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Radiation characteristics of the selected channels for cirrus remote
sensing in terahertz waveband and the influence
factors for the retrieval method

LI Shu-Lei', LIU Lei’*, GAO Tai-Chang”, SHI Li-Hua', QIU Shi', HU Shuai’
(1. National Key Laboratory on Electromagnetic Environmental Effects and Electro-optical Engineering,
Army Engineering University, Nanjing 210007 , China;
2. College of Meteorology and Oceanography, National University of Defense Technology, Nanjing 211101, China)

Abstract. Terahertz is expected to be the best waveband for remote sensing of cirrus. However, the re-
trieval results of satellite terahertz passive remote sensing are susceptible to different atmospheric condi-
tions. The terahertz radiation was simulated under the clear sky and the cloudy situations, based on the
atmospheric radiative transfer simulator. The influences of the surface reflectivity, atmospheric profiles
and the middle-low level water clouds to terahertz radiation were analyzed. The retrieval errors caused
by these factors were calculated based on the multiple lookup-tables method. The results indicate that
the influence caused by changing the surface reflectivity mainly range below 300 GHz, and there is no
influence on the selected channels. Among the atmospheric profiles, only changing water vapor profiles
and temperature profiles have effects on the retrieval results. When the temperature profile changes are
between +2 K, or the water vapor profile changes are between +20% , for cirrus whose particle size
is above 50 pm and ice water path is above 10 g/ m’, the retrieval errors stay below +20% . For low-
level water clouds (cloud base height below 2 km) , the effects on retrieval errors can be ignored. The
retrieval errors caused by middle-level water clouds increase with the increases of the cloud base height
and cloud optical depth.
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Fig.1 The flow chart of the multiple lookup-tables retrieval
method

1 ZEERRREEZMYES KRS

Z HA R = SO E N BRI
AN 1 R, izt B s =l e, Bl 2 A
PR AL PR A RS BRI O SR AL % Y
KA. Z A RRA N T E T AN R S I 2
Sl 2R RS, I A TR A AN — AL S



62 4h 5 2 K F W 37 %

fead 72, 5 R R BE A A R AR S, D/ NS TG JE 1)
WIERKEE. BRI, FRAFE S 505050 462 GHz il
BN 183 GHz 3B IA MY 22 (kM AT, - AT, .
874 GHz 3 i A1 664 GHz 338 (U722 (ieh AT,
—AT,,) 183 GHz.325 GHz 462 GHz —/M@ilizsik
ZEHH A Z2 81 TSlope-al F1 TSlope-bl } 325 GHz,
664 GHz,874 GHz — A~ il 72 2 ML A R
TSlope-a2. 17} 5 b 2% $& 2 504 19 T8 1 4 72 00 1)
ECMWF 5 NCEP 1) 15 42 5 4 I 36 2 80 M g A
VTG A R A, 5 SR i 4 R S8
Iz A8 2R am Ak i A #3459 i
N, BR SR A fi -

X (D, IWP) = Z[al)(n — 7 (D,,IWP)) |’
(1)
b, F5 ERSIMY 5 AR B8, 0] (D,
IWP) B R A TR B ) R B

it B RSB TR, 5 RS EBIRZEA K.
— R, DR 22O S BT AL N ez, )
FUCEBOR. HeAb i i G127 i e & S 80 o, 51
MR 11.1.2.2.

TE MR F ARTS (the Atmospheric Radiative
Transfer Simulator) 48 SHEHIRILIES. ARTS 22— 5
g B2 C AN/ € N S e RR [k AP R X i
FLTRL T T4 R G N I D B R AL A iR B
DA SR i A RS AN T 5. ARTS B 0 19 D 1%
Oy BRI RARCR 76 b PR AR S A% A 1) 8 HLAT AR
KRG MA@ M, © L 2h i T MLS, SMR J¢
SMILES %5372 K I K 2 2K 5 B i 320 4 D00 11%) 6 53 4%
Ly X

2 HRRSTEREFM

M3 B IS AR MU AR S 0 5 AR A
T A LO(E, Bk T MR AR A B IR ICRE T , g
M BRI -5 R =2 18] 6 S RE B 1) 0 T i . SR
SF AR AR R/ INIBCER T i T AP B RS BT S TR R
ik — Bk Ut , TR0 - S ) B A L (0 30N, T
P T Y B AR L T4 ) MRS 2 T Y 2 S 30
LU 8 2 T /N, Bl b 3% T A P 2 R 5RO 10 ~
35% , PR EAR 7K T S ARSI T~ 10% F2
E[lz] .

