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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
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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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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)
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Table 1 Influence on retrieval eigenvalues of temperature Table 2 Influence on retrieval eigenvalues of water vapor
profiles of five atmospheric profiles profiles of five atmospheric profiles
KA BRLSA KA
FOEAFAEME Midlatitude- Midlatitude- . Subarctic-  Subarctic- SO Midlatitude- Midlatitude- . Subarctic-  Subarctic-
\’\’i]]tﬂr summer Troplcal Wi nter summer winter summer l roplcal Wil’ltel‘ summer
AT, -AT,,  15.88K 17.05K 20.23K  9.31 K  12.91K AT, -AT,  10.33K  10.92K 15.65K 871K 10.13K
AT, -AT,;  12.05K 15.46K 16.35K 8.62K  9.32K AT, -AT; 955K 10.21K  10.93K  7.24K  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
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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)

TR POKBEFR /(¢/m?)

/pm 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 53 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?)
/pm 10 50 100 200 500
50 2148 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

*8 XEEEA1IMKZMERMNRERE(ZERHN6
km)
Table 8 The retrieval errors of water clouds that cloud op-
tical depth is 1 (the cloud base height is 6 km)

FiFR POk B2 / (g/m?)
/pm 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
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