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ABSTRACT 

It follows from the analysis of obвervation data that the вecular variation of the mean 
temperature of the ЕапЬ сап Ье explained Ьу the variation of short·wave radiation, 
arriving at the surface ofthe Earth. In connection with thiв, the influence of long.term 
changes of radiation, cauвed Ьу variationв of atmospheric transparency оп the ther· 
таl regime is being studied. Taking into account the influence of changes of planetary 
albedo of the Earth under the development of glaciations оп the thermal regime, it is 
found that comparatively атаll variations of atmospheric transparency could Ье Buffi
cient for the development of quaternary glaciations. 

Ав paleogeographical reвearch including та· 
terials оп paleotemperature analуаев Ьав shown 
(Bowen, 1966, et ш), the ЕапЬ'а climate Ьав 
long differed from the preвent one. During the 
IMt two hundred miIlion years the temperature 
difference between the роlеа and equator Ьав 
been comparatively атаlI and there were по 
zones of cold climate оп the Еапь. Ву the end 
of the Tertiary period the temperature at tem
pera.te and high latitudes had decreaвed ар
precia.bly, and in the Quaternary time subse
quent increase in the thermal contrast between 
the poles and equator took place, that was fol
lowed Ьу the development of ice cover оп the 
lsnd a.nd осеans at temperate and hi~ latitudes. 
Тhe Bize of Quaternary glaciationв changed 

severa.l timeв, the present еросЬ corresponding 
to the moment of а decreaвe in the area of gla
cistions that still occupy а conвiderable part of 
the Earth's surface. 
То anвwer the question of in what way the 

clima.te will change in future, it is necessary to 
eвtablish the causes of Quaternary glaciations 
initia.tion and to determine the direction of 
their development. N umerOUB studieB оп this 
ргоЫеm contain various and often contradic
tory hypotheвes оп the causeB of glaciationв. 
Тhe absence of the generally accepted view
point 8s regardв thiв веетв to Ье explained Ьу 
the fa.ct that the existing hypotheses were based 
msinly оп qualitative conвiderationв allowing 
different interpretation. 

Теllив ХХI (1969), 5 

Taking into account this consideration, we 
аЬаll ехатinе in the preвent paper the possibi
lity of using quantitative methods of physical 
climatology to stt1dy the problem in queвtion. 

First1y we вЬаll dwell upon the problem of 
climate change regularities during the last 
centt1ry. Fig. 1 represents the sесшаг variation 
of annual temperatнre in the northern hemi
ерЬеге that was calct11ated from the таре of 
temperatнre anomalies for еасЬ month for the 
period of 1881 to 1960 which were compiled at 
the Main Geophysical Observatory. Line 1 in 
this figнre characterizeв the values of anomalies 
that are not smoothed, line 2 the апотаliее 
averaged Ьу ten-year periodв. 
Ае is seen from this figure, а riвe in tempera

ture that began at the end of last century 
stopped in about 1940, and а fall in tempera
ture started. Тhe temperatt1re in the northern 
hemisphere that increased in the warming 
period Ьу 0.60С then decreaвed Ьу the middle of 
the fiftieв Ьу 0.20С. А comparatively еЬоп
period rise in temperature with атаllег ampli
tude was аlео observed in the last years of the 
XIXth century. 
Тhe curve of secular temperature variation 

сап ье compared with the curve of sect11ar 
variation of direct solar radiation with cloudless 
sky that waв drawn Ьу the data from а group of 
stations in Ешоре and America with the longest
period вeries of observationв. Тhiв curve рге
senting the valt1es of solar radiation smoothed 
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Fig. 1. Secular variation of temperature and direct radiation. 

for ten-ye61' periodв correвpondв to line 3 in 
Fig. 1. Ав iв вeen from the a.bove figure, the 
direct radiation ha.d two maxima.--a short
period one at the end of the XIXth century 
a.nd а longer-period one with the maximum 
уаll1еа of radia.tion in the thirtieв. 

