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4. BFEITHE

AKAL 1% | Matlab 1

AT R, £ windows AL ELE HIFTAAEL
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EDITOR

PUBLISH

VIEW
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L 3 H ol Find Files - insert (=5 £ [/ L@ [dl Run Section 'i/')
New Open Save (i Compare ¥ & GoTov Comment % ‘g %3 Breakpoints Run  Runand [& Advance Run and
- hd v = Print v { Find Indent E [ R ] hd - Advance Time
FILE NAVIGATE EDIT BREAKPOINTS RUN
S HalE
Current Folder ® d Editor - .
Name call_adding ¢ doubhng prelim_profile.m +
= Function 71711 ||
f*’_] zenphasef.m 122 %%
@ readColData.m 123— tic
f‘_‘] planckf_band.m ) — - - - -
flj planckfm 124 %% call adding_doubling_prelim profile function
9 planckbm 123/ muo = cosd(muo);
fﬂ phasef_coefm 126 — [upout, dnout, fluxup, fluxdn, afluxup,afluxdn]=
'ﬂ noscattering_lin.m 127 adding_doubling prelim profile(vl,v2,quadf,nquad, mio, ...
ﬂ'_'] noscattering_exp.m 128 cmb, cmbt, srfiemission, srft, somega, ...
ﬂ mm_mminvm.m 129 nlay,noutv, layf, rave, temp, cod, ssa, ...
=] mm_mminv.m 130 indexpf, ncoef, coefl, coef2) ;

"‘j mm_minvv.m

f*’_] mm_minvm.m

@ mm_m3times.m

f‘_‘] mm_mz2times.m

ﬁj matrixmult.m

] Igwt.m

) doubling_linm

’a doubling_exp.m

'E] coefsingle_lin.m

f*_j coefsingle_exp.m

B coefdirect_lin.m

fﬂ coefdirect_exp.m

'ﬂ coef_phasef.m

fﬂ addingm.m

= addingbm.m

= addingb.m

= adding_doubling_profile.m

f"_] adding_doubling_prelim_profile.m

’a adding_doubling_prelim.m

'E] adding.m
= Seript

‘_j output_plot.m

ﬂ call_phasef_coef.m

fl call_adding_doubling_profile.m

‘j call_adding_doubling_prelim_profile.m

ﬁ] call_adding_doubling_prelim.m
Details &

Select a file to view details

B 6 #FiEfTTHl.

5. BRH-ERAR

5.1. FIEFINREN LA

o fAEPu:tinic Upward and Downward Flux of Level 3: 2.20707e-05

A 8RS HAKAER —LHLT, & windows 3 2L TAE R L A2 A0
TR EFEF#ATHE, Tt & Zdke st ifeid 2
B, A T &R AT e T AT R B 2

131 §--

32
<

Command Window

>> call adding doubling prelim profile

Linear Approximation Used:

Summation of zenith-independent phase function (thecretically they should be one):

Max and Min values: 1.00000000e+00 1.00000000e+00

Check for 1.0E-03 Accuracy Is Passed!

Max and Min values: 1.00000000e+00 1.00000000e+00

Check for 1.0E-03 Accuracy Is Passed!

sk e ook ok ko ek ok ok ok ok ok ok ok ok ok ok Ak ko

Upward and Downward Flux at Level 0: 7.04993e-04 0.00000e+00

Actinic Upward and Downward Flux of Level 0: 1.0629%5e-04 0,00000e+00
ok ok ek ok ok ok ok ok ok ko ke ok ok ok ok ok ok ok ok ok ok ok ok ok

8.23427e-04 7.47046e-04
1.36991e-04 1.27971e-04
ok ok ok ok ok ko ko ok ok ok ok ok ok ok ko ok ok ok ok ok ok ok ok

Upward and Downward Flux at Level 2: 3.12592e-04 4.91687e-04

Actinic Upward and Downward Flux of Level 2: 5.11354e-05 7.26691e-05
ek ko ko ko ok ok ko ko ok ok ok ok ok ko ok ok ok ko ok ok ok Rk ok ko

