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Monitoring of Soil Moisture Based on Land Surface

Temperature and Vegetation Index Feature Space in the Jinghe Watershed
DONG Guo tao, DANG Sur zhen, HE Hong mou, JIANG Xiao hui,ZH ANG Werr ge

(Yellow River Institute of Hydraulic Research, YRCC, Zhengz hou 450003, China)

Abstract: Compared with the traditional soil moisture monitoring methods, remote sensing technology has apparent advantages

to obtain the large scale land surface information rapidly and to improve the monitoring precision of regional soil moisture. In

this paper, on the basis of Moderate Resolution Imaging Spectoradiometer( MO DIS) and observed soil moisture data at the agro

met eorological monitoring stations, a remote sensing model of soil moisture based on temperature and vegetation index was de

veloped and applied to estimate the soil moisture in the Jinghe Watershed and to analyze the spatioc temporal distribution of soil

moisture between March and October from 2000 to 2010. The results show ed that the method based on vegetation temperature

condition index(VTCI) can reflect the distribution and variation of soil moisture in the Jinghe W atershed.
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Fig. 1 Distribution of agro meteorological

monitoring stations in Jinghe Watershed
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Table 1 Linear coefficients of NDVI-LST equation in Jinghe Watershedfrom 2000 to 2010
I N

BEERN 2000 2001 2002 2003 2004 ZJ:)‘OS . 2006 2007 2008 2009 2010

a 0.28 0.45 0. 47 0.39 0.31 0.32 0.36 0.29 0.33 0.34 0. 44

b 0. 06 0.07 0. 06 0.08 0.05 0.07 - 0.02 0.08 0.07 0. 05 0.03
3 VISR SN R 77 2 LR MR 1) 138 K 7y 48 A5 22 WAk
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Fig.2 Distribution of annual and quarterly
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Table 2 Statistics of soil moisture in study area
PIE(%) 8 15 12 12
Ji 7% 0. 04 0.07 0. 06 0. 06

average surface soil moisture from 2000 to 2010

Wl STHAR I 87.47% 76 23% \79. 51% F1 89.73% .

3
Fig.3 Monthly variation of soil moisture in Jinghe watershed
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Fig.4 Variation rate of soil moisture

between each year from 2000 to 2010

(100%)

JEF MODIS 3 il AR b 52 0000 3 1 39K 23 $
P, FE T AR T R b FR AR R 2 LR KO 1B AN R
R, PR HEAT BEAUAL B, 43 BT 9EIX 2000 4- 2010 4F
3 - 10 A4 )2 29K AT, B N 45iE .

(D) FRXRZ LK 24 FHMEN 12%, % 2 11§
K RIBIF b T 10% ~ 20% 2 [7); T3 K 7y 2T A4 AR
B2 R MR K ET T 10% UL L BF9EIR T 3818k 4y
25 [B) 3 AT B AR 52 0 R VG A0 1Ly DX, s XA R A

(2)3 AR Z LUK B #iT L 8 A LKk i

* 14+ KXKFEIR

fE{E, T JE 3K 4 2R BB 2000 4E- 2001 45,2001 4
- 2002 42,2005 - 2006 4H1 2009 4 - 2010 4 BT XK
o I R JE 3 K4 8 0; 2002 4E - 2003 45,2003 4FE-
2004 4£.2004 - 2005 4F A1 2008 4F - 2009 4K #Hi4) [X 1k
THEK S R RAG A

(3) FHAEN 138K 4 MAPE JEAH7E 40% LA N, RMSE
KABAET 0. 04~ 0. 07 2 (7], & HHIET M il B A Bl 48 4L
AT 2 18] £ 515 R 408 258 e (R 48 7 Y28 Tl 9t 38 398 /K 43 14 93 A
FIAEALAFAE

RN 2R 2 RN E R, M b gn it 5 4Rk —
SEWRZE , RILEE— B R AT Z 3 1) - 3K 4y i S An
TR S0 1 kmx 1 kem HIHKS 2080 11 2 1A) R BE VG I il 850,
N TAE TR & R

(References) :

[1] MK, <750, SEIe g, 5. 5L T Hh e B FIRE ol 3 Bkl
R0 K I 7 )] RS R, 2007, 25(6) 1 12-18. (LIU
Qirr huo, XIN Jing feng, XIN Xiao-zhou, et al. Monitoring A grr
cultural Drought by Vegetation Index and Remotely Sensed
T em perature [ J]. Science & T echnology Review, 2007, 25(6) :
12-18. (in Chinese))

[2] Carlson T N, Perry E M, Schmugge T J. Remote Estim ation of
Soil Moisture Availability and Fractional Vegetation Cover for
Agriculture Fields [J]. Agricultural and Forest M eteorology,
1990, (52): 45 69.

