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Fig. 9 (b) Coexistence of carbon dioxide crystals
and ice crystals (upper left) grown in
nitrogen gas at normal pressure.
Temperature —110°C. Horizontal

width of the photograph is 4 mm.
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4.3.1 00O

0000000000 10°000000000000000,00000000
ggboobooggooboooooooo.
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g, 0bdddobobtbooobbbooobobboooo,boo0oboboo
gobboboooobboooooboboooobbbooooooo.

0370 T T T T T
; Black : orbit 145

average +-
red 35 ppb methane

0360

0350

cm2 em—1)

0.340F

Spectrum ; ergs/{s ar

0.330

o30f . .
3000

0 4.2: gobouobdguobogooooobbobboobon. 0
gbogboobuoboooobobobobuobuobooooonbao.

(http://www.esa.int /export /SPECIALS/Mars_Express/SEML131XDYD_0.html
oooo)

4.3.2 0OO0O0OO

gddddooooooououoououoouooooo,doooooooooo
g,bgbbuodgbbodboobobuoobbogbooobuoobbodobobo
ggbooboooogoo.

00 170 10 280 (00O 0O0O)



HEN 39

0000000000000 27% (0.16mbar) 000000000, 0000
gboogbooboobooboobooboobooobooonoOo 0.19 mbar O
goboobda,bboogbobbuooobb.ogbbooobobbuooobbod
gbbogobuodbogbboobdubuoobooboobbooboobob. o
000000000000 NB/N4YOOooOOooooooo 7%%0000000
O (Owen, 1992), 00 000000000000 (McElroy et al, 1976), 00 OO,
gogbbbuooobobbooogbbboooobbouoooobo.

4.3.3 00O

gogobboobobbodooogobbobbodoooooboobboogod
goo.

0000000000000 00000O000OooOO0O. 000 (200000000,
O02um 0000000 1002%2kgm2000000000000000000O
gbobboodg,boobobbuooobbuooobboodo. bbooobbod
gobbooobbobuooobbbuooobbboogbbboooobbooo.

00 170 10 280 (00O 0O0O)



goo 40

5 0o

gbobbogoobbuooobbuo-obbuoobbuooobbuoogbboo
gobo,0oggobobboooobobbooobbbooooboboooo,bod
gogboooogoo.

gbbogbogbbda,bugbboobuogbbodboobbuooboo
gobobD. 7mUO00000000O0O000DOOO0OODOOO0OODOOO0OODOOO
gobbboodgb,booobbbuoodbbbuooobbboooob,od
00000000. 0000000 1030 10'kgm2 0000000000
gbbodboogobog,ooobuoobboobooobuoobbuodobobo
ggbobobbooogobob.bbbd 1gggob 200000400 obooboad
000000.30000000000000000000O00 102kgm™20
gogboooggbood.

gdooooooouuuooooooo, b0 ooo
gbood.boboobobooboboobobooboboob,bbobon
gbbodgbbobogbobouooboobobboboobooboobobob. oo
gbobobobobobobooooobobobobobo,obobooon
gbbogoboboboooobbuoobobbooo.bb,gbbbuooobbod
gbobobooobobobobobuobooboob,bobobobobon
goobobbobbbouooooooobbobbbouooooobbobboogd
gogoo.

000 100000,00000000 10°0 10°m20000000000
googoobbbbbobbobbbooodaad. bobobbobooooogod
gbobodgbbodob,gotb 12000b00oboobboobbooboo
gbob.uogboo,0obbuoobbuoobbuoobboooboooboog 110
000000oo0ooooooo 1010 m=2000000.

00 170 10 280 (00O 0O0O)



HEN 41

HEN

gboboodgboboboo,buooobbuoodgbbooobb.oo0bboo
gobobuooobbo,gobbuogobooobbbooobbuooobobo.d
gododooooooououoooooboobbobb,oo0d0d0ooooooo
gbobbooboo.gobboobuoobbooboobuooboobobuoobbo
gbbodbbodgbooo.boobba,boobb,obooob,0bod
googgoobbbbboboobbbbobotbddddoooooooon. oo
gbbodbo,bbodbooboboobbodgboooboobbodobobo
gboogboooobo,dgbobbuoobboobb.ogboooboobobon.

gg,bobobbobbbbbbbbbbibboddddooooooooooo
000 SX-6O0OOOOoOooOooOo.0boooooooboobo.

