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00000000000000000,0 2100000000000000 (OOO
0 Liou 1992). 0000000000000 DOOOOOO (Warren 1986) 000 O
0000000000 (0000 Bohren and Hoffman 1998). 0000, 000000
0000000. 0000000000000 0O00DO0O0 (0 23), 0000000
gyoodddododd. oo, 000U U UULo O
ggobobooooobooooobooooobooooon.

g ,0ogdddg, 0o bbbbob. b0 oooo
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10000 -

100 -
1 | ]

0.01
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1e-10 ; ; ; ; ;
0 500 1000 1500 2000 2500 3000
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022 000 200,0000000000000000000000000000
0000DD0D0000000000D0D0000000. 100000000 kOoOOO
000000000000000000000. 000000000,00 (0),00
000 (0),00000 (0)000
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dT5er _ dTsar,c0,(2) dp

2.1
dz dp dz (2.1)

000 -.000,7T%, 0000000, Twico, 100000000000000000
0000,p000000.0000000000000,00000000000000
00000 (D000, Houghton 2002). 000D, 0000000000000000,
ooO0o0oO00oO0oooooo.

Ty, LHQOpsat,HQOMHQO] [1 N Lu,0Mu,0 Mu,oLu,0] ™" (2.2)

1+

g
dz Cp pRT pRT Mco,C,T

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.

0 23 00D0D00O0O0O0O. OO0 (OODOO0)DOO0OO0DODOODODOODOOOO
0. 00) 000000000000 00000 (Komabayashi, 1970). -
100 °C 000000 (0DODD0D 1 00)00O0. OD)ODODODODOOOOO
0. http://www.exo.net/ pauld/Mars/4snowflakes/martiansnowflakes.html 0 O
oo.
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000 Ly, psaty, M; 00000000 ¢0000,00000,000,00,9,R,C,
0000000000,0000,0000000000.

0000000000 000000000000000 Antoine 00O,

B

log psa Hg=A— 2.3
O8 Psat,CO; MIILE C + (T — 273.15) (2:3)
A=27.48, B =3103.39, C'=-0.16
000000 Wagner 00O
sa A Bxld 4+ (O 44 DqS
1ng t,C0s _ r+ br " + Cx” + Dx (2.4)
Pc 11—z
T
r=1-7, P,=73800, T.=3041K,
A=—6.927.48, B=1.197, C=—3.126, D = —2.994
gooo. oogooooooobobn
» 5399
Psat,H,0(T) = 2.341 x 10*" exp — Pa (at T >273.15K) (2.5)
. 6132
Dsat, H,0 (1) = 3.438 x 10" exp —~7 Pa (at T <273.15K) (2.6)

0000 (00 1986), 00,00 0.1l pm 0000000000 DO0DO0ODOOOOOOO
00 1% 00000000 (E10),00000000.

22 0O0O0OO

000000,000000000000 250000. 0000000000000
000000000000000000. 000,00000000000000000
0000000,0000000000000000000000. 0000000 50 -
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0000oooooobo,00oo0obooboooooOobo o7 0b0ObOUObOObOOO
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0000000000 200 (Kasting 1991) 000. 0D00O000O0,0000000
000000 (Mischna et . 2000) D00D0. 00000000000 D0OODOO,00
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0ooo 0o 0 00

00000-0000000 o 5.67 x 1078 J m~2

oooooo0 Ny 6.02 x 10?3 mol~!

ooooooo k 1.38 x 10723 JK!

00 c 2.997 x108 m s~ !

ooooog h 6.626 x10734 Js!

oooo R 831 J K1

Doooooo Cp 860.0 J K~ kg™ !

CO, 0000 Mco, 44.0 x1073 kg mol ™!

CO, 0000 n 8.0x107° Pa s 170K, 0000

COo, 00000 « 1.62 x10724 m=3 Marchetti and Simili (2006)

COo, 0000 Lco, 5.73x10° J kgt

CO, 00O Pice 1.565 x103 kg m~3 o000

CO, 000 Cice 1.7 x10% J kg~*

H,OOOOO My,0 18.0 x1073 kg mol ™!

H,OOOOO Luy,0 2.834x10% J kg! at T < 273 K

2.495x10% J kg—! at T > 273 K

022 O000OO0OOOOOOOO

Oo0o (00) 00 o000 oooo

Ooo (oo) P, 2.0 0.1 - 10.0

000000 (kgt) Ncon 107 103 — 10°

00000 (ms™t) g 3.72 1.29 - 17.4

00 (00D0)0000 (Wm') 1.11 x 10> 1.11 x 10% - 1.6 x 10!

