30 8

Vol.30 No.8

2014 4 Transactions of the Chinese Society of Agricultural Engineering Apr. 2014 109
1,2 1,2 2 3 1
1. 100081
2. 510070 100086

radiometer suite  VIIRS

moderate-resolution imaging spectroradiometer MODIS

2
VIIRS
MODIS
MODTRAN moderate resolution transmission

doi  10.3969/j.issn.1002-6819.2014.08.013
P407 A

109 116.

visible infrared imager

Agua
VIIRS
2013 6 4
MODIS 1K
1K 0.431 K 0.247 K
1002-6819(2014)-08-0109-08
[J1- 2014 30(8)

Xia Lang, Mao Kebiao, Ma Ying, et al. Retrieval land surface temperature from visible infrared imager radiometer suite
data[J]. Transactions of the Chinese Society of Agricultural Engineering (Transactions of the CSAE), 2014, 30(8): 109

116. (in Chinese with English abstract)

0
[11
[2-3]
[4]
[5-9]
20 80
2001 ™ (0]
2013-12-11 2014-03-15
2013BAC03B00 “973”
2010CB951503
100081 Email xialang2012@163.com
1977

100081 Email kebiao67@126.com

3 1975
McMillint!

Sobrino ™ Becker  Li*¥ wan B Qin
1 Mao ¥ swa
SWA
2 2 2
Wan L'  mobist
1999 Terra
moderate-resolution imaging
spectroradiometer MODIS
MODIS
MODIS
NASA 2011 10 28
——Suomi

Suomi National Polar-orbiting Partnership
Suomi NPP Terra Aqua  Aura



110

2014

NPP MODIS

visible infrared imager radiometer suite VIIRS

MODIS  MODIS
VIIRS
MODIS
VIIRS VIIRS
VIIRS
6 VIIRS
1 VIIRS
VIIRS 22 750 m
DNB 370 m 5 16
750m M +56°
3000 km VIIRS MODIS
VIIRS
[19]
VIIRS MODIS
73 09  0.95um
VIIRS
VIIRS
Aqua NPP
VIIRS
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M15
M16 2
1 VIIRS
Table 1 VIIRS channels used in this study
MODIS
Bands Wavelength  Resolution Scope of
Jum /m application MODIS bands
M5 0.672 750 13 14
M7 0.865 750 16 2
M15 10.763 750 31
M16 12.013 750 32
2
1

B,(T,)=7,(9)¢,B,(T)+(1-¢,)L-17,(0))
B,(T)]+(1-17,(0))B,(T.)
BA(T,) top of the atmosphere

TOA A W/(m?sr-um)
T,{(@) A
& A BA(Ty) B,(T,)
Bi(Ta)
W/(m?-sr-um) Te T Ta
K 0 > Qin
Ta
Tl [15] 1
2

B,(T,)=7,(0)¢,B,(T,) + (1-7,(0))
A+ 1-¢,)7,(0)B,(T,)
VIIRS M15 M1l6 2
Ts Ta Ts

2 Ts
Mao

[16] VIIRS MODIS
MODIS 31 32
[16] VIIRS M15
M16
VIIRS M15 M16

B,(T)=0.1494T —34.934 R*’=0.99 3
B, (T)=0.1239T - 28.083  R*=0.997

Bis(T) Bue(T) M15 M16
T R?

IS

5
T, =(Cis(Bis + Dy5) —Cis(Dys + By)) /
(C16 As - ClS ALG)
A, =0.14947, ¢,
B, =0.1494T . +34.9347,.¢,. —34.934
Cis =(—-75)1+(1—¢5)7,5)0.1494
Dis =(1—75)0+(1-55)7,5)34.934
A, =0.12397,.5,
B,, =0.1239T,, + 28.083r,.¢,, — 28.083
Cy =(—75)A+ (11— £4)7,4)0.1239
Dy, = (-7, )1+ (1—&,)7,,)28.083
s 116 M15 MI16 &5 &1
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VIIRS
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Table 2 Part orbital parameters of Terra, Aqua and NPP satellite

Satellite Orbii(rr:ight/ Node time P?;ii(r)]d/ Sensor S\f(/i:h/
Aqua 705 13:30 (ascending) 99 MODIS 2330
Terra 705 10:30 (descending) 99 MODIS 2330
NPP 824 13:30 (ascending) 101 VIIRS 3000

Qin ™ AVHRR 4 5 Mao [

MODIS 31 32

MODTRAN  VIIRS M15 M16
1
M15 M16
M16
R®=0.9984 M15
R?=0.9907 M15
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Fig.1 Relationship of atmospheric transmittance and water
vapor content for VIIRS M15 and M16 channels under
mid-latitude summer atmosphere
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4.1 9 10
0431 K 0.247 K
Teoil = 5.924+2.106(M15 Mye)+1.032M5 9
R?=0.998
= + +
3 MODTRAN Tieg=  5.697 2.0172(|v|15 Mig)+1.027Mss 4
Table 3 Verify accuracy of study with MODTRAN R®=0.997
Tsoil Tveg K
; Brightness M M VIIRS M15 M16 K
Land  Vapor Transmittance temperature/K ~ Tn/K  T/K [T Tpl/K 15 16
type content/ 3
(gcm? M15 M16 Mi15  M16 4 4
0.898 0.830 0.974 292.988 295.000 294.349 0.651
1.0 0898 0.830 0.974 306.686 310.000 309.653 0.347
0.898 0.830 0.974 320547 325.000 325.045 0.045 1K
0.777 0.656 0974 292799 295000 294.365 0.635 0.396
22 0777 0656 0974 304.777 310.000 309.658 0.342
0.393 K 0.275 0.327 K
0.777 0656 0974 317.036 325.000 325.162 0.162
0.618 0.460 0.974 292.487 295000 294.501 0.499 0483 0.460 K 0.211
34 0618 0460 0974 302.148 310.000 309.935 0.065 0.248 K