The problem о! the са.ивев о! вecular va.riation 
of direct radia.tion wa.s already discussed Ьу 
Humphreys (1929, a.nd others) who considered 
tha.t it wa.s determined Ьу the cha.nge in the 
atmospheric tra.nspa.rency due to the propa.ga
tion of volca.nic eruption dust in it. Having 
a.greed to thiв point о! view tha.t is confirmed 
Ьу тa.nу new da.ta., it should Ье suggested that 
а decrea.se in radiation after 1940 could also 
depend оп the increa.se of dust in the atmo
sphere due to тa.n'а a.ctivity. 
Аа ca.n Ье вeen from Fig. 1, the сшуев of аес

ula.r varia.tions of temperature a.nd radia.tion 
a.re more or 1688 simil61'. 
То find out the dependence between the ra

diation change a.nd that of temperatl1re, let иа 
сотР61'е the radiation a.nd therma.l regimes о! 
the northern hemisphere for two thirty-year 
periodв: 1888-1917 a.nd 1918-1947. It follows 
from the data given in Fig. 1 tha.t the tempera
tпге in the la.tter of these periodв wa.s Ьу 

0.330С higher tha.n that in the {оrшег, a.nd the 
direct radia.tion Ьу 2.0 % higher. 
То eвtima.te the corresponding cha.nge in tots! 

ra.diation, it should Ье taken into account that 
the atmospheric tra.nsparency cha.nges after уо!
ca.nic ertlptions a.s а result of propagation of 
dust with pa.rticles of the order of 1 р. in the 
lower stra.tosphere. Тhiэ dust considerably in
creaseв the short-wave radiation diffusion, а.в а 
result о! which the pla.neta.ry a.lbedo о! the 
Ea.rth Ьесотев higher. Весаиае о! the radiation 
diffusion Ьу dust mainly in the direction о! an 
incident ray (Mie effect) the direct ra.diation 
decrea.ses with diffusion to а. greater extent 
tha.n the tota.l radiation does. Using the ca.lcula
tion method developed Ьу К. S. Shifrin and ЬiБ 
colla.borators (К. S. Shifrin, 1. N. Minin, 1957; 
К; S. Shifrin, N. Р. Pyatovskaya, 1959), one 
сa.n estima.te the ratio of decrea.вe in tota.l radia
tion to tha.t in direct ra.diation. 

Such а calcula.tion shows tha.t this ra.tio сот
puted for the a.vera.ge a.nnua.l conditions cha.nges 
slightly with the cha.nge of la.titude, a.nd оп an 
a.vera.ge for the Ea.rth equa.ls 0.15. 

ТЬив, the difference in tota.l ra.dia.tion for the 
periodв under considera.tion a.mounts to 0.30 %. 
In this саве the ra.tio of tempera.ture cha.nge to 

Tellus ХХI (1969), 5 
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~be change of radiation turns Ol1t to Ье equal to 
'1.1°0 per 1 % of radiation change. 

Тhis vall1e should Ье compared with the 
va!ues of similar ratio obtained ае а result of 
ea!cu!ating the radiation influence оп the ther
та! regime of the Earth. 
То determine the dependence of temperature 

оп solar radiation with the average relationвhip 
between temperature, air humidity and other 
factorв influencing the long-wave radiation, we 
used the results of calculationв of monthly mean 
va!ues of radiation at the outer boundary of the 
atmosphere that were made when preparing 
АtШа о/ the heat Ьашnсе о! the Earth (1963). 
Оп the basis of these data relating to еасЬ 

month for 260 stations an empirical formula 
waв derived 

I=a+BT-(а1 +В1 Т)n (1) 

where I = outgoing radiation in kcal/cm l month, 

т =temperature at the level of Earth's 
surface in ОС, 

n = cloudiness in fractionв of unit, 

the values of dimensional coefficients of which 
equal: а = 14.0; В =0.14; а1 = 3.0; В1 =0.10. 
ТЬе root-mean-square deviation of the results 

of calculation Ьу this formula from the initial 
data accounts for lesв than 5 % of the radiation 
values. 

Oomparing formula (1) with similar depend
enee that сап Ье obtained from the work Ьу 
Manabe and Wetherald (1967), it is possible to 
eonclude that they practically coincide for the 
eonditions of cloudless sky and differ in con
sidering the cloudiness effect оп radiation. 

For mean annual conditionв, the equation of 
the heat balance of the Earth-atmosphere 
system Ьаэ the following form: 

Q(I-oc) -I =А (2) 

where Q = solar radiation coming to the outer 
boundary of the atmosphere; 

ос =albedo; 

А = gain or loss of heat ав а result of the 
atmosphere and hydrosphere circula
tion, including heat redistribution of 
рЬаее water tranвformationв. 