00 170 10 280 (00O 0O0O)



gooo 42

gooo

Gough, D. O.,1981, Solar interior structure and luminosity variations, Sol. Phys.,
74, 21-34

Kasting, J. F. and Toon, O. B., 1989, Climate evolution on the terrestrial planets,
origine and evolution od planetary and satellite atmosphere, Arizona Press,
423-429

Kasting, J. F.;1991, CO, condensation and the climate on early Mars, icarus, 91,
1-13

Kasting, J. F., Whitmire. D. P. and Reynolds, R. T., 1993. Habitable zones
around main sequence starts, icarus, 101, 108-128

Kieffer, H. H., Martin, T. Z., Peterfreund, B. M., Miner, E. E. and Paulluconi, F.
D., 1977, Thermal and albedo mapping of Mars during the Viking Primary
mission, J. Geophys. Res, 82, 4249-4291

Kuhn, W. R., and Kasting, J. F., 1983, Effects of increased CO, consentrations
on surface temperature of the early Earth, Natures, 301, 5895, 53-55

Kuntz, M.,1997, A new implementation of the humlicek algorithm for the alcu-
lation of the voigt profile function, J. Quant. Spectrosc. Radiat. Transfer,
57, 819-824

oogobod,2002, 00000000000 00000000000 0ODOODOO
googob,0boobooobd

Komabayshi, M., 1970, Shape instability of crystals of ice, carbon dioxide and
ammonia grown in a cold chamber, J. Met. Soc. Japan, 48, 4, 270-286

McRIroy, M. B., Youg, Y. L., and Nier, A. O., 1976, Isotropicc composition of
nitrogen: implications for the past history of Mars’ atmosphere, Science,
194, 70-72

ooOob,1986, b0bD0o0og 1gboooooob,020,0000,20-46

Mischna, M. A., Kasting, J. F., and Freedman, R., 2000, Influence of carbon
dioxide clouds on early Matrian climate, Icarus, 145, 546-554

Mitsuda, C., Yokohata, T. and Kuramoto, K, 2004, Scattering greenhouse effect
in early Martian climate: an investigation of CO, ice clouds stability against
radiative heating by line-by-line calculation Proceedings of the 37th ISAS
Lunar and Planetary Science Conference, in press

00 170 10 280 (00O 0O0O)



gooo 43

oooobod,1999, 0000 00OOob00O 40,80,00 II101-194

Owen, T., 1992, Composition and early history of the atmosphere, Mars, Univer-
sity of Arizona Press, 818-834

Pierrehumbert, R. T. and Erlick, C.;1998, On the scattering greenhouse effect of
COq ice clouds, J.Atmos.Sci, 55, 1897-1903

Pollack, J. B., 1979, Climatic change on the terrestrial planets, Icarus, 37, 479—
553

Pollack, J. B, Kasting, J. F., Richardson, S. M., and Polliakoff. K., 1987, The
case for a wet, warm climate on early Mars, Icarus, 71, 203-224

Ruyten, W., 2004, Comment on “A new implementation of the Humlicek algo-
rithm for the calculation of the Voigt prole function” by M. Kuntz [JQSRT
57(6) (1997) 819-824], J. Quant. Spectrosc. Radiat. Transfer, 86, 231-233

OobOod,2004: 0DOOD0ODOO0OOLOOODOOODOOODOOOODbOODDbO
gobbooug,bbobuoogon.

Sagan, C. and Mullen, G., 1972, Earth and Mars : evolution of atmospheres and
surface temperatures, Science, 117, No.4043, 52-56

Warren, S. G., 1984, Optical constants of ice from the ultraviolet to the mi-
crowave, Appl. Opt., 23, 12061225

Warren, S. G., 1986, Optical constants of carbon dioxide ice, Appl. Opt., 25,
26502674

o000, 2003 000000000000 CO,0bObob,boonDoOon
go.

Yokohata, T., Kosugita, K.,Odaka, M. and Kuramoto, K.;2002, Radiative ab-
sorption by CO ice clouds on early Mars: Implication to the stability and
greenhouse effect of the clouds, Proceedings of the 35th ISAS Lunar and
Planetary Science Conference, 13-16

00 170 10 280 (00O 0O0O)



