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ABSTRACT

It follows from the analysis of ocbservation data that the secular variati

temporatura of the Barth can be explained by the variation of short-igz\':i :rlll(li]i:xltliooﬂ::‘
arriving at the slur’.iuco of the Earth. In connection with this, the influence of lnng-teru;
changes of .rncllqtloll, cs}used by variations of atmospherio transparency on tho ther-
mnl regime is being giudied. Taking into account the influsnce of changes of planetary
albedo of the Earth under the development of glaciations on the thermat regime, it is
f?und that comparatively small variations of atmospheric transparency could be suffi-
cient for the development of quaternary glaciations.

As paleogeographical research including ma-
terinls on paleotemperature analyses has shown
(Bowen, 19608, eé al), the Earth’s climate has
long differed from the present one. During the
fast two hundred million years tho temperature
dilference botwoen the polos and equator has
beern comparvatively small and there wwere ne
zones of cold climate on the Tarth, By the end
of the Tertiary period tho temperature ab tom-
perate and high latitudos had decreased ap-
preciably, and in the Quaternary time subsce-
guont incropso in the thermal contrast holiween
the ypoles and oquator took place, that was fol-
lowed by the dovelopment of ice cover on the
land and cecans at bemperate and high latitudes.

The size of Quaternary glaciations changed
geveral Hmes, tho present epoch corresponding
to the moment of a docrease in the area of gla-
ciations that still cceupy & considerable part of
the Earth’s surfaco.

To answor the question of in what way the
climate will change in future, it is necessary to
cstahlish the causes of Quaternary glaciations
initiation and to dstermine the direction of
their developmeont, Numerous studios on this
problem contain various and often contradic-
tory hypotheses on the causes of glacintions.
The absence of the generally accepted view-
point as regards tlis seems to he excplained by
ihe fact that the oxisting hypotheses wero Dased
mainly on qualitative considerations allowing
different interpretation.
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Taking into account thia consideration, wo
shall examine in the present paper the possibi-
lity of using guantitagive methods of physical
climatology to study the prohlem in question.

Tirstly woe shall dwell upon the problem of
climate change rogularities during the last
century. Fig. 1 represents the gecular variation
of annual tomperature in the northern hemi-
gphere that was calenlated from the maps of
temporatnre anomalics for each month for the
periad of 1881 to 1860 which were compiled at
the Main Geophysical Observatory, Line 1 in
this figure characterizes the values of anomalies
that are nob amoothed, line 2 the anomalies
avoraged hy tern-year periods.

Ag ig seen from thig figare, a Tiso in tempera-
gure that begen ab tho end of last centuty
gtoppod in ahout 1940, and & fall in tempera-
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g, 1. Becular variation of temporature and direct radiation.

for ten-year periods eorresponds to line 3 in
Fig. 1. As is seen from the ahove figure, the
direct raclintion had two maxima—a short-
period ono at tho end of the XIXth century
and a longer-poriod one with the maximum
values of radiation in the thirties,

The prolilem of the eauses of secular variation
of direct radiation was alroady discussed by
Humphreys (1928, and others} who considered
that it was determined by the chango in the
atmospheric transparency due to the propaga-
tion of veleanic croption dust in it Having
agreed to.this point of view that is confirmed
by nany now data, it should boe suggested that
& deereaso in radiation after 1940 conld alse
depend on the increaso of dust in the atmg-
sphere due 0 man's aetivity.

As oan be seen from Fig. 1, the curves of soe-
ular varintions of temperature and radiation
arc more or less similar.

Ta {find out the dependenco between the ra-
diation chango and that of temperatuve, lot us
compare tho radiation and thermal regimes of
the northern hemisphore for two thirty-year
periods: 1888-1917 and 1918-1947, It follows
from the data given in Fig. 1 that the tempera.
ture in the lattor of theso periods was by

0.33°C higher than that in the former, pnd the
direct radiation by 2.0% highor,

To estimato the sorresponding ehange in total
radiation, it should be taken inio aecount that
the atinospheric transparency changes alter vol-
canie oruptions as a result of propagation of
dust with particles of the order of 1 x4 in the
lower stratosphore. This dust considerably in-
creases the short-wave radiation difiusion, as a
result of which the planetary albodo of the
Earth becomes higher. Because of the radiation
diffusion by dust mainly in the diroetion of sn
incident rey {Mie effeet) the divcet radintior
decreases with diffusion to a greater extent
than the total radiation does. Using tho ealevla -
tion method developed by K. &. Shifrin and his
collaborators (K, 8. Shifrin, I. N, Minin, 1057
K. 8. Shifrin, N. P. Pyatovskaya, 1959}, one
can estimate the ratio of decreaso in totel radia-
tion to that in direct radiation.