Taking into account that for the Earth ав а 
whole А =0, we еЬаll find from formulae (1) 

Теllив ХХI (1969), 5 

and (2) the dependence of the Earth's mean 
temperature оп the value of solar radiation. In 
this саве it turnв out that the change of solar 
radiation Ьу 1 %, with the average for the 
Earth value of cloudiness equal to 0.50 and 
conвtant albedo equal to 0.33, саиеев the tem
perattlre change Ьу 1.5°. 
ТЫе restllt сап Ье compared with similar 

estimate obtained from the work Ьу МanаЬе 
and Wetherald from which it follows tha.t with 
constant relative air humidity the mean tem
perature at the Earth's stlrface changes Ьу 1.2а 

sola.r radiation changes Ьу 1 %. 
It is clear that both of these valtles agree 

satisfactorily with the relation between changes 
in temperature and radiation that waв obtained 
from observational data. One Qan believe that 
воте excesв of the comptlted temperattlre chan
ges ав compared to observational data reflects 
the thermal inertia effect of oceanв the heating 
or cooling о! which smoothes the Earth's tem
perature variations in comparison with the 
computed valtles for stationary conditions. 

Tbuв, it веете probable that present changes 
of the Earth's temperature are determined 
mainly Ьу ihe atmosphere tranвparency va.ria
tions that depend оп the level of volcanic activ
ity. 

If the present changes in volcanic activity 
саиэе radiation variations Ьу several tenths 
of per cent and the planetary temperattlre varia
tionв Ьу several tenths of а degree, one сап 
believe that in the paвt respective variations of 
radiation and tеmрегаtше reached appreciably 
larger vall1es. 

It is evident that the ntlffiber of volcanic 
erиptionв for the given interval of time is dif
ferent with constant mean level of volcanic 
activity for statistic reaвons, these differences 
being the greater, the longer general period of 
time being conвidered. ТЬе standard of volcanic 
activity in different geological еросЬе is also 
known to change noticeably in connection with 
the change of tectonic processes intenвity. 

Since the volcanic activity variationв caused 
Ьу tectonic factors аге characterized Ьу long 
periods of time to calculate the infltlence of 
radiation variationв aвsociated with them оп 
the thermal regime, changes in the Earth's аl
bedo shotlld Ье taken into aCCOtlnt that are due 
to expanвion or redtlction of the area covered 
with ice оп the land and oceans. 
Ав observationв from meteorological satellites 
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Fig. 2. The dependence o~ horizontal heat tl'ansfer upon temperature diffel·enee. 

have еЬоwn (вее Raвchke, M611er, Bandeen, 
1968), the albedo of the Eв.rth-atrnosphere вуе
tem over areв.в with ico cover is greater thв,n 
that over ice-froo агев,е, due to which fact the 
chв.nge in area. covered with ice increa.ses the 
radiation vв.riation effect оп therrnal regirne. 
То estimate the radiation variation inflпеnсе 

оп the tеmрогаtпге of lаtitпdinаl zones, taking 
into accoиnt the indicated effect, one of nпmегi
св,! models о! the average lв,titudinв,l tempera
tпге distribution shollld ье used. Sinco in this 
cв.se we аге only interested in temperature 
distribution near the Earth's surface it is рое
sible to иве, instoad о! existing comparatively 
complicatcd models, в, simple есЬете basod оп 
the sоlпtiоn о! еqпаtiоns (1) в.nd (2) to which the 
relation sho\\ld Ье added that cha,ractorizes the 
relationship between temperature distгiЬпtiоn 
a,nd horizontal heat transfer in the atmosphere 
в.nd hydrosphere. 

Sпсh а relation cв.n Ье obtв.ined Ьу compв.ring 
the тем lв,titпdinаl values о! term А calcula,ted 
from formula, (1) with quв.ntities Т - Тр, where 
Т is annual тeв.n temperaure at а given lati
tude, Тр is the plalletary тeв.n tempera,ture. 
Тhe result of the a,bove compa,rison is shown 

in Fig. 2 from which it follows tha,t the сог
responding dependence cв.n Ье ехргеввоо in the 
form of equa,tion 

(3) 

where {J = 0.235 kca,l/cm" month degree 

From formula,e (1), (2) and (3), talting into 
considera,tion tha,t for the Earth в.в а whole 
А = О, we obtain equations 

Т- Q(I-а:)-а+а1п+рТр (4) 

p+B-В1п 

Т _Qp(I-a:p)-a+a.r, (5) 
р В-В1п 

(where Q and IXP are planetary values of radia· 
р . d tion and albedo) Ьу which the average latltu -

inal annual mean temperatl\re8 were computed 
for present climatic conditions of the northern 
hemisphere. ТЬе values of Q, Qp accepted in this 
са.lспlа.tiоn correspond to the va.lue of solar 
constв.nt 1.92 cal/cm" min, the albedo, according 
to observational data ava.ilable, at the latitlldes 
of 00 to 600 is considered to ье oql1al to 0.32, at 
the la,titl1de of 700 to 0.50, at the latitl1de оС 
800 to 0.62. In the calculation, the influence оС 
devia,tions of cloudinessvalues {гот its moan 
planetary va,lue equal to 0.50 оп temperature is 
neglected. 
Тhe poвsibility of such a.n aвsumption results . 

