








Pn



10; 1












=

A 0VL TT Z2 S5

~ 4 43D

(T; Tesla)

(W:m 2:st 1)
c 2,99791¢ m:s !
(J:)K kg 1)
(Vim 1)
n
g 9:8Im:s ?
h 6;626210 3 J:s
(W:m 2:sr 1)
ke 1;380810 23 J=K
(m %)
(m 1)
(m %)
(m %)
(m)
= cog ) (W:m 2Zsr 1)
(kg:mol 1)
(W:m ?)
(Pa)
(W:m ?)
[0;1]
(R 8;3144J:mol LK 1)
(J:mol 1K 1)
(K)

(s)



S (m?)

S (m LH2z)

\Y (m?3)

X

Xp

X

z (m)

(m %)
(m 1)

ij i j (Wm 3)
(2) z (W:m 3)

i i

zZ 1 z(z1<z Wm?
ij i K=jour
i i
z 1 z(z 1<z) Ksjour
a mz:kg 1
2
m
d a m 1
(m)
a m
s m

rad



CG

(W:m ?)
(rad)

rad

(Hz)

st
rad:s 1

kgm 3

(Hz)

j (Wem ?)



-4 a1 I















50 %

50 %



95%

CO,

4m






CO,












E:E2

E.



E
(O;x) z E
E
(xQy)
E
8
SE4 = jEjecoq!t e
- Ey = jEjsin('t ey
E B
h
E]_ E2 E2 > E]_

E. E,



(u;u9

d!



W=n¥=st=Hz L(x;t;u; )
ds,
dw
X > u
ds,
d ds, t
d! u d
d =L(x;t;u; )ds,d!'d
2hc® °
B(T; ): hc
exp .7 1
2 3
BT )= %
exp v 1
h Ks

B(T; )d = B(T; )d
J(x;n;tu; ) ds




d! u X t
d J(x;n;t;u; )= L(X;t;u; J)u n

ds n d
ds t d!
u d
d =J(x;n;tu; )dsd!'d

n
Z
MO;n;t )= J(x;n;tu; ) dl(u)
2
u u
M(x;n;t; )= L(x;t;u; )8u
Z
ar (Xt )= L(x;tu; Jud!(u)
4



n
Z
ar(x;t; ) n= L(x;t;u; )u nd! (u)
Z4
= J(x;n;t;u; )d!(u)
4

=M;n;t; ) M(x; n;t; )

S
X X+ dx
(x) X
X+ dx (x+ dx) [ (X) (x + dx)]
X X+ dx
d .
S dx

_ (X) (x+dx) _ d (x)
das, =S x) = S )

Ka;

e da . 1dE
¥ 7 osdx - (x) dx

Ka; dx (x) = (O)exp( ki X)



centres absorbants et diffusants

S

f (x) x ] o R \o/x'}fr
[ N o A
\ ST AT

° \ ° .

)

NS
(0)
x=0
Z,
(X) = (0)exp ka; ()d
0
m 1
ka; = : a
oy = 2
ka; ks
K = Ka + Ks

= ka, = (2)
Ka:






L(x;t;u; ) X + dx L(x +
dx;t; u; )

L(x;t;u; )



\
\
\
\ \
\
\

absorption pure

L Y F o,
o\\ (@] I/
\‘—> —0 :IO
i i | >
X : +
., —®o© /'es\_—? X+dx
— SN
(o] /4 o) AR
L(x,t,un) W v Lx+dxtun)
diffusion versu', \ diffusion verau

l@xtu ), @ty ) _
c @ @

Ka, +Ks; L(Xtiu; )
+ Ko B T(X1);
Z

+ ks (UuSu)L(x;t;u% ) dl(u9
4



ka; ks;

k !
l@xtu; ) @tu; ) _ .
c @ + & = kL(xtu; )
+k (@ ! )B T(x;t);
Z
+ k! (u®uLextu® ) d(ud
4

B (T) T



fu( )=

L

0)? +

2
L



Ka(v) ()

1-exp(-kg 1)

raie1 ——
- raie2 -

o1 rajes 1 et 2 -~

05t

03t

I g e,

290 295 300 305 310 315
v(em™

10

7 l=toom :
0.6 ¢ ¢ 1=10m 1

290 295 300 305 310 315
v (cm'1)

Im 10m 100m
| = 1Im



1C°

36

42

100m

1300000

1080000

10m



k, (V) (m-1)

O

10
05 |

Lk ml]H[“ l” ( Al l

00 Licopepsimper o g gyl

1950 2000 2050 2100 2150 2200 2250 2300 2350 2400 2450
vicm )

0000! 0001 3000K
cm !

10°

1¢°

626C 02

CO,

4:3 m

500cm 1



cm

k,(v) (m-1)

T T T Y T T T T -

i
1.0 -
o DL LLLLLL
00 A— A A A bk
2300 2305 2310 2315 2320 2325
v(cm'w)
25cm !
cm !
m
—(N |
Z

1
()= — exp ksl d

(1) = expl (]

cm



(=

S h
p(sS) = Wl(R) exp(

=~
Q@

1+ 22

i
s) expl §)  Sm

S
S
R
R<< 1
Zl
Ka: d



—(

1

A
Ka:
Z Z,
A()d = A(ka)f (ka)dka
0
ka
Z 1
)= f(ka)exp( Kal)dks

0

f

(=L f(ka)

f

1



flka)=1L * ()

f (ka)
f (ka)
s #
_ _ Ka (Ka ka)?
fk) = ful) = ggexp 5o -
fm
Ka
f Ka
M i
ka kja;min k‘isl;max
1 X 1
f(ka) = — Wi (Ka) m
i=1 T
Wiky) =1 k2 [k;‘;min ;ka;max] Wi(ky) = 0 f
— ka
f gka) = " f(k)dk g
[0;1]
g! g A
1 Z Z 1 Z 1
— A()d = A(ka)f (ka)dka = A ka(9) dg
0 0
Ka(9) Ka

Ka( ) ka(9)



Z Z, Ra

— A()d = A ki(g9) dg LA k(g)
Ngq
Ka(9)
A
Ngq
“ce
Ea;CG CG
R'R( )d
Ra;CG(l) = LRal—
0d
R —
- ka( ) d
CG — | —
Oka( )d
Ka



ko(1) (m™

|
ca(l)

cc = eXp ce
Kacal 32
ceD)= ce 1+2 e
cG
f g
fx
ka(g) ka(g)
Ka( )
A
Z Z,
A ky( ) d A ka(9) dg
0
102

I (mm)



o






(u;u9

u u®
= coy )
1 1
HG():4_h s
1+ 92 29
g
Zl
g= ( )d









dz
(2):g:.dV
(2) z
p(z):dS z
p(z+ dz):dS z+

iz (2):9
— _p(z)
(2) = Rﬁ'?z) R
287.04Jkg K ' R = 8;3144)mol 1K 1
M = 28 966g:mol !
Z, g
Z) = poex
P(z) = poexp . RT(®
Po
10km 100hPa

6;5 K=km

dv

g

dz

dz°

ds



altitude (km)

100 100
80 | 1 80 |
60 | 1 £ 60+

[0}
©
=]

40 1 £ 40}

©

20 1 20 |
0 0

pression (Pa)

Pa

100

210* 410  610° 810 10° 10"

pression (Pa)

80 r

60

altitude (km)

20

200 220 240 260
T(K)

50 km 1 hPa

500C 120km 1700C 600km

100 km

280 300

85km 0;01hPa



100km

100km
100 500km

0;01%

500km

11km:s 1!

78 %

1m 100km

4;:08 km:s 1

21 %



10000

100 | *-

Tropical
Moyennes latitudes ete

Sub-arctique hiver -------

fenetre
atmospherique

1000 +
0
[
£z
Q
2
E 10 +
8
g 1
d
01
0.01
0
55 m

2000

1000

v (cm'1)

500 1500

4 100 m

7:14 m

C0;

2500

10000

1000

100

10

Tmoy (atmosphere)

0.1

0.01

CO;

T T T T T

Trbpiéal '

fenetre
[} atmospherique

L L L

Moyennes latitudes ete -------
Sub-arctique hiver -

T

4 10

Longueur d’'onde (um)

cm 1

30 m 100 m

100



altitude (km)

100

80

60

40

20

(&)

6 7 8 9 10 11 12 13 14
h2o0 (g.m'3)

15

altitude (km)

gm 3

100

80

60

40

20

0
10°10® 107 10® 10° 10* 10® 102 10 10° 10% 10?

h2o (g.m'3)

15 km



CO,

156 m

CO,
CO,

CO,

CO,

2100

100km

280ppmv  365ppmv
550 950ppmv
CO,

30 km

4,2 4,3 m

CO,

94 98 m

30 km

145

13 m



altitude (km)

100

80

0
1 80 | |
] E 60 | |
[0}
©
=]
i E 40 + 4
©
, 20 L B
I 0 Lo Lo Lo Lo Lo L TR I [ENERRTIn
3.10% 410 10 101° 10° 10® 107 10® 10° 10* 10°
03 (g.m?)
gm 3
50km
20 %
1,7 ppmv

CO,



NO

N,O
N,O

25 %



10° ¢

< [ g
o I o
N N
E g E
o [
2 10t ¢ z
= r =
& L N
+ [ +

= r —_
_\éi B _\cd
= i re=5,89 nm —— | =

r,=6,20 m -------
2 De:4]_'50 NN ceveeeeeeees
10' L L L L
0 500 1000 1500 2000 2500
n(cm'l)
re = 5,89m
4 100 m
m

r,=589 nm ——

r=6,20 m -------
5 Dg=41,50 MM v

10 s s s s

0 500 1000 1500 2000
n (cm'l)

2500

10°

10t
L re:5‘8g m — |
re:6,20n’m ,,,,,,,
10'2 L De=‘4l,50‘mn‘4..........,, g
) 10 100
| (mm)
re = 6,20m
De = 41,50m
m?:g !

r.=5,89 nm ——
r=6,20 m -------
=41,50 MM oo

D

e

10

I (mm)



On

102

r,=5,89 mm ——
r=6.20mm -
De:4]_'50 MM e

500 1000 1500 2000
n (cm'l)

24 h

1ms!?

2500

10

lcm:s



0;01 10 m



390
0:3
18 C
342 W=m?
493 %

6.1 % 20,1 %

4,7 % 58 %

14 % 169 W=m?
288K 390W=m?
327 W=m?
169 W=m? 327 W=n?