O0 (0oD)oooo (K) T,  5.379 x 103 3900 — 7200

Oooooo0o A, 0.2 00

000000000 (°) 0 60 00
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00.00000000000000.
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20 . : . .
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0.2
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0.01 1 0F 1 0F 1
B
,g 01 1 0F 1 0F 1
10 1 1r 1
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140 180 220 260 O 2 4 6 -0.2 0]
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(@) o
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5
=
<4
10 1 0F 1 0F 1
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001 i F 10F 1
®
=
o
? 01 1r 1 1
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140 180 220 260 O 2 4 6 -0.2 [o]
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() o
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001 - 1 F 1F 1
®
=
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? 01 r 1 0F 1 0F 1
10 b 4t 1t ( ]
20 . : . .
140 180 220 260 O 2 4 6 -0.2 0
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031 00 (0)00000OO00O0 (0)0D00000000O0000 (0)0000
D00O00. 0000000000, 000000000000 000000000
000 200,0000000 10"kg ' 000. 0000000 (a) 00, (b) 10?
0, (c) 10* O, (d) 10° O, (e) 10° O, (f) 10" O, (g) 10* O, (h) 10° OO OO.
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Fi1—A)+ Fip — F}o0 — Qeonw = 0 (3.1)

000 FOOOODOOOOODOOO,00000 ''00000000,0000,000
0000 syre 000000000, 0000000. AODODODDODDOODODOOOOO
00, Qen, 1000000000 DODOO0DOO0ODODOOOODOOOODOOODO.

0D000000000,0000000000000000000000000000
0oooQ
o0 dT P dT dP
Q :—/ Cw—@:—/ C,— (3.2)
conv o Pt o Pdt g
ooooo.

D000000O0O0O000000O000000D. 0000000000 7,0
0T = F5(1 — A) + F}y — Qeono (3.3)

OO00. 000DbO,00000D000Db0000 200b000bDO0oO0bDOoOoOoOoDO. 1
gogooon Fé(l—A)—i—F[lRDDDDDD. gddoooooooooooooon
O00000000000.00 100,00000 Qeny 0O0DOO0ODO.
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00000000000000000000000 6Wm™2000. 000000, 0
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Oo0O00000 2KO0000.00000000O0O000DOO0ODO0O 26KO0O00.
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goboboooooobooboooo.

4

F1T71/2 = > L0, ) A (C.76)
.

F1l—1/2 =3 1 (0, =) A (C.77)
:

FJ+1/2 = ZI:(Tle)MAMl (n=1,---,N) (C.78)
.

Fri—f—l/Z = ZI;(Tm —pu)mAp (n=1,---,N) (C.79)
!

C3 0OO00OO

godobbooobbuooobbboooob,bo0ob0b o, 00000000 won,
Ooo0o0d0dno g, 000. 00000000000, CO,00 H,OOODODDOOO,0000
000 CO, 0000000000, 0D0D0D00000D0,000D0D00D000O0OOOO
g, 0o0boooogn

Tn,j = TL,j + Te,COs + Te,H,0 + TPI,CO5 + TR + Tice (C.80)
TRWR + TiceWi
Won,j = - .we ik (C.81)
n,j
Gn = TRWRIR + TiceWiceJice (082)

TRWR + TiceWice

000000000. 000,0000000000000000000, ,0000, ¢
00000, p; 0000000, p,0000000000,,.0000000000.

gogobbooooooboboooooobooooon.

C3.1 000

CO, 00 H,OOODODOOODODODOODO kOOO0OO0ODOO0OO0O0D0. 00000 50 cm™!
OO0 10000b0,000000 500b000ob0.

00,CO,0 H,LOODDOODODODO,000D0ODD0DO0D0DD0DODDOO0O0DOO,00000



C3 0000 79

gogobobooooooo.

7L,j = (041,00,1C0, + Tj2,H,0MH,0) A% (C.83)
000,j=5(1—1)+(j2— 1)

0000000000000000 60 (100-350K,50KO00), 00 80 (10° —
01Pa,100000)0000000000O00O0O0O0OOOOODOODOOUDOO, OO
goobobooooooo.

(Ty, P) = o(Ty, P) + {o(Ts, P) — o(T1, P)}?;;‘ :2 (C.84)
o(T, P,) = exp |log{o(T, P1)} + log { ZE? ];j; } iiii;?f:i))] (C.85)

C32 CO,0O0DOOO

CO, 00,0-300 00 11501850 em~! 00D D000 O0O00OO0OO0OOOOOO.

000000 0-300 cm™! 00O Gruszka and Borysow (1997), 1150 — 1850 cm ™! O
0 Kasting et al. (19842) 0000000000 OODO.

0-300 cm~!
goddoooooo,b0oooooooooooon
TPI,CO, = OPI,CO,NCO, A% (C.86)

0. oobobboooobbbooobobbuoooooo.

2
op1.co, = (a(w, T) x 10%) (nﬁ) n (C.87)
L
a(w,T) = SPMyv* Iy (w) (C.88)
3ck
My = =5 T (T) (C.89)
272 L, 1\ 1

ooo,

In(w) =[1 = f@Bcw) + fW) e (C.91)



80 00 C 00000000000

Ipc(w) = MT:QW exp(72/71) K1 [:—j(l + 712002)1/2} (C.92)
71 (T) = 1.059 x 10~% exp(—10.486 log(T) + 0.7321(log(7))?)  (C.93)
TH(T) = 1.587 x 10° exp(—9.3443 log(T) + 0.6944(log(T))?) (C.94)
(T) = 1.286 x 10™2° exp(9.4210log(T") — 0.7856(log(T))?) (C.95)
(T) = 3.313 x 10~ 2% exp(7.2857 log(T) — 0.6733(log(T))?) (C.96)
mH(T) = 1.961 x 10~* exp(—6.8346 log(T) + 0.5517(log(T))?) (C.97)

goo.