{гот the conclusion established in the calcula.
tions made using the above formulae concerning 
а comparatively weak effect о! cloudiness оп 
the meв,n indices of thermal regimewithin а. 

rather wide range of conditions. Such а con
clusion шв,wn, taking into в.ccount th6 de
pendence of albedo оп cloudiness, impli6S tha.t 

Tellus ХХI (1969), 5 
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the effect o.f clo.udiness оп the cho.nge in о.Ь

sorbed ro.diatio.n in о. питЬег o.f савее is со.т
pensated fo.r Ьу its influence о.п the o.utgo.ing 
long-wave ro.dio.tio.n. Тhe results o.f co.lculo.ting 
the co.ntempo.ra.ry o.vero.ge lo.titudino.l dietribu
tion o.f temperature о.ге presented in Fig. 3 
where they co.rrespo.nd to. line ТО' Ав is вееп, 
these results о.ге in go.o.d o.greement with the 
observed tempero.ture o.t different lo.titudes tho.t 
is represented in Fig. 3 Ьу line Т. Such о.п o.gree
ment allo.ws us to иве the всЬете described fo.r 
eva.!uatio.n o.f the ro.dio.tio.n vo.rio.tio.n effect о.п 
the ЕапЬ'в thermo.l геgiше o.nd glо.С<бtiо.ns. 
Тhe so.uthern bo.undo.ry o.f the existing ice 

cover o.n the веав o.nd lo.nd in the Arctic со.г
respo.nds to. the тео.п latitude o.f 720 N. Let ив 
consider that with о. decrea.se in so.lo.r ra.dio.tio.n 
the suгface o.f ice co.ver expo.nds in a.cco.rdo.nce 
with the extensio.n o.f tIie surfa.ce о.гео. with оот
perature equo.l to. о.г lo.wer tho.n the temperature 
observed no.w o.t 720 N. In this саве let ив ав
Bume that аlЬедо. о.п the ice-co.vered о.геа is 
equa! to 0.62 and at the so.uthern bo.undo.ry o.f 
this ice co.ver to. 0.50. 

It fo.llo.ws fro.m the abo.ve values o.f o.lbedo. 
tha.t with the change o.f ice co.ver о.гео. the теап 
a.lbedo. o.f the Eo.rth cho.nges Ьу vo.lue 0.30 S 
where co.efficient 0.30 со.певро.пдв to. the differ
ence o.f albedo. vo.lues with the ргевепсе o.nd 
a.bsence o.f ice co.ver, o.nd quo.ntity S =lq, (l = 
the ratio. o.f ice о.гео. change to. the who.le агеа 
of the Ео.пь, q = the ro.tio. o.f тео.п ro.dio.tio.n in 
the вате zo.ne o.f ice о.гео. cho.nge to. the тео.п 
va!ue o.f ra.dio.tio.n fo.r the Eo.rth a.s о. who.le). 

То. ta.ke into. a.cco.unt the influence o.f the 
gla.ciatio.n о.геа change о.п the annual тео.п tem
perature o.f the Eo.rth, we вЬаll иве fo.rmula 

tJ.T,,- B-Q~ln [~~"(I-СХр-О.зоs)-о.зоs] 
(6) 

'f, · 

which is o.bta.ined fro.m fo.rmulae (1) o.nd (2), 
where tJ.T" is the Ео.пь'в tempero.ture cho.nge 
with the change o.f теan radiatio.n, Q" Ьу vo.lue 
tJ.Q". 

Fro.m (1), (2), (3), (6) we вЬо.ll deduce о. fo.r
mula fo.r tempero.ture o.t во.те Jatitude 

Теlluв ХХI (1969), 5 
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РЧl. а. Тhe average latitudinal temperature distri· 
butio.n. 

where T~ is the existing теan temperature o.f 
the Ea.rth. 