390 W=nv 106 W=m?




16 W=m?

90 W=m?
50 K

106 W=m?
106 W=m?






. Z
@'(')+L(;):(1 !)B()+!O (;%L(;%d!(%

@ 4

= coy )
=0
L(; )
B()
'o
o = ks=(ka + Ks)

(: 9

= COos

X
L(; )= LPO)Y™( )



Y" ()

Y\"( )=

Py

60
m
Yy"()=0

n(n+ 2)

!
” 20+ 1(1 m)

#

NES

eXFX|m )F|
“I)!
(l
4

P™()

n+1

Sh

So

L,



R:

T.RRRT,
TR,

(Ti;R)

(Ti;R)

RTR;

Ty

T

NN

T.RRiT,
T,



R = R1+ T1R1T1+ T1R1R1R1T1+ o

X
R;+ TRy R%

i=0

T=TT+T1iR:R1T: + T1R1R1R1R Ty + i

s

=T/ R%
i=0
/Rl T.RT, T.R,RR,T,
(Ti;R)
(TR.)
T.T. TR.RT,
(R1; Ti) (R2; T2)
R T

R = R1+ T1R2T1+ T1R2R1R2T1+ o

x
R;+ T?R, R}
i=0

T =TT+ TiR2R1 T2 + THR,R1R2R T + 22

R .
=TTy (Rle)I

i=0




So






0K



CO; H,0









10; 1]

10; 1 0 1
10 1]

10; 1]



10; 1

16; 1]

10%

232

YA

chec

succes

Y



0 1
(x;y)
r{. rp 0 1 x=r1 Yy=r3
(x;y)
X2+ y?< 1
Ns
Ne
N N = ng+ ne m
m = 4% ns=N
2
=2 = 7
i Ns
h N“!rln 4N
N
E Var
Wi W, W, n
E(W)=m Var(w;)= 2 i Sh= Wi+ W, +
AW, Uy = S
n! 1 U 0
1
n S,
n:m :pﬁ



X1 X, Xn Y1 Ya Yn (2N)

[0; 1] Wi=4H 1 X? Y?
m H P HL x¢ y9)=1
X2+y?<1 0 Sv= o Wi My= R
My
m N
My
0; 683 [m pP=im+ pﬁ] 0; 954
[m 3p=;m+ 3p<] 0;997
[m  Sp—im+ 5p—] m
m W,
[
N Wi [ N
N W1 Wo Wy
m iy
My Var(My) = $Var(W) = ivar(4H 1 X? Y?)

1
Var(My) = WVar 4H(1 X? YD

42
=y EH XP YY) EfHIL XY

P P
<E H2(1 Xi2 Yi2) N; i1:1 H2(1 Xi2 in) = Ni i1=1 H(1 Xi2 yiz =
P E2H@L X2 Y? ?

P

Var(My) =

3 Z|5
N
N




N m m

M

10t 2;8 | 57965510 ! | 5;1930410 !

107 2;9 |1;7545410 ' | 1,6421810 !

10 | 3,09 |1;6771310 ? | 1;6421810 2

10° | 3;142 | 1;6416110 3 | 1;6421810 3

10° | 3;1417| 1;6420710 4 | 1;6421810 *

m m M
N [m
0;683 [Im 3 n;m+ 3 4]
[mMm 5;m+5 ] 0; 997
m N
1
P 100
f [a; bl

f(x) a b

myMm+ ]
0;954

10



A= f (X)dx

YA

2y

4

(0] a b

Zy

A=(b a ﬁf (x)dx

X [a;b]
X

h o
A= (b aE f(X)



m= <f(Xx?> m? plﬁ(f(X))

YA

f(x)

A
ol a b X
f
b aX
A= Nlllgn m = N|Im N . f(xi)
f
[a; b
a b
X pd x
pd x [a; bl
Z, £ (x) Z,
A= pcfx( )———dx = pd x (x)g(x)dx
pd x (X) a



h i
A= E g(X)
A g
pd x g
g= f
pd x
Xi
pd x 9(xi) m m
Xy
a
m= T g(X,)

N pd x
i [ab a(xi) m
g(X) (X
pd x
R, h [
pdx = RW g(x) = f(x)dx= A Var g(X) =0

m

pd x A

pd x



pd x ;b f (x)dx
bf;x)dx
Zy
A= e *dx
a
a=0 b=005

A=1 e %% 48771072

10 °
Z,
pd x
—_ X
A= . b a a(b a)e *dx
pd 1(x) =
T N b
N
a b m; A M1 = o1 ' i
g I1;i =e’

pd [a; b]



e X
A= d,(x dx
L P g6
pd
Xi a b
P N
A my; = 2 o o
Foi = d(Xi) = m
pdo(x) = (1 x)
e X
pd » [a; k] = R;’(llw
pd ;
ri [0; 1]
cd, pd
Xi
M1 M
8 h [
< g4 =z th(X)i =+ Ef3X) E?2f(X)
2,= = 29X) =& E *X) E?g(X)
8
< m, #k7,03910 4
m, PR-1,87710 °
M2
M1
R Cdz pd2
cdo(x) = . pd2(x9dx° X pd x
[a;b] cd x cdx = . pd (x9dx®
C = cdy (X)
pd x
pd x
ri [a; b]
xi = cdy (ri)
pd x

X pd x

[a;b]
Xi



my mi M mo m» Mo
10 4;87:10 2 2;223110 4| 2;226Q10 | 4;876910 ? | 6;302110 © | 5;934510 ©
10° | 4;88010 2 | 6;918910 ° | 7;039310 ° | 4;876810 2 | 1;838610 © | 1;876710 ©
10* | 4;876510 2 | 7;018910 © | 7039310 © || 4,8770610 2 | 1;865710 ’ | 1;876710 '
1P || 4;,8771610 2 | 7;039310 7 | 7039310 ’ || 4,87705510 2 | 1;870810 8 | 1;876710 8

#1 a b #2

0.6

05 r

04 r

p(w)

03 r

0.2 r

0.1 r

O L I H T H T O I O I T T e T T M
0.047 0.0475 0.048 0.0485 0.049 0.0495 0.05 0.0505
X

pd >
[a; 0] Fai = g(xi)
A A 487710 2
(M) A




A n
Z Z Z
A= dx, dx, dxnf (X1; X250 Xp)
D1 D> Dp
X1 X, Xn
pd (X1;X2; 123 Xn) D=D; D Dn
X
A= dx dx dx,pd (X1; X2} X 122 e
D, ! D, ? Dn nPd (X1:%2 n)pd (X215 X2; 355 Xn)
n pdx, pdx, pd x,
n X1 Xo Xn Xi
pdxi
D;
Z Z Z
A= pd x , (X1)dX1 pd x, (X2)dxz::: pd x , (Xn)dXng(X1; X2; 523 Xn)
D1 D» Dn
f (X1; X252 Xn)
X1 X205 X)) =
O0XaiX2i 5n) = g ), (x2) P, (%)
n dei

b, dxo:: b, dxnf (X1;X2; 0505 Xn)

pd X 1;ideal (Xl) =

X5 X5



R

dxs::: ~ dXxnf (X1;X2; 5505 Xn)

) —x.) = EPs :
P x ideal (X27X4) b, BX2it o dXnf (X15X2; 11 Xn)






1967



I

jti

jti









j
Z Z
Ej = dVi(P) d!'(uop)
A\ 4 7
ka(P7)B (P)exp
B(P)
p( ;P;uo)
|
nth

Z

p( ;P;uo)d

(Piug)

"d %a( 9
I

nth



p( ;P;uo)

(P;uo) p( ;P;up)

v &



h [
B(P) B(P) B(PY

Z Z Z 5 Z -,
i = d(P)  d! (uo) p( ;P;uo)d ka(P) T d (P9

VI 4 (P;up) n=1 I n
| Z

h :
ka(P?) B(P) B(Py) exp d %a( 9

h i
B(P) B(P) B(P9

h i
B(P) B(P9




E
E
P Vi
P Vi
S Q
Q S Q
V,
V,
z z z
i = . dS(Q) ) d! (ug) uo:n Li(Q;uop) p( ; Q;uo)d
)4' Z |+;n h (Qiug) | Z n
T d h(PDka(P)ka(PY) B(P) B(Py) exp d %a( 9
n=1 I lin
Li(Q; uo) Q Uo
V S
Li(Q;uo)
z Zp Z .
Li(Q; uo) = p(~; Q; ug)d~  d~(P) exp d~%a( 9
(Q ug) 0 0
(Q: uo) Q Uo

iF
!
<



Uo

Vi

Vi



~ PO
ij
b3
j = < ln — >
z = z
= pds(Q)dS(Q)  pd (uo)d! (uo)
ZSi 2 7 ﬁll
p(~Q; ug)d~  pd-(~)d~(P)
(Q ug) 0 | ( )
vy Zr, e
p( ; Q;uo)d pd . ( »)d n(P% In —
(Qiug) n=1 I n n=1 n
Z . h i Z,
In = (uo:n) ka(P)exp ka(ﬂd_.o T ka(Pr?) B(P) B(Pr?) exp d (ka( C)
0 I n

n = pds(Q)pd (! )pd -(~)pd ,( n)




n=1|n_n P1 .
n=1"'h
Q
pd s(Q) pds(Q) = 1=
S
V,
Vi
pd s(Q)
Uo
pd (uo)
a=1 a
1.
pd (uo):2—|f a<1
pd (o) =T if , 1
1.
pd (UO):Z_lf eq — at (1 g s<l1
Upg:N .
pd (Uo) =—2—if &= a+ (1 @ s 1
s g

eq —



pd —(-) =

—In 1

ein@ )

2> 1

€q

Kaexp( Ka~)
1 exp( kal.,)

r 1 exp( kalZ,)

Ka

[07 rt;l]



ka€xp( Ka( 0 1))

pd . (n) = 1 exp( ka(|+;n | ;n))
L= kalisk
I << 1
Lo 2101
P po
! 1

pd -(~)



B(2)

H
le+07 T T
algo #1 -~
algo #2 ---X<--
algo #3 —|—

1le+06

100000

10000

1000 L L L
0.01 0.1 1 10 100
ty
N I =001
1
< Ng >
I = 001

10

0.1

0.01

0.001

0.0001

0.01

Bo
N

|

' Ka+ ks

< Ng >
algo #1 -+ ‘ ‘
algo #2 ---%--
algo #3 —H—

0.1

< Ng >

10

= 0:.01

100



le+07

le+06

100000

algo #1 -
algo #2 ---X--
algo #3 —|—

10000 ap
0.01 0.1 1 10 100
ty
N = 0:50
1le+06 T T
© algo #1 -~
algo #2 ---X--
algo #3 —|— T
100000 | + ]

1 10 100

100

10

algo #1 -
algo #2 ---X-
algo #3 —|—

100

0.01
0.01 0.1 1 10
ty
< Ns> = 0:50
I = 0:50
1000 T T T
algo #1 -~~~
algo #2 ---X-
100 algo #3 —|— 4+

0.01

0.01

0.1

< Ns>

= 0:90

10

= 0:90

100



I =001

N
y N
H
I =050 I =090
1
| =
0:9999
!
P
P
P
le+06 algo #1 - ‘ ‘ 10000 algo #1 -+ ‘ ‘
algo #2 ---X<-- algo #2 ---%--
algo #3 —H— q 1000 + algo#3 —— =5
100
100000 10
1
01"
10000 0.01
0.01 . 0.01 0.1 1 10 100
ty
N I = 0:9999 < Ns> I = 0:9999

I'=0:9999



10’ e
108
10°
10*
103%

>
102

10 -

N*<Ng> algo#l - +-
N*<Ng> algo#2 —x—

0 01 02 03 04

05 06 07 08 09 10

w

N < Ng >

10 -

N*<Ng> algo#l - +-
N*<Ng> algo#2 —x—

0 01 02 03 04

05 06 07 08 09 10

w

N < Ng >

5.10° 1
N*<Ng> algo#l - +-

5 N*<Ng> algo#2 —x—
4.10 ' ! X

0.9 0.905 0.91 0.915 0.92

w
H = 10

10°

10

Lo+t g

+

+
+

t

o,

N*<Ng> algo#l - +-
N*<Ng> algo#2 —x—

0.98

0.985 0.99

w

0.995 1

H:lOO



< Ng>
H ! <Ns>
H I < Ng> 10
< Ng > %:<L>ks <L>
s:é
<L> <L>=2H
<L> H .
! < Ng>s 2 < Ng> 2y
N < Ng> = 10 n = 100
!
N
< Ng >
!
! e
H e H e 0:91 n = 10 e 0:998

n = 100




2

B(z)=Bo+ B 1 42 1

20

H

0:01 0:50
!
H
' =001
102 17

25

0:90

10*

10

d =25cm !