1.36252e-04 1.75883e-04
2.68177e-05

Upward and Downward Flux at Level 1:

Actinic Upward and Downward Flux of Level 1:

Upward and Downward Flux at Level 3:
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Function
) adding.m
’lﬂ adding_doubling_prelim.m
) adding_doubling_prelim_profile.m
) adding_doubling_profile.m
) addingb.m
) addingbm.m
) addingm.m
’3 coef_phasef.m
) coefdirect_exp.m
"ﬂ coefdirect_lin.m
) coefsingle_exp.m
) coefsingle_lin.m
) doubling_exp.m
’3 doubling_lin.m

T B Ak sk E 3R, FALF AR R AL R R4k 1 BT,

"a matrixmult.m

"a mm_mZ2times.m
"a mm_m3times.m
"a mm_minvm.m

"a mm_minvv.m

"a mm_mminv.m

"a mm_mminvm.m
"a noscattering_exp.m
"a noscattering_lin.m
’a phasef_coef.m
"a planckb.m

"a planckf.m

’a planckf_band.m
"a readColData.m

) Igwt.m ) zenphasef.m
B7 TRATAFEL.
R 1 TREERA R
FALE AR 3R R

matrixmult.m
mm_m?2times.m
mm_m3times.m
mm_minvm.m
mm_minvv.m
mm_mminv.m
mm_mminvm.m

= I RTR A A=W R TR A T 44 4B 1 4R A
(BRIEIEIET RE, KREAREE

FAEF)

planckb.m
planckf.m
planckf band.m

BB F ok HOA R SR R AR s

phasef coef.m

coef phasefm A8 ) RO T R BAR T AL A Rk 69 AR o B
zenphasef.m it
coefdirect_exp.m
coefdirect lin.m
noscattering_exp.m T BB AT H

noscattering_lin.m

coefsingle exp.m
coefsingle lin.m
doubling_exp.m
doubling lin.m

AR H (At H)
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adding.m

addingb.m

addingm.m Rt
addingbm.m

adding_doubling prelim.m
adding_doubling_profile.m 1& A R e by k2 G5 AR 2

adding_doubling prelim_profile.m

5.2. EEFMABL

FAEFE 8 B e B X AL K AER Bl Ak T HA S ROBR A
0B E R A R R R ISR, T e AR e AR R ROt H
1o R Ao dAZFAL 09 R R, faatag Al 52 Ravindi . TAFOEAT
A AAr T N H—F 2 AR call adding doubling prilim profile.m #4177
e A-F¥HMmbayit ., B SmARRALAZN TS, FMH2LAA
call_adding_doubling_prelim.m 5t 5 7 1z A -F 34 6940 8 S AT R A, BIAA
call_adding_doubling_profile.m #4744 58 m ANFefadt 5209t H 5, BARA
AR E T AR T H 74 A -F 33—k, THRKGT E i Hotia,
Call_phasef coef.m #= output_plot.m 7 % N4 th 6945 808 4, FE 6.4 DA,

Script
call_adding_doubling_prelim.m

ﬂ call_adding_doubling_prelim_profile.m
= call_adding_doubling_profile.m
= call_phasef_coef.m
) output_plot.m
B8 TAFEN.

EFEMAMBAREZ LR 2 T MRS QI LRSI, SR
SHFRTF, KB ARE AR FM4. BREmAN. 48R 5402, N 7 iz
WMANS, Wb oARHREARES, EPEKELEAN om!, BEELEA K,
RHRE AL A Wim¥st, BEE{2H Wim?, ECAHLERE, o R AHHMRLE
)G | 465 WATIE Y o