Such n caloulation shows that this ratio comy-
puted for the averago annual conditions changes
slightly with the change of latitude, and on ary
average for the Barth equals 0.15.

Thus, the difference in total radiation for the
periods under consideration amounts to 0.30 o,
In this ease the ratio of temperaturo change to
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> {ha ehange of radiation turns out to be ogual to
LIEC per 12 of radiation change.
¢ This value should he eompared with the
valnes of similar ratio obtained as a rosult of
L ealeulating thie radiation influence on the ther-
- mal regimo of the Larth,
¢ Ta dotermine the depondence of temperature
- o1 salar radiation with tho average rolationship
 petween temporabure, air humidity and other
 factors influencing the long-wave radiation, we
| wsed the results of caleulations of monthly mean
calues of radiation at the outer boundary of the
atmosphere that twers made when preparing
Attas of the heat bulanee of the Earth (1963},
On tho basis of these data relating to each
month for 260 stations an empirical formula
was derived

I=a+BT —(e, +B,Tn (1
where I =outgoeing radiationin Jealfem? month,

' =temporature ab the level of Earth’s
surface in °C,

a = cloudinessz in fractions of unit,

the vatues of dimonsional coofficionts of which
equal: a = 14.0; B =0.14; &, =3.0; B, =0.10.

The root-mean-square deviation of the resulta
of calewition by this formule from the initial
data accounts for less than 9% of the radiation
values.

Comparing formula (1) with similar depend-
emce that ean be ohtained from the work by
Manabe and Wetherald (1867), it is possible to
conclude that they practically coincide for the
conditions of cloudless sky and differ in con-
sidering the cloudiness effect on racliation.

For mean annual conditions, the equation of
tho heat balance of the Tarth-atmosphere
systom has the following form:

Ql—-a)y-I=4 (2)
where @ =solar radiation coming to the outer
houndary of the atmosphere;
o = nlbodo;

A =goin or loss of heab as & result of the
atmosphere and hydrosphere cirpula-
tion, inchuding heat redistribution of
phase water transformations.

Taking into account that for the Earth as a
whole 4 =0, we shall find from formulae (1)
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and (2) the depondence of the Karth’s mean
temperaturo on the value of solar racliation, In
this case it turns out thaé tho chango of solar
radiation by 1%, with the average for the
Warth value of elondiness cqual to 0.50 and
constant albedo equal to 0.33, causes the tem-
peratare change by 1.6%

This result can bo compared with similav
estimate obtained from the work by Manabo
and Watherald from which it follows that with
constant relative air humidity the mean tom-
porature at the Earth’s surineo changes by 1.2°
golar radintion changes by 1 %.

It is olear thabt both of theso values agree
antisfnotorily with the relation between changes
in temperature and radiation that was obtained
from observational data. One ean believe that
soms oxcess of the computed tomperature chan-
gos ag compared to observational data rofleets
the thermal ineriin effcct of oreans the heating
or cooling of which smoothes the Harth's tem-
perature variations in comparison with tho
computed valuos for stationary conditions.

Thus, it seoms prohablo that present changes
of the Earth's temporature are determined
mainly by the atmosphere transparency varia-
tions that depend on the level of voleanic activ-
ity.

T¢ the present changes in voleanic activity
onnge radiation variagions by soveral tenths
of per cont and tho planetary temporature varin-
tions by several tenths of a degree, one can
believe that in the past respective variations of
radiation and temperature reached appreciably
larger valnes.