O0,000000000000,SP. 0000000000 1.296917d+55 0000
ooo,b0odbgooboooboobo. oo, n, 0o 10000000 O0ODO.

00 0oQ 00
ooooo m? /molecule

o goon cm-amagat !
o000 sec™1

M 0thOOODODOOO0OODOO cm® sec

T oooOooo sec

In,Ipc, 00000000D0OO0OOO0 sec™!

T 00 K

n ooo m~3

nr, 100,0°COoO000O 2.687E4+25 m™3

1150-1850 cm~!

ggobbboooobbboooobbbuoooobbuoooooo.

t;
Tp1.cO, = (O x 10°)W <%§> <T£o> (C.98)
Pp = (1.0+0.3f(CO2))P (C.99)
w= L2 (C.100)
Po g

gobobooooobooooboboa.



C3 0000 81

oo 000 00

r 00000

C; 0000000000 cm-amagat ~!

t; OO0OO0DO0DO0OO0O0O0O0O0O0O 1.7

T 00 K

T, 0000 300 K

P 00 Pa

P, 0000 1.013E+5 Pa

Pr 000O00OO Pa

W CO,000 (100,0°COO00) atm-m

po 100,0°CO00 CO, 00 1.96 kg m—3
0oog kg kg~!

g 00O m s 2

C33 H,O0OOOO

spumO0 12pum 000 HLOOOOOOO,0OOOOOOOOOOOOOOOOO
0000000 Robert et al. (1976) 0000. 000, 000000000 Kasting et
al. (1984b) 0000,

Te,HoO = O¢,H,ONH,0A% (C.101)
e 1,0 = C°(v, T)[Py0 +v(P — Pu,0)]/1.013E + 5 (C.102)
1 1
'(v,T)=C° To(+ — 5= 1
C,T) = C(w)exp | To( 7 — 59¢) (C.103)
C%(v) = a + bexp(—Sv) (C.104)
gd goo gd
om0 00000 m? /molecule
Cc° m? atm™! /molecule
P 0od Pa

Py,0 H,O OO Pa



82 00 C 00000000000

al H,OOOOOOOOoooooooooo 0.0008

T OO0 K

T, 0000 1800 K

a 1.25E-26  m? atm™! /molecule
b 1.67E-23 m? atm™~! /molecule
3 7.87E-3  cm!

C34 ODODOODOOO

000000000, Liou (2002) 00000 DOO.

212 5
OR = %(u x 10%)* (C.105)

go,0bobdogobooooooo,bbuoooboobooooo,

wor =1 (C.106)
gr =0 (C.107)

goo.

O000OODODO0O0O00000ooOooO. oogg, Marchetti and Simili 2006 O O
o000 CO,00oooooooon.

00 000 00
crp, 00000000ODO m 2 /molecule
v 0o cm™!

« CO, 000000 1.6279E-24 m?




C3 0000

C35 0O00O0OOOO

goooooo,bogogoobobooooobbob. oooobbboooooboo,
ggoobooooobooooon

Wo,ice = Tice,sca (0108)
Uzce
27 5
Oice,sca — k2 (2n+ 1)(|an| + |b | ) (0109)
n=1
2T
Cice = 15 > (2n+ 1)Re{ay + by} (C.110)

gogoooo.bb,bbogob,

ar? 4 n(n + 2) 2n +1) .
Gice = Gice.cat P ; TRe{an n+1 + by, br +1} + Z —)R { nb }
(C.111)
000 (00O, Bohren and Hoffman 1998, 4 0). 00000 ay,b, O
mapy (ma)y, (2) — Pn ()1, (M)
ap = C.112
€ (M) () — En()E) (m2) (€12
Yo (ma)iy, (x) — mip, (2), (ma)
by, = n C.113
£, ()€ (z) = mén()E(m) (€11
OO00.000,9%,&0 Riccati-Bessel 00O
bi(x) = zji(z), &) = ah\V (2) (C.114)
000, j,h 000000000 Bessel 00, 0 Hankel 00000 .
) 1d sinz
jnle) = (o (1) (C.115)
1d exp(ix)
hD (1) = (— 11
D) = oy () L (116
0O00.00,z00000000,m000000000,0000
QWNairT o Nice
T=——, m= N, (C.117)

ooo.oo0o0o, N, 0000000, Ve DOOODODOO,r00O0O0,A000DOO.