2 2ERRSBEELREX

YN T T | et
BARRHOR R
vl, v2 W AETCE(TR, LR
quadf AT AR R AF
nquad F ot R A
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layf, rave SRR & J-R RVt &
AR BT R B IR X
coefR I AR R TT 3
HG #8.% %
nhg,gasym,coefHG A AEATARRE T, EIF R R
ncoef A8 oy FEAN$L
coefl,coef2,... A8 ) R T £ (R 2LA neoel)
MASH AREH
cmb FHEHERRITIT X
cmbt FHHE TR
srf_emission R BARFRAHT X
somega ok B FE
srft EF 394
B Z AN
nlay KAUEH
temp (4 B nlay+1)
cod X5 R (% nlay)
ssa R B B PR F (Y nlay)
indexpf A8 % & 7] (4 mlay)
LA R TR A Aty th & 3
nzout AL R IR A A%
muo AL R IR A 4 7248 (4 & nzout)
nout b A4
noutv b E B E R 3] (4E K nout)
38 5% 7% & #r b (42 % :nzout*nout)
upout L faARE
dnout TAT R AT 9R A
L Y 8= % B 4 8 (4 & :nzout*nout)
fluxup ATt st g% A
fluxdn TAT R ATE 2 % A
afluxup AN EEE R
afluxdn TiTANEEE B
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5.3. NI =B

[+

% wavenumber interval
v1=2500.0-0.5;
v2=2500.040.5;

% Quadrature: 'gauss', 'radau' and quadrature number
quadf="gauss'; nquad=120;

if strcmp (quadf, 'gauss')
% Gaussian quadrature
nmax = nquad;

elseif strcmp (quadf, 'radau')

% Radau quadrature
nmax = ngquad+l;

end

% Planck function approximation inside a layer

% layf: 'lin', 'exp', 'con'

% if layf=='con', average style (avet=topt+(bott-topt) *rave),
5 where rave=[0.0,1.0]

layf="1in"; rave=0;

B9 EARLAHIE T TN,

ARSI E A B 9 BT, P v2He vl AR TR EM L TAR(REA
cm™); quadf H 287 A2 4 49 £ 45 (‘gauss’ % 4F Gauss-Legendre #9 & A7 424, AR
DI IER YT A% 5 ‘radaw’i£4F Radau 69 S AR s, AR e &40 09
— /AR A L3%.2), nquad AFHRBSAK(SLER ‘radau’ HATRSE IO
3% B AR layl AR BB 5L KA SR R AR AF(lin’ A &R LA,

‘exp’ MBFARRKLAL, ‘con’ TBFFHKUM), rave HiLF ‘con’ BFIIRE
79 1% ﬂi( SRR Jlééumf;+(7:£;mn J:E}am}?)*rave)

%-Predefined EC--——----------"-"-""-""""""""""""-"—"" """

% Rayleigh-phase-function 3/4* (1+x"2)

coefR=zeros(3,1);

coefR(1)=1.0; coefR(2)=0.0; coefR(3)=0.5;

% Henyey-Greenstein-phase-function (1.0e-06 cutoff)

gasym=0.9;

nhg=ceil (-6.0*1og (10) /log (gasym))+1

coefHG=zeros (nhg, 1) ;

for i=1:nhg
coefHG(1)=(2.0* (i-1)+1.0) * (gasym™ (i-1)):

ncoef=2;
coefl=expcl(:,1);
coef2=expc2(:,1);

<]

% coef3, coefd,

B 10 AR B HOR I R BR A

10
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B 10 Al ETFZHKTH. BFEZEKGZLA P(@)zianPn(cosG)), H ¥ o)

A — SR, 0 AR A, o AREFERGRETFZE, P(cos0)H

Legendre &4 ; coefR #= coefHG %5 4 # F 49 3% #) # 4+ F= Henyey-Greenstein #X
SARH BRI R, TAREAR. L ncoef B FATH EAL R 695408 B AL
(coefl,coef2,...) A8 & 6948 K F R T+ R R (TP AER LA EN), LXK A ncoef 4.

