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Abstract; Soil moisture has been considered as one of the most important indicators of soil conditions, and the measurement
of soil moisture has been widely used to monitor the status of soil in the fields of hydrology, meteorology and ecology.
Surface temperature/ vegetation index space ( T./VI) synthesizes the information from both visible and near-infrared bands of
the processed remote sensing image products. Therefore, it can be used to assess the status of soil moisture.

In this paper, the North China Plain was chosen as the study area. Sixteen MODIS/Terra images with relatively less
cloud shadow contamination, including the surface reflectance daily L2G 500m and 1km product (MODO9GA) and the land
surface temperature daily 1km product (MOD11A1), were used to establish the T /VI space,. In the establishment of the
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T /VI space, Linear regression functions were used to approximately fit the lower and upper boundaries of the the T ./VI
space so that the dry and wet edges of the space can be determined. Furthermore, the trend of changes in the parameters of
the two edges was analyzed in the time series. Two surface temperature/vegetation index spaces were established based on
the T./NDVI and the T /EVI, and the difference between the characteristics of the shapes in these two spaces were
investigated. Based on the data obtained from the 107 soil moisture stations in the study area, the correlation between the
Temperature Vegetation Dryness Index ( TVDI) which was calculated from the T,/NDVI and the T,/EVI spaces and the soil
moisture was developed and analyzed. The development of the correlation provides a way to use the TVDI to infer soil
moisture status. In this paper, the TVDI calculated from T./EVI in the study area was used to assess the spatial distribution
of soil moisture in the four different crop growth stages. Moreover, the relationship between the TVDI and rainfall was also
investigated in those regions with rainfall data from the meteorological stations.

The results show that TVDI can be successfully used to infer the near surface soil moisture status. The TVDI calculated
from T /EVI has a better correlation with soil moisture comparing to the TVDI calculated from T /NDVI. 1t is also found that
there is a similar trend in the change of the TVDI and rainfall in the time series. Continuous rainfall for a certain time is
followed by a decline in the TVDI which indicates the increase of soil moisture, and vice versa. The analysis of the TVDI
and soil moisture changes of the study area in the different crop growth stages shows that the TVDI space calculated from T,/
EVI can effectively reflect the spatial difference of soil moisture. Therefore, it provides a useful method to monitor and

assess the status of regional soil moisture.

Key Words: TVDI; soil moisture; North China Plain
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Tkm Zp#E3 7= 5 (MOD11AL) o %7 i &3 JUAT AL IE
KABESLT, B&T U FR#ER™ . RH%
a7 B A SO R BRI E T A T
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Fig.2 Definition of TVDI ( Redraw from Sandholt, et al. [3)
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HFZEE, BREFET UL TR E™ . WNEHFH, T80 R 3R B E 285 B, = B 8 1
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RESTE MR &, NG RSB
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TVDI {H 5% 5 10em F1 20em 38300 B HATHSC T (R 3) o TVDI, 5 TVDI[F] TR ERIA AR KR,
B TVDI {H T , 5800 BRI, W 2 TVDI (B8R 1 30K /P RGGERT 3 (B 2) .
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Fig. 5 Trends of dry(b,,,) and wet(b,;, ) edge
®1 T/NDVIHEZESH
Table 1 Parameters for 7,/NDVI space
H ¥%k DOY
101 108 131 145 151 158 190 240
i 270.94 277.12 276.73 277.62 286.54 287.74 285.19 285.14
b in 19.57 9.92 14.03 13.07 0.22 1.71 7.19 3.57
Roin 0.95 0.79 0.83 0.91 0.04 0.19 0.86 0.25
Ay 314.55 314.44 318.47 332.16 336.16 337.55 344.57 320.99
b nas -22.71 -21.20 -18.13 -31.88 -33.33 -37.32 -44.02 -16.24
R -0.98 -0.98 -0.98 -0.96 -0.94 -0.97 -0.98 -0.94
H ¥4 DOY
251 261 266 272 275 279 282 288
i 288.42 278.81 278.89 279.54 280.02 276.03 277.46 276.52
b i -4.75 8.31 4.16 7.46 3.93 10.25 4.69 15.75
R -0.39 0.50 0.42 0.51 0.31 0.63 0.27 0.91
[ 335.70 322.21 337.18 317.93 322.19 313.21 317.46 311.85
b nas -38.19 -22.64 -43.44 -22.03 -25.98 -17.75 -20.58 -12.71
R -0.98 -0.93 -0.93 -0.94 -0.87 -0.96 -0.95 -0.81
Gax s Ouas AT ABEL R AT UG IRE BRI, i s O AL B E R AWM A PIE R e s Dnis dry edge parameter; a,,;,
b 1s wet edge parameter; R, and R ; is coefficient of determination for dry and wet edge, respectively
®2 T/EVIBEZESH
Table 2 Parameters for T ,/EVI space
H ¥ %t DOY
101 108 131 145 151 158 190 240
i 272.61 277.14 275.57 271.74 288.84 287.41 287.19 285.25
b in 19.00 11.62 18.48 15.26 -4.09 4.66 2.07 12.84
Roin 0.89 0.84 0.85 0.86 -0.34 0.35 0.30 0.52
Ay 311.50 313.66 318.31 328.12 330.29 329.64 332.11 319.60
b nas -25.01 -29.78 -26.56 -37.16 -35.12 -37.18 -36.76 -18.63
R -0.99 -0.99 -0.99 -0.98 -0.97 -0.99 -0.93 -0.99
H ¥4 DOY
251 261 266 272 275 279 282 288
@i 284.47 281.96 281.33 281.07 283.10 275.83 277.90 278.92
b i 9.06 4.19 -0.41 7.54 1.70 20.88 6.74 15.28
R 0.47 0.21 -0.02 0.30 0.07 0.79 0.25 0.82
s 325.08 319.06 324.06 313.72 319.39 309. 84 317.02 310.91
b o -30.72 -27.93 -39.03 -19.64 -35.57 -17.85 -32.80 -15.39
R -0.95 -0.99 -0.92 -0.98 -0.96 -0.91 -0.88 -0.89