10

n = 100

I'=0:9999



<div(q,)>/p DB (m™)

<div(q,)>/p DB (m™)

percent error

10

N

15
1
0.5
0
-0.5
-1
-1.5
-2
t
25 1 1 1 ,I 1 1 1 1 1
0 01 02 03 04 05 06 07 08 09 1
z (m)
<dv(g)>= B I =001
10 . . .
layer 3SMC  +
layer 3 abs —— AN
layer 3 diff - - - - -
1L . J
0.1+t ¥
0.01 : . :
0.01 0.1 1 10 100
ty
< div(g) > I =001
100 . . .
10 k|
H . 4
0.1 & k|
0.01 : . :
0.01 0.1 1 10 100
ty

I =001

S <div(q,)>/P DB m™

<div(g)>/p DB (m™)

percent error

0.02
0.018
0.016
0.014
0.012

0.01
0.008
0.006
0.004
0.002

0

0 01 02 03 04 05

z(m)

.,1.
0.6 0.7 08 0.9

10

o
o
.

0.01

layer ioMC
layer 10 abs —— .
layer 10 diff - - - - - AN

0.01 0.1 1

< div(g) >

100

10

0.1 ¢

0.01

0.01

0.1 1

100



o
E
a
o
A
S
=
°
v
t
-15 1 1 1 ,I 1 1 1 1 1
0O 01 02 03 04 05 06 07 08 09 1
z (m)
10 ; . .
layer 3MC  + .
layer 3 abs
layer 3 diff - - - - -
— 1k J
E .
&8
o 0.1
A
S
>
kel
V. 0.01
0.001 : . :
0.01 0.1 1 10 100
ty
100 . . .
5 10 k|
@
IS
[O]
IS
(]
o 1F 4
0.1 : : :
0.01 0.1 1 10 100
ty

S <div(q,)>/P DB m?

<div(q,)>/p DB (m™)

percent error

0.014

0.012
0.01
0.008 |
0.006 |
0.004
0.002 |, .
O Bl 1 1 1 1 1
0 01 02 03 04 05 06 07 08 09 1
z(m)
10 ; . .
layer 10 MC  +
layer 10 abs —— .
layer 10 diff - - - - - L
1
0.1
OOH L L L
0.01 0.1 1 10 100
ty
10 . . .
H L
0.1 : : .
0.01 0.1 1 10 100
ty



<div(q,)>/p DB (m™)

<div(q,)>/p DB m?h

percent error

25
2
1.5
1
0.5
0
-0.5
-1 L I L . f
0 01 02 03 04 05 06 07 08 09 1
z (m)
100 . , ,
layer 3 MC +
layer 3 abs
10 layer 3 diff - |
1
0.1
0.01
0.001 . ) ,
0.01 0.1 1 10 100
ty
100 . , ,
10 .
“_. i |
0.1 . ) ,
0.01 0.1 1 10 o
ty

S <div(q,)>/P DB (m?

<div(g,)>/p DB (m™)

percent error

0.018

0.016
0.014
0.012
0.01
0.008
0.006
0.004
0.002 -

r

ey

0 0.

100

1 02 03

0.4 05 0.6 07 08 0
z(m)

9 1

=
o
T

o
o

0.01 7

layer 10 MC

layer 10 abs ——

layer 10 diff

0.01

10

0.1

10 100

0.1

10 100



% (2)

G(z) = ‘xm:+ oxmo W
G(z) = :Fo_uw_ | (z;u)d! (u) [ (z;u)
z u D= 3
G(2)
G(z) = #~B(2) B(2)

2
B(2) = Bo+ B 1 42 1



20
1%(z; )
Z
_+AN“ vH
(z; )=

32 B z 1

4@ GrAC H 2
. 32 B
@D = oD
a S
Zi 1 Z
% diva ()
1 — Zi 1 _ _ 132 B
_ Zi 1 Z;
Z 1 + (o .
< div(g) >= 2 @A@wf@w ) 4
0
I (z; )
= coy )
z z Z z Z 7 o
B (0)exp _AmAN&QNo + _AmAN&WAN&QXU o _AmAN& 420 Q|N
z z Z z Z 7 0
B(H)exp _AmAN&QNo + ka(29)B (O exp _AmAN&QNo dzf
I

H 20



B(2)=B,+DB[14 (£ 1) ]

layer i

n
2
B(z) = Bp+ B 1 Am w
. 2 4 B
AQ_<?:VHN_ z . HK. Es Kaz Es Kaz 1 Es ka(H Z)
!
+ Es ka(H z 1) +ﬁme Es kaz
4 Ra i 1 AI_Amvm 5 Ra4& 5 Ra& 1
! #
16 B(z z
Eo k(M 2) +Es ka(H 79 + oo 2
m: 35
Z
! n 2 W

d






;:min ;min

Uo ~

- n WBmx mXUA Izusv < :min
WBmx

mm_‘.:“:‘._mﬂx mxg )cl“:v < ;min mm—,::jmx



min -, 'min

exp( ~.n) < min ;
A mamx mm_‘j:._‘._mx

mm:ﬁ:‘._wx mmg
Uo
h i
~ 1 exp( ~) ~
n
!
exp( )< min A min | - h min__j
1 expl =) Bmax 1 expl =) Bem
n WwB
:min 'min
max max
max
max

1%




=10 300

1% 104



OT

0T







2 F(H
_._> » (H)
B@0  ii=cat
g=1
ol |
L
FO 1r(
B(z)= 0



8 h [ h i
W :cosh H z +(ka+Kks):sinh H z
+ — +
F*(2) = F*(0) cosh: (A )+ Ka§ Ke):sinh (:H )
W ks:sinh H z
- — +
F ANV =F AOV :cosh (H )+( ka+ks):sinh (H )
P
= kZ+ 2Kqks
z=H F*(H)=F"(0) z=0
F (0)=F*(0) Ho=
A—Am+ —Amv_l_ H = 0:1 H=1 H = 10
0,9 1
—— 0.1 —
MC ----- MC -----
0.94 - analytique 1 0.09 -  analytique L
- _, 0.8
T 092 1 @ 007t
W W 0.06 |
s 0.9 & 005 F
L 4. 004
T os8; ] S 003
0 o002t
0.86 | . 0.01 |
L L L L L L L L L o L L L L L L L L L
0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 0.7 0.8 0.
w w
F*(H)=F*(0) b= 01 F (0)=F*(0) h=01

h=01 z=0



=1,0

F*(H)/F*(0) pour t

=10

F*(H)/F*(0) pour t

0.5

0.48

0.46

0.44

0.42

0.4

0.38

0.36

0.07

0.06

0.05

0.04

0.03

0.02

0.01

MC -----
| analytique T
0 01 02 03 04 05 06 07 08 09 1
w
FT(H)=F*(0) nw=1
H = 10
‘MC-----
| analytique
0 01 02 03 04 05 06 07 08 09 1

w

F*(H)=F"(0) H =

=1,0

F'(0)/E*(0) pour t

=10

F'(0)/F*(0) pour t

0.55
0.5
0.45
0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

MC -----
analytique
0.1 02 03 04 05 06 0.7 08 09
w
F (0)=F"(0) =1
z=H
z=0
‘MC -----
analytique

01 02 03 04 05 O

F (0)=F"(0)

w

.6 0.7 08 O




<L>

Bo z=0 B(z=0

Z +1 3 _
sol gaz — Bo p(l) 1 exp( kal) di

sol gaz — Boka< L >

sol gaz — 2 BokaH

sol gaz WO
2k, < L >

sol gaz

<L>=2H



0.02
0.018
0.016
0.014
0.012

0.01
0.008
0.006
0.004
0.002

0

0.9 0.91 0.92 0.9

0.2

1;0

IHH_.O“O

Y corun,/PBO MC
sol-gaz M_AmA_uv

sol gaz— Bo

3 0.94 0.95 0.96 0.97 0.98 0.99

w

w =01

0.18
0.16
0.14
0.12

0.1
0.08
0.06
0.04
0.02

0

09 09

1 0.92 0.93 0.94 0.95 0.96 0.97 0.98 0.99

sol gaz— Bo

w




2 ,

18 | Y mo_,.%N\n,mm_Awk.,m _
16 r
14
1.2 ¢
11
0.8
0.6 [
04t T
02} T
0 , , , , , , , , ,
0.9 0.91 0.92 0.93 0.94 0.95 0.96 0.97 0.98 0.99
w
sol gaz— Bo n =10
T

F*(0) R



H=02m
(ka+ ks)H = 5
_AmHA—Am+ —Amv =09

F(0)

F (0)=F*(0)
T = F*(H)=F"(0)

N
Py,
1

_AmHN“mgp _AmHNNm_‘SH

1P

Py







HG

vr aie

HG vralie

m mailles horizontales




NN

N

NN

400 km
30
100 km

] espace=maille m+1 Tespace
maille m
maille m 1
maille j
Profil de temp rature T(z)
lin aire entre centre de mailles

maille i

- maille 2
maille 1

sol=maille 0 Teol



Lo

Z;

= 5=

(Kat ks)

1K

T(2)

i+1
1K

0K



maille i+1

zone d' change
locale

maille i

DT,.,=1K

zone d' change
locale

maille i T(2)

Z;



ka(gaz) ks(gaz) !o(gaz) g(gaz)

ka(nuage)
ks(nuage) ! o(nuage) g(nuage)

ka(i) ks(i) 'o(i)  9(gi) _

8

ka(i) = ka(gaz) + ka(nuage)
ks(i) = ks(gaz) + ks(nuage)

1 o(i) = ks(gaz)+ ks(nuage)
W : 0 ka(gaz)+ ka(nuage)+ ks(gaz)+ ks(nuage)
-\ — ks(gaz)g(gaz)+ ks(nuage)g(nuage)
DA_V - ks(gaz)+ ks (nuage)

36




f (ka)

100 m 100 2500cm 1
2 10 20cm !
20cm 1

2 128 m




()

R [0: 1]
Z
( 9d°=r
1
[0; 1]
() = coy )
" N 4
1 1 g 2
269 T m
g=0
h [
2r(L+ g2 g(r 1)+1
- I ; 1

L} _N
1 gl 2)




4
Np = 121

100 m

Pik =

20cm 1

Pik

P 7__c n.x_. :
_Au“_._ _“_A_






0.06 : - . ; 0.045 : ; -
_u.q — PJ =
¥kl Il Figel —— 0.04 r Ikl ZyFikl —— 1
0.05 r E
0.035
0.04 1 0.03
2 2
= = 0025
8 003} ] g
] g o002
o o
002 - & 0015
0.01
0.01 ul
0.005
O o | T o 1T T O = i
0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
Nombre d'onde (em™) Nombre d'onde (em™)
| C Pab
P J k)= k=) ikl
ik 1



*g




Z  Z, Z, .4 Z 0
s d T @B B@ep g
2 Zi 1 Z 1 z
(i;0);
[ 0 (i;m +1) ; i
m+1
z z, Z,
Gop = dl dz 2 (2) B (2 Bg exp EQNO
2 Zi 1 0
Z zZ, Z
(im+1); = d! & ka (z) B (2) Bs exp EQNO
2 Zi 1 4
—Am“ =



(i; 0);

j>i

Gx =2 B(z1) B(z
B(z 1 BI(3
B(z i1 BI(7

B(U)Xz 1z 1)