[3] CarlsonT N, Gillies R R, Perry E M. A M ethod to Make Use of
T hermal Infrared T emperature and ND VI Measur ements to Iir
fer Surface Soil Water Content and Fractional Vegetation Cover
[J]. Remote Sensing Review, 1994, (9): 16+ 173.

[4 Moran M S, Clarke T R, Inoue Y. Estimating Crop Water Defr
cit Using the Relation between Surface Air Temperature and
Spectural Vegetation Index []J]. Remote Sensing of Enviromr
ment, 1994, 49( 3) : 246 263.

[5] Ridd M. Exploring a V-FS ( Vegetatiorr impervious Surface
soil) Model for Urban Ecosystem Analysis through Remote
Sensing: Comparative Anatomy of Cities [ J]. International
Journal of Remote Sensing, 1995, (16): 2165 2185.

[6] Gillies R R, Carlson T N, Cui]. et al. Verification of the’ triamr
glé Method for Obtaining Surface Soil Water Content and Err
ergy Fluxes from Remote Measurements of the Normalized
Difference Vegetation Index NDVI and Surface Radiant T em
perature [ J]. International Journal of Remote Sensing, 1997,
(18):3145 3166.

[7] Sandholt I, Rasmussen K, Andersen J. A Simple Interpretation
of the Surface T emperature/ veg etation Index Space for Assess
ment of Surface Moisture Status[J]. Remote Sensing of Envr
ronm ent, 2002, (79) : 213 224.

[8] Petropoulos G, Carlson T N, Wooster M J, et al. A Review of
Ts/ VI Remote Sensing Based Methods for the Retrieval of
Land Surface Energy Fluxes and Soil Surface M oisture[ J].Pro-
gress in Physical Geography, 2009, 33( 2) : 224 250.

(9] MM, JEARHE, 25830, SRR R 48 B S 71 2 I il o
(R FLT] . DU 3 A5 B RHF AR, 2001, 26(5) : 412 418.
(WANG Peng xin, GONG Jiarr ya, LI Xiacwen. Vegetatior



FEFES TR IR AR B3 B & 18] 8 2 T 3 K o S

[10]

[11]

[12]

T em perature Condition Index and Its Application for Drought

Monitoring [ J]. Geomatics and Information Science of Wuhan

U niversity, 2001, 26( 5) : 412-418. (in Chinese))
IV, M, BN, 55 A TR TR T I T v
SEE[ 1. AROW TFE 22 3R, 2006, 22 (2): 22-26. (SUN Wei,
WANG Pengxin, HAN Lrjuan, et al. Further Improvement
of the Approach to Monitoring Drought using Vegetation and
T em perature Condition Indexes from Multiyears ~ Remotely
Sensed Data [J]. Transactions of CSAE, 2006, 22(2): 22 26.
(in Chinese))
SEIRRN, SR, RN, S5 0 SOUAR RS AR AL S IR B
J19 ML 0] A AR, 2005, 25(5) : 1041- 1047, (BI Xiac i,
ZHOU Rui, LIU Lt juan, et al. Gradient Variations in L and
scape Pattern along the Jinghe River and Their Driving Forces
[J]. Acta Ecologica Sinica, 2005, 25(5): 104F1047. (in Chr
nese) )
T, A [ A, ERIGERN, S5, JE T MODIS B A VI M8 &
BRG] B 2], 2007, 31( 5) : 850 856. (WANG
Hui, JIU Guo sheng, BI Xiao-li, et al. MODIS Determined imr
ter Annual Vegetation Dynamics in Jinghe Watershed, China
[J]. Journal of Plant E cology, 2007, 31(5) : 850-856. ( in Chr

[13]

[14]

[15]

[16]

nese) )

Justice C O, Townshenda J R G, Vermotea E F, et al. An O
verview of MODIS Land Data Processing and Product Status.
Remote Sensing of Environment, 2002, ( 83):3- 15.

