5537 B 4 ) ANY/ ST N = 3 1 Vol. 37, No.4
2018 48 H J. Infrared Millim. Waves August,2018

NEHS 1001 —9014(2018)04 - 0459 - 10 DOI:10. 11972/j. issn. 1001 —9014.2018. 04. 014
ETRIHWOFTERKEMETEXSLL

wAR'?, HER, Raw', B B, Kk
(1. e FRBR I B AR 5 VUL K 7 R B 5630 It 100101
2. KR REEDFGERE B Sk TR AR 0, JE5 100038
3Lk SRR IR )R A SR S M % )R S 510275)

TR LT 28 R o DX 3 K 2 SR A K TR LRI A8 3R R Al B R R X R R MR A R
77 B AR A AR SR I AR T O/ A A K RO T AT IR A B, X A LR R R EEETIRE
M T B 45 2k (TVDL) By 3 A o 507 A = Ak 35 T 2 b/ 8 A 80t oy 3% K o 07 3% (EFML, EFM2 Ao
EFM3). 2k F UL WAY £ 3 Kk - 507 ik, A SCRE R ASTER B4 46 5 T 2R 37 U0 3 o Ui 3 X 89 £ 3 K ok, B
B IK A A AU TR S R 2 ) 4 AR A SC R R 3 1 o 3 K 2 L A 0 MR B BEAT T R AR AR K
B,TVDL 7 sk LT B R W E e, 2 SRR A EH MR Z. T TABL/ BAE X LEAS
Rhpak—RBRERETVDI F kRN E 0. A AR/ AR RN =R &k Ex & T EFML fo
EFM3 77 &4k F EFM2 J7 ik e sh , R T RO LR AR EHE T RN FELRSEE L, RSB N T HE S
FERERAPEENRE, GHEEN L RSB SR ELT RO LAt H 7 8.

X B W ALIER LR BRI E

HESES . TPT01  TEFRIRE: A

Estimation of surface soil moisture based on thermal remote sensing :
Intercomparison of four methods
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Abstract; Remote sensing-based estimation of soil moisture is crucial in many aspects including basin-
scale water resource management, irrigation scheduling, regional scale drought monitoring and crop
yield forecasting. In this study, we evaluate the potential of visible/thermal-infrared remote sensing in
soil moisture estimation, by assessing the TVDI-based method and three categories of methods based on
evaporative fraction/potential evaporation ratio (EFM1, EFM2 and EFM3). In combination with AS-
TER data set, soil moisture in middle reach of the Heihe River Basin is predicted by the above-men-
tioned four methods and validated by the ground-based measurements from eco-hydrological wireless
sensor network and hydro meteorological observation network in the middle reach of Heihe river basin.
Results indicate that uncertainties arise from the empiricism of the TVDI-based method in the process of
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determining dry and wet edges. On the other hand, the evaporation fraction/potential evaporation ratio

methods can to some degree reduce the uncertainties, and among the three methods, EFMI1 and EFM3

outperform EFM2. In addition, the thermal-infrared based methods require accurate soil parameters to

reproduce the variation of soil moisture.

Key words: thermal remote sensing, soil moisture, middle reach of Heihe river basin
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Table 1 Validation statistics of the four methods for soil
moisture estimation
R uh]i{MS]f R;MSE; lfias g
(em’/cm”) (em’/em?) (em’/cm”)
TVDI 0.371 0.038 0.047 0.027
EFM1 0.467 0.041 0.042 0.009
EFM2 0.406 0.037 0.042 0.019
EFM3 0.459 0.037 0.037 0.003

| EFM1
R=0.467
ubRMSE=0.041
RMSE=0.042
3| Bias=0.009

0
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Fig.5 Validation scatter plot of the four methods for soil
moisture estimation
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Table 2 Validation statistics of the four methods for soil moisture estimation on the selected four days

2010/6/24 2012/7/10 2012/8/2 2012/8/18 2012/8/27 2012/9/12
R 0.070 0.201 0.423 0.415 0.249 0.350
TVDI RMSE (m®/m?) 0.076 0.039 0.034 0.034 0.046 0.053
ubRMSE (m*/m?) 0.044 0.031 0.031 0.034 0.038 0.031
Bias (m®/m*) 0.062 0.024 0.013 0.006 0.026 0.043
R 0.246 0.373 0.499 0.517 0.392 0.302
EFM1 RMSE (m®/m?) 0.058 0.038 0.036 0.032 0.044 0.041
ubRMSE (m*/m?) 0.049 0.036 0.034 0.032 0.038 0.035
Bias (m®/m®) 0.032 0.013 0.012 0.001 0.022 -0.021
R 0.210 0.215 0.353 0.296 0.271 0.331
EFM2 RMSE (m*/m?) 0.063 0.033 0.035 0.035 0.043 0.038
ubRMSE (m?®/m?) 0.043 0.030 0.032 0.035 0.038 0.032
Bias (m®/m®) 0.046 0.015 0.012 0.002 0.021 0.022
R 0.243 0.347 0.468 0.461 0.360 0.343
EFM3 RMSE (m*/m?) 0.053 0.032 0.032 0.034 0.039 0.034
ubRMSE (m?*/m?) 0.045 0.032 0.032 0.033 0.037 0.033
Bias (m®/m®) 0.028 0.003 0.002 -0.009 0.011 -0.009
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Fig. 6  Spatial distribution of soil moisture estimations
based on ASTER in the middle reach of Heihe river basin
on July 10™ of 2012 deriving from: (a) TVDI, (b)
EFM1, (c¢) EFM2, (d) EFM3
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Fig. 7 Illustration of soil moisture estimation based
on evaporative fraction/potential evaporation ratio
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