1t is evident that the mumber of volcanic
eruptions for the given interval of time is dif-
ferent with constant mean lovel of voleanic
activity for statistic roasons, these dilferencos
heing the greator the longer general period of
time being considerad. Tho gtandard of voleanie
activity in ditferont geological opochs is also
known to change noticeably in connection with
the change of tectonic processes intonsity.

Sinee the voleanic activity variations caused
by tectonie factors aré characterized by long
periods of time to caleulate the influence of
radiation variations associnted with them on
tho thermal regime, changes in tho Earth’s al-
bedo should be taken inte account that are due
to expansion or raduction of the arce covored
with ice on the land and oceans.

Ag oligervations from moteorological satellites
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Fig, 2, The depondeneo of horizontal heat transfer upon temperature difforence.

have shown (seo Raschke, Mbéller, Bandeoen,
1888), the albedo of the Harth-atmosphere sys-
tomm over aroas with ice cover is greater than
that over ico-free arems, due to which fact the
chango in avoa covered with ice increases the
radiation variation offect on thermal regime,

To estimate the racdiation variation influence
on the tempoerature of latitudinal zones, taking
into seeount the indieated offect, one of nwmeri-
cal models of the average latitudinal tempera-
ture distribution should be used. Since in this
cage we are only intorested in temperature
distribution near the Earth's surface it is pos-
sible to uso, instead of existing comperatively
complionted models, a simplo secheme based on
the solution of oquations (1) and (2} to which the
relation should be added thab characterizes the
relationship hetween temperature distribution
and horizontal heat transfer in the atmosphere
and hydvosphere.

Sueh a relation can be obtained by comparing
the mean latitudinal values of term A caleulatecd
from formula (1} with quantities T - Ty, where
T is onnugl mean temporaure at & given lati-
tade, T’y is the planetary mean temperatura,

The result of the above comparison is shown
in Fig. 2 from which it follows that the cor-
responding dependeneo can bo expressed in the
form of equation

A =BT -1, {3)

where §=0.285 keal/em® month degreo

From formulae (1), {Z) and (3), taking into
consideration. that for the Earth as a whole
A =0, wo obtain equations

Al —ay—a+an+BT,
f+B~-Bn

T - ()

_ @l -y} ~atan

T
? B-Bn

{3)

(where ¢, andl «, are planstary values of radia-
tion and albede) by which the average latitud-
inal annual mean temperatures were computedt
for present climatio conclitions of the northern
hemisphoere, The values of @, ¢, accepted in this
caleulation corrospond to the valuo of solar
congtant 1,92 ealfem? min, the albedo, according
to observational date available, at the latitudes
of 0° to 60° is consideved to he oqual to 0.32, at
the latitude of 70° to 0.60, ab the latitude of
80° to 0.62. In the caleulation, tha influonce of
doviations of cloudiness values from its mean
planetary velue equal to 0.50 on temporature is
neglocted.

The possibility of such an assumption results
from the conclusion established in the caleula-
tions mads using the above fonnulac concernming
a comparatively wonk effect of cloudiness on
the mean indices of thormal regimowithin a
rather wide range of conditions, Sueh & con-
clusion drawn, taking into account the de-
pendence of albedo on cloudiness, implies that

Tellug X XI {1968}, &
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the affect of cloudiness on the change in ab-
sorbed radiation in s numbor of cases is com-
pensated for by its influenco on the outgoing
long-wave radietion. Tho results of calculating
the contemporary avorage latitudinal disteibu-
tion of temperaturo are presented in Tig. 2
whero they correspond to line T As is seen,
these Tesults are in good agreemoent with the
ghiserved temperature at different latitudes that
is represented in Fig. 3 by line 7. Such an agree-
raent allows us to use the schome described fox
evaluation of the radiation variation effect on
the Earih's thermal regime and glaciations,

The southorn boundary of the existing ice
cover on the sens and land in the Arctie cor-
responds to the mean latitnde of 72° N. Lot us
consider that with o decrease in solar radiation
the surface of ice cover expands in accordance
with the extension of the surface area with tom-
peraturs equal to or lower than the temperature
abserved now at 72° M. Tn this case lot us as-
sume that albedo on the ice-covored area is
equal to 0.62 and at the southern boundary of
this ico cover to 0.50.