[

% cosmic microwave background radiation
cmb=false;
cmbt = 2.725;

% surface parameters

% Surface emission (true or false)
srf emission=true;

% surface albedo and temperature
somega=0.5;

srft=300;

B 11 3R 5L

ARFARR LB 1R, P @R KR URTRLR A4, JLoF emb A B H &
R4 X, cmbt B2 A 2.725K; (b) A E AR F4F, HF sif_emission A3k 2
HEGATIT X, somega AR E RBE srft AXE R

o°

o

layers and levels (all output are at levels)
example of 3 layers

o® of

o

TOA
level @
layer 1

of

o°

o°

level 1

af

layer 2

o°

level 2

o

layer 3

o°

level 3
Surface

of

of of

Profiles (enumerate from top to bottom)

nlay = 23;

temp = zeros(nlay+1,1);
ssa = zeros(nlay,1);
cod = zeros(nlay,1);

indexpf = zeros(nlay,1);
% temperature, optical depth, single-scattering albedo, and phase function
% index profiles

temp = tempp(:);

ssa(:) = 0.402856;

for i=1:nlay

cod(i) = 2.0xi;

end

indexpf(1l:2:nlay) = 1;

indexpf(2:2:nlay)= 2;

B 12 J& Ao & B RAR VA BER B N T B
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Br & N T He B 12 BT, E %k (layer, A 1 2] nlay)#= /& 2 # (level, A 0 %] nlay)
EX AT BB, L nlay AR EREH—ENARCORFRE, £X
BT BB F VA B AR 2 69 BT AE L $, ssa A= cod(ZE 3 M nlay) % Al R IR BT R
BRFa PR EERK, mRIEE ssa Xy 0, Wiz B R EBELZABITKE,
indexpf & 48 # 89 & 51 S48 ( K 5l Fn B RANST B2 )0 BB ELA nlay+], 08 BBk & (4
J& A nlay+1) € X AEEBH L, TH P HEEAIHFIEN

% viewing levels
nout = nlay + 1;
noutv = zeros(nout,1);
noutv(l:nout) = @:nlay;
% viewing zenith angles
nzout = 40;
muo = zeros(nzout,1);
for i=1:36
muo(i)=(i-1)%*2.5;
end
for i=37:40
muo(i)=88.0+(i-37)%0.5;
end

B 13 M) LR H A L KT AR o

ML) B 4B & AL R TR A% 2 4B 13 BT, nout #= noutv(nout)%* H 4 WM 49 2
S BR AT ARG LM & 2R 4 s nzout A= muo(nzout) 5 A A ML R TR A AN HA K
BRG] K IR A o

%% call adding_doubling_prelim function

% expansion coefficients of azimuth-independent phase functions

muo=cosd(muo);

[zpfpp,zpfpm, zpfppo, zpfpmo]l=adding_doubling_prelim(quadf, nquad,muo,ncoef,coefl,coef2);
% Preliminary save of azimuth-independent phase functions
save('../fprelim/zpfpp.mat','zpfpp', 'zpfppo');
save('../fprelim/zpfpm.mat*,'zpfpm', 'zpfpmo');

save('../fprelim/muo.mat", ‘'muo');

save('../fprelim/quadf.mat', "quadf');

save('../fprelim/nquad.mat', "'nquad');

(a)

%% call adding_doubling_profile function
% load azimuth-independent phase function
load('../fprelim/zpfpp.mat');
load('../fprelim/zpfpm.mat');
load('../fprelim/muo.mat"');
load('../fprelim/quadf.mat");
load('../fprelim/nquad.mat");

% call adding_doubling_profile
[upout, dnout, fluxup, fluxdn,afluxup,afluxdn]=...
adding_doubling_profile(v1,v2, quadf,nquad,muo,...
cmb,cmbt,srf_emission,srft,somega,...
nlay,noutv, layf, rave,temp,cod,ssa, ...
indexpf, zpfpp, zpfpm, zpfppo, zpfpmo) ;
(b)
B 14 44 R e FAZ 5B R (AR R 7 N). A A AL L R Fok it H 7742 -F ¥ 69 40 R FR B £k
B, B ) a; Bif R4S R et R FOod R At i st AT H, AR R AT ek BUR A 69 AT
HAe S, 4o B (b)Y T