+ B(z 1) B (z

“_.v+ B A_VAN_ Zi “_.v mwA zi z Hv

1) Es z oz .t Ka; (iI)(z Z 1)
)+ B i)z z 1)
Es z oz . T _Am“ C VAN_. Z Hv

1) BNz 3z 1) Ez 4 4,

tka (()Nz z)*+kea ()7 7 )

. B, B

kay (1) Ka; (1)
+ Ey Zi z T _Amu c

mb Zi zj 1 + —Am“ A_VAN_ Z; “_.v

Nz z 1) EBa( 2z 4 1)

Es 2z 4.7 ka ()2 z )+ ke ()7 7 o)

=2 B (z 1) By Es( g z 2

Es gz .,%tka (i)z z 1)

B (i)

+ E 7
—Am“ A_v 4 gz 1

B(z 1) Bg + B(i)z z 1)

I#
.t ke (I)z Z )



(i;m+1) ;

Ka; (J)
En(x)

P

=2

i1
=1

B AN_ Hv mm+

B (i)z

z 1) Es( 4 n)

B(z 1) Bs Es 5 ntka(i)z 2z 1)

B (i)
g mk_ﬁ Zi _._v
B (2)
h B (2

Ka; (1) %3 z(I 1),
_H_i Ka; (1) N%_v z(I 1)

_ru_wp ka, (I) z() z(l

Es 2 ntka (INz 1z 1)

1)

I#









wo




121

W:m ?
K=jour

20cm 1
4 100 m

mW=mé=cm 1



Z Z

Z 0
Zj Z; 0 z ) 0
oy = ! dz dz Ka (2ka (29 B (2) B (29 exp Ka (2 400
Zi 1 Zj 1 z
(i: 0): (im +1) : W:m 2
i
i
z z, Z
i dz 2 k.. (z
Goi = dt —ka (2 B(z2) Bg exp i ke (2) &QNO
z z, Z
i dz H k. (z
(m+y; =  d —ka (z) B(2) Bs exp ks (2) &QNO
2 Zi 1 z
B (2) z
By (2) Bs: (2)
Ka; (2)
z d = dd
= cos
h i
@y = @) B @) B()
B (@) BI() i )
T o
zZizZ a1 Ty z gz
(i )s

Gy = Tai oo Ta oo Tagy + Toon);



@iy =P

Wi ); B (i) B()
i W=m?
1 X*
i = y.uo @i );
i K=jour
91
Gt p
Co
Pi
m _ m max
i = in i d min max
4 100 m
i
)+l
i = i
j=0
- 91 i
iy d i

min



z (km)

NOHI\)(}OBU‘ICD\ICD(O

temperature (K)

4 100 m

numero de maille

z (km)

50

100.00
24.00 -
11.00
8.70
7.30
6.00
475 r
3.50
225
1.10

0.00

240 260 280
temperature (K)

K=jour

numero de maille



z (km)

z (km)

BPREPREE
orNwWAOGO

OFRPNWAOOITONWO

BPRPRERER
orNWROOG

OFRPNWAUUIONOWO

-4

-3

51

taux de chauffage (K/jour)

taux de chauffage (K/jour)

15 km

numero de maille

e

Numero de m

Puissances Nettes Echangees (W/m?)

K=jour

numero de maille

e

Numero de m:

Puissances Nettes Echangees (W/m?)

50

45

40

35

30

25

20

15 20 25 30 35 40 45
Numero de maille

15 20 25 30 35 40 45
Numero de maille

50

0.5

0.2

0.1
0.05
0.01
0.001
-0.001
-0.01

-0.05
-0.1
-0.2
-05

0.5
0.2
0.1
0.05
0.01
0.001
-0.001
-0.01
-0.05
-0.1
-0.2

-0.5



(i)

I =10

z

38 43

42 km

45
46

38 43

10
10

45
42 44
48

z 1km

10



gaz sol
ik

k=63 82
15m
k=100 121
k=172

20cm 1
i gaz sol
i:k
gaz espace
i:k
gaz gaz
[N
~ _— gaz sol gaz espace gaz gaz
H ook ik
20cm ! 4 100 m
8 13 m

CO, k=093

42m CO, k=10

k=30 60
9.2 m



Bilan par bande (mW/m®/cm™) bpos Bilan gaz-sol par bande (mW/m®/cm™) bo.oomm
50 0

IHo.0005 I-o.0005
IHo.00025 I-o.00025
5¢-05 5e—05
° H1e-05 ° |-2.50-05
m |2e-08 m 5¢—08
3 I2e-08 S |-2.6e—08
2 g
m 2e-08 m |--2.5¢-06
Z 2e-08 Z 5¢—06
—1e-05 —2.56-05
—6e—05 —56-05
~0.00025 ~0.00025
10 20 30 40 50 60 70 80 90 100 110 120 —~0.0005 10 20 30 40 50 60 70 80 90 100 110 120 —~0.0005
Numero de bande etroite Numero de bande etroite
-0.001 —0.0025
- gaz sol
bk itk
Bilan gaz—espace par bande ABS\Bu\oB-_vbo.ooua Bilan gaz—gaz par bande (mW/m®/cm™) bo.oona
50 I 0.0005 I0.0005
I-o.00025 I o.00025
5¢—05 5e-05
© |-{2.5e-06 ° |-{2.5e-06
m 56—08 m 5e-08
3 |-{2.6e-08 5 |-{2.6e-08
2 2
.m |-{-2.5e-08 .m |-{-2.5¢-06
Z |-{-5e-086 Z |-{-5e—08
—2.5e-06 —2.5e-05
—56-05 —5e—06
1 ~0.00025 ~0.00025
10 20 30 40 50 60 70 80 90 100 110 120 —~0.0005 10 20 30 40 50 60 70 80 90 100 110 120 —~0.0005
Numero de bande etroite Numero de bande etroite
—0.0025 —0.0025
gaz espace gaz gaz
ik ik

mW=m3=cm 1
d =20cm ! 4 100 m

mW=m3=cm 1
mW=m?3=cm 1
mW=m?3=cm 1



Bilan par bande (mW/m’/cm™) bpos
50

e

Numero de mi:

Bilan

Numero de maille

gaz—espace par bande

—10.0005

—0.00025

Se-05

—1le—056

2e-08
—{Re-08
2e-08

2e-06

—1le-05
—b6e-05

—0.00025

30 40 50 60 70 B0 90
Numero de bande etroite

100 110 120 —~0.0005

-0.001

0.0026

(mW/m?/cm™

50

0.0005

4 —0.00025

40 5e—-05

35 —2.6e—-056

30 5e—06
|-2.5e-06
|- —2.5e-08
|- -5e-08

—2.5e-05
—b6e-05

—0.00025
10 20 30

40 50 80
Numero de bande etroite

k( 1 1
0 80 90 100 110 120 —0.0005

-0.0025

gaz espace
ik

Bilan gaz-sol par bande (mW/m®/cm™)
50

Numero de maille

10 20 30 40 50 60 70 80 90
Numero de bande etroite

100 110 120

gaz sol
ik

Bilan gaz—gaz par bande (mW/m

e

Numero de m

I i
50 60 70 80 90 100 110 120

i
10 20 30 40
Numero de bande etroite

gaz gaz
ik

5e—08

S5e-06

5e—05
S5e-05

0.0025
0.0005
0.00025

2.5e—06

2.6e—08
-2.5e-06

56—06

u\OHDLv '

-2.5e-05

-5e-05

—-0.00025

—0.0005

—-0.0025

0.0026
0.0005

0.00025

5e-05

2.5e—05

5e-06
2.6e—06
—2.6e-06
-5e-08

-2.5e-05
—be—056
—0.00025
-0.0005
-0.0025



gaz espace
ik

gaz sol

i:k
7 2 km
gaz sol
ik
gaz espace
i:k
gaz gaz
i:k
gaz gaz
ik
gaz gaz
ik
60 1.0 2.0km 05 1;5km
0;22g:m 3
re=589m
72 4;0 50km 2.0 3;0km
0;28g:m 3 fe= 6,20 M
0: 80 10 12km 6 8km

0;0048g:m 3



De= 415 m

K=jour

1km



z (km)

Numero de maille

PRERE
PNWAO

=
, ORPNWAUION®O©O

Puissances Nettes Echangees (W/m

50

45

40

35

30

25

MLS nuage bas

taux de chauffage (K/jour)

LT

5 10 15 20 25 30 35 40 45 50
Numero de maille

1.0 2:.0km

SAW nuage bas

43 15
| 14 - MC |
1 42 13 [ D128S - |
14 12 | 1
140 @ 11 f 1
139 © 10 + B
136 € T 9 r R
4 ww (0] m b 4
129 .M < 71 |
125 @ N6t .
121 E 5r i
117 € 4 + ]
113 3r B
4 @ N L 4
4 m “_- [ 4
O O 1 1
10 -50 -40 -30 -20 -10 0 10
taux de chauffage (K/jour)
?) >_ Puissances Nettes Echangees (W/m?) >_
0.5 50 ! —0.5
—0.2 45 W —0.2
0.1 40 W 0.1
|-lo.05 o 55 W |-lo.05
o.01 3 ! o.01
- g 30 T .|
IHo0.001 3 W |-0.001
° |
I -0.001 m 2 i I -0.001
—{—0.01 z 15 —{—0.01
-0.05 " , -0.05
-0.1 . ! -0.1
-02 JE | -02
—05 0 5 15 20 25 30 35 40 45 50 —0.5
Numero de maille
-1 -1
K=jour
5 9 LWC = 022gm 3 r.=589m
0;5 1;5km 3 7 LWC re

numero de maille



z (km)

Numero de maille

MLS nuage moyen

15 43
14 MC |
13 1 D128S ------- 142
12 + 141
11 ¢ 1 40
10 + 139
9 r 1 36
8 133
7t 129
6 4 25
5r 121
4 + 1 17
3L 413
2t 19
1+t 15
O 1 1 1 O
-80 -60 -40 -20 0 20
taux de chauffage (K/jour)
Puissances Nettes Echangees (W/m?) >_
50 i —0.56
4 EiE —o.2
40 HH 0.1
35 —0.06
30 —0.01
o +—0.001
20 ——0.001
15 —{—0.01
10 -0.056
EEEwE -0.1
5 H
N:: -0.2
m 10 15 20 25 30 35 40 45 50 —0.5
Numero de maille ’
-1
K=jour
4.0 50km 17
2.0

SAW nuage moyen

15
14 MC |
13 | D128S ------- ]
12 + 1
Q@ 11 + 1
IS 10 + J
€ . 9t |
s E o8 ‘
o) N 7r ]
£ i ]
5r J
2 4 1
3r J
2 ¢ J
1t J
o 1 1 1
-80 -60 -40 -20 0 20

taux de chauffage (K/jour)

Puissances Nettes Echangees (W/m?) >_

50

45

—0.06

—0.01

0.001

——0.001

@
&

Numero de maille
&

—1—0.01

-0.06

-0.1

-0.2

15 20 25 30 35 40 45
Numero de maille

21 LWC = 0:28g:m 3

3:0km 8 13 LWC

5 -0.5

re=620m

le

numero de maille



MLS nuage haut

15 . 43
14 MC |
13 1 D128S ------- 142
12 + 141
11 140 @
10 - 139 3
= 9r 136 E
8 r 133 8
< 5 129 o
N6t 125 @
5t 121 E
4 + 117 €
3L 413
2r 19
1r 15
O 1 1 1 1 O
-20 -15 -10 -5 5 10
taux de chauffage (K/jour)
Puissances Nettes Echangees (W/m?) >_
50 i —0.56
4% EEEiE 0.2
w = o
[ 35 —0.06
m a0 1—0.01
.m 2 meas: —0.001
m 2 H I—-0.001
z 15 —{—0.01
10 -0.056
s H -01
, iEe -0.2
m 10 15 20 25 30 35 40 45 50 —0.5
Numero de maille ’
-1
K=jour
10 12 km 39
415 m
le W:m 2

Numero de maille

z (km)

SAW nuage haut

OFRPNWhUION®LO
T

r
(=

-15 -10 -5
taux de chauffage (K/jour)

0

Puissances Nettes Echangees (W/m?)

