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Tl1 e time ап d space гadi at i o п !1eat patteгп s liave Ьесп iп11cst i gatecl at fi ve pola1· Aпta1·c Li c sites (Novo laza
гevskaya, Mo l odezJшaya, BelJiп s J1atJ seп , Mi гп у, апd Vostok). Si lll i l а г vaгiabiJity а рреа гs i п clata 1·го п1 М а гs ро l а г 
ice caps. Tl1e геро гtеd compa гat i ve a п a l ys i s all o1vs eyaJt1 atiпg t l1 c coп tгibнtioп s fгот diffeгeп t t l1 c гп10phys i ca l 
сот ропеп ts of the гadiaL i oп l1eat bнdget i11 t l1e Aп la гct i c апd Ма гs l1i g l1 - l ati tнde гeg i oп s. 

Tl1 e study has focused 011 compaгing quant ita
t ive and qualitative pa1·amete гs t l1at гергеsеп t t he 
гadiatioп heat budget in Antarctica and in po]ar Mars. 
Mars is а pl a п et wit J1 а thin atmosphe1·e, а thick cryo
sphere, and репnап епt ice caps at both poles. Оп the 
Eaгth, it is th e Aпtaгcti c that is similar to the Магs 
high-lati tl!Cle гegioп s, especial ly to tl1e noгthe rп сар 
consisting mostly of water ice; s imil aг аге t he s L1гface 
а геаs and t l1 e ice sheet t l1i c kпesses (ТаЬ! е 1) . Tl1 e 
An taгcti c climate is the пюst seve гe (t J1e coldest п at
uгa l temperatшe еvег гecorcl cd о п Ea гth ~1as - 89.2 °С 
at tЬ е Vosto k station) апd t l1e least affected Ьу aп
tЬ ropogeлi c loads. 

We a п a l yzed гесогd s fгom five An taгct i c stat i oпs 
(Novo l aza гevskaya , Molodcz l1 п а уа , Bel 1 i п s li a L1 seл , 
Мiгпу, and \lostok) collected Ьу t l1 e Arctic апd Aпt
a гct i c Resea гch Inst it LL te fго111 t lie sta гt of obseгva 
t i o пs (1958- 1971) throL1gЬ 2008- 2009 (ti l] 1992 at 
Mo lodezhn aya). The stations а ге located оп or п еа г 
t he s ho гe, or iп tЬ е contiл en t iл te 1· i o г ( 011 ice ог vvitl1-
iп Antar·ctic oases). ТЬ е iл vе п tо гу co п s i sted of the 
fo l lo111i ng data: 

( 1) J oпg-ter 111 average so l a г flLL x dшiпg selected 
obsc гvat i oп peгiods (at с] еа г sky, 1vit l1 cloud amoLrп ts 
less t h a п 2, and at Llp to 1 О ); 

(2) stat ist ica ll y pгoccssecl data оп moп t l1l y and 
уеа гl у tota ls of t l1 e гadi at ioп budget compoп eп ts; 

(3) stat ist ica ll y processcd data оп mo п t l1J y алd 
усаг l у tota ls of diгect bcam so l a г r·adi atioп at пог111аl 
iп c id e п cc а пd atmosphe гi c c l ea r· п ess ind ex . 

As ра гt of t l1 e 53гd RLr ss i a п A n taгct i c Expeditioп , 
one ot· us [А Ьгатеп/щ 2009] et up а test stat ioл at 
t l1 e Novol aza гevskaya site, iп t l1 e Schiпnach e г oasis 
locatcd 80 k111 fа г from t li e по rth с гп Antaгct i c coast 
iп t l1 e central Queeп Maud La пd. Tl1 e objective '"'as 
to test t he metlюd fог m eas Lrгiп g t he s llгfacc heat 

bt1dget, to monitor the tempe ratшe, t he t l1 ermal con
du ctivity, and the tЬa1v deptli. Tli e ап11L1 а] tempera
tшe cycles vvere шопitо геd \vith logge гs \vblch \vere 
couгte у of the Faiгbaпks U ni11e гs i ty (Alaska, USA). 
The test statioп \Vas oper·ated witl1 in t l1 e 1 imi ts of the 
CALM pгogiam (Ciгct1mpol aг Active Lауег Moni
toг i п g) IBmwn et al. , 2000] . 