12
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%% call adding_doubling_prelim_profile function

muo = cosd(muo);

[upout, dnout, fluxup, fluxdn,afluxup,afluxdn]=...
adding_doubling_prelim_profile(v1,v2,quadf,nquad,muo,...

cmb, cmbt,srf_emission,srft,somega,...
nlay,noutv, layf, rave, temp, cod,ssa, ...

indexpf,ncoef, coefl, coef2);

B 15 4& A0 B e TAZ 5B A (BEA R F X).

tEhe R TAE R AR 4R 14 4= 15 7, BETAAMALRK, 7HFT A M E
HX. B 14 AWEAAR T X, (A F4iz A-F¥H a8 85069+ H 4% &, (b)
HAEm EmFAL R a9 ARt . B 15 AAERR I K.

% Uncomment for Screen Print of (Actinic) Fluxes
fp r-j_ntf( "%s\n' , " Skok: Skok: Skok: sk ok skt sk sk ok ok skok stk ke sk ok Skok: %! )
for i=l:nout
% (actinic) fluxes
fprintf('%s%2d%s %.5e %.5e\n','Upward and Downward Flux at Level ',...
noutv(i),': "', fluxup(i), fluxdn(i));

fprintf('%s%2d%s %.5e %.5e\n','Actinic Upward and Downward Flux of Level ',...

noutv(i),':',afluxup(i),afluxdn(i));
fprintf('ss\n',"’ ")

end

B 16 4@ LB R RHE.

$a a8 F A ACB T 00 Rt i B 16 R, 4ok A LR R0 3T
Tbfr % R T R BRI S

% txt
vzag = acosd(muo);
nzout = size(muo,1);
fid = fopen('../foutput/upout.txt', 'w');
c={'%16.8e '; ' %16.8e';'\n'};
for i=l:nzout
fprintf(fid, [c{[ones(1) 2%ones(1,nout) 3]}],vzag(i),upout(i,:));
end
fclose(fid);

fid = fopen('../foutput/dnout.txt','w');
c={'%16.8e '; ' %16.8e';'\n'};
for i=l:nzout
fprintf(fid, [c{[ones(1) 2%ones(1,nout) 3]1}],vzag(i),dnout(i,:));
end
fclose(fid);

fid = fopen('../foutput/flux.txt','w');
c={'%7.3f '; ' %16.8e';'\n'};
for i=1l:nout
fprintf(fid, [c{[ones(1) 2%ones(1,4) 31}],prof(noutv(i)+1),...
fluxup (i), fluxdn(i),afluxup(i),afluxdn(i));
end
fclose(fid);

(a)

% .mat

save('../foutput/fmat/vrange.mat', 'vl','v2');
save('../foutput/fmat/ptemp.mat’, 'temp', 'srft', 'srf_emission');
save('../foutput/fmat/pssa.mat','ssa', 'somega');

%

save('../foutput/fmat/vzag.mat', 'vzag');
save('../foutput/fmat/radi.mat"', 'upout’, "dnout');
save('../foutput/fmat/prof.mat', 'prof');
save('../foutput/fmat/flux.mat", ' fluxup', ' fluxdn');
save('../foutput/fmat/aflux.mat', 'afluxup', 'afluxdn');

(b)
B 17 XARAFE, B)f(b) A% 4 H A4 Matlab 5 2.
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B 17 A ARG, £ F B)A RS- d =], E(b)A Matlab L4
M, ST AEBRRERE A RE T T X9l

—_— —_—
aux_v1.0 doc
—_— —_—
foutput fprelim

fapp

src_v1.0

B 18 AZJp AT ARG AR B K.