84 00 C 00000000000

Uy, bbbbbbbbb,oUUOod
goobog,ggobobooooobooon.

goubobbooooobbboooooob,obbbboooobobobboooooo
o000 C2,0C30,00,00000000000DO000O0O0 C40000O.

wavelength (um)
1000 100 10 1 0.1 0.01

w
&

w

2.5 }

15 = )

CO, redractive index (REAL)
N
S~

=
) o
N

CO, redractive index (IMAGINALY)

10 100 1000 10000 100000 1e+06
wavenumber (cm'l)

0 C2 000 COzice000000. 00000 Warren (1986).



C3 0000

wavelength (um)

1000 100 10 1 0.1 0.01
2.2

1.8 \\

1.6 \

i X )
. =

H,O redractive index (REAL)

10-8 \ "/
\/

H,O redractive index (IMAGINALY)

10 100 1000 10000 100000 1e+06
wavenumber (cm'l)

0 C3 HOOOOOOO. OODOO,00000000. 000000000 Hale
and Querry (1973), Warren (1984) OO O.



00 C 00000000000

wavelength (um)
100 10 1 0.2

4.5

3.5

2.5

15

Extinction efficiency

0.5

0.8

0.6

0.4

0.2

singhel scattering albedo

0.8

0.6

0.4
0.2

ansymetry factor

100 1000 10000
wavenumber (cm'l)

0 C4 CO,0000 (0:00D0DO,0:000000000,0:00000). 00
0000000 MieOOOOOOOO. O0O0DDO0OODODOODOOODOOO (O:1
pm, O: 5 pum, O: 10 pm).



C4 00O

C4 OO

C41 0ODODOODO
oboooboboobo,0ob0o 20000000.

e 0000UD p<O0,p>00000000000 (Coakley and Chylek, 1975;
Meador and Weaver, 1980)
e 000000 PO)(©0000)D,0<90°,6>9°0000000000
(Toon et al. 1989)
0ooooooooo, (cl)yoooooooooooooooooog.

1
F* = 5I(T, =) (C.118)

g, gobobbooo,gobbobooodgn

ds
= /4 s OP(O) (C.119)
0o,
pe)y={1t9 ©>9% (C.120)
1—g, ©<90°
noo.
(C.118), (C.120)00000,00000000000000000000
——// (b, ) (7, 1) dpt” dpe
——wo[// (1, )dudwr// (p, ") F (1) dpt’ dpa
= —wo [(1=9)F~ (1) + (1 + g)F* (7)] (C.121)

oo, 0bbbooobbbodoobobbooooobo,

1 1
Wo
+3/0 /1P(—u,u’)1(7,u’)du’du



88 00 C 00000000000

=wo [(L+g)F~ (1) + (1 — g)F " (7)] (C.122)
000. (C.118), (C.121), (C.122) 0 (C.12), (C.13)000000,

71 =2—wo(l+g) (C.123)
Y2 = wo(l —g) (C.124)

goo.

C.4.2 Eddington O 0O
Eddington 0000, 00000000.

e 00 UOO0ODODDUOODODLDOOOO. OO0, 0bDbLOOO0ODO
e I UIUODDDUUOUODODLDUUOULU. UL, DbDbbUUOUDBLO

goboboooooooooooon
I(1,p) = Io(T) + pli () (C.125)

OO0, (C.125) 0 (C.11)0000oo,

F(r) = /01 pTo(7) Ty (7)) di = 3 To(7) + 3 1a(7) (C.126)
gog,oobobobbbooooooad,

Io(t) = FT (1) + F~ (1) (C.127)

I(r) = SIF*(r) — F~(7)] (C.128)
gobo,b0boggobooboooon.

I(t+p)+= %[(2i3)F+(7) + (2F3)F (7)] (C.129)

gg,0obbboooooooooon,

) = [+ m e RiE e - ol e

_ i[(zl + 3)F*(r) + (4 F 3)F~(7)] (C.130)

goo.



C4 00O

89

0000000 l0oo00ooooooo pOODOOOO0

1

=> @2+ D)gP(p)P() (C.131)
=0

000 (e.g. Chandrasekhar 1960). 00000000

1

g = Qlle(u)P(u,l)du (C.132)

000, Py(w)=1,P(p)=p000000,

1 1
go = 5/ P(p,1)dp =1 (C.133)

-1

1

1
g1 = 5/ pP(p, 1) dp =g (C.134)
—1

DO0oooO0. (C.133), (C.134) 0 (C.131)0000,0000000,
P(p, ') =1+ 3gup/ (C.135)

god.

00,0000000 (C.129) 00000000 (C13s)00000uooooood
U.odggbooboogobobboooobobooon

—%/ﬂ /_1P(u, p)I(r, 1) dp’ dps
=2 [ [ {iro s r ol Bt e - e o s i an
2 [+ PO+ { B P )~ P} d
= 224+ 39)FH (1) + (4= 39)F(7) (C.136)
god. oogooobooouoobgoouoooooa,
<o / / I ) dp dys = “2[(4~ 3g) F¥(r) + (4+ B) F~ (r001137)
oo
0000, (C.130), (C.136), (C.136) O (C.12), (C.13) 000000,

1 = 37— wold + 39)] (C.138)



90 00 C 00000000000
1
72 = =71 —wo(4—3g)] (C.139)
V3 = %(2 — 3g10) (C.140)
ooo.
C43 600

O000000,000000, Eddington 000000000000 O00O0OOO0O0O
00D0,000000000000000D0D0D0. 0D0DOO0O0O00O0DO,éD0OD00O,00
0000 PO,0000000 PO /00O0ODOODOOOO (Joseph 1976).

Pl ') =2f0(n — ') + (L = f)P(u, 1) (C.141)

0000,00000000000000,0000000000 ¢ 0O0O0O0DOO0O0.