41

50

45

40

20 25 30

35 40 45 50

Numero de maille

LWC =

6 8km

0;0048g:m 3

25

33

—0.06

—0.01

0.001
——0.001

—1—0.01

-0.06
-0.1
-0.2

-0.56

numero de maille



z (km)

Numero de maille

MLS tous nuages

15 43
14 MC |
13 1 D128S ------- 142
12 + 141
11 ¢ 1 40
10 139
9 r 1 36
8 r 133
7r 129
6 425
5+F ——— 121
4 + 1 17
36 413
2 r 19
1r 15
O 1 1 1 O
-80 -60 -40 -20 20
taux de chauffage (K/jour)
Puissances Nettes Echangees (W/m?) >_
50 —0.5
45 m —0.2
" i o1
35 —0.06
30 —0.01
25 o —0.001
20 H -0.001
15 —{—0.01
10 -0.056
-0.1
5 H
N: -0.2
m 5 10 15 20 25 30 35 40 45 50 —0.5
Numero de maille ’
-1
K=jour

W:m 2

numero de maille

Numero de maille

z (km)

Puissances Nettes Echangees (W/m?)

SAW tous nuages

OFRPNWhUIOON®©O
T

o
S

taux de chauffage (K/jour)

50

45

40

5 10

15 20 25 30 35
Numero de maille

40

45

50

0.5
0.2
0.1
0.056
0.01
0.001
-0.001
-0.01
-0.06
-0.1
-0.2

-0.56

numero de maille



F*(H)
N = 1¢°

F (0)



F*(H)

F*(H)

F (0

F (0)

k

CO,

gaz sol

ik

gaz espace

i:k

gaz gaz
i:k

F*(H)

F (0)




Bilan par bande (mW/m®/cm™) 0.001 Bilan gaz-sol par bande (mW/m?/cm™) (He.00zs
i 50 I—o0.0005 50 I-0.0005
—0.00025 [—0.00025
5e—-05 S5e—-05
° |-1e-05 ° |-2.5e—05
m 2e-08 m 5e-08
S |ze-08 $ |Hz.5¢-08
m 2e—-08 m ——2.5e-06
m 2e—-06 m 5e—06
—1le-05 —2.5e-05
—5e-05 -5e-05
-0.00025 -0.00025
10 20 30 40 50 60 70 80 90 100 110 120 —~0.0005 10 20 30 40 50 60 70 80 90 100 110 120 —~0.0005
Numero de bande etroite Numero de bande etroite
-0.001 -0.0025
ik m_wN sol
Bilan gaz—espace par bande ABS\Bu\oB-_vbo.ooua Bilan gaz—gaz par bande (mW/m®/cm™) bo.oona
! 50 I 0.0005 50 I—0.0005
—0.00026 —0.00025
5e—-05 5e-05
° |2.6e—05 ° | 12.6e—05
m 5e-08 m Be-08
3 |-{2.5e-08 3 |-|2.5¢-08
m ——2.5e—06 m ——2.5e—06
m ——5e—06 m — —5e—06
—2.6e-05 —2.5e-05
-5e-05 -b6e—06
-0.00025 -0.00025
e s T s e o
-0.0025 —-0.0025
gaz espace gaz gaz
ik ik
mwW=m3>=cm 1!
mwW=m3=cm 1!
mwW=mé=cm 1
mW=m3=cm 1



Bilan par bande (mW/m’/cm™) bpos
50

e

Numero de mi:

Bilan gaz—espace par bande

Numero de maille

—10.0005

—0.00025

Se-05

—1le—056

2e-08
—{Re-08
2e-08

2e-06

—1le-05
—b6e-05

—0.00025

30 40 50 60 70 80 90
Numero de bande etroite

100 110 120 —~0.0005

-0.001

0.0026

(mW/m?/cm™

50

0.0005

45 0.00025

40 5e—-05

35 —2.6e—-056

30 5e—06
|-2.5e-06
|- —2.5e-08
|- -5e-08

—2.5e-05
—b6e-05

—0.00025
20 30

40 50 80
Numero de bande etroite

k( 1 1
0 80 90 100 110 120 —0.0005

-0.0025

gaz espace
ik

Bilan gaz-sol par bande (mW/m®/cm™)
50

Numero de maille

10 20 30 40 50 60 70 80 90
Numero de bande etroite

100 110 120

gaz sol
ik

Bilan gaz—gaz par bande (mW/m

e

Numero de m

20 30 40 50 60
Numero de bande etroite

70 80 90 100 110 120

gaz gaz
ik

5e—08

S5e-06

5e—05
S5e-05

0.0025
0.0005
0.00025

2.5e—06

2.6e—08
-2.5e-06

56—06

u\OHDLv '

-2.5e-05

-5e-05

—-0.00025

—0.0005

—-0.0025

0.0026
0.0005

0.00025

5e-05

2.5e—05

5e-06
2.6e—06
—2.6e-06
-5e-08

-2.5e-05
—be—056
—0.00025
-0.0005
-0.0025



Bilan par bande (mW/m®/cm™)
50

0.001

ille

2

0.0005
0.00025
Se-05
le—-05
2e-08
2e-08
08

Numero de mi:

2e

2
e

06

10 20 30 40 50 60 70 80 90 100 110 120

—1le-05
—b6e-05

—0.00025

—0.0006

Numero de bande etroite

-0.001

Bilan gaz—espace par bande (mW/m®/cm™

50

45

40

35

30

Numero de maille

i
100 110 120

10 20 30 40 50 60 70 80 90

Numero de bande etroite

gaz espace
ik

0.0026
0.0005

0.00025

5e—-05
2.6e—05

5

06

2.6e—06
—2.6e-06
-5e-08
-2.5e-05
-5e-05
—0.00025
-0.0005
-0.0025

Bilan gaz-sol par bande (mW/m®/cm™)
50

Numero de maille

10 20 30 40 50 60 70 80 90

Numero de bande etroite

100 110 120

gaz sol
ik

Bilan gaz—gaz par bande (mW/m

e

Numero de m

10 20

30 40
Numero de bande etroite

50 60 70 80 90 100 110 120

gaz gaz
ik

5e—08

S5e-06

5e—05
S5e-05

0.0025
0.0005
0.00025

2.5e—06

2.6e—08
-2.5e-06

56—06

/om)

-2.5e-05

-5e-05

—-0.00025

—0.0005

—-0.0025

0.0026
0.0005

0.00025

5e-05

2.5e—05

5e—-08
2.5e-06
—2.6e-06

-5e-08

-2.5e-05
—be—056
—0.00025
-0.0005
-0.0025



Bilan par bande (mW/m®/cm™)
50

e

Numero de mi:

10 20 30 40 50 60 70 80 90

Numero de bande etroite

100 110 120

Bilan gaz—espace par bande (mW/m

50

45

40

35

30

Numero de maille

10 20 30

40 50 80
Numero de bande etroite

70 80 90 100 110 120

gaz espace
ik

' 0.001

—10.0005
—0.00025

Se-05

—1le—056

2e-08
—{Re-08
2e-08

2e-06

u\OBn_

—1le-05
—b6e-05
—0.00025
—0.0006

-0.001

0.0026

0.0005

—0.00026

5e—-05
—2.6e—-056

5e—06

—2.6e—-06
——R2.5e—08
——5e-08

-2.5e-05
-5e-05
—0.00025
-0.0005
-0.0025

Bilan gaz-sol par bande (mW/m®/cm™)
50

Numero de maille

10 20 30 40 50 60 70 80 90
Numero de bande etroite

100 110 120

gaz sol
ik

Bilan gaz—gaz par bande (mW/m

e

Numero de m

20 30 40 50 60
Numero de bande etroite

70 80 90 100 110 120

gaz gaz
ik

0.0025
0.0005
0.00025

Se-05
2.5e—06

5e—08

2.6e—08
-2.5e-06

56—06

-2.5e-05
-5e-05
—-0.00025
—0.0005

—-0.0025

3 \ c H.D-_v ' 0.0025

0.0005

0.00025

5e-05

—R.56e—-056

5e—-08
—R.6e—06
——R.5e—086

——5e—06

-2.5e-05
—be—056
—0.00025
-0.0005
-0.0025



Bilan par bande (mW/m®/cm™)
50

Numero de maille

3 40 50 60 70 80 90 100 110 120

Numero de bande etroite

0.001

0.0005

0.00025
Se-05
le—-05
2e-08
2e-08

2
2e

08

06

2
e

—1le-05
—b6e-05
—0.00025
—0.0006

-0.001

Bilan gaz-sol par bande (mW/m?/cm™) (He.00zs
50 0.0005
0.00025
S5e—-05
2.5e—056

5e—08
S5e-06

2.6e—08
-2.5e-06

06

Numero de maille

-2.5e-05
-5e-05

—-0.00025

10 20 30 40 50 60 70 80 90

Numero de bande etroite

100 110 120 —~0.0005

—-0.0025

gaz sol
ik

Bilan gaz—espace par bande (mW/m?®/cm™)®e.002s Bilan gaz—gaz par bande (mW/m?/cm™) (Sooozs
50 I 0.0005 50 I0.0005
—0.00025 —0.00025
5e—-05 5e-05
° |2.6e—05 ° | 12.6e—05
M 5e—08 m 5e—08
3 2.6e-08 4 | |2 5e—08
m ——2.5e—-06 m ——2.5e—06
m ——5e—06 m — —5e—06
—2.56e-056 -2.5e-05
-5e-05 —Be—06
-0.00025 -0.00025
AR P Fresirorine Mo
-0.0025 -0.0025
gaz espace gaz gaz
ik itk
mW=m3=cm 1
mW=m3=cm ?
mW=m3=cm 1
mW=m3=cm 1



Bilan par bande (mW/m’/cm™) bpos

e

Numero de mi:

Bilan

Numero de maille

gaz—espace par bande

—10.0005

—0.00025

Se-05

—1le—056

2e-08
—{Re-08
2e-08

2e-06

—1le-05
—b6e-05

—0.00025

30 40 50 60 70 80 90
Numero de bande etroite

100 110 120 —~0.0005

-0.001

0.0026

(mW/m?/cm™

50

0.0005

45 —0.00025

40 5e—-05

35 —2.6e—-056

3 5e-06

2 z.5e—086
I -2.5e—08
I -5e—08

—2.5e-05
—b6e-05

—0.00025

0 60 70 80 90
Numero de bande etroite

100 110 120 —~0.0005

-0.0025

gaz espace
ik

Bilan gaz-sol par bande (mW/m®/cm™)

50

Numero de maille

10 20 30 40 50 60 70 80 90
Numero de bande etroite

100 110 120

gaz sol
ik

Bilan gaz—gaz par bande (mW/m

e

Numero de m

0 40 50 60 70 80 90
Numero de bande etroite

100 110 120

gaz gaz
ik

5e—08

S5e-06

5e—05
S5e-05

0.0025
0.0005
0.00025

2.5e—06

2.6e—08
-2.5e-06

56—06

u\OHDLv '