Using this fo.rmulo. o.nd co.nsidering the de
pendence o.f values Q o.nd S о.п lo.titude, о.пе со.п 
co.mpute the po.sitio.n o.f glo.cio.tio.n bo.undo.ry 
fo.r different values o.f tJ.Q"/Q,,. Ву this fo.rmulo. 
it is о.lво. po.ssible to. calculate the distributio.ns 
o.f tempero.ture o.t different lo.titudes tho.t со.г
respo.nd to. these vo.lues. Тhe results o.f висЬ о. 

co.lculo.tio.n аге вЬо.wn in Fig. 4, where lines 
Т1. 0 o.nd Т1• 5 co.rreepo.nd to. tempero.ture distri
butio.nв with the decrea.se in ra.dio.tio.n inco.me 
Ьу 1.0% o.nd 1.5% respectively. In the o.bo.ve
mentio.ned calculo.tio.n the interrelo.tio.nship 
between the thermo.l regimes o.f the no.rthern 
o.nd so.uthern ЬетшрЬегев is neglected (which 
asвumptio.n is rea.so.no.ble with the similo.r cho.nge 
o.f thermo.l regime in bo.th ЬетШрЬегев). It is 
asвumed in calculo.tio.n tho.t the relo.tive de
сгеаве in ra.diatio.n at different lo.titudes is the 
во.те. 

Fig. 5 represents the vo.lues o.bto.ined fro.m 
this co.lculatio.n for the тean plo.neto.ry tem
pero.ture Т" and теan lo.titude to which glo.cio.
tio.n extends Ч'о depending о.п relo.tive ro.diatio.n 
cha.nges. Ав is вееп fro.m this figure, the radia
tio.n va.rio.tio.n effect о.п thermo.l regime со.п

sidero.bly increa.ses a.s о. result o.f gla.cio.tio.n deve-
100pment, the co.rrespo.nding dependence Ьесо.т
ing no.nlineo.r. 

(7) 
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Fig. 4. The dependence о! tempera.ture distribution 
оп ra.dia.tion a.mount. 

If with the decrea.se in ra.dia.tion Ьу 1 % the 
mea.n tempera.ture of the Ea.rth dropa Ьу 50, 
then with the decrea.вe in ra.dia.tion Ьу 1.5% 
висЬ а. drop rea.cheв 90. Simulta.neouBly with 
the a.bove tempera.ture drop the gla.cia.tion 
diapla.cement 10-180 to the Bouth takeв pla.ce, 
i.e. the diвta.nceв approximately corresponding 
to the expa.nвion of qua.terna.ry glacia.tions. 
When ra.dia.tion decrea.вeв Ьу 1.6% the ice cover 
rea.cheв the mea.n la.titude of a.bout 50Q

, a.fter 
tha.t it Bta.rtB вhifting towardB 10wer la.titudeв 
ир to the equa.tor a.s а reBult of Belf-develop
ment. At the ваше time the pla.netary tempera.
ture dropa aha.rply a.nd reacheв the va.lue of 
severa.l ооns of degrees below zero. 
А concluвion оп the pOBBibility of complete 

glacia.tion of the ЕапЬ a.fter ice cover rea.cheB 
воше critical la.titude followB from the ca.lcula.
tion, uвing the a.bove formulae, о! the va.lueв of 
decrea.вe in ra.dia.tion песевва.гу for further шо
vement of ice to the equa.tor. Such а. ca.lcula.tion 
BhoWB tha.t to the aouth of critical la.titude ice 
will move to the equator with the decreaBe in 
ra.diation Ьу leвs tha.n 1.6 %, a.nd at lower lati
tudeв ice will move in the indica.ted direction 
with the exiвting va.lueв of ra.dia.tion a.nd even 
with itв va.lueB exceeding thoBe in the present 
еросЬ. 

It Bhould Ье noted that Bimila.r concluBion 
from other cOnBidera.tions wa.s dra.wn previouвly 
Ьу Opik (1953, et ш.) who considered, however, 
tha.t for glв.cia.ting the Ea.rth а. considera.ble 
decreaвe in Bolar consta.nt iB neceBBa.ry. ТЬе 
possibility of exiвtence of complete glacia.tion 

of the Еа.пь with the preвent va.lue о! sola.r 
consta.nt was mentioned in the author's works 
(Budyko, 1961, 1966). 