1
gzé//ﬂWmMMM=f+ﬂ—fM (C.142)
-1
nooo,
/_g_f
J=1=% (C.143)

Oo00. 00, f00 POO0DOOOO0O f

1

- / PP (1) (C.144)

Oo00O. POODOOOOOOOOOOOODOOOOO. POOO,DODOOOOOOOO
Henyey-Greenstein 00 0

Pug(p) =Y (21 +1)g' Pi(p) (C.145)
=0
oooo. 000,
f=g (C.146)
/ g
-_9 C.147
il ( )

goo.



C4 00O 91

O00,0000000 (C4)00000000oooon.

ol

/118_7_(7—7 :U’) - I(T7 /J’) + S(Ta M)

wo

=75 1[2f5(ﬂ — )+ (L= )P (p, ) (7, 1) dpt!

1
= —wofI(7,pn) — w/ P, ) (7, p") dp! (C.148)
—1

ggoo,boboggoboboogobboooobbooogooo.

7= (1 —wogH)1y, (C.149)

/ (1 - g2)w0n
= T J o 1
Wo (1 IR 92‘4)0) 9 (C 50)
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OO D

kOooooooooooooooo
] [

D.1 0O0O0OO

udgob »0bboooobb e, 0dgobbboooobobbooobobobooa.
O'(V)ZZO'Z'(V) (D.1)
i

gog,;boo0b s000b000bobo.

00000000 vOOD0OO0DOOOOODOODO SODOO0O0OO fOoOO0O,
Ui(V)ZSi(T)f(V_VO,i) (D'2)

ooo0.o0o00, 7000,y 0O00O00OODOODOOO.

D.1.1 O00OO0OO

uobobooooobooooobooooouobbooouobbooo,0obbooobon
000000000000 000000 (Rothman et al. 1998).

exp(—hcE;;/kT) Q(Trer) [1— exp(—hcry;/kT)]

Si(T) = Si(Tref)eXp(—hCEj,z‘/kTref) Q(T) [1—exp(—hevy,i/kTrer)]

(D.3)
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00D kODODODODOOODOO0O0OD0O0000

ooo,T.,00000,Ap0000000,c000,F, 0000000000000
00,k00000000,QU00000000. S(T,y),E;, 00000000000
gobooogan.

shlslals
QT) =) gjexp (—;—,}) (D.4)

000000. 000,¢g0000,¢ 000000000000000. 00000
0,000000000000000000, HITRANOOODOOODOOOOOOO
TIPSglh 0O OO. TIPSglh O, 00000000000000000 25K 000
00000400000000000000000,00000 Q(T,s)/Q(T)000OO
oo.

D.12 0000
ggobobooodg,oobobogooobooon.

(1) DO0O0OO00O0 (natural broadeing),
(2) DO00D0DO0O0O0OO0DOO0O0 (pressure broadening or collision broadening)
(3) 0000000000000 0DD0U0O0D00UOO0D00O0O (doppler broad-

ening)

()00 (2)0 0000000, (3)00000000000,00000000000
0000000000000000. (1)0000 0000000000,000000
oo.

ggoboobod

ggoboboboooooobobooooobobuoooooobob. ooobbbooan
goooo.

O'/L(pv T)
T[(v —19)* + {ar(p,T)}?]

folv—19) = (D.5)



D.1 0000

b,y boooobobobodd, ar, 4d

p(Ter\'*
aL(paT):aL(pref7Tref)_ (ﬁ) (DG)
DPref T
Ooooooooooooooon. DDD,pTefDDDDDDDD,TLDDDDDD
DDDDDDDDDDDDD.aL(pref,Tref),TLDDDDDDDDDDDDDDDDD

ggd.

ggooooo

ggobbuoooobobuooooboboo, bbb booobnobo.

folv— 1) = W exp [— (m) (D.7)
ap(T) = ”—CO (2]\};?)1/2 (D.8)

ooQ0O M, 00D00000.

ggooo

gobbobbooooobo,goobobbobooooobbbooooobbbboooo
ggoboboodoobobuoooobobooooooo.

folv =)= [ 1l =)oty =) (D.9)
- /ooo A f’{?L (. 1)} o a})ww o [‘ (;La_(;/)ﬂm)
_ aDl = Voigt(z.) (D.11)

ooo,
Voigt(r,y) = / Z m exp(—t2) dt (D.12)
. ;D_(;O) y— %, _ :D;(;) (D.13)

0000000000000 DO0bOO000O00O0oDO0ob0b0.0D0b0o00 Kuntz 1997 O
Ruyten 2004 OO O OOOOOOODOOODO.
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00D kODODODODOOODOO0O0OD0O0000

goood

ggobboooobobuooobbooobbboooobbooobbbooobboo
oo, 0000 ooobobobobobooobobooboob. bbo
O,000000000000000 yOooooooo,0000 wingOOOOOO
O (cutoff), 00 00D0OU0DOOOOO0OOO0OO0ODODOUDOUDOOOOOOOODOO.

f'lv—w) = flv—uvo)x(v—1v9)CUT (v — 1) (D.14)

000000,000000000000,00 (2004)0 LBLTRM 000, 25 cm™* 0
00 wingDODOOODOO.