It follows from the above values of albedo
that with the change of ice cover arvea the mean
albedo of the Larth changes by value 0.30
where coefficiont 0,30 corresponds to the differ-
cnce of albedo values with the presenco and
ahsenco of ico cover, and guantity §=lg, (& =
tho ratio of ice area change to the whole area
of the Earth, ¢ = the ratio of mean radiation in
the same zone of ice area change to tho mean
vahue of radintion for the larth as & whole).

To take into account the influence of the
glacintion aren change on the annual mean tem-
perature of the Earth, we shall use formula

Qp AQD
mo k. | 2ER g, 0, -0,
AT, | ,,( wy — 0.30.8) — 0305

(8

which is obtained from formulas (1} and (2),
whero AT, is the Barth’s tomperature change
with the change of mean radiation @, by value
A,

Trom (1}, {2), (3}, (6) we shall deduce a for-
mula for temperature at some latitudo

AQ ; @
Q(1—a) (1 + —Q:”) —a+aln+,8Tp+BfI;’1n

[é@e (1 g, 0.308) - 0.30.5']

- {0 |

-

Fig. 3. The avorage latitudinal temperature distri-
bution.

whero T is the oxisting mean temporature of
the Earth.

Using this formula and considering the de-
pendence of values ¢ and § on latitude, one can
compute the position of glacintion houndary
for different values of AGQL/Q,. By this formula
it is also possible to caleulate the distributions
of tempernture at differont latitudes that cor-
respond to these vahos. The results of such &
calonlation arve shown in Fig. 4, where lines
Ty and Ty g correspond to temperature dlistri-
butions with the decrease in radiation income
by 1.0%and L% respoctively. In the above-
mentioned caleulation tho interrelationship
hotween the thermal regimes of tho northern
and southern hemispheros is neglocted (which
assumption is reasonable with the similar change
of thormal regimo in both hemispheres). It is
pasumed in caleulation that tho relative de-
crease in radiation ot different latitudes is the
game.

Fig, 5 represents the values obtained from
this ealeulation for tho mean planctary tom-
porature Ty and mean latitude to which g]ac.ia-
tion extends @q dopending on rolative radiation
changes. As is seon from thig figure, the redia-
tion variation effect on thermal rvegime con-
gidierably increases a8 & vesult of glaciation deve-
lopment, tho gorresponding dependence bocom-
ing nonlinear.

Gy m

It=
g+B-B.n
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Fig. 4. The dopendenco of temperature distribution
on radiation ainount.

If with tho deercase in radiation by 19, the
mean temperaturo of tho Earth drops by 5°
then with the deererse in radintion by 1.5%
such a drop reaches 9°, Simultaneousty with
the above temperature drop the glaciation
displacement 10-18° to the south takes place,
i.e. the distances approximately corrosponding
to the oxpansion of quaternary glaciations,
When radiation decreases by 1.69 the ice cover
roeaches the moan latituds of about 50°, after
that it starts shifting towards lowor latitudes
up to the equator as a result of self-develop-
ment. At the same time the Planetary tempera.-
turo drops sharply and renches the value of
soveral tens of degroes below zero.

A conelusion on the possibility of complete
gloeiation of the Earth after ice cover reaches
some critiesl latitude followa from tho caleula-
tion, using the ahove formulae, of the values of
decrease in radiation necessary for further mo-
vement of dce to the oquator, Such s calculation
shows that to the south of eritical latitude ice
will move to the equator with the decresse in
radiation by less than 1.6%, and at lower lati-
tudes ico will move in the indieated direction
with the existing values of radiation and even
with its values oxceeding those in the Prosent
epoch,

It should be noted that similar conclusion
from other considerations wag drawn previously
by Opik ( 1853, et al.) who considered, however,
that for glaciating the Harth s considerable
deereaso in solar constang is necessary. The
possibility of oxistence of completa glaciation
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of the Earth with the presont value of sotar
constant was mentionod in the anthor's works
(Budyko, 1961, 1066).