finput

K 18 4 STRADM #2 /5 &) Sk & 5. T A 49 STRADM H- 7% 69 R o) H 42 sre_v1.0
Ak, PR B9t H A R AR AR A 3 ST & T AT @l g ot H e SO IR B 2K
A FF R 69 Matlab B XA, HRAE aux v1.0 A&, SR H AT LAde st S
8942 F 7 Am 2] Matlab 6934 2 %, 47T LA st S & P 69 A AL 4245 N 2] src_v1.0
XAk T H; doc ARFAITE A kmT a9 F; fapp AR AKX
XA B3 AL B ; finput AN TAFEY G4 B, e AT AR B S A IR B AR R
foutput 7 i th U9 B4z B, 2 of SUAR U L3 B 208 3L Uk T, Matlab ST
P B AR B 8 fmat AR T ; fprelim 7 77 42 -F 3 69 84t 4a o 3 B3z B iE
BAEAA RN B 14 TR GRAmRE, TUARE.

5.4. MINHHEEIIERF

& 3y NH ik HR B AL

WAL 2

BT Ak

call phasef coef.m

coef phasef.m

phasef coef.m

A8k R B TT R RoA

output plot.m

bt 25 2 2 B (TALI)

BN 09 R BNAL @A AR L B BT A R HBAL F AR B R B

AP, 4k 3.
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T
= = phasefl
— phaset2

o
o
—
-
e -

Phase Function

Expansion Coefficients

JR———

0 50 100 150 200 250 300 0 30 60 90 120 150 180
Expansion Order Scattering Angle (%)

B 12 output_plot.m #2522 B £ M »

# T STRADM #£ 5 ¥ 485 4 69 4y NE R A Legendre & A4, bk 1 ¥
9% 3% coef phasef.m #= phasef coef.m %A %% I IF 2 £ 4% 3 9 488 F A B AR F
A T R H N8, call phasef coef.m #HBNAZ 5 T VA AL4# 8 A b 45 4% % 3%
AT @ BB 19 AR R E B AR 69488 8w, ST VMg R L EE Bh AR AT AR
B, HJ BTN 8L 4 phasefl = phasef2 BT 2 &0 Alk A TA2Z5 L
% T finput XA % 49 LegenCoefl.dat #= LegenCoef2.dat.

%% Plot Option

1 for (actinic) flux profile

2 for (net) radiance profile

3 for brightness temperature profile
4 for user defined plot

Note:

(1): cases 1-3 are only for profile plots; non-profile outputs should
directly go to case 4.

(2): programs for cases 1-3 are ready to plot; program for case 4 is
for user-defintion.

(3): cases 3 is shown better for non-zero surface albedo or/and

a2 dP alf o0 o df dP 0 G0 do dP

surface emission on;

B 20 output_plot.m ££ 5> T AL T o

output_plot.m * A4y 28 R #ATTALAL, H BB 20 P, T #4782 B¢
B, FRATSR AR K. B R Ao T IR AR A A ST AL
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6. MR

6.1. FIMEEE

ARAEE 9-13 89BN L, 23 ERAUREXR LA E 21, kA FTAZH A
% T finput LA & T 49 Temp.dat STAF; 488 4% A B 19 P69 phasel #= phase2
AP AL A, P& EaA R R T 4= B 12 49 indexpf 2 28 AT = o WL BB ELH
PR 24 B0 2R H AR A2, WM KIAA A 40 MR X RIAA . A
) e 2R AE R R 15 89 AR 7 Ko

Height(km) Temp. (K)

55 260.8
50 270.7
40 250.4
35 236.5
30 226.5
27 224.0
24 220.6
22 218.6
20 216.7
18 216.7
16 216.7
14 216.7
12 216.7
10 223.3
9 229.7
8 236.2
7 242.7
6 249.2
5 255.7
4 262.2
3 268.7
2 275.2
1 281.7
0 288.2

M 21 XK B AE B K.