x(v—1) =1 (D.15)
CUT(v—19) =1 (Jv—uwp| <25ecm™}) (D.16)
=0 (v —wo|>25cm™1) (D.17)

D2 OODOOOOOO

line-by-line 00000000, 0000000 1/4000000000000000
g, dddddddoooooooooooooobbb. bbb bbbbbbobo
OO0Db00000O0bO00DO00O0 koOoboooboooOoobOOoooooDOooD. koo
0000000 line-by-line 000000000000 O0OOOOODOOOODOOOODO
gob,b0goboobboogoob.bbooobbooo,opobbooooobooon
goboboodobobuoooobbuoooooobooaog.

line-by-line 000, 000000000 o(v) 000000000000, kOODOO
0000 (UminVmae:) 000,00000000000000000O00O0OC0OOOOO
O o,(¢)000.000,¢00000000.000000000000O0O T 0

T = . /Umm exp(—o(v)nl) dv (D.18)

Vmaz — Vmin

) min
= /0 exp(—og4(g)nl) dg (D.19)

O00.000,n000000000,(0000000. 0000000000000



D2 00000000
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20 F T T T T ] 20 F T T T T

24 .

241

Absorption crosssection log 6(v) [m?]
Absorption crosssection log Gg(g) [m?]

26 F 26 4

-28 I 1 1 1 1 -28 I 1 1 1 1
650 660 670 680 690 700 0 0.2 0.4 0.6 0.8 1

Wavenumber v [cm™] Cumulative Probablity g

0D1 00)0000000000000000000.00)000000000
000000 (00)0000000000000 (00).

goobobooooooo,boodd
szexp(—agipl)Agi (D.20)
goooo.

godooooog,bbbbbbbbbbbbb, 00D oooOon
oooobooboo. booobobboooobobboooobobboboooooob o1,
200K 00,00000 s0bO0bOoboOobOO0ob0. ob,0boboOoboooOooOooboon
goobobbooooobbooooboobo.

o4 Z Ag; | = exp -log { %(L) } 0.15 + log{c,(0)} (D.21)

(0) ]
oy Z Ag; | =exp |log { Zzg(l); } 0.30 + log{oy (O)} (D.22)
(1)

o Z Ag; | = exp |log { Zg((l)) } 0.45 + log{o,4(0)} (D.23)
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00D kODODODODOOODOO0O0OD0O0000

4
oy (Z Ag¢> = exp [log { Zzg(l); } 0.60 + log{o,(0)} (D.24)

oy <Z Agi> = 0,(1) (D.25)

od,dooogoodooodoooduon o 0000000000 0000
HEN

321 Agi
/ ‘ exp(—o4(g)nl) dg = exp(—o;nl)Ag; (D.26)
Zi_l Ag;

gobobooodgooood

1
o; = —— log
nl

! / o { () } ( )
exp{—o4(g)nl}dg D.27
Agi Jsi-1 ag, !

Oooo0. 0oo0o,; 000000D0DOO0,0000 nODDODOOO. ODODODOO,
ool 0000 107°-100000000000 ni000000.

00000,000000000000,000000 o4(7T,P)00D00DO0ODOO0O.

D3 OO

D31 O0O0OODODOOO

godooodoooooo, oo ooooooo, ogooougood
Doooddoooooooooo. gooooooooogoooooooogogn
HITRAN (HIgh resolution TRANsmission molecular absorption database), GEISA
(Gestion et Etude des Informations Spectroscopiques Atmospheriques; Management
and Study of Atmospheric Spectroscopic Information) 00000000 0O. HITRAN
O0000000000000000 (the Air Force Geophysics Lab; AFGL) 00 O
0 190 0 0ddddoooooobouooo. obooboouoooooog, ooa
HITRAN2004 D00 000000000000 ODODOO0OOOOO. HITRAN2004 O
0 390000,000 17W3000000000000000O000O00OA0 (Rothman et
al. 2005). HITRAN OO0 0000000000000 OO0OOOOOOO HITEMP
(High-Temperature molecular spectroscopic database) 0000000, 0000, 4
0 32000000000000000.



D3 OO

99

GEISA 0,1970 D000000000000000000 (Center National de la
Rechrche Scientifique;CNRS) 00 000000000000, 20030000000
00000 41 000,166 00000000000000000 (Jacquinet-Housson
et al. 2005). HITRAN O0O0O0O, 000000000000 O0OOO0OOOODOOO
goo,0booooooooooooooooodd00d00U0UUoUoUoUoUoUOo a

(Hussoun et al. 1992).

O00000,00000000000000000D0O000D0D000,00000 CO4
00000000000000,00000000000 HITRAN2004 00O HITEMP

ggoboboooon.