At tЬе statioпs BellinshaLLsen, Novol azarevskaya, 
MoJodezhnaya, Miгny i , а пd Vostok, t l1 e попnа l beam 
so l a г гadiatioп 1vas fгom 33 to 56 % а п d doшiпated 
ovcr ot l1 e г гad iation compoпen ts t lыt va гi ed in t l1e 
fo ll o 1v iпg га пgеs : 6 to 26 % гe fl ected , 3 to 23 % ab
soгbecl , 6 to 32 % scattc гecl , and 9 to 17 % гad iatioп 
оп а lюri zon ta l sL1rfacc (ТаЫ е 2). Tl1c estimated total 
аплuаl l1 eat Ьаlапсе of t l1 c ice su rface \Vas negative, 
fгот -20 to -40 W / 111 2. 

Iп s id e t l1 e domaiп t l1 c гe а ге zo п es \Vit l1 а positive 
Ьа l а п сс, SL1 cl1 as oases, i ce-fгce ridges, а пd statioпaгy 
1vatc г c l cariпgs. In oascs, t l1 e аnпш1 I l1 eat bL1dget is 
110 W / m2. Tl1 e a 11пL1 a l tota ls ot· t he гadi at i oп compo
n c п ts гa ngc as follo\11s: n о пп а l Ьеа rп r·acli at ion fгom 
102 to 830 \V / m2, l10 1 · i zo п ta l гa di at i oп t·гom 48 to 
199 W / m2, scatte гed гadia t ioп fгот 67 to 179 W /ш2 , 
tota l гadiation f1·om 19 to 329 W / 111 2, апd back гadia-

Та Ь 1 с 1. Ice parameters of Antarctic 
апd Martiaп ice caps, compared 

l\ll ax iп1t1111 ! се 

Лгса 
St1 гfасе icc Ll1ick-а геа, kn12 l'О lшлс, 

пess, k111 k111 ~ co п1pos iLioп 

Aпta гc L i c 1.4- 107 4.8 26.7- 106 l-1 20 
Магs Sot1 Lh 3.9- 105 3.7 1.6- 106 н.,о апd 
Polc са р 111osrly со2 
Магs NoгL l1 6.8- 105 2.0 1.4- 106 СО, апd 
Polc са р 111ostly Н20 
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ТаЫе 2. Radiation heat budget components at different Antarctic sites, compared, W / m2 

Веат гadiation So l a г гad i atioп 
Site Radiation b11dget 

логп~аl 

Vostok - 6.7 344.7 

Novolazaгevskaya 37.2 181.2 

Moloclezlш aya 38.6 144.5 

Miгnyi -8.5 1.48.2 

Belliпs l1auseл 20.2 42.2 

tion froш 65 to 263 W /ш 2 . ТЬе шontbly шeans of 
cliшate paгaшeters at tЬе selected statioпs were: al
bedo 0.2 - 0.9, air шoi sture 48-90 %, \viпd speed 2.9 -

13.4 ш/s. 
ТЬе tiшe апd space pattern s of tЬ е sшf'ace гadia

t ion Ьеаt bL1dget compo11e11ts iн t l1e Mars роlаг re
gioпs \vere i nvestigated usiпg tЬе Global Mars Cli
шate Database produced joiпtly Ьу Laboratoire de 
Meteorologie Dyнaшiqll e dL1 CNRS (LMD, Paris) 
апd AtшospЬeric, Oceanic and Pl aпetary PЬysics, 
Departшeнt of Physic (АОРР, Oxford U nive rsity, 
Oxford , Eпglaпd UK) [The g·lobal Mars Climate Da
tabase]. 

Th e гanges of аппuаl refl ected radiation gener
ally for tЬе Mars Ьigl1 latit lldes аге 414- 750 W / 111 2 

fог tЬе погtЬеш ice сар апd 532 - 840 W /ш 2 fог the 
so lltheш ice сар. ТЬе abso rbed гadi atioн raпges 
are, respectively, 658 to 2016 W /ш2 апd 702 to 
1539 W /ш2 . The radiatioп data fог tЬе nortl1ern and 
soutЬeш polar regioнs \Ner e processed on а space grid 
for tЬе coordiнates 90°, 86.2°, 82.5°, 78.8°, 75° N анd 
S; 135°, 90°, 45°, 0 ° W апd 45°, 90°, 135 °, 180° Е to 
analyze annual cyc]es of tЬе sшface and atmosph eгi c 
iнfrared radiatioп , absoгbed анd refl ected radiatioп, 
анd mеап moпtbly sшface teшperatLtres. Other pa
raшeteгs vvere mean dillгпa] and montЬly tem pera
tшes of tЬе sшface and lower atmosphere ( 5 m above 
the surface) estimated for midnigЬt анd nоон times 
анd wiпter and summer mеан dillrпal variations of 
wind speed. 