0618 0460 0.974 312.193 325.000 325.819 0.819

0.740 0.608 293.718 294.056 295.000 294.252 0.748
25 0.740 0.608 30528 304.025 310.000 309.324 0.676
0.740 0.608 317.162 314.339 325.000 324.646 0.353

0.604 0.445 293.256 293.128 295.000 294.581 0.418
35 0604 0.445 302.825 300.562 310.000 309.821 0.179
0.604 0.445 312.788 308.366 325.000 325.523 0.523

4
Table 4 Retrieval accuracy comparison between traditional
SWA and this study

Tm MODTRAN Ts
|T57Tm|
Ts Tm
Note: Ty, is the real LST which input to the MODTRAN; Ts is the retrieval
LST of this study; |[Ts<—Tn| is the difference between real land surface
temperature and retrieval land surface temperature.

4.2
2
TS:a0+ai(Bi—Bj)+azBi 8
Ts K dy a s
B; Bj K
a1(B; —By) a,B;
8 Ts
dp a1 &
[1]
MODTRAN
MODTRAN VIIRS
M15 M16
04 40 glem® T, 290 325 K

Tn=295 K Tn=310 K Tn=325 K
Land \apor [T Tml/K [T Tml/K [T Tml/K
type  content/
(g-cm?)

1.0 0.661 0490 0358 0.177 0.028 0.192
2.2 0.643 0169 0.349 0474 0.155 0977
3.4 0506 0.834 0.070 0.176 0.814 0.046

2.5 0.748 0270 0.676 0357 0.353 0.722
3.5 0.418 0.735 0.179 0.131 0523 0545

1.0 0.651 1.640 0.347 1442 0.045 1181
2.2 0.635 1.018 0.342 0.892 0.162 0.563
3.4 0.499 0392 0.065 1277 0819 1.727

Tm |T57Tm|
Note: Tnis real land surface temperature; [Ts—Ty| is the difference between
real land surface temperature and retrieval land surface temperature.

NDVI
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Retrieval land surface temperature from visible infrared imager
radiometer suite data

Xia Lang™?, Mao Kebiao™? , Ma Ying?, Sun Zhiwen®, Zhao Fen*

(1. National Hulunber Grassland Ecosystem Observation and Research Station, Institute of Agricultural Resources and
Regional Planning, Chinese Academy of Agricultural Sciences, Beijing 100081, China;
2. Guangzhou Institute of Geography, Guangzhou 510070, China;
3. Space Star Technology Company Limited, Beijing 100086, China)

Abstract: The land surface temperature is a basic parameter which had been widely used in agriculture drought
monitoring, crop monitoring and the yield forecasting model. In this study, we developed a split-window
algorithm to retrieve land surface temperature from VIIRS (visible infrared imager radiometer suite) data which
can overcome the lack of the water channel. The key parameter of water vapor content required by algorithm is
obtained from MODIS data which is board on an Aqua satellite, and the emissivity computed from international
geosphere biosphere program (IGBP) global vegetation classification. The character of the VIIRS data was briefly
introduced and the method of estimation of the transmittance of atmosphere and emissivity of the VIIRS M15 and
M16 channels also been discussed. Then, a VIIRS data imaging on June 4, 2013 has been chosen to verify the
accuracy of the algorithm. By comparison with the global surface summary of day (GSOD) data, the result
indicates that the method we proposed can retrieve the land surface temperature in china very well. Comparison
with the MODIS LST data in the grain producing area with a surface temperature greater than 45  shows that
the precision of the algorithm is high and the retrieval error is less than 1 K. Finally, the accuracy assessment of
the method was performed with the moderate resolution transmission 4 (MODTRAN4) program. The water vapor
content is set to 1.0 g/cm?, 2.2 g/cm?, 3.4 glem?, the surface temperature is 295 K, 310 K, 325 K, and the land type
of dry soil and green vegetation with the emissivity of 0.963, 0.984 (VIIRS M15) and 0.974, 0.992 (VIIRS M16),
respectively. The simulation analysis indicates the accuracy of this algorithm is greater than 1 K with the root
mean square (RMS) errors 0.516 K and the average error 0.447 K. The much higher accuracy of the method
confirms the application of the algorithm in agricultural information from VIIRS data is available.

Key words: remote sensing; temperature; water vapor; sensors; visible infrared imager radiometer suite (VIIRS);
retrieval; moderate-resolution imaging spectroradiometer (MODIS)
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