HITRAN Database 00 206 KOOUOOOOO,00000000000O0OOOOO
00000000 v, HITRANDOOODO E; 000)0000000000000 vy
00000000. 000000 Q(T) 0 HITRAN2004 O0D0O0O0O0ODOOOOO

0 TIPS_2003 (Global data/TIPS_2003/TIPS_2003.for) 0 OO 0.

Table 2

Description of the quantities present in the 100- and 160-character records of the HITRAN line-by-line section

Parameter  Meaning Field length of the Type Comments or units
(100/160) character records
M Molecule number 22 Integer HITRAN chronological assignment
I Isotopologue number 11 Integer Ordering within a molecule by terrestrial abundance
v Vacuum wavenumber 12/12 Real cm!
N Intensity 10/10 Real cm~' f(moleculecm~7) at standard 296 K
R Weighted square of the transition moment  10/0 Real Debye” (for an electric dipole transition)
A Einstein A-coefficient 0/10 Real 5!
i Air-broadened half-width 5/5 Real HWHM at 296K (in cm~'atm™")
Yol Self-broadened half-width 5/5 Real HWHM at 296K (in cm™" atm™")
E" Lower-state energy 10/10 Real em™!
ny; Temperature-dependence exponent for 7, 4/4 Real unitless, with (1) = 3,,(T0) x (T, T)=r
s Air pressure-induced line shift 8/8 Real cm ™' atm™ at 296 K.
v Upper-state “global™ quanta 315 Hollerith see Table 3
I Lower-state “global” quanta 3/15 Hollerith see Table 3
o Upper-state “local”™ quanta 9/15 Hollerith see Table 4
Q" Lower-state “local” quanta 9/15 Hollerith see Table 4
lerr Uncertainty indices 36 Integer Accuracy for 3/6 critical parameters
(10 8, 7200/ 00 8. Fois Tactis Paies 0uic ), Se€ Table 5
Iref Reference indices 6/12 Integer References for 3/6 critical parameters
(00 S, 7 80 5. P P i 02
Flag 0/1 Character  Availability of program and data for the case of line mixing
g Statistical weight of the upper state 07 Real See details in Ref. [3]
g" Statistical weight of the lower state 0/7 Real See details in Ref. [3]

Notes: For the field-length column, the notation A/B corresponds to the number of characters respectively in the 100- and 160-character records. For
example, concerning the weighted square of the transition moment, the number of characters for R is 10 in the case of the HITRAN 2000 edition [1],
and 0 in the case of the HITRAN 2004 edition since this parameter has been replaced by the Einstein A-coefficient.

0 D.2 HITRAN2004 D000 O0O0OO0O0O00D0O0O0O (Rothman et al. 2005).
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lz| +y>15000

ai + byx?
as + bax? + x4
a1 = 0.2820948y + 0.5641896y>
b1 = 0.5641896y
as =0.5+y? +y?
by = —1.0 + 2.0y>

Voigt(z,y) =

55 < |z|+y<15000

as + byz? + csxt + dsab
a4 + byx? + cqxt 4+ dyab + 28
as = 1.05786y + 4.65456y> + 3.10304%° + 0.56419y"
bs = 2.962y + 0.56419y> + 1.69257y°
c3 = 1.69257y> — 2.53885y
ds = 0.56419y
as = 0.5625 4+ 4.5y + 10.5y* + 6.0y° + 48
by = —4.5 4 9.0y% + 6.0y* + 4.0y°
cs = 10.5 — 6.0y + 6.0y*
dy = —6.0 + 4.0y

Voigt(z,y) =

%) +y <5500 y > 0.195)z| —0.176 00 O

as + bsz? + csxt + dsa® + esa®
ag + bex? + cx® + dgx® + egx® + 210
as = 272.102 + 973.778y + 1629.76y> + 1678.33y> + 1174.8y*
+581.746y° 4+ 204.510y° + 49.5213y" + 7.55895y% + 0.5642241°

Voigt(x,y) =
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by = —60.5644 — 2.34403y + 220.843y> + 336.364y> + 247.198y*
+100.705y° 4 22.6778y5 + 2.25689y”

c5 = 4.58029 + 18.546y + 42.5683y2 + 52.8454y> + 22.6798y*
+3.38534y°

ds = —0.128922 + 1.66203y + 7.56186y> + 2.25689y>

es5 = 0.000971457 + 0.564224y

ag = 272.102 + 1280.83y + 2802.87y* + 3764.97y> + 3447.63y*
+2256.98y° + 1074.41y5 + 369.199y" + 88.2674y® + 13.3988y" + y'°

bg = 211.678 + 902.306y + 1758.34y* + 2037.31y> + 1549.68y*
+793.427y° + 266.299y5 + 53.5952y" 4 5.0°

ce = 78.866 + 308.186y + 497.302y> + 479.258y> + 269.292y*
+80.3928y° + 10.0y/°

dg = 22.0353 + 55.0293y + 92.7568y2 + 53.5952y> + 10.0y*

e¢ = 1.49645 + 13.3988y + 5.0y

lz| +y <5500 y>0.195/z| —0.176 0O O

Voigt(z,y) = exp(y* — x*)cos(2xy)
—(ay 4 byx® + cra* + dra® + eqa® + fr2'0 + gra'? + byt
o728 + prat® + gra® + rra®? + st + tra?)
/(ag + bgx? + cgzt + dga® + ega® + fax'0 4 gga'? + hgx!?
_1_089616 +p8$18 + quzo + 7“851:22 + 58$24 + tgx% + xzs)

a7 = 1.16028¢9y — 9.86604e8y> + 4.56662¢8y° — 1.53575e8y”
+4.08168e7y? — 9.69463e6y' + 1.6841e6y'3 — 320772.0y%°
+40649.2y' " — 5860.68y° + 571.687y*! — 72.9359y3
+2.359441° — 0.56419y2"

