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Retrieval of night-time land surface temperature
from two mid-infrared channels data

ZHAO En-Yu'?, QIAN Yong-Gang'*, WANG Ning', MA Ling-Ling', TANG Ling-Li'
(1. Key laboratory of Quantitative Remote Sensing Information Technology,
Academy of Opto-Electronics, Chinese Academy of Sciences, Beijing 100094, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract ; Retrieval of land surface temperature (LST) is one of the key issues in mid- and thermal-infrared quantitative
remote sensing. Compared with thermal-infrared (8 ~ 14 wm) channel, mid-infrared (3 ~5 pm) channel with the ad-
vantages, such as more transparent of atmospheric window and less sensitive to the surface emissivity, might be used to
retrieve the LST. A two-channel LST retrieval algorithm, which only uses the night-time data of two mid-infrared chan-
nels and introduces the experience of thermal infrared LST retrieval method, has been proposed in this paper. The re-
trieval accuracies of two channel-combination models, i. e. , narrow-channel model (3.929 ~3.989 pm and 4. 020 ~
4.080 wm) and wide-channel model (3 ~4 pm and 4 ~5 wm) , were analyzed in detail. The results show that the LST
retrieval accuracies of wide-channel and narrow-channel models are approximate ~ 0.5 K and ~ 0.3 K, respectively.
However, compared with the wide-channel model, the noise equivalent temperature difference (NEAT) and the error of
land surface emissivity (LSE) can produce a greater influence on the narrow-channel model.

Key words: mid-infrared night-time data, land surface temperature, land surface emissivity
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Table 1 The effect of NEAT on the retrieval of LST in dif-
ferent models

WvVC  NEAT=0K NEAT=0.05K NEAT=0.1K NEAT=0.2K
(¢/cm®) RN(K) RW(K) RN(K) RW(K) RN(K) RW(K) RN(K) RW(K)
0~1.5 0.14 021 0.19 0.24 0.28 0.30 0.51 0.46
1-2.5 0.15 027 020 0.29 0.29 0.3 0.53 0.50
2~3.5 0.17 031 0.2 033 031 038 057 0.55
3-45 018 033 023 0.35 0.35 0.4 062 0.58
4~55 021 035 0.26 0.37 038 042 0.66 0.60
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N, DR {EY7E 0.16 ~0.22 K Z ], B 1% 1) & 5
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Table 2 The effect of 1% error of emissivity on the re-
trieval of LST in wide-channel model

WwvC 235 ~265(K) 260 ~290(K) 285 ~315(K) 235 ~315(K)
(g/em®) RE(K) DR(K) RE(K) DR(K) RE(K) DR(K) RE(K) DR(K)
0~1.5 059 0.19 0.43 0.16 0.29 0.19 0.52 0.17
1~2.5 0.46 0.22 0.36 0.22 0.31 0.17 0.383 0.20

2~3.5 - - 0.41 0.18 0.37 0.20 0.43 0.22
3~4.5 - - 0.46 0.18 0.383° 0.20 0.54 0.20
4~5.5 - - 0.49 0.17 0.40 0.19 0.52 0.19

e - R A N aE A Bl

F3 W51 THE VZA Sk 0°Ht, 75 R [A] WVC F1 LST
T T 1% 19 2 S 205 2 0 7 3 1 500 b 2 38
EAERA . AR 3 Al LAE ), DR ({E7FO. 16 ~
0.22 K Z ], ZRW] 1% (1) 5 HER 25X A 0 A5 1 b
FERUE SRS SN T 0.2 K 2247 AR iR 22

R3 1%2EHERENEFBEBEHBR MR EE R EHNF I
(VZA =0°)
Table 3 The effect of 1% error of emissivity on the re-
trieval of LST in narrow-channel model

wvC 235 ~265(K) 260 ~290(K) 285~315(K) 235~315(K)
(g/cm?) RE(K) DR(K) RE(K) DR(K) RE(K) DR(K) RE(K) DR(K)
0~1.5 0.26 0.22 0.22 0.16 0.23 0.19 0.27 0.22
1~2.5 0.22 0.19 0.24 0.19 0.26 0.20 0.27 0.20

2~3.5 - - 0.26 0.19 0.27 0.22 0.26 0.21
3~4.5 - - 0.26 0.19 0.28 0.17 0.27 0.18
4~5.5 - - 0.29 0.21 030 0.19 0.30 0.21