-2.5e-05

-5e-05

—-0.00025

—0.0005

—-0.0025

0.0026
0.0005

0.00025

5e-05

2.5e—05

5e-06
2.6e—06
—2.6e-06
-5e-08

-2.5e-05
—be—056
—0.00025
-0.0005
-0.0025



Bilan par bande (mW/m’/cm™) bpos
50

e

Numero de mi:

Bilan

Numero de maille

—10.0005

—0.00025

Se-05

—1le—056

2e-08
—{Re-08
2e-08

2e-06

—1le-05
—b6e-05

—0.00025

10 20 30 40 50 60 70 80 90 100 110 120
Numero de bande etroite

—0.0006

-0.001

0.0026

gaz—espace par bande (mW/m®/cm™

50

0.0005

4 —0.00025

40 5e—-05

35 —2.6e—-056

30 5e—06
|-2.5e-06
|- —2.5e-08
|- -5e-08

—2.5e-05
—b6e-05

—0.00025

10 20 30 40 50 80 70 B0 90 100 110 120
Numero de bande etroite

-0.0005
-0.0025

gaz espace
ik

Bilan gaz—sol par bande (mW/m?®/cm™) bo.oomm

0.0005

—0.00025

Se-05
—2.5e—06

5e—08
S5e-06

—{R.6e—08
—{—2.5e-086

Numero de maille

56—06

-2.5e-05
-5e-05

—-0.00025

i
10 20 30 40 50 60 70 80 90 100 110 120
Numero de bande etroite

—0.0005

—-0.0025

gaz sol
ik

3 \ c H.D-_v ' 0.0025

0.0005

Bilan gaz—gaz par bande (mW/m

0.00025

5e-05

—R.56e—-056

e

5e—-08
—R.6e—06

——R.5e—086

Numero de m

——5e—06

—2.5e-05
—be—056

—0.00025

10 20 30 40 50 60 70 80 90 100 110 120
Numero de bande etroite

-0.0005
-0.0025

gaz gaz
ik



Bilan par bande (mW/m’/cm™) >98~

e

Numero de mi:

Bilan gaz—espace par

Numero de maille

—10.0005

—0.00025

Se-05

—1le—056

2e-08
—{Re-08
2e-08

2e-06

—1le-05
—b6e-05

—0.00025

i
30 40 50 60 70 B0 90
Numero de bande etroite

100 110 120 —~0.0005

-0.001

bande

0.0026

(mW/m?/cm™

50

0.0005

45 0.00025

40 5e—-05

35 —2.6e—-056

3 5e-06

2 z.5e—086
I -2.5e—08
I -5e—08

—2.5e-05
—b6e-05

—0.00025

0 60 70 80 90
Numero de bande etroite

100 110 120 —~0.0005

-0.0025

gaz espace
ik

Bilan gaz-sol par bande (mW/m®/cm™)

50

Numero de maille

10 20 30 40 50 60 70 80 90
Numero de bande etroite

100 110 120

gaz sol
ik

Bilan gaz—gaz par bande (mW/m

e

Numero de m

30 40 50 60 70 80 90
Numero de bande etroite

100 110 120

gaz gaz
ik

5e—05
S5e-05

5e—08

S5e-06

0.0025
0.0005
0.00025

2.5e—06

2.6e—08
-2.5e-06

56—06

/om)

-2.5e-05

-5e-05

—-0.00025

—0.0005

—-0.0025

g

0.0026
0.0005

0.00025

5e-05

2.5e—05

5e-06
2.6e—06
—2.6e-06
-5e-08

-2.5e-05
—be—056
—0.00025
-0.0005
-0.0025



CO,

1%



sol W:m 2 s Wim 2 sol (%0)

W:m 2
. 2
mo_ />\.3
. 2

mo_ /\<.3

sol

. 2 . 2

espace W:m espace W:m espace Aoév
espace
sol

espace



z (km)

PR
Nwh U

[
=

[N
OFRPNWARIIONWOWOO

1 6%

MLS nuage bas

0;2%

5%

-1

-0.5 0 0.5

1

15

Effet de la diffusion sur taux de chauffage (K/jour)

K=jour

10 %

1 5%

0;5%

Delta echanges entre mailles (W/m2)

e

Numero de m

50

45

40

35

30

25

20

10 15 20 25 30 35
Numero de maille

40

45

50

0.5
0.2
0.1
0.05
0.01
0.001
-0.001
-0.01
-0.05
-0.1
-0.2
-05



z (km)

z (km)

OFRPNWAOIONW0O

OFRPNWATOIONW0O

MLS nuage moyen

-1

-0.5 0

0.5

1

15

Effet de la diffusion sur taux de chauffage (K/jour)

MLS nuage haut

K=jour

-1

-0.5 0

0.5

1

15

Effet de la diffusion sur taux de chauffage (K/jour)

K=jour

Delta echanges entre mailles (W/m2)

45

40

e

35

30

25

20

Numero de m

0 5 10 15 20 25 30 35 40 45 50
Numero de maille

Delta echanges entre mailles (W/m2)

45

40

e

35

30

25

20

Numero de m

0 5 10 15 20 25 30 35 40 45 50
Numero de maille

0.5
0.2
0.1
0.05
0.01
0.001
-0.001
-0.01
-0.05
-0.1
-0.2
-05

0.5
0.2
0.1
0.05
0.01
0.001
-0.001
-0.01
-0.05
-0.1
-0.2
-05



z (km)

z (km)

OFRPNWAOIONW0O

OFRPNWATOIONW0O

MLS tous nuages

-1

0

1

2

3

Effet de la diffusion sur taux de chauffage (K/jour)

SAW nuage bas

K=jour

.

-0.4

-0.2

0

0.2

0.4

Effet de la diffusion sur taux de chauffage (K/jour)

K=jour

Delta echanges entre mailles (W/m2)

45

40

e

35

30

25

20

Numero de m

0 5 10 15 20 25 30 35 40 45 50
Numero de maille

Delta echanges entre mailles (W/m2)

45

40

e

35

30

25

20

Numero de m

0 5 10 15 20 25 30 35 40 45 50
Numero de maille

0.5
0.2
0.1
0.05
0.01
0.001
-0.001
-0.01
-0.05
-0.1
-0.2
-05

0.5
0.2
0.1
0.05
0.01
0.001
-0.001
-0.01
-0.05
-0.1
-0.2
-05



z (km)

z (km)

OFRPNWAOIONW0O

=
o

OFRPNWATOIONW0O

SAW nuage moyen

-8

-6

-4

-2 0

Effet de la diffusion sur taux de chauffage (K/jour)

SAW nuage haut

K=jour

-4

-3
Effet de la diffusion sur taux de chauffage (K/jour)

-2

-1

0

1

K=jour

Delta echanges entre mailles (W/m2)

45

40

e

35

30

25

20

Numero de m

0 5 10 15 20 25 30 35 40 45 50
Numero de maille

Delta echanges entre mailles (W/m2)

45

40

e

35

30

25

20

Numero de m

0 5 10 15 20 25 30 35 40 45 50
Numero de maille

0.5

0.2

0.1
0.05
0.01
0.001
-0.001
-0.01

-0.05
-0.1
-0.2
-05

0.5

0.2

0.1
0.05
0.01
0.001
-0.001
-0.01

-0.05
-0.1
-0.2
-05



SAW tous nuages Delta echanges entre mailles (W/m2) P

15 43 50 o.5
Ww H H 42 45 —0.2
12 + 141 m Ho.1
11 + 140
10 r 139 o 3% 10.05
9+t 136 ’ Ho.01
—~ =] 30
Mm\ w i ww 3 L o.001
N (=]
6 125 8 L, H-0.001
c | 121 g
4 + 117 = 15 —-0.01
3r 113 0 -0.05
2 r 19
il 15 ; -0.1
0 I I L L 0 -0.2
-5 -4 -3 -2 -1 0 1 S s o i5 B B 3 % 4 5% _o5
Effet de la diffusion sur taux de chauffage (K/jour) Numero de maille i
K=jour
W:m 2

3;5%

10 %



exp kil p(l) dl Ka

ks 0

R,, N
0

<|>

1 exp kil

kpce>> 1

p)dl  ky< >

R,, N

o 1 exp kil

p(l) dI






Delta Bilan total (mW/m®/cm™) bo.smm Delta Bilan gaz—sol (mW/m?®/cm™) bo.smm

Io.002 IHo.002
Io.0015 IHo.0015
I-0.001 IHo.001
° |0.0005 ° |0.0005
m Io.00025 m Io.00025
3 1e-04 5 H1ie-04
§ H-1e-04 § H-1e-04
m ——0.00025 m —{—0.00025
I-0.0005 I-0.0005
-0.001 -0.001
-0.0015 -0.0015
e e " B o " B
-0.0025 -0.0025
ik _@ _WN sol
Delta Bilan gaz—esp (mW/m®/cm™) bo.smm Delta Bilan gaz—gaz (mW/m®/cm™) bo.smm
Io.002 IHo.002
Io.0015 IHo.0015
I-0.001 IHo.001
° |0.0005 ° |0.0005
m Io.00025 m Io.00025
3 1e-04 5 H1ie-04
§ |-1e-04 § H-1e-04
m ——0.00025 m —{—0.00025
I-0.0005 I-0.0005
-0.001 -0.001
-0.0015 -0.0015
10 20 30 40 50 60 70 680 90 100 110 120 —~0.002 10 20 30 40 50 60 70 680 90 100 110 120 —~0.002
Numero de bande etroite Numero de bande etroite
-0.0025 -0.0025
gaz espace gaz gaz
ik ik
ik MW=mi=cm !
gaz sl mw=mP=cm !
gaz espace

ik
mW=mi=cm 1

oe 9% mw=m3=cm !



Delta Bilan total (mW/m®/cm™) bo.smm Delta Bilan gaz—sol (mW/m?®/cm™) bo.smm

Io.002 IHo.002
Io.0015 IHo.0015
I-0.001 IHo.001
° |0.0005 ° |0.0005
m Io.00025 m Io.00025
3 1e-04 5 H1ie-04
§ H-1e-04 § H-1e-04
m ——0.00025 m —{—0.00025
I-0.0005 I-0.0005
-0.001 -0.001
-0.0015 -0.0015
e s " B e " B
-0.0025 -0.0025
ik _@ _WN sol
Delta Bilan gaz—esp (mW/m®/cm™) bo.smm Delta Bilan gaz—gaz (mW/m®/cm™) bo.smm
Io.002 IHo.002
Io.0015 IHo.0015
I-0.001 IHo.001
° |0.0005 ° |0.0005
m Io.00025 m Io.00025
3 1e-04 5 H1ie-04
§ |-1e-04 § H-1e-04
m ——0.00025 m —{—0.00025
I-0.0005 I-0.0005
-0.001 -0.001
-0.0015 -0.0015
10 20 30 40 50 60 70 680 90 100 110 120 —~0.002 10 20 30 40 50 60 70 680 90 100 110 120 —~0.002
Numero de bande etroite Numero de bande etroite
-0.0025 -0.0025
gaz espace gaz gaz
ik ik
ik MW=mi=cm !
gaz sl mw=mP=cm *
gaz espace

ik
mW=mi=cm 1

oe 9% mw=m3=cm !