by = —5.60505¢8y — 9.85386¢8y> + 8.06985¢8y° — 2.91876¢8y”
+8.64829¢7y? — 7.72359¢6y' + 3.59915e6y'3 — 234417.0y%°
+45251.3y'" — 2269.19y% — 234.143y%* + 23.0312y%
—7.33447y%

c7 = —6.51523e8y + 2.47157e8y> + 2.94262e8y° — 2.04467¢8y”
+2.29302e7y? — 2.3818eTy'! + 576054.0y3 + 98079.1y%°
—25338.3y17 + 1097.77y*?
+97.6203y>" — 44.0068y%°

d7 = —2.63894e8y + 2.70167e8y> — 9.96224e7y> — 4.15013e7y”
+3.83112e7y? + 2.2404e6y'! — 303569.0y'% — 66431.2y"°
+8381.97y'" + 228.563y'Y — 161.358y>*

er = —6.31771eTy + 1.40677e8y> + 5.56965¢61° + 2.46201eTy"
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+468142.0y° — 1.003e6y't — 66212.1y' + 23507.6y°
+296.38y" — 403.396y°

fr = —1.69846eTy + 4.07382¢6y> — 3.32896e7y® — 1.93114e6y”
—934717.0y” + 8820.94y*" + 37544.8y" + 125.591y'°
—726.113y*"

g7 = —1.23165e6y + 7.52883e6y> — 900010.0y° — 186682.0y" + 79902.5y°
+37371.9yt — 260.198y % — 968.15y%°

hy = —610622.0y + 86407.6y> + 153468.0y° + 72520.9y" + 23137.1y°
—571.645y! — 968.15y"2

o7 = —23586.5y + 49883.8y> + 26538.5y° + 8073.15y" — 575.164y°
—726.113y"!

p7 = —8009.1y + 2198.86y> + 953.655y° — 352.467y" — 403.396y°

g7 = —622.056y — 271.202y° — 134.792y° — 161.358y"

rr = —77.0535y — 29.7896y> — 44.0068y°

s7 = —2.92264y — 7.33447y>

t7 = —0.56419y

ag = 1.02827¢9 — 1.5599€9y% + 1.17022e9y* — 5.79099e8y° + 2.11107e8y®

—6.11148e7y*" + 1.44647eTy*? — 2.85721e6y'* + 483737.0y'% — 70946.1y*®

4+9504.65y%0 — 955.1949%2 + 126.532y%* — 3.68288y2% + 1.0y%®
bs = 1.5599¢9 — 2.28855¢9y% + 1.66421e9y* — 7.53828e8y° + 2.89676e8y°

—7.01358e7y*0 + 1.39465e7y*2 — 2.84954e6y* + 498334.0y° — 55600.0y*°

+3058.26y%0 + 533.254¢%2 — 40.5117y%* + 14.0y>S

cs = 1.17022e9 — 1.66421€9y* + 1.06002¢9y* — 6.60078e8y° + 6.33496e7y®

—4.60396e7y0 + 1.4841e7y'? — 1.06352e6y** — 217801.0y'6 + 48153.3y!8

—1500.17y%° — 198.876y*2 + 91.0y**

ds = 5.79099¢8 — 7.53828¢8y2 + 6.60078¢8y* + 5.40367¢7y® + 1.99846¢8y°

—6.87656e6y° — 6.89002e6y*2 + 280428.0y'* + 161461.0y'¢ — 16493.7y'®

—567.1643%° + 364.0y2

es = 2.11107e8 — 2.89676e8y? + 6.33496e7y* — 1.99846e8y® — 5.01017e7y®
—5.25722e6y0 + 1.9547e6y? + 240373.0y'* — 55582.0y'6 — 1012.79y'8

+1001.0y2°

fs = 6.11148e7 — 7.01358e7y? + 4.60396¢e7y* — 6.87656e6y° + 5.25722¢61°
+3.04316e6y° + 123052.0y'? — 106663.0y'* — 1093.82y¢ + 2002.0y'®

gs = 1.44647e7 — 1.39465eTy? + 1.4841eTy* + 6.89002e6y° + 1.9547e6y®
—123052.0y'° — 131337.0y*% — 486.14y** + 3003.0y*°

hs = 2.85721e6 — 2.84954e6y? + 1.06352e6y* + 280428.0y° — 240373.0y°
—106663.0y'° + 486.14y'? + 3432.0y'*



104

00D kODODODODOOODOO0O0OD0O0000

0g = 483737.0 — 498334.0y? — 217801.0y* — 161461.0y°® — 55582.0y°
4+1093.82y'° + 3003.0y'2

ps = 70946.1 — 55600.0y% — 48153.3y* — 16493.7y° + 1012.79y°
+2002.0y°

gs = 9504.65 — 3058.26y° — 1500.17y* + 567.164y° + 1001.0¢°

rs = 955.194 + 533.254y% + 198.876y* + 364.0y°

sg = 126.532 4+ 40.5117y> + 91.0y*

ts = 3.68288 + 14.0y
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