Tbuв, the present therma.l regime a.nd glв.cia.. 
tions of the ЕапЬ prove to Ье cha.rв.cterized Ьу 
high inBta.bility. Compa.ra.tively аmа.ll cha.nges 
of ra.dia.tion-only Ьу 1.0-1.5%-are Bufficient 
for the development of ice cover оп the la.nd 
a.nd ocea.nв tha.t rea.cheв teпiрега.te la.titudes. 

It should Ье noted tha.t висЬ changeв in ra.dia· 
tion а.ге only severa.l timeв a.s grea.t a.s itв va.ria· 
tions observed due to the cha.ngeability of vol
саШс a.ctivity in the Ia.Bt century. 

Taking into consideration tha.t a.ccording to 
the da.ta. о! geologica.l inveвtiga.tions the level 
of vоlсаШс activity for long periodв оЕ time in 
the paвt cha.nged Ьу а. fa.ctor of severa.l times 
(аее Ronov, 1959), one ca.n believe tha.t the 
influence о! long-period variations of volcanic 
activity iв а. proba.ble factor о! glaciation deve· 
lopment. 

Тhiв concluвion iв СОnfirшоо Ьу the fa.ct, 
eвta.bliвhed Ьу Fuchs a.nd Pa.tterson, of cor· 
respondence between the main еросЬа of qua
ternary glaciations and the periodв о! conвider
а.Ые increaвe in volca.nic activity in а number 
of regions of low la.titudeв (1947) . 
Тhough in this pa.per the a.uthor Ьа.в по роа· 

sibility to diвcuвв numerouв other hypotheses 
ав to Ье саиаеа of qua.ternв.ry glaciationв, never
theleвs it iв песеввагу t.Q dwell upon popular idea 
concerning the influence о! cha.nges of the 
ЕапЬ'а orbit elementв оп glaciations. 

Such а conception SubBta.ntiated Ьу Milan
kovich (1930 and others) a.nd other authors is 
shared Ьу ma.ny specialiвts studying quaternary 
glaciations. 
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Fig. 5. ТЬе dependence of the Earth's temperature 
and ice cover bounda.ry оп ra.d.ia.tion va.riations. 
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Ав is known, the effect of changes in the 
Earth's orbit elementв leadв to appreciaыe ге
distri~ution of radiation amount coming to dif
ferent latitudes. Conвidering theвe changesand,;' 
using the model of latitudinal temperature 
distribution suggested Ьу him, Milankovich 
concluded that with the changeв of orbit еlе
ments at temperate and high latitudeв conвider
able changes in temperature оссиг that сап 
reвult in glaciation. 

It should Ье mentioned that the model of 
temperature distribution suggested Ьу МПап
kovich did not take into account horizontal 
heat tranвferin the a.tmosphere a.nd Ьушо
sphere due to which it Ьад to overeвtimate con
sidera.bly the influence of changes in radia.tion 
in а given la.titudina.l zone оп the thermal regime 
of the вате zone. 
То verify the hypothesis of Mila.nkovich, there 

were calculated, using the above-mentioned 
всЬете, changes in thermal regime a.nd glacia.
tionв for the саве of conвidera.ble cha.nge о! the 
Earth's orbit elementв 22 thouвand years ago 
which is ивиаllу associated with the last glacia
tion. Тhe calculationв таде have shown tha.t 
though the varia.tiol1s о! orbit elemeri'ts influence 
in а definite wa.y the therma.l regime and gla.cia
tion, this influence is compara.tively вта.ll a.nd 
corresponds to рОВ8iblе displa.cement ' о! the 
glaciation bounda.ry Ьу а little leвв than 1 о of 
lаtitпdе. It should Ье borne in mind that висЬ 
а ca.lculation a.llows for the change in annual 
radiation totals. According to Milankovich, the 
main influence оп the gla.ciation is exerted Ьу 
the variationв of the summer .radiation values 
that at latitudes 65-'750 are 2 to 3 times ав 
large ав the variationв of annual valueв. ЕтрЬа
sizing the neceввity of further study of the pro
blem оп the effect of a.nnua.l ra.diation va.ria.tion 
оп the gla.cia.tion, it should Ье noted tha.t the 
above-obta.ined result caвtв воте doubt оп the 
hypothesis tha.t the effect of the Earth's orbit 
changes is sufficient for the explanation of the 
qua.ternary gla.cia.tions. 

Now we вЬаll proceed to the queвtion of why 
the volcanic activity variationв, that occured 
during the whole history о! the Earth, did not 
result in the development о! gla.ciationв during 
hundreds о! miШоnв о! yea.rв previoU8 to the 
quaterna.ry period. 