ТЬе radiatioн Ьеаt budget componeпts vvere cal
culated with ап eqllation used to process tЬе Eaгtl1 's 
gгol!пd sшface data [Budyko, 1956 ]. Tнrbllleнt Ьеаt 

hoгizontal total backscatteгed 

105.0 147.8 111.8 

67.3 125.0 26.7 

62.8 134.0 50.5 

62.4 135.3 108. 1 

20.7 7.8 45 .2 

traнsfeг was fouпd as tЬе suгface-air tешрегаtше dif
feгence (accoгdiпg to GMCD) multiplied Ьу t ]1e J1eat 
tran sfeг coeffi cient. Th e latter was assum ed to Ье 2-
5 W / ( m2· К) proceediнg from eшpiгical data obtained 
i11 laboгatoгy at pressшes апd tешрегаtшеs typi cal of 
tЬ е Mars lligh Jatitud es [L ebedev and Paelman, 
1973]. The Ьеаt speнt f'or s llЬlimation (aЬlimation) of 
СО2 ог Н20 ice was evalLtated fгош mеап anпl!al val
ues of tЬе pгocess inteпsity obtained нsiпg GMCD. 
Tl1e СО2 апd Н20 ice suЬliшati on heat >vas estimated 
with гegard to its teшperatшe depend eпce [Komamv, 
2003]. Tl1e Ьеаt flнx froш tЬе sшface to tЬе ice was 
calcl!lated as а solut io11 to tЬе tЬerшa l coпdl!ctivity 
differeпtia] equation at the respective bouпdary co11-
ditio11s. Th e models iпc ll!d ed а two -layeг sectioп for 
the нortheш ice сар апd а three-laye1· sectioп fог the 
solltЬeгn сар [Komarov and Isaev, 2010] . 

The compo11e11ts of t he radiat ion heat budget iн 
tЬе EartЬ's Aпtaгctic and Maгs's higЬ latitudes deш
onstrate qualitatively siшil ar patteшs , but tЬere is 
some differeнce iн tЬeir 111ag11itudes. Naшely, back
scattered апd absorbed radiatioп is sligЬtly loweг 011 

Mars tЬап at the Aп tгact i c Novolazarevskaya site 
(ТаЫе 3). Uпlike t he EartЬ, the Mars surface teш
perat ure is dl! e most]y to beam solar Ьеаt ratЬer tЬап 
atшospheric heat traнspoгt. As а result, tЬе teшpera
ture шау Ье locally 272 К while the шеап of tЬе пorth 
ice сар регiрЬегу iп the early suшшer is 235 К 
(Ls = 90°, where Ls is solar latit ude). Geпerally, tЬе 
mеап diuгпal air temperature at 5 m above the Магs 
surface varies throllgh а year froш 143.1 to 249.9 К 
оп tЬе sou therп ice сар апd fгош 147.8 to 230.4 К 011 

the нortheш сар. 

ТаЫе 3. Annual means of heat-radiation budget compoпents at sites 
of Martiaп poles and Antarctic Novolazarevskaya site 

Radiatioп bt1dget co niponeпts , W /ш2 Heat bt1dget со п~ропепts, W /т2 

Site Locatioп Shoгt-1vave solar гad i at i o п Effective Heat loss for Heat flux to Tшbuleпt Albedo l oпg-\vave evapoгatioп 
гocks 11 eat tгaп sfer total гeflected adsшbed гad i at ioп ( s11 Ьliшatioп) 

Novolazarevskaya 11° Е 125.0 26.7 98.3 0.2 61.1 1·10- 3 1.1 34.9 
70° s 

Магs SонtЬ Pole сар 0° Е 60.4 14.5 45.9 0.2 26.9 20.5 0.1 0.7 
82.5° s 

Магs NогtЬ Pole сар 0° Е 57.3 17.2 40.1 0.3 24.1 18.0 0.1 0.5 
82.5° N 
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According to our estiш ates of the perшafгost 
t l1ickness and the Магs cryosphere as а whole, the 
p erшafrost is fгош 1 ООО ш thick at t he equ ator to 
3600- 3750 ш at the polar caps [Komarov and Jsaev, 
2010]. The шеаn t hickness of frozen ground is 2300 ш, 
which is gгeater than the terrestrial шеаn. The total 
ice voluшe in а 2300 kш thick spherical l ауег ( the 
Mars outer гad iu s being 3394 km) is (0 .4 -
2.0)-108 km3, as estiшated Ьу diffeгent autlюrs, which 
is about two oгders of шagnitL1de more than the total 
volume of t he ро lаг ice caps. 
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