6.2. EFEA

BRI EEAFARA RS )E8BA R TR T 2R BEH 2 A8
£, »éE windows &4/ T Matlab %m4F 5 F SHiEfT, I #THE. 29457
O Fe it 7 #4542 T T VAK B 45 F il V/\E\%%iiﬁ]l T,

6.3. FREHRT

B 45 R e B 22 P, B (a) B Ud AR R T R AR5 B ST R R R
2 89 TACE (L ANPUE B S A, HORFIBT AT B R AR G R LA A

16



STRADM

RO
AT

BAX R AN 1.0e-3) HHEIzH,
FHEE,

Linear Approximation Used:

B (b)#r th T A AR89 E T AT 482

Summation of zenith-independent phase function (theoretically they should be one):

Max and Min values:

Check for 1.0E-03 Accuracy Is Passed!

Max and Min values:

Check for 1.0E-03 Accuracy Is Passed!

Upward and Downward Flux at
Actinic Upward and Downward

Level
Flux of Level

@: 7.04993e-04 ©.00000e+00
@: 1.06295e-04 ©.00000e+00

Upward and Downward Flux at
Actinic Upward and Downward

Level
Flux of Level 1:

1: 8.23427e-04 7.47046e-04
1.36991e-04 1.27971e-084

Upward and Downward Flux at
Actinic Upward and Downward

2: 3.12592e-04 4.91687e-04
2: 5.11354e-05 7.26691e-85

Level
Flux of Level

Upward and Downward Flux at
Actinic Upward and Downward

Level
Flux of Level

3: 1.36252e-984 1.75883e-04
3: 2.20707e-05 2.68177e-85

Upward and Downward Flux at
Actinic Upward and Downward

Level 4: 7.33165e-05 8.34216e-05
Flux of Level 4: 1.1726@e-85 1.29199%e-85

Upward and Downward Flux at
Actinic Upward and Downward

5: 6.09311e-05 6.32039e-05
5: 9.7438%e-06 1.00151e-85

Level
Flux of Level

Upward and Downward Flux at
Actinic Upward and Downward

Level
Flux of Level

6: 4.80703e-05 4.96630e-085
6: 7.66934e-06 7.85843e-06

Upward and Downward Flux at
Actinic Upward and Downward

Level 7: 4.14057e-05 4.22087e-05
Flux of Level 7: 6.60438e-86 6.70034e-06

Upward and Downward Flux at
Actinic Upward and Downward

Level
Flux of Level

8: 3.61673e-85 3.65206e-85
8: 5.75680e-06 5.79846e-086

Upward and Downward Flux at
Actinic Upward and Downward

Level
Flux of Level 9:

9: 3.61548e-05 3.61548e-05
5.75421e-86 5.75421e-06

Upward and Downward Flux at
Actinic Upward and Downward

Level 1@: 3.61548e-85 3.61548e-85
Flux of Level 18: 5.75421e-86 5.75421e-06

Upward and Downward Flux at
Actinic Upward and Downward

Level 11: 3.61548e-05 3.61548e-05
Flux of Level 11: 5.75421e-86 5.75421e-86

6.4

1.00000000e+00 1.00000000c+00

1.00000000e+00 1.00000000e+00

(a)