It Ьав been established in geological investiga
tionв tha.t in the pre-qua.ternary time the gra.
dual riвe of continentв level took pla.ce. This 
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Fig. 6. Ice cover effect оп temperature distribution. 

cauвOO weakening о! wa.ter circulation in the 
oceanв between low and high latitudes. 

It waв ascerta.ined long a.go (Budyko, 1948, 
ее ш.) tha.t the heat transfer between the equa.tor 
and the роlев in the ЬушоврЬете is а conвider
able portion of the corresponding tranвfer in the 
atmosphere, in connection with which the cha.n
ges in water circulation in the осеаns should 
influence еВ8епtiа.llу the therma.l regime at high 
a.nd temperature la.tit\l~~" 
То clear ир thiв question, tempera.ture distri

bution waв calcula.ted ивing the a.bove-men
tioned всЬете for the саве of absence of ice at 
high latitudes. 
Тhe resultв of висЬ ca.lcula.tionв are shown in 

Fig. 6 where line То repreвentв the preвent-day 
temperature distribution, and line T q tempera
ture distribution with the a.bsence of polar 
gla.ciationв. In these calculationв the albedo at 
high latitudeв iв a.ccepted to ье equal tothe 
albedo of ice-free areas and the coefficient Р is 
conвidered to ье equal to its value a.ccepted 
above. 
Ав is вееп from Fig. 6, the polar ice changing 

little the temperature at low latitudes conвider
ably dеСГ6Щ!еs the tempera.ture at high latitudes. 
Ав а reвult,the mean difference in temperature 
between the pole and the equator decreases and 
the annual mean temperature in polar zone 
turnв out to Ье equal to several degrees below 
zero. 

One сап believe that with ice-free regime the 
meridional heat transfer in the polar ocean wШ 
increase as compared to present conditionв 

since this осеan, that is now isolated from the 
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atmosphere Ьу ice, will give off а considerable 
amount о! heat to the atmosphere through 
turbulent heat exchange. 

If to consider that with the absence о! ice the 
Arctic Осеan receives additionaHy an amount 
о! heat equal to the mean value coming now to 
the ice-free areas о! the oceans at high latitudes, 
the mean air temperature in the Arctic must Ье 
somewhat higher than the аЬоуе value, i.e. close 
to zero. 

Тhis result is in agreement with the conclu
sions drawn using other methods in .previous 
works Ьу the author (Budyko, 1961, 1962, 1966), 
L. R. Rakipova (1962, 1966), Donn & Shaw 
(1966), and others. It confirms once more the 
possibility of existence о! ice-free regime in the 
polar basin in the present еросЬ and at the еате 
time indicates high instability of висЬ а regime. 

It is evident that with the annual mean 
temperature in the Central Arctic close to water 
freezing point comparatively етаН anomalies 
о! radiation income тау lead to ice restoration. 

ТЬие, with the present distribution of con
tinents and осеans the existence of two climatic 
regimes is possible one of which is characterized 
Ьу the presence of polar ice and large thermal 
contrast between the pole and the equator, 
and the other Ьу the absence о! glaciation and 
етаН' meridional теan gradient о! temperature. 

Both of these regimes are unstable since еуеn 
small'variations of solar radiation income could 
Ье sufficient either for freezing о! the ice-free 
polar осеan or melting of the existing ice. Such 
а peculiarity of climatic regime ееете to deter
mine the main features of climate variations 
in the Quaternary period. 

In the periods о! decreased volcanic activity 
the temperature distribution corresponded to 
ice-free regime which characterizes the climate 
of comparatively warm inter-ice еросЬе. When 
volcanic activity increaвed, ice formed firstly 
in the arctic ееав, and then greater or smaller 
glaciations were developed оп the land. 
Аь it waв mentioned in the author's work 

(Budyko, 1968), in the mesozoic era and in the 
paleogene the northern polar basin was con
nected with the осеanе of low latitudes with 
тисЬ wider straits ае compared to the Quater
nary period. In this саве the heat inсоте to the 
polar basin as а result о! activity о! ееа cur
rents seemed to ехсеоо those values that are 
obвerved at high latitudes under present condi
tions, If this income waв 1.5 to 2 times as great 

ае its present теan value for the ice-free areas, 
then according to the calculations Ьу the аЬоуе 
formulae, the annual mean temperature in the 
Arctic reached 10°, which fact excluded the 
possibility of glaciation even with appreciable 
anomalies of radiation. 