P 2 g AN T i 35 S 3 0 B 28 R TR b
ZEERHOC I B R WA, G AL AR s A (] i 2 S S R

P00 KR TR SHE -5 R S S R 0 0 I A
SFSEUR M B0 22, TR R OB 8 X 3R 7S 5 1 T 32k BB
EAYOLE. 7] UL, e S A R T 2 KRR TR
o 2% 5 S EL A 52 ) 32 B4 7 300 GHz LI Y 22
K B, T 5z 75 388 3 XoF 1l e S S R A AR b AN B
S PR, A S B B T A AR v AT AN 75 I M 3 i
SR T T A R 5 . X R R 2% U bl Bl i
S T WY Sl S L — R BT . SEBr L
MR i B 155 T R T P TR RON R 2%
R S vy A WA I 5 S ) O o A BELAS T
TET 2 SR8 RS2 P9 R 2% 8 A ) ik — 25 4%, DR ot
MR IE (U | 3R S ARG ) B A A &
51 R R THUA B 2% 6 6 L3S Y A2 Ak, i AN 2
X I 4 2R AL R

— R I %=0.1
- =R G %=0.2

MR ST #=0.5
- — - MR =08
— MR I =10

0
100 200 300 400 500 600 700 800 900 1000
% /GHz

B2 ARl 2 S S 008 R AR THUOR A 22 8 S e 3
SR COBRC00 IX 38 Ay 7 T i M e 1 ) o )

Fig.2  The effects of different surface reflectivity on
terahertz radiation at the top of the atmosphere (the grey
area denotes the location of the retrieval channels)
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Table 1 Influence on retrieval eigenvalues of temperature
profiles of five atmospheric profiles
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Fig.3 The effects of different atmospheric profiles on tera-
hertz radiation at the top of the atmosphere: (a) effects of

temperature profiles, (b) effects of water vapor profiles,
(c¢) effects of O, profiles, (d) effects of CO, profiles, (e)

effects of N,O profiles, (f) effects of HCI profiles, (g)
effects of CH, profiles
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Table 2 Influence on retrieval eigenvalues of water vapor
profiles of five atmospheric profiles

KA KA
FOEAFAEME Midlatitude- Midlatitude- . Subarctic-  Subarctic- SO Midlatitude- Midlatitude- . Subarctic-  Subarctic-
winter summer Tropical winter summer winter summer Tropical winter summer
ATy, - ATy, 15.88 K 17.05K 20.23 K 9.31 K 12.91 K ATy, - ATy, 10.33 K 10.92K  15.65K 8.71 K 10.13 K
ATy, - ATy, 125K 1546 K 16.35K 8.62 K 9.32K ATy, - ATy, 9.55 K 10.21 K 10.93 K 7.24 K 8.66 K
TSlope-al 2.25 3.07 4.11 2.32 3.17 TSlope-al 2.88 3.12 5.35 3.86 4.03
TSlope-bl 8.04 7.25 12.26 4.35 5.26 TSlope-bl 7.55 10.54 10.84 6.73 7.62
TSlope-a2 1.78 3.55 2.29 1.82 2.64 TSlope-a2 1.21 4.36 1.89 2.25 1.51
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Table 3  The retrieval errors while temperature profiles
changing between +1°C
R R KRR /(g/m?)
/pm 10 50 100 200 500
50 0,2 169,22 39,76 33,155 32,395
100 215,0 8,2 53 2,2 1,1
200 114 4 5,1 3,1 1,2 1,4
500 185,3 2,1 1,1 0,1 0,1
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Table 4 The retrieval errors while temperature profiles
changing between +2°C
BT R HOKBEZ / (g/m?)
/pum 10 50 100 200 500
50 268,0 267,40 265,85 41,152 35,392
100 215,3 23,9 9,4 5,3 2,5
200 128,5 9,2 5,2 3,3 2,7
500 181,4 3.2 1,1 1,2 1,2
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Table 5 The retrieval errors while water vapor profiles
changing between +20%
BT R POk B / (g/m?)
/pum 10 50 100 200 500
50 70,0 61,38 51,75 45,152 38,394
100 2232 17,12 11,4 6,3 2,6
200 124 4 9,3 5,3 2,6 2,10
500 1784 2,2 1,3 1,4 0,0