Thus, the present thermal rogime and glacia-
tions of the Barth prove to he characterized by
high instability. Comparativoly smnll changes
of radintion—only by 1.0-1.5%—aro sufficient
for the development of ice cover on thwe lamd
and oceans thab reaches temperate Inbitudes.

It shouid be noted that such changes in radia-
tion are only several times as great as its varia-
tions observed due to the changeability of vol-
canie activity in the last century,

Taking into considerstion that according to
tho data of geological investigations tho level
of volesnie activity for long periods of time in
the past changed by a factor of several times
{see Ronov, 1959), ono can helisve that the
influence of long-period variations of voleanic
activity is a probable factor of glaciation deve-
lopment,

This conclusion is confirmed by the fact,
established by Fuchs and Patterson, of cor-
respondence hetween the main epochs of qua-
ternary glaciations and the periods of consider-
able inerease in voleanic activity in & nwunber
of regions of low latitudes (1947).

Though in this paper the author hag no pos-
sibility to disouss numerous other hypotheses
a8 to be causes of quaternary glaciations, nover-
theless it is necessary to dwell upon papular idea
concerning the influence of changos of the
Earth’s orbit: elements on glaciations,

Such o eoncoption substantiated by Milam-
kovich (1930 and others) and othor authors is
shared by many specialists studying quatornary
glaciations,

[ %

\ QP

2030

Fig. 5. The dependence of the Earth’s temperature
and ice cover boundary on radiation varivtions.
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_js B8 known, the offoct of changos in the
Farth’s orhit cloments leads to approgiable ro-
gistribution of racdiation amount: coming to dif-
forent latitndes, Considoring these changoes and
sing  tho model of latitudinal tempoerature
distribution suggested by him, Milankovich
conelncle] thod with the ehanges of orbit clo-
ments ab temporato and high latitudes considor-
able chonges in temporaturo ocour that ean
result in glacintion.

It should be montioned that the modol of
temporaturo distribution suggosted by Milan-
kovieh did not take into account horizontal
heat transfor in the atrnosphere and hydro-
sphora due to which it had to ovoerosbimato con-
giterably the influsneo of changes in radiation
ina givon latitudinal zono on tho thermal regime
of the samo Zono.

o verily the hypothosis of Milankovich, thers
“worn caloulated, using tho above-mentioned
gehemo, ehangos in thormal regimo and glacia-
tions for tho eoso of considorable change of the
Parth’s orbit cloments 22 thousand yesrs ago
which is wsually associated with tho last glacie-
tion. The calenlations made have shown thab
though the variations of orbit clomonts influonce
in o dofinite way the thormal rogimo and glacia-
tion, this influcnce is comparativoly small and
cowresponds o possiblo  displacoment of the
glacintion boundary by a littlo less than 1% of
latitndo. Tt ghould be borne in mind that suel
a ealevlation allows for the changp in annual
pdiation tobals. According to Milankovich, the
main influence on the glaciation s oxorted by
the varintions of tho summor radiation values
fhab ab lubitudes 66-75° are 2 bo 3§ times as
lago as tho vaviations of annual valuoes. Empha-
sizing the nocosaity of furthor study of the pro-
Iem on tho offoct of annual rodintion variation
on the glacintion, it shoutd o noted that the
abova-obbained vesult casts some doubb on tho
hypothesis that tho offoet of the arth’s orbit
changes i3 sufficiont [or tho oxplanation of tho
uatoenary glociations,

Now wo shall procoeed to tho quostion of why
the voleanic nelivity variations, thab oeeurecl
during the wholo history of tho Jarth, did notb
rosult in gho dovelopment of glaciations during
hundreds of millions of years provious to the
(uatornnry poriod,

It has heen established in geological investiga-
tions that in the pre-quatornary time tho gra-
dugl viso of conbinents lovel book place. This

Tollus XXI {L080), &
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eausod wonlening of water circulation in the
ocoans betweoen low and high latitudes,

Tt was ascortained long ago (Badyko, 1048,
et «.) that tho heat transfar between the equator
and the poles in tho hydrosphers is a consider-
ablo portion of the corresponding granafer in the
atmosphere, in conueebion with whioch the ehan-
gos in wator circulation in the oeoans should
influcneo essentially tho thermal regime at high
and temperature latibudoes.

