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Abstract In order to accurately obtain land surface temperature (LST) from stratospheric platform, a simulation
data set was established based on the SeeBor atmospheric profile training dataset and MODIS split window channel
parameters. Firstly, the effectiveness of the general split window algorithm obtaining surface temperature at
stratospheric altitude was analyzed; then, the sensitivities of several key parameters such as observation height,
emissivity, water vapor content, noise equivalent temperature difference (NETD), and spectral response drift were
analyzed. The LST simulation shows a theoretical error of 0.185 K, in which the emissivity and NETD dominate
inversion error. Finally, the deviation constraint demand of different influencing factors is analyzed. Results show
that if the uncertainty of emissivity and NETD can be controlled within 1% and 0.4 K, respectively, with spectral
response drift within ==3 nm, the temperature inversion accuracy can be better than 2 K.
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Fig. 1 Comparison of simulated radiance and path transmittance from stratosphere and top (subgraphs show difference

between stratospheric observation and satellite observation). (a) Simulated radiance; (b) path transmittance
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Table 1  Group intervals of LST and TPW

Group number LST /K TPW /cm
! <282.5 Lo.2]
2 [1.5.3.5]
3 [0,2]
4 [277.5, 297.5] [1.5,3.5]
5 [3.5]
6 [0,2]
! [292.5, 312.5] L1.5.3.5]
8 [3,5]
9 [4.5,7.8]
10 [0,2]
11 0 s [1.5.3.5]
12 [3,5]
13 [4.5,7.8]
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Table 2 Linear fitting coefficients of split-window algorithm for different TPW sub-ranges

TPW /cm a, a, a, as a, as ag R*?
[0, 2] —1.0688 1.0033 0.1667 —0. 5821 6.9824 —11.1592 26.3920 0. 9997

[1.5, 3.5] —6. 4867 1.0223 0.1267 —0.4672  6.5545 30. 2951 48.1165 0. 9969
[3, 5] —14.564 1. 0492 0.0641 —0.1836  7.7634 26.6866 —22.0110 0.9933

[4.5, 8.0] —17.189 1. 0525 0. 0800 —0.0906 10. 1806 6.2320 —14.4950 0.9920
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Table 3 Linear fitting coefficients of split-window algorithm for different TPW and LST sub-ranges

LST /K TPW /cm a, a, a, a; a, as ag R*®
e [0, 2] —0.3740  1.0010 0.1602  —0.542 5.833 3. 3499 3.1113 0.9998
e [1.5,3.5] 8.4805  0.9690 0.1591  —0.522 8.124 4.5125 —56. 8800 0.9774
[0, 2] —1.8840  1.0060 0.1654  —0.510 6.311 0.7838  34.1180 0.9962
[277.5,297.5] [1.5,3.5] —3.5990  0.9874 0.1224  —0.427 6.297  39.0260 42.1780 0. 9902
[3, 5] 8.7039  0.9684 0.0888  —0.187 8.720 —5.8060  57.8090 0. 9640
[0, 2] —7.9300 1.0271 0.1669  —0.475 6.330 —6.5300  48.8880 0.9963
£292.5.312. 5] [1.5,3.5] —10.5700 1.0356 0.1321  —0.454 6.750  25.0360  71.4990 0. 9886
I [3,5] —18.0300 1.0608 0.0609  —0.216 7.790  27.3820  23.9460 0. 9827
(4.5, 7.8] —16.3900 1.0495 0.0910  —0.124 10.370 —0.4164  13.5050 0. 9825
[0, 2] —14.3500 1.0483 0.1724  —0. 449 6.773 —18.5620  53.9460 0.9975
a7 - [1.5,3.5] —18.4700 1.0609 0.1395  —0.517 7.356  15.8020  81.9590 0. 9920
T [3,5] —15.3600 1.0496 0.0988  —0.310 8.628  13.8010 5.5932 0. 9834
(4.5, 7.8] 8.1984  1.0120 0.3076  —0.197  12.490 —40.2790 —7.1110 0. 9804
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Fig. 4 Inversion results of split window algorithm . (a) Comparison between true value of LST and inversion value;

(b) histogram of LST inversion error

1201001-5



HRiIEX

E a2k E 12 H1/2022 £ 6 B/FER

TR 5 T T Ak R S BR[O
KW W BRI AFTE 22 5 . 0 Tt — 22 0
U R TR R TOAA X o3 R A B R B R
TR 0°~70" MKy 10°1Y 8 AN K TUA L 454
AR A R R AL [R) R TOUMA T B9 02 WL 5
. 5 Ca) AL 5 (b 7351 5 A [R) 7K 97 7 K T
FN B S E R 22 0] WL AR ] B 2R AR L R R
ZeA 28 5, EE SR A v K R B AL K TH AR

(a) 0.9 7 bias

0.8 [ IRMSE —
0.7}

06}
-t

£ 05¢
o 04
B03

2 )