4 H REK=HIZNE

HAR 2R T TS AT 240k 2% ok 25
A 2% B ERR S R TIBAR B R
9 I IS, LR i 138 3 5 R T
FY ST SR RO, o S 47 546 500 a0 3
SRR | ST A 25 A4 0T
B K H 5 AT S B M B K UK 10 A T
F B 244 LT A8 . DR M 7 Bk 25 1 i
{1 YB3 T 0k 5 B 1 OF ELBE 5 03 4
K2 W 1R M. S2b L, 7R Bk
USRS 10 2%, DR i — i R % Rk
RO . ARIAE BRI RO K 2R TR
e JUBOR T JLBOR 1) % , 76 7 0 B K 250
TR P TN DB He vk 2k T 7,k 25
TR AR5,

FIJH ARTS 55 55 % B 5040028 58 1 76 I
B RIS RE RIS 7K 2508 K2 A
RERAHIORE, ELUR I 4 5%, B PR 2K
15 pum, KRR o 2 A R T o s
FREEIR 2 F R P (IR K 2 A7 e K R TR 5
UL 2 5 56 L 0 22 8 PR L, % [ — 38 3 7
B B T, SEIR 2K, 3 2 PR 4 i
BB RN, KRB R, W T Ak
SRR by, T P AR 25, A 25 (25 7/
T2 k) ¥ KR A 25 L T4 3
Uy, HE 523 363 2B 0. 2 Bk A0
22 BRI, SR 250 4 2
RV 25 R 5 SR K. Tt 25 2 0
BRI, 5635 2% QLR T . 4 IR (183 Gz,
325 GHz 3, K POCIE R I ) T 75, 22 7K 10
LR IR, 2575 8 B 2 ~ 4k (19111227 25 0 Kb
RERADCEAI RN 2SRRI 7T L 220,
T AT WO, S5 20 Ot K ED R T 5
SEIEHEH 20 (IR 202 SETR 2L (R FE 2 K PRI
AL X T R AAUE T 5 (462,664 874 GHz @i ) |, H
TR TR BT KRS O



15 AR A T R BORM 2% Dl i 2 18 S 25 2 K00 T R AR B S R ) PR R AT 65

P58, b 2= X RS A i i R, X =
JERSBELE 2 ~4 km B JZRIK 2, 0 KR 2248 4G5
FELER M RFFAE 4 K QI LA ; 102 i B A 4 ~
6 km R JRIK Z , o AR Y2 IR U AR 57 10 KB
PA.

0 183 GHZIliE 0 325 GHzi#iE
3 S EE IR \S
20 e =0.1 A\ 2F NN
SR W
5 5| +~COD=2 \ o= s \
IR -6F ~COD=38 \ | a2 -6F \
7F =COD=10 \ 7t
gl ~COD=20 \ E3
T 53 4567 ¢ 2 3 4 6 8
Z K /km Z K /km
Op—e 362 GHziE & 0 664 GHzif i
S B SS S
5 N\\ -5} ’ﬁ\»
20 N | ¥ 10 AN
fﬂé-ls \ = -15 \\\
il \
20 R 20
95 L . n -
2 ST4 6 8 P01 4 ¢ 3
=K /km =& /km
Oes 874 GHZIHIE
S
5
M
310 \&
15} \
A )
E-zo- \
. 2 4 6
= /km

K4 h ARJEAK 0 RUR TR 22 58 S5 LT 1 2 )
Fig.4 The effects of middle-low level water clouds on
terahertz radiation at the top of the atmosphere
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Table 6 The retrieval errors of water clouds that cloud op-
tical depth is 1( the cloud base height is 4 km)

FTRE WOKBER /(/m?)

/pum 10 50 100 200 500
50 0,5 80,40 67,84 52,169 47,428
100 29,2 11,0 6,1 3,2 1,1
200 5,3 3,2 1,2 1,2 1,2
500 0,3 0,3 0,3 0,2 0,0

F7 REZEEENIWKEFERNRERE(RESH 4
km)
Table 7 The retrieval errors of water clouds that cloud opti-
cal depth is 10 ( the cloud base height is 4 km)

R R WOKEER / (/m?)
/pum 10 50 100 200 500
50 214,8 293,26 282,74 96,156 79,426
100 239,15 17,6 15,3 18,6 9,13
200 41,16 12,10 12,9 6,9 4,1
500 136,20 1,13 0,12 0,14 0,0
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km)
Table 8 The retrieval errors of water clouds that cloud op-
tical depth is 1 (the cloud base height is 6 km)

BT R WOk /(/m?)
/pum 10 50 100 200 500
50 207,6 86,39 76,84 63,169 51,425
100 36,4 17,0 9,1 5,3 2,5
200 13,4 3,4 2,3 1,3 1,0
500 1,5 1,7 0,6 0,4 0,0
5 4ig
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