Upward and Downward Flux at
Actinic Upward and Downward

Level 12: 3.69901e-85 3.6165le-@5
Flux of Level 12: 5.85637e-86 5.75675e-06

Upward and Downward Flux at
Actinic Upward and Downward

Level 13: 6.02873e-85 5.82588e-05
Flux of Level 13: 9.54654e-06 9.30500e-06

Upward and Downward Flux at
Actinic Upward and Downward

Level 14: 9.49343e-85 9.12748e-05
Flux of Level 14: 1.49059e-85 1.45761e-85

Upward and Downward Flux at
Actinic Upward and Downward

Level 15: 1.44647e-84 1.48835e-04
Flux of Level 15: 2.29304e-85 2.24764e-05

Upward and Downward Flux at
Actinic Upward and Downward

Level 16: 2.16743e-84 2.11704e-04
Flux of Level 16: 3.43880e-05 3.37859%e-085

Upward and Downward Flux at
Actinic Upward and Downward

Level 17: 3.19018e-84 3,12320e-04
Flux of Level 17: 5.06145e-85 4.98177e-85

Upward and Downward Flux at
Actinic Upward and Downward

Level 18: 4.59229e-84 4.50645e-04
Flux of Level 18: 7,29074e-85 7.18819e-085

Upward and Downward Flux at
Actinic Upward and Downward

Level 19: 6.50885e-04 6.39822e-04
Flux of Level 19: 1.83334e-04 1.02016e-04

Upward and Downward Flux at
Actinic Upward and Downward

Level 20: 9.05223e-04 8.91389e-04
Flux of Level 2@: 1.43782e-04 1.42129e-04

Upward and Downward Flux at
Actinic Upward and Downward

Level 21: 1.2420@e-83 1.22463e-03
Flux of Level 21: 1.9727@e-04 1.95200e-04

Upward and Downward Flux at
Actinic Upward and Downward

Level 22: 1.67653e-03 1.65528e-03
Flux of Level 22: 2.66389e-84 2.63851e-04

Upward and Downward Flux at
Actinic Upward and Downward

Level 23: 2.93375e-83 2.23845e-03
Flux of Level 23: 4.66921e-04 3.59036e-04

(b)

B 22 44 E

SHRAMLRT

[CRECP Eii8-

—==flux_up
— flux_dn
wflux_up
—— aflux.dn

flux (W~

B 23 i@ 2 B & T AL

output_plot.m (npo=1).
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B 23 8938 = Bk & T AL ST LB i A 4% A output_plot.m E42& Bt &FX A % 1
AABBARTFITRER, LPREBF “flux” 52482, “aflux” 45181
WE, “ up” A “_dn” A ETATITZ.

. downward radiance (Wm 2sr!) net radiance (Wm 2sr1)
| ™ T T T T

upward radiance (Wm 2sr~!)

55

______________________________

0 bbbttt 0
a 15 30 45 60 75 90 0 15 30 45 60 75 920 a 15 30 45 60 75

viewing zenith angle (%) viewing zenith angle (%) viewing zenith angle (%)

B 24 525} 5% BBk 4 7T AL1L. output plot.m (npo=2).

B 24 69 %3 51 5% B 2 PT ALAL T vAid i A 4278 A output plot.m E42 & B 453X 4
% 2 MABBITHTFENTER, EiTTAeenREnaEnLslne
A7, R ATIR AR & (2 LA BT E T ATE B A L8 E AR

Downward TB (K) o Temperature Profile(K)

Upward TB (K)

height(km)

(=]

o PR — o T ——
0 15 30 45 60 75 90 0 15 30 45 60 75 90
viewing zenith angle () viewing zenith angle (°)

B 25 55 iR & T AL . output_plot.m (npo=3).

B 25 6952 iR Ak & T AL ST VA i B 4298 A output plot.m H.de @ B #FX A % 3
MHABZAITR TR TR, KEDERRA LT FZIRE &, T2 REK A
B N0 3 E R o
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7. BEE

KAZF A4E A Matlab #4415 0947 & A 42 4142 40 R Amda 44 st A2 5,
VAT LA H L 77 T A AL 22

o B HARIOIE K ) v1 Ao v2 BAT T RRATRI AR S

o ¥R EHHAK TR ME R &R, FEEOAR T LM,

o LM AR BT T A ST H.
A2 T AT RS B % N AT 69 a5 st B A KR, T AE A K A5 445
A R Ak A AE iy K ARG A R TR,

8. i
AL W LA F . BE AR A L

Bingqgiang Sun, Chenxu Gao, and Robert Spurr, “Scalar thermal radiation using the
adding-doubling method,” Optics Express, 30, 37769-37785, (2022).
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