To clear up this question, tomperature clistri-
hution was ealeulated using the above-men-
tioned schemo for the case of absenco of ico at
high labitucos.

The rosults of such ealeulations ave shown in
Fig. 6 wheve line T ropresonts tho prosent-day
temperature digtribution, and line 7, tempera.
turo clistribution with the phsence of pelar
glaciations. In theso cnloulations the albedo at
high latibudes is aceoptod to be oqual fo the
albedo of ice-free arens and tho coofficient f§ is
congicered to be equal o its value accopted
above.

As is soen from Fig. 6, the polar ice changing
little tho temperature at low latitudes consider-
ably deeroages the tomperature at high latitudes.
As o result, tho moan difference in temperature
hetweon the pole and the equator decrenses and
the annual mean temperature in polar zono
turns oub to be equal to goveral dogrees below
ZOro.

One can helieve that with jce-froe regimo the
meridional heat transter in the polar ceoan will
inerense as compaved to present condibions
gince this ocean, that ig now isolated from the
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atmosphore by ico, will give off a considerable
amount of heat to the atmosphero through
turbulent heat exchango.

If to consider that with the absence of ice the
Aretie Ocean receives additionally an amount
of heat equal to the moan value coming now to
the ice-free aveas of the oceans at high latitudes,
the mean air temporature in the Arctic must be
somewhat higher than the above value, i.e. closo
to zevo,

This result is in agreemont with the conelu-
sions drawn using other methods in provious
works by the author (Budyko, 1961, 1962, 1966),
L. R. Rakipova (1962, 1966), Donn & Shaw
(1966), and others. It confirms onco more the
possibility of oxistence of ieo-free regime in the
polar basin in the present epoch and at the same
time indieates high instability of such a regime,

It iz evident that with the annual mean
temperature in tho Contral Arctic close to water
freezing point comparatively small anomalies
of radiation income may lead to ice restoration.

Thus, with the present distribution of con-
tinents and oceans the existenca of two climatic
regimes is possible ons of which is characterized
by the presenco of pelar iee and Inrge thermal
contrast between the pole and the equator,
and the other by the nbsenco of glaciation and
small meridional mean gradiont of tomperature.

Both of these regimos are unstable sinco oven
small variations of solar radiation ineome could
be sufficient cither for freczing of tho ico-free
polar acean or melting of the existing ieo, Such
a poculiarity of climatic regime seems to detor-
mine the main featurcs of climate variations
in the Quaternary poriod.

In the periods of deoreased voleanic notivity
the temperature distribution corresponded to
ice-free regime which charactorizes tho climate
of comparatively warm inter-ice opochs. When
voleanie aetivity ineronsed, ice formed firstly
in the arctie seas, and thon groator or smaller
glacintions wera developed on the land.

As it was mentioned in tho author's work
(Budyko, 1968), in the mesozaic era and in the
paleogene the northern polar hasin was con-
nected with the oceans of low Iatitudes with
much wider straits as compared to the Quater-
nary poriod. In this case the heat income to the
polar basin as a rosult of activity of sea cur-
ronts seemed to exceed those values that are
observed at high latitudes under present conchi-
tions. If this ineoms was 1.5 to 2 times ag great

M. I. BUDYKQ

a8 its prosent mean value for the ico-free areas,
then according to the caleulations by the above
formulae, the annual mean tomperature in the
Aretic veached 10°, which fact exciuded the
possibility of glaciation even with appreciable
anomalics of vadiation.

During the Tertiary period the isolation of
polar basin from tho tropic regions of ocean
gradually devoloped, which caused the tem-
porature decreese near the pole and approaching
of temperature distribution to the values charae-
terigtic of inter-ice epochs.

Tt follows from tho above congiderations that
the present epoch iz a part of glacial period
sinee any noticonble inerease in voleanic nebivity
should load to new glaciation dovelopmene.

Moroover, it seems probable that one of the
following glaciors expansion eould reach the
aritien latitude after which the complete glacia-
tion of the Barth would set in. Such a possibility
was on the point of boeing realized in the period
of maximum cuaternary glaciation when tho
temperature of the Barth and tho position of ice
cover corresponderl to dots plobbed on lines Ty
and ¢, in Fig. 5.