Delta Bilan total (mW/m®/cm™) bo.smm Delta Bilan gaz—sol (mW/m?®/cm™) bo.smm

Io.002 IHo.002
Io.0015 IHo.0015
I-0.001 IHo.001
° |0.0005 ° |0.0005
m Io.00025 m Io.00025
3 1e-04 5 H1ie-04
§ H-1e-04 § H-1e-04
m ——0.00025 m —{—0.00025
I-0.0005 I-0.0005
-0.001 -0.001
-0.0015 -0.0015
o s B e e W B
-0.0025 -0.0025
ik _@ _WN sol
Delta Bilan gaz—esp (mW/m®/cm™) bo.smm Delta Bilan gaz—gaz (mW/m®/cm™) bo.smm
Io.002 IHo.002
Io.0015 IHo.0015
I-0.001 IHo.001
° |0.0005 ° |0.0005
m Io.00025 m Io.00025
3 1e-04 5 H1ie-04
§ |-1e-04 § H-1e-04
m ——0.00025 m —{—0.00025
I-0.0005 I-0.0005
-0.001 -0.001
-0.0015 -0.0015
10 20 30 40 50 60 70 680 90 100 110 120 —~0.002 10 20 30 40 50 60 70 680 90 100 110 120 —~0.002
Numero de bande etroite Numero de bande etroite
-0.0025 -0.0025
gaz espace gaz gaz
ik ik
ik MW=mi=cm !
gaz sl mw=mP=cm !
gaz espace

ik
mW=mi=cm 1

oe 9% mw=m3=cm !



Delta Bilan total (mW/m®/cm™) bo.smm Delta Bilan gaz—sol (mW/m?®/cm™) bo.smm

Io.002 IHo.002
Io.0015 IHo.0015
I-0.001 IHo.001
° |0.0005 ° |0.0005
m Io.00025 m Io.00025
3 1e-04 5 H1ie-04
§ H-1e-04 § H-1e-04
m ——0.00025 m —{—0.00025
I-0.0005 I-0.0005
-0.001 -0.001
-0.0015 -0.0015
e e " B e " B
-0.0025 -0.0025
ik _@ _WN sol
Delta Bilan gaz—esp (mW/m®/cm™) bo.smm Delta Bilan gaz—gaz (mW/m®/cm™) bo.smm
Io.002 IHo.002
Io.0015 IHo.0015
I-0.001 IHo.001
° |0.0005 ° |0.0005
m Io.00025 m Io.00025
3 1e-04 5 H1ie-04
§ |-1e-04 § H-1e-04
m ——0.00025 m —{—0.00025
I-0.0005 I-0.0005
-0.001 -0.001
-0.0015 -0.0015
10 20 30 40 50 60 70 680 90 100 110 120 —~0.002 10 20 30 40 50 60 70 680 90 100 110 120 —~0.002
Numero de bande etroite Numero de bande etroite
-0.0025 -0.0025
gaz espace gaz gaz
ik ik
ik MW=mi=cm !
gaz sl mw=mP=cm *
gaz espace

ik
mW=mi=cm 1

oe 9% mw=m3=cm !



Delta Bilan total (mW/m®/cm™) bo.smm Delta Bilan gaz—sol (mW/m?®/cm™) bo.smm

Io.002 IHo.002
Io.0015 IHo.0015
I-0.001 IHo.001
° |0.0005 ° |0.0005
m Io.00025 m Io.00025
3 1e-04 5 H1ie-04
§ H-1e-04 § H-1e-04
m ——0.00025 m —{—0.00025
I-0.0005 I-0.0005
-0.001 -0.001
-0.0015 -0.0015
e ™ B e ™ B
-0.0025 -0.0025
ik _@ _WN sol
Delta Bilan gaz—esp (mW/m®/cm™) bo.smm Delta Bilan gaz—gaz (mW/m®/cm™) bo.smm
Io.002 IHo.002
Io.0015 IHo.0015
I-0.001 IHo.001
° |0.0005 ° |0.0005
m Io.00025 m Io.00025
3 1e-04 5 H1ie-04
§ |-1e-04 § H-1e-04
m ——0.00025 m —{—0.00025
I-0.0005 I-0.0005
-0.001 -0.001
-0.0015 -0.0015
10 20 30 40 50 60 70 680 90 100 110 120 —~0.002 10 20 30 40 50 60 70 680 90 100 110 120 —~0.002
Numero de bande etroite Numero de bande etroite
-0.0025 -0.0025
gaz espace gaz gaz
ik ik
ik MW=mi=cm !
gaz sl mw=mP=cm !
gaz espace

ik
mW=mi=cm 1

oe 9% mw=m3=cm !



Delta Bilan total (mW/m®/cm™) bo.smm Delta Bilan gaz—sol (mW/m?®/cm™) bo.smm

Io.002 IHo.002
Io.0015 IHo.0015
I-0.001 IHo.001
° |0.0005 ° |0.0005
m Io.00025 m Io.00025
3 1e-04 5 H1ie-04
§ H-1e-04 § H-1e-04
m ——0.00025 m —{—0.00025
I-0.0005 I-0.0005
-0.001 -0.001
-0.0015 -0.0015
e e " B o " B
-0.0025 -0.0025
ik _@ _WN sol
Delta Bilan gaz—esp (mW/m®/cm™) bo.smm Delta Bilan gaz—gaz (mW/m®/cm™) bo.smm
Io.002 IHo.002
Io.0015 IHo.0015
I-0.001 IHo.001
° |0.0005 ° |0.0005
m Io.00025 m Io.00025
3 1e-04 5 H1ie-04
§ |-1e-04 § H-1e-04
m ——0.00025 m —{—0.00025
I-0.0005 I-0.0005
-0.001 -0.001
-0.0015 -0.0015
10 20 30 40 50 60 70 680 90 100 110 120 —~0.002 10 20 30 40 50 60 70 680 90 100 110 120 —~0.002
Numero de bande etroite Numero de bande etroite
-0.0025 -0.0025
gaz espace gaz gaz
ik ik
ik MW=mi=cm !
gaz sl mw=mP=cm *
gaz espace

ik
mW=mi=cm 1

oe 9% mw=m3=cm !



Delta Bilan total (mW/m®/cm™) bo.smm Delta Bilan gaz—sol (mW/m?®/cm™) bo.smm

Io.002 IHo.002
Io.0015 IHo.0015
I-0.001 IHo.001
° |0.0005 ° |0.0005
m Io.00025 m Io.00025
3 1e-04 5 H1ie-04
§ H-1e-04 § H-1e-04
m ——0.00025 m —{—0.00025
I-0.0005 I-0.0005
-0.001 -0.001
-0.0015 -0.0015
e " B e " B
-0.0025 -0.0025
ik _@ _WN sol
Delta Bilan gaz—esp (mW/m®/cm™) bo.smm Delta Bilan gaz—gaz (mW/m®/cm™) bo.smm
Io.002 IHo.002
Io.0015 IHo.0015
I-0.001 IHo.001
° |0.0005 ° |0.0005
m Io.00025 m Io.00025
3 1e-04 5 H1ie-04
§ |-1e-04 § H-1e-04
m ——0.00025 m —{—0.00025
I-0.0005 I-0.0005
-0.001 -0.001
-0.0015 -0.0015
10 20 30 40 50 60 70 680 90 100 110 120 —~0.002 10 20 30 40 50 60 70 680 90 100 110 120 —~0.002
Numero de bande etroite Numero de bande etroite
-0.0025 -0.0025
gaz espace gaz gaz
ik ik
ik MW=mi=cm !
gaz sl mw=mP=cm !
gaz espace

ik
mW=mi=cm 1

oe 9% mw=m3=cm !



Delta Bilan total (mW/m®/cm™) bo.smm Delta Bilan gaz—sol (mW/m?®/cm™) bo.smm

Io.002 IHo.002
Io.0015 IHo.0015
I-0.001 IHo.001
° |0.0005 ° |0.0005
m Io.00025 m Io.00025
3 1e-04 5 H1ie-04
§ H-1e-04 § H-1e-04
m ——0.00025 m —{—0.00025
I-0.0005 I-0.0005
-0.001 -0.001
-0.0015 -0.0015
e " B e ™ B
-0.0025 -0.0025
ik _@ _WN sol
Delta Bilan gaz—esp (mW/m®/cm™) bo.smm Delta Bilan gaz—gaz (mW/m®/cm™) bo.smm
Io.002 IHo.002
Io.0015 IHo.0015
I-0.001 IHo.001
° |0.0005 ° |0.0005
m Io.00025 m Io.00025
3 1e-04 5 H1ie-04
§ |-1e-04 § H-1e-04
m ——0.00025 m —{—0.00025
I-0.0005 I-0.0005
-0.001 -0.001
-0.0015 -0.0015
10 20 30 40 50 60 70 680 90 100 110 120 —~0.002 10 20 30 40 50 60 70 680 90 100 110 120 —~0.002
Numero de bande etroite Numero de bande etroite
-0.0025 -0.0025
gaz espace gaz gaz
ik ik
ik MW=mi=cm !
gaz sl mw=mP=cm *
gaz espace

ik
mW=mi=cm 1

oe 9% mw=m3=cm !












%

(DK

CO;

()

B (i)

B ()

CO,






1=cog ) = 1,66

1=cog ) = 1,66






(i );
B (i) B()
B (i) B()
(i );
(i );






CO OCs












2 A space
NHH layer m
Z, 7 .
Z, layer j
N_ -
Z., layer i
\Q/ m=cos(q)
4 layer 1
= ayer
%=0 ground
(2)= @G
R
(2)=4 kia(2)B(2) 2 , ka(2)L(2)d!
L*(z; ) L (z)
= coy )
YA 1

M*(z) =2 L *(z; )d

NH
M (2) =2 L (z; )d



Z Z,
L(z)d! =2 L*(z; )+ L (zz )d

4 0
(2
‘T a'@) @@ )
(2)=2 ! )y
0 @ @
Z 1
(2)=4kiB(z2) 2 ka L"(z; )+ L (z )d
0
z z, Z,
o= dl ka(z) B(z) By exp EQNO dz
2 Zi 1 0
z z, Z
ma= A Ku)B@ Boexp  a@)gp %
2 Zi 1 z
z z,2, Z 00 4 .
g = d ' K.(2)ka(2) B(2) B(29 exp Ka(Z') 00 d2dZ
2 Zi 1 Z 1 z
[ Zi 1 I
N_ 1 N_
i;0 I
im+1 _
i i
—I_
B, Bs
X+l
()= ij



i - _@mN sol + _mmwN mm_umomu_u _@mN gaz

gaz sol )
i i
gaz espace )
i i
gaz gaz )
i i



B
. B@)=B(1)
L Ka(2)=ka
B
h [
h [
“_.“w = w AHV ww ”_u mxv —Am_l_
h i
gs = Bg Bsexp KkiH



N\I

29 ~

maille 2 B(1) k,(2)

maille 1

B(2) k(1)

19

h

g:s

h i #

= B(1) By 1 exp _AmE_._M

B(2) By exp( _Amﬁvwv 1 exp _AmANvIM

h i H
= w@ Bs exp (ka(1) + _AwANVVM

#



B, 5,
_._ s
N_. ,,_
maille j ,,,
Zj1 |
K, constant ,,, B(z)=B,+(B, wo_vm
z ,,,,
maille i |
N:. ,,
O =
_w@ _wg
k i w |
- e = + By —— d 1 exp KaZ
. H
B, By
+
0 -
ka(H
L (z; )= Bs By Bgexp ka(H 2)
. _Bu B Bs 1 exp ka(H 2) o, s,
. H

y4
H



(2)=2 kaBgq By Ekaz +ks By Bs Es ka H
#
B B B B
{mm Koz + {mw ky H z
i Zi 1 Z
B B
+ =" Eakazi  Eskazi1 +Eska(H 2) Eska(H
B B B B
o — W@ By c_l_ QN_ 1 Es Kazi 1 + c_l_ d
#
B B B B
+ :I o_mb Kazi :I o_mb Kazi 1
B B B B
ml:i =2 Bs Bg CI 92 1 Eskazi 1 + cI d
#
B B B B
+ CI YE, Kaz CI B, KaZi 1

V4

z)

#

Z 1)

Z 1)



By -
zi E3 Ka(z
Es ka(z 1

zi E3 ka(z 1

z) + z

z) Eski(z 1 z

N.
Es ka(z  Z) Es Ka(z

z) Z
z 1 E3 Ka(z
1)

#

Z 1)

zi 1 Es ka(zg 1

Z 1)

Z 1)



maille j '

—Am constant

maille i '
Zi1
0 .
m@ m3_3+_Uw
h 2 !
o 8 B 4 B ka2
_|+AN. ) = W@ g _A|w H _A|m Bmn + B exp —
4B, 4B 2 8B ?, 48
+ —_+1 z+ — T ot B+ Bnm
H?2 z H H Kka 2 H?2 k2 H ka o
L (z; )= Bs 0 _A|m 02 _A|m Bmin+ B exp ———=
4B, 4B 2 8B ? 48
+ + —— 1lz+ k2 A kT B*Bm
z H ki z H2 ka2 H ka .



h
A Nv =2 _Am WB_: + B m@ _mm _AmN + _Am WBE + B Ww mm _AmAI Nv ]
16 B!