ENGRE, MR, MV, 55, T4 W B ML 4R 2 VT CI)
1y e G 5 X L K A SR ] T R IX ML, 2012, 35(3)
446-455. (WANG Ming cheng, YANG Shengtian, DONG
Guo tao, et al. Estimating Soil Water in Northern China Based
on Vegetation T emperature Condition Index (VT CI) []J]. Ar
id Land Geography, 2012, 35(3) : 446 455. (in Chinese))

W R, 2 W, . BT R e K KRR AL S 0]
FRRL2EE i, 2003, 22( 5): 454462, (YANG Sheng-tian, LIU
Chang- ming, WANG Pengxin. The Method of Calculating
Soil Water in Yellow River Basin by Remote Sensing [ J].Pro-
gress in Geography, 2003, 22(5) : 454 462. (in Chinese))

B R ZE, AR 22, AR SCIA.L B IR K A i A ) g e e
EMREAR K R[] HAEAE R, 2004, 13( 6): 1420. (HU
Liang-jun, SHAO Ming-an, ZHU W errzhi. Relationship be
tween Vegetation Spatial Collocations and Soil M oisture Spa
tial Heterogeneities in the Loess Plateau area [ J]. Acta Prat-

aculturae Sinica, 2004, 13(6) : 14-20. (in Chinese))

(L#F 10W)

[16]

[17]

[ 18]

[19]

TRUE, P LI, FEWA, S5, o PR AL AR A B S I nT g R
ST TSR S EREE WFST, 2009, 14( 6) : 646-656. (GUO Qu,
SUN Weitguo, CHENG Bing-yan, et al. The Trend of Tenr
perature Variation and Its Possible Cause in Chongqing|[ J].
Climatic and Environmental Research. 2009, 14(6): 646 656.
(in Chinese))

R E, 2, ZRYEnt, 55 AR PR v 6 K 58 U 34 5% i £
BN . K BEE 9L, 2008, 19(6): 772 779. ( REN Guo
yu, JIANG Tong, LI Wef jing, etal. An Integrated Assessment
of Climate Change Impacts on China’ s Water Resources|J].
Advances in Water Science. 2008, 19( 6): 772-779. ( in Chr
nese) )

LIU Ming liang, TIAN Har qin, CHEN Guangsheng, et al.
Effects of Land U se and L and- Cover Change on Evapotranspr
ration and Water Yield in China during 1906 2000 [ J].
JAWRA, 2009, 44(5): 1193 1207.

FZ TR, IR, S RS R AR A R K B
R )] KRERERE, 2011, 22( 1) : 5F 58. (WANG Yurr qi, Q1

[20]

[21]

[22]

[23]

Shi, SUN Ge, et al. Impacts of Climate and Land Use Change
on Water Resources in a Watershed , A Case Study on the
Trent River Basin in North Carolina, USA[ J]. Advances in
Water Science. 2011,22( 1) : 51-58. (in Chinese))

Rosenbrock H H. An Automatic Method for Finding the
Greatest or Least Value of a Function[ J]. The Com puter
Journal, 1960, 3(3): 175 184.

Dickinson W T H Whiteley. Watershed Areas Contributing to
Runoff] J]. IAH SPubl, 1970(96) : 12-26.

T F A KRITT. 1962 1965, 20072009 A A [ 381 E K LA
% AR /K S R M/ CD] . (H enan HuanBaoTing. 1962

1965, 2007-2009 Annual Hydrological Report P. R. China.

Hydrological Data of Huaihe River Basin[ M / CD]

AL I ) KL Ml 300 VAR )RR SO BB [ D]

HER AL 2%, 2012, 32(8): 1013 1019. (HU Wer wei. The Inflr

ence on the Natural Hydrologic Regimes of the Huaihe River
Dams by Bengbu Sluice and Its Upstream Dams[]J]. Scientia
Geographica Sinica, 2012, 32( 8) : 1013 1019. (in Chinese))

KL KEIR < 15