As is geen from this figare, the ico cover under
these conditions has moved about 0.8 of the
way from the present ice boundary to the critieal
latitude,

From such a viowpoint the Quatornary His-
tory of the Tarth seoms to bo the poriod of com-
ing climatie eatastrophe due to which tho exi-
stence of higher forms of organielife on our planct
may be extorminated,

When estimating the probability of such a
catastrophe heing realized in fubure, tho charae-
tor of man’s activity should be taken into ac-
count which influences to some extent the eli-
mate ab prosent, Without touching upon the
possibility of implomenting in future some pro-
Jeets of active influenco on tho elimato which
could affeot the glaciation dovelopment, ever in-
ereasing influonco of man’s activity on the ener-
gy budget of the Iarth should be montioned.

All the energy used by man is transformed
into heat, the main portion of this enorgy being
an additional souree of heat as compared to the
Prosent raciation gain, Simple eoaleulations show
(Budylko, 1961} that with the presont rate of
growth of using enorgy the heat produced by
man in loss than two hundred years will bo
comparable with the energy coming from tho
sun. Sinco glaciations are greatly influenced by

Tellus XXT (1960), 5



he dhanges in onorgy hudgol whish aro & small
¢ aybof solar radintion income then it is proebablo
; ihat in the comparatively near future tho possi-
pility of glaciation expansion will be oxeludecd

- anil thore will appear tho roverse one of polar
0o melting on the land and occonns with all tho
changes i tho Tarth'’s ciimato that are nsso.
ciated with it

- gelasof the heat balunce of the Karth, 15, 3.1, Budyko,
¥n Russian), 10063, Moscow,
Bowen, It 19606, Paleotemperature analysis. Amsbor-
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ETFECT OF S80LAR RADIATION VARTATIONS

G619

It should be mentionaed that the conclusions
statocl in this papor on tho offect of changes in
solar radintion on elimate havo boan drawn as a8
rosull of using a strongly sehematized model of
tho Earth's thermal rogime. Tt is considoerodd
dosirable to make similar caleulations with tho
use of more gonernl models,
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| BIVATG BRMEHEIHN COJHBYHON PATTHAIIA HA HJIBMAT

Dumueckne  BAHOHOMEDIUOCTH,  CRAHLNIRIoNEe
Apnxo) CoRILCUNON  paunim o TepMiiectis
POARUNMOM oMY, BCROJLIYIOTCL JUIFL HBYHOIIA
PUANEEHOTO MEXWITIEIML CONPEMETHY BN -
Il monmatardy 6 0Mene Il TIIMATR B TeONOri-
HeCKkey nupolmaoy. Buuomuenlinio pacuern Ho-
Kaaupane, YT KoJeOnIna KuEMOTL, Haesnne
MECTS B JIDAJIIEOM BeKe, B ecuopnox  o0h-
FAC1MGTCH BMEILeNAMIT ToCTyIRIomel B Tpono-
ediepy conttounoft pajiaming, 00y cAORICITHEBIMIT
HAMMIAMI AQTLUICITHOCMT  INBKINX  CIIOCH

Tellug XXT (1060), &

erparocopn, Yuer (pmisnua roxedaimit mno-
R JIElOROTO TIOKPORA 1L ILIAETAPHOC AL~
o0 [OBNOILICT JAMOTHO YTOUINTh GUEITHN -
MOIEIH N TEPMIMCCKOrD PEHEIIMA MJHI HIMede-
1K eosmewelt PAgIIA B PCONOTIYECKON
npomdiom. TIpn 9TOM BEACHGTCI, 17O OTIO-
CUTCABII0 MAJDIE NBAMAHCHIA npuxopauell comu-
ileuioll paimam, ofycronnenine HecTabIL-
HOCTHIO TPOAPAILITOCTI aTsocdiepsl H3-3a nepe-
Mentofi nymsanullemmik aRTHRUOCTI OLIJIN g0
oTaFOMTIET LI PASHINIITA KPYTILIX WHeRTHHen-
ranbilEx oJegeneu.