4 B 8 B
+ 0 + 2K, Es kaz + E4 ka(H  2) Mk,

I

i = WB_: + B m@ mw _AmN_ _mm _AmN_ 1

+ Bmnt+t B Bs Eszka(H z) EszkiH 1z 1)

4 B
+ Ak Es kazi + E4 Kazi 1 + E4 ka(H  Z) Es ka(H  z 1)
a
8
+—— Eskazi +Eskizi 1 +Eska(H z) Eski(H 2z 1)
H 2k2 "
16 B
K, o 4
4 B 4 B
o — W@ B min B+ H Zi q H2 N_NH Es kazi 1
4 B 4 B
4 B 2 4 B 2
+ —Am_l_ 1 mN_ 1 Ea4 —AmN_ 1 #—Am_l_ 1 mN_ E4 _AmN_
8 B

Es kazi 1 Es kaz



SN TN N

4 B 4 B

B min B+ H Zi H2 N_m Es ka(H zj)
4 B 4 B
w:.__: B+ H Zi 1 IN N_N 1 mw _AmAI Z; Hv
2 4 B 2
1 mN_ 1 Ea ka(H  z 1) K.H 1 mN_ Es ka(H  z)
a
#
mm _AmAI N_v _mm _AmAI Z Hv
NN Z1 zZ 1 %
N_.N 2z
1 Z o Es ka(zy 1 %)
N_.NH N_NH_M_A : : . . N_.m N_Nm_n . .
1 H 3 mAN_ 1 Z 1) + i 7 “H 3 mAN_ z)
72 72 2 Z + Z
. _|__ : mw _AmAN_. Z; Hv _A| 1 {_H mh _AmAN_. 1 N_v
a
+ Z 2 Zi + z
HI L1 E, Ka(zg 1 z 1) + PR 1 { Es ka(zy  Z)
# a
+ z
{ Es ka(zy  Z 1)



B, espace=maille m+1

Zn= _I_ -

, e maille m

m1l -

Z -

z, maille j

] B

B(z) -

Z . - =

, maille i

il

N 0

S maille 2

| ille 1
=0 mai

B, sol=maille0

©:i); =2 B(z 1) Bg Es(gz.) B(z 1) Bg + B(i)z z 1)

Es gzt —Am“ QVAN_ Z; Hv

B (i)
Ka; (i)

I#

+ Es g2, Es gz .t Ka; (I)(z zZ 1)



m+15); =2 B (z 1) Bs+ B (iXz z 1) Es(z n)

B(z 1) Bs Es 5 ntka(i)z 2z 1)

B (i)
Ka; (1)

I#
E4( zi H) Ea z HT Ka; (I)(z 2z 1)

Gy =2 Bz 1) Bz )+ B()z z 1) E(z 4 ,)

B(z 1) B(z 1) Es 2 4 ,+ky (iI)z 2z 1)
B(zi) B(z )+ B()z z )
B(G)Nz z 1) Es 4 5 ., tka ()7 7 1)

+ B(zi1) B(z i) BGUNZ 7 1) Es 7 4,

tka (I)Nz z)t+ke ()7 7 1)

+ xw % * _Aw % Beon g tia a2
+ _mh zi 7 1 + _Am“ C VAN_. N_. Hv _mhﬁ Zj zj Hv | 4
Ed 2n.tke D@ 2 )+ ka ()Z 7 1)

B (i) B (2)
B () h B@ |
gz 1 HU "HHH Ka; (1) _JNA_V Z( “_.v_ Zi 1
sw= Taka (020 200 1) z H
fa s ke O 20) 20 D) Z g,
ke (i) |

Ka; (1) ]



nn>0

En(x) = Hlsmx_R xt)dt
1
N 1
—_ n 2 X
En(x) = exp = d
0
n> 2
e 0= En i
% n - n 1

Qmm;xvn meR X)

Z
m:AXva = _m:+p AXV



En(0)

En(0) = n

E1(0) = +1

1

n> 2



Pn
P, L(: )
1 hn |
L(; THQT&?C
Z
G()= L(; )d!
4
Z
()= L(; )d
4
G()
q:() ()
L(; )
h _
@Qﬁv+wNQMV+OAV+wQAthAH o)B( )+ 1o G( )+ 39g( )
R

g= " °(; 9d°



!

G() a()
oHH 1 -
(: 9
g
1 () _
11, @ B0
a()= p&)
() G()
P,
Py
D= 579 -
mes

G() a() LC:)



So
2 [0; w]
F*() O
m +
SEO= F() F () @ '9B()
T O= F() F ()+@ !9B()
_ @0
()= D @
q() G()
D
UHNAHWNV
1 2
So

1+ 9)=4



8

SLE(; )=L()
L (; )=L()

1 2
8
S 1=2 141+0g)
2= 101 0)
D = sy

L(; )="Lo( )+ L ()

< Hnw 7 1o(4+ 30)

2= 31 194 39

- _ 1
3(1 !00)

B()=Bo+ B;

8

SEY() = keexp( )+ koexp(

F ()=

kiexp( )+ koexp(

)+C7 ()
)+C ()



AW QO

8 " #
WOLAvnm 1 Bo+ By + tmm
" #

2C ()=2 . Bo+B, 1

8

2 _ctw) C (0 exp( w)

v_ml exp( 1) 2exp( n)

" ky = C (0 ky

=F'(n) =F (0
= B(sol) =0
8
A_u+ﬁzvu F (n)
F*(0)=F (0)
ki k>
C*@©0) C (0) exp( H)*C (H).C*'(Hn)
_AHH h i
1 exp( u) exp(  H)
kp= ky+ SO C O
sol esp

8

A_H+AIvH sol +ﬁ_. mo_v_n AIV
_H+AOvH esp + ﬁ_. mmnv_H+AOv



= Bl = Besp

ki ko

CO e cOX mmuvmxg Ivﬁ_. . sol v t ot ﬁ_. mo_vO AIV O+A Iv
h

—A = @ esp) 1 | v
v 1 s ) 1+ e
QXR H v 1 AH_. mo_v ( A_“_. esp) 1 P QXR H v

_AHA 1+ mmvv + O ADV esp O+ AOVA“_. mmnv
(1 esp) 1

—ANH



0S

0S



60 1.0 20km

re= 589 m
72 4:0 5.0km
0:28g:m 3

6 8km

05 1:5km

20 3:.0km
re= 620 m
0;80 10 12km
0:0048g:m 3
De=415m

0:22gm 3

10°



z (km)

z (km)

OFRNWhUTIOONWO

&
S

OFRNWhUTIOONWO

MLS nuage bas

-50 -40 -30 -20 -10

taux de chauffage (K/jour)

MLS nuage haut

v L L L L

-4

-2 -1 0 1 2
taux de chauffage (K/jour)

numero de maille

numero de maille

z (km)

z (km)

MLS nuage moyen

15 43
14 | MC - 1
13 t Toon 142
12 - 141
11 ¢ 140
10 + 4139
9+ 136
8 I 4133
7F 129
6 125
5F 121
4 - 17
3+ 113
2+ 19
1r 15
O 1 1 1 1 O

-80 -60 -40 -20 0 20

taux de chauffage (K/jour)
MLS tous nuages

15 43
14 | MC - 1
13  Toon 442
12 141
11 + j 140
10 + , 4139
9+ 136
8 I 4133
7F 129
6 125
5F 121
4 - 417
3+ 113
2+ 19
1r 15
O 1 1 1 O

-80 -60 -40 -20 0 20

taux de chauffage (K/jour)

numero de maille

numero de maille



z (km)

z (km)

OFRNWhUTIOONWO

&
S

OFRNWhUTIOONWO

SAW nuage bas

taux de chauffage (K/jour)

SAW nuage haut

1 1 1 O
1 2 3 4

taux de chauffage (K/jour)

numero de maille

numero de maille

z (km)

z (km)

OFRNWAhOOION0O

OFRPNWAhOION®0O

SAW nuage moyen

L MC |
L Toon |
-80 -60 -40 -20 0 20
taux de chauffage (K/jour)

SAW tous nuages
L MC |
L Toon |
-80 -60 -40 -20 0 20

taux de chauffage (K/jour)

numero de maille

numero de maille



z (km)

z (km)

PRPPER
ORPNWAUIONOOORNWAU

MLS nuage bas

-0.5 0 0.5
difference sur taux de chauffage (K/jour)

MLS nuage haut

'
[y

-0.5 0 0.5
difference sur taux de chauffage (K/jour)

K=jour

4K =jour

numero de maille

numero de maille

z (km)

z (km)

OFRPNWAOUOITONWO

PRPRRRR
ORNWAUIONOOORNWAU

MLS nuage moyen

'
w

25 -2 -15 -1 -05 0 0.5
difference sur taux de chauffage (K/jour)

MLS tous nuages

\
IN

-3 -2 -1 0
difference sur taux de chauffage (K/jour)

numero de maille

numero de maille



z (km)

z (km)

SAW nuage bas

-0.5 0 0.5
difference sur taux de chauffage (K/jour)

SAW nuage haut

OFRNWhUTIOONWO
T

'
[y

-0.5 0 0.5
difference sur taux de chauffage (K/jour)

K=jour

numero de maille

numero de maille

z (km)

z (km)

OFRNWAhOOION0O

OFRPNWAhOION®0O

SAW nuage moyen

'
N

-1.5 -1 -0.5 0 0.5
difference sur taux de chauffage (K/jour)

SAW tous nuages

\
IN

-3 -2 -1 0
difference sur taux de chauffage (K/jour)

numero de maille

numero de maille



4 K =jour






‘00

‘00



N I = 001
I = 0:50
I = 0:90
I = 0:9999
N < Ng> n = 10
N < Ng> n = 100
div(g) I =001
' =05
=09
H=01
n=10
=10
=01
h=1



. Pae . .
PK) ] W= o] W

T(2)



B(2)

B(2)

B(2)
B(2)









#1 a b #2

F*(H) F (0)









0o










y<

yOT