T - FoR AR D R BT B
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Fig.3 The effect of the uncertainty of WVC on the re-
trieval of LST in wide-channel model (a) the result using
the algorithm coefficient in WVC; 0 ~ 1. 5 g/cm’;
(b) the result using the algorithm coefficient in WVC;
1~2.5g/cm’; (c) the result using the algorithm coeffi-
cient in WVC; 2 ~3.5 g/cm’; (d) the result using the al-
gorithm coefficient in WVC; 3 ~4.5 g/cm’
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Fig.4 The effect of the uncertainty of WVC on the re-
trieval of LST in narrow-channel model (a) the result u-
sing the algorithm coefficient in WVC: 0 ~ 1.5 g/cm’;
(b) the result using the algorithm coefficient in WVC:

1~2.5g/cm*; (c) the result using the algorithm coeffi-
cient in WVC; 2 ~3.5 g/cm*; (d) the result using the
algorithm coefficient in WVC: 3 ~4.5 g/cm’

() FEFEHEEHA (3 ~4 pm F14 ~5 pm) DL J&
7238 8 44 (3.929 ~ 3.989 wm F1 4.020 ~
4.080 wm) T, AT & J& 0 7 k¥ re e 15 208 =
AR S TR i, LR B SRS FE 476 1 K L, I
L7 30 T AR o T Bl 2 A X L e e
K RET 5

(3) PiAhE I LA R, B2 e SR 22
R K, b 2 TR R I T 5% 2 8 T2 A 5 4L i) M 5 45
T 255 P X6 7 0 T 25 M 2 T I TR 1 S ) s
KFGEMIEL A 5 T35, W SRR 20 T h 2/
P b 5L P B HORS B 1 R ) 2K TR AT A1

(4) Wb E 3 41 A B, B X b 3 & B R
(ORI AR ] 5 53 A, S i 22 % p 1AM
i+t 2 T 3 S TR B8 B R R L /N T AL A

(5) FEXFRLIRINF KA AR VR 2 0 SRR 43 T
DA, REKIRIX AR e TR T, &
tHEL RMSE #4524 0.2 K A2 45 iy 22, 7RI IE K4
T, 2577k RMSE 2% 0.35 K i 2.

ARSI R RERE A 24 T 20 /b i Rk far 75 H
BRI |t A YR 00 45 T A I P, ) R Rk e i
I B — 2 A 8 2 3 3L AR T AR T 9 i A7 AE —
SO BARSEIR A TAE , AL 45 WDk 53325 0 FH
KA LT ANEAR b E R RIS AR SCR A 5k A



310 48 5 2 Ok I 2 i 33 %

A7 R LS B A T 10— 2P Bk 5 G
References

[ 1]Serafini Y V. Estimation of the evapotranspiration using sur-
face and satellite data [ J]. International Journal of Remote
Sensing, 1987, 8(10) ;1547 —1562.

[2] Price J] C. Estimating surface temperatures from satellite
thermal infrared data-A simple formulation for the atmos-
pheric effect [ J]. Remote Sensing of Environment, 1983,
13(4) :353 —361.

[3] Price J] C. Land surface temperature measurements from
split window channels of the NOAA 7 advance very high res-
olution radiometer [ J]. Journal of Geophysics Research,
1984, 89(D5) .7231 —7237.

[4] Zhao-Liang Li. Methods of Land Surface Temperature re-
trieval [C] . Seminar of Advanced Technology and Appli-
cation of Earth Observation (1) (Z=H K. B R EE S
[CT, Sethoxd s I 42 A 5 57 2 AR BE 23 b4 RHLE
(1)), 1999.

[5] Gillespie A A temperature and emissivity separation algo-
rithm for Advanced Spaceborne Thermal Emission and Re-

flection Radiometer ( ASTER) images [ J]. Geoscience and

Remote Sensing, IEEE Transaction on, 1998, 36 (4) .
1113 —1126.

[6] Becker F , Li Z L. Temperature-independent spectral indi-
ces in thermal infrared bands [ J]. Remote Sensing of Envi-
ronment, 1990a, 32(1) .17 —33.

[7] Wan Z, Li Z-L. A physics-based algorithm for retrieving
land-surface emissivity and temperature from EOS/MODIS
data [J]. Geoscience and Remote Sensing, IEEE Transac-
tion on, 1997, 35(4) :986 —996.

[8] Amit Mushkin, Lee K Balick, Alan R Gillespie, Extending
surface temperature and emissivity retrieval to the mid-infra-
red (3-5um) using the Multispectral Thermal Imager( MTI)
[J]. Remote Sensing of Environment, 2005, 98.141 —151.

[9] Wan Z, Dozier J. A generalized split-window algorithm for
retrieving land-surface temperature from space [ J]. Geosci-
ence and Remote Sensing, IEEE Transaction on, 1996, 34
(4):892 —905.

[10]Tang B, Bi Y, Li Z-L, et al. Generalized Split-Window

Algorithm for Estimate of Land Surface Temperature from

Chinese Geostationary FengYun Meteorological Satellite
(FY-2C) Data[J]. Sensors. 2008, 8(2) :933 —951.