[0,1] [1,2] [2,3] [3,4] [4,5] [5,7.8]
TPW /cm

BRI A PF T B8 1 22 Ml Ko TR I 5 28 20 7 A [ R
ORI #fy BT B9 8 15 25 AU 3R DL 4 T
PSR B9 A R L X e mT o B0k B D A BRI DT 1
5 Ca) D AN [) 7K 935 BT 3 0 3t 00 00 9 Y
LST B iR 22 . i 4 7K I3 HY 39 s B v e 22 22 1 4
Ko B 5 AR R TH A T /Y J 18 1R 22 18 il 3 K
TUFf 38 O S iR 22 B 0 K fE R T R T 30°
R 52 7 1 22 14 18 1 R B A W I

()

| ) bias
[ IRMSE M

LST error /K
MW R o

—

O%WWWWWM(

0 10 20 30 40 50 60 70
Zenith angle /(°)

B 5 LST Ru{iR2Z, (OARFAKRSE T LST RiEiR%; (b AR RKTMA T LST iR %
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Table 4 Error of inversion results before and after correction

at different observation zenith angles

Observation Original Corrected RMSE
zenith angle /(°) RMSE /K RMSE /K reduction /%
10 0.1935 0.1912 1.19
20 0.2275 0.2231 1.93
30 0.2960 0.2754 6.96
40 0.4530 0.3670 18.98
50 0.8177 0. 5626 31. 20
60 1.7932 1. 1580 35.42
70 4. 7247 3.3457 29.19

3 UMY

BRI 0 A R S fBUE RSB — A R
28 oMl 2 B AN AL BC7E 98 5E 1 RN 84 20 B AN T
BT B I3 22705 O 1 B & 25 R 28 46 U A
0T, RFRAEMF T XK —S B i sh =
HOLST o i 22 i AR e 2 31 5 a0

3T, =|T. (x+8x)—T. ()], (3)
Ao SRR BB S A BT A X Y AR B S BRI
A RE AR 0 15 22 BRI AR S Ok Bl S 30 iR
25T (2 +3x) M T ())& AR «+8x Al
x B E 2O T3 R R
M5 2 (2) . 38 FH 43 24 0 S50 00 o A S 8806 UL
SEUR ALY B bR K R B SRR KR SRR R
B R AR — A AR . TS e ) o IR
PRI 2R B 45 WL e B2 78 Ak A% RS 1 NETD #5635 il
V7 BRI ERCEE S o AL AR K 5 PR R, 8 3 43 A A ] UL
ZAE T LST J R B X i 26 2 500 sk . AU R
SO B FE B 52 e 43 AT T Ry 20 AR IR S 8
BT BE TS 2 2 (0 4 3 45 20 O 4 A 0 R AR
3.1 RNSEHEME
TR 5V 2 Al s R TR AR PR S LA AE
S o T UL £14) S R 2 DR i A WL i) 2 43R
LMW T BEY G CFRIZ AT m 52 TAEm
R ZR MW T, AT RE N BE 3. XA T AR
T FEARAL T e 400 LST Iz J80KG B A9 52 ) o R L $i
., AVIGREBEEIT 18~21 km A9 M &
YIRS 0.5 km B 7 260000 B kAT 2R 4
Ao XF 20 km mERBM S RE R Y TES
B8 18 km B, HXF LST B9k 0. 003 K, 1t
Hb LB 6 B2 TR 2 21 00 WG A X JE) 78R (] g B R 43

1201001-6



HRiIEX

P S A AR X HE L A o0 2H X TR A B T 2R
(R NIIG) &3 4 G 1% N NI E R DU R = 2
TR AZeE 5 2, v LATE S 2o AR (B AR . E2 X

, E 425 F12H/2022 F 6 B/RFFIR
T AT R B 0 2 R TSR A N Y A A R
e, WL EE R 10 km 5 km B, XFR A LST 3
BwZEATHEE 0.23 K F1 0.4 K,

@ _1 065 = (®) 14559
s -1.070- S -
Lol —— 15564
e 1.049245——

o 100330y T SL049220 e
1.00325 1.04920 —
0.16675—— N

& — < 0.06412¢
0.16670- T — 0.06410F . - e
B 0.18356

S 0EI ] < -0.18357t
~0.5822 —~0.18358

6.983" p—— 7.7645F
. - 77640 -
< 6.982+ < 77638/ —,
6.981 b= 776301
L0 — 26.70 S—
<1115/ —— . < e
-11.20 —Y 26.655
L2640 L _21.96]
& e & -22.00¢ o
26.35}5 """ . ‘ ‘ —22.04* ‘ ‘
180 185 190 195 200 205 210 180 185 190 195 200 205 210
Observation height /km Observation height /km

B 6 A [R]85 B F B 4 205 BRI . () KIE TPW XA K0, 2] em; (b) K& TPW X K3, 5] cm

Fig. 6 Split window coefficients at different observation heights. (a) TPW range of water vapor is [0,2] cm;

(b) TPW range of water vapor is [3, 5] cm
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Fig. 7 Influence of surface emissivity uncertainty on

LST inversion accuracy
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Fig. 8 Influence of emissivity uncertainty on LST inversion accuracy under different water vapor content

and observation zenith angle. (a) Different water vapor content; (b) different observation zenith angles
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Fig. 10 Effects of NETD on LST inversion accuracy under different water vapor content and observation zenith angle.

(a) Different water vapor content; (b) different observation zenith angle
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