaf Tempernwro, ond Primory Production in Red
Mongroye Canopies in South Florida," lienl, 5J. 22·45.

MllcheU, J. M. Jr.. 1961: "Recent Seeolar Changes of Global Temperature," AnIlO/', of
Now York A,wd.my ofSetellt'fS, Anide 1. 95: 235·250.

Monleilh, J. L., 1965: "Light Dl'tnoutlon and Photosynthesis In PJeld Crop,," AIPIl, /Jor.
29: 17-~7.

Paddock. 1'1. and P. raddo"k, 1967.: F"",ilPe··/975.' Do,lon' Little, Brown,,, Co .. X+
276 pp.

Rcltall, C. H.. 197,: "An As..",ment of Ihe Role of Volcanic DU'1 in Delermlning
Modern ClIUllgoS in the Tompon,lu", of the Northern Hcmlsphere," Ph.D. The,I"
UniYe"hy uf l'IillC<.inslll,Modlso~(Ullpunllshcd), 147 1'1',

Sellcrs, W. 0 .. 1%<J' "A Gloool Cllm"lic Modd Bas.::,1 on Iho Energy Bol.nce of Iho
1'"rlh·Alma,phe" SyMem," J, AI'/" MOl, H: 392·400.

Sma90rin,ky, S., 1%); "Ge~~ral Circulation Experimenl. with thc Primlilv. Equ.tions,
I ' Tho B"'k bperimom, '" ,11,,,,. Wea. Re,'. 9 i(3): 99·( 64.

TJrompson, L. M", I%8: "I mp"'l "r World Fo"d Need' on American AgrIculture," Jo"r,
SIJiI "tid Waler R~L 2J .

Thompoon, L M" 1969, "WcntJIor and TechrooloMY In tho Produel1on of I'Ihcalln lhe
Unlled SlOICS,'" JIl"'. Soli atld lI'al" Ros. 24, 219·224,

Tllomps"n, L-. M.. (970: 'OWcalher ond Technology in Iho Produclion orSoybe.~s In lhe
COnl,al Unilod Sloles." Asr. JOIl'''. 62, 232-236.

Thorn""on, L, M., 1966: "Weathor V.riabllity and Ihe Need for" Food Reser••," lows
SI.le Unlvcrslty, Ccnler for Agriculture and E'onomlc D~v.lopme~t, Rel'otll/26,
101 pp.

·35·



•

Webb, Thomp,on. 1ll "nd R. A. Bryson, 1972: "l.at~- "nd Po,I.(iJaci.] Climalic ChanS" in
tho Northern Midwe't, U. S, A.: Quant!tatlve Estimates Derived from Fo"i1 Ponen
Speclra by MohivDlI.te Slallitlcal AnalysIs," Quater,.",)' Res. 2( I): 11).. J 1S.

Wi~k. Gerold, 1973: "Where posddon Courts Aeolus," Nell' SdClIlIsl. J.nuary I8, p. In.

Wigham, D.. "nd H. leith, 1911" "E..tem Deciduou' Forest Biom. Memo Report:'
#71-9.

Winstanley, Dorek, I973, "Recenl Rainfan Trenlll in Mric•. tbe Middle Easl, and India,"
NO/llre 243: 464-46$,

Yam.molo, G., .nd M. T~".k., 1972, "Increase of Global Alb~do Due (0 Air Pollution."
J. At",,,£ SCi 29(81; 140S-1412.

Yin. M. T., 1949: "A SYIlOplic·Acrologlc Study of lb. 0n'01 of Ih. Summer Monsoon
ov.r Indi. and Burma," 10'/1'. Merror. 6: 393-400

•

-36-



"

•



·u·

••

i
.0

•