During the Tertiary period the isolation of 
polar basin from the tropic regions of осеan 
graduaHy developed, which callsed the tem· 
perature decrease near the pole and approaching 
о! temperature distribution to the values charac
teristic о! inter-ice еросЬе. 

It follows from the аЬоуе considerations that 
the present еросЬ is а part of glacial period 
since any noticeable inсгеl1S6Ш volcanic activity 
should lead to new glaciation development. 

Moreover, it веете probable that one of the 
foHowing glaciers expansion could reach the 
criticallatitude after which the complete glacia· 
tion of the ЕапЬ would set in. Such а possibility 
was оп the point о! being realized in the period 
о! maximum quaternary glaciation when the 
temperature of the Earth and the position of ice 
cover corresponded to dots plotted оп lines Тр 
and ер. in Fig. 5. 
Ав is seen from this figure, the ice cov:er under 

these conditions Ьав moved about 0.8 of the 
way from the present ice boundary to the critical 
latitude. 

From висЬ а vic:!wpoint the Quaternary His
tory of the Earth ееете to Ье the period of сот· 
ing climatic cataвtrophe due to which the exi
stence о! higher forms о! organic life оп Ollr planet 
тау Ье exterminated. 

When estimating the probability о! висЬ а 
catastrophe being realized in future, the сЬагас
ter о! man's activity should Ье taken into ас
count which inflllences to воте extent the cli
mate at present. Without touching upon the 
possibility of implementing in future воте рго
jects of active influence оп the climate which 
could affect the glaciation development, еуег in
creaвing influence of тan'е activity оп the ener
gy budget of the Earth should Ье mentioned. 
АН the energy used Ьу man is transformed 

into heat, the main portion of this energy being 
an additional source of heat as compared to the 
present radiation gain. Simple calculations show 
(Budyko, 1961) that with the present rate of 
growth of using energy the heat produced Ьу 
man in less than two hundred уеаге will Ье 
сотрагаЫе with the energy coming fromthe 
sun. Since glaciations are greatly influenced Ьу 
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the changes.in energy budgetwhicha.reasmal1-
рш of·solar ra.diation inеоше 'then it is ргОЬаЫе . 
that in theeompa.ra.tivelynea.r Щtще Фе possi" · 
bility .ofglaciation expansion WilJ. ' Ье exeluded 
arid there wil1a,ppear the reverse one 'of polar 
ice melting оп thelaz{d &nd oeeahв with al1the 
' inthe Earth's cЦ:roate that are, a.sso-

with it. 
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. ВЛИЯНИЕ ИЗМЕНЕНИй СОЛНЕЧНОй РАДИАЦИИ НА НЛИМАТ 
:~y , 

:' фИ8ичесние ., .• , з~аконом~рнрсти: .. :Щ!Я8ывающ~е 
, ', приход оолнечноЙ .. радиации. ,С " термическ,им 
j режим'ом3емли. , ' ИСIJОЛЬЗУЮТСЯД'1!fI , ивуч~ния 
~;, фивичесного механиэма 'совремеНlJыхиэмене~ 
". ний нлимата Н . иеменениЙИлимата .' в , геоЛоги' < чеСRОМ . :ПРОШЛОМ. Выполненные , расчеты по
i( KaBblBaIOT, что Rолебания КЩlмата, : имевшие 
:1;;, место . В двадцатом вене, в осиовном объ i 
,;: ясняютсяивменениямипоступающейвтропО~ r сферу .солнеЧНОЙрадиаЦИИi}>буслов·ленными 

, ивменениями : вапыленности , нижни,х .. слое~ 
'~ .. ' 
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стратосферы.УчеТ(ВЛИЯНИl'lиощ;·баний пло:: 
щади . ледового, ЦОRрова на ЩIaнетарное аЛI?
бедо поэволяет' еаметноутОчнитъ оценJ<и ИЭ~ 
мёIiеюtй-термичесиогорежи,ма .- при измене' .. 
нияхсолнечной<радиации-в . геОЛО.гич~еRОМ 
прошлом. , При ЭТОМ , .в.Ыясняется, .. что " отно, 
сиТеЛЬНОЪiал.Ые . ивменен~я , приходящеЙ - ,СОЛ~_ 
нечной рациаЦии,обусловлен~ые неста:биль~ 
ностью ' цроэрачности атмосферы ив-вапере; 
менной · ВУЛRаIiИ:'lееной аRти,вноети БЫaIИДО
статочныдля раввития , крупных нонтинен-

тальныхолеДенениЙ. · . _. о ' 