Gnax s buaax AT ABH R AT EVE REL, @i s b FIBABEL, Ry AR B YRE RBL

b is wet edge parameter; R, and R, is coefficient of determination for dry and wet edge, respectively
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Ve EA L, TVDI, 5 36808 BE ARG L TVDL 2R o 0N 4 ~ 10 A By R A K = 90 5 R i R i)
I3, ML A A R, DR G TR AR P A AE R AL OB i BE A X TARIE BT TR I, EVI 3o veg ML =i X S
ARz NDVI SE Uk . R I, 7EARPAE 25 18] P BEAAR B A B0 S IR DL B 28 4L, T X b 28 1 = B R OT7E
ik (8] A B S A3 5 1 TVDI YRRt AT RE B4 S BR - 3908 B 28l o ELBOAN RJIR I H IR 5
TVDI H)R AR, Ak b 10em H 308 HE 5 TVDI ARCMERAF . Ui R NS 2 TVDI RERE R R = 13
TR BLZELE L o
®3 TVDI 5E1HEREEREREEXRE
Table 3 Correlation coefficients between TVDI and soil moisture content

H ¥4 DOY
101 108 131 151 158 190 240 251 261 288
TVDIy :SMy, -0.008 -0.433*** 0.284 -0.221 -0.093 -0.313*  -0.302* -0.216"* -0.213** -0.159
TVDI :SMy, -0.101  -0.346** -0.070 -0.197 -0.068 -0.243 -0.172 -0.137 -0.217** -0.037
TVDI :SM -0.055 -0.481*** -0.068 -0.356** -0.194 -0.435** -0.330* -0.355*** -0.262** -0.151
TVDI; : SMy, -0.112  -0.380** -0.322 -0.304*  -0.207 -0.386** -0.183 -0.188*  -0.248** -0.020

SM o il SMyy 533152 10em 71 20em AbIYHHERIE ; + * » (REEL 0.01 BEVERK; + « REH 0.05 BEWKL; « RFHL0.1 BF
PEKLS:  TVDIy is calculated from T,/NDVI space, TVDIy is calculated from T,/EVI space. SM,, and SM,, are soil moisture in 10cm and 20cm depth;
#* % xp<0.01, * *xp<0.05, *p<0.1

3.3 TVDI 5[KHIKFR
ESFHWRRE L, FHET TVDIESFBEKEAEE KRR BIRERFT 4 M, WRUT 3 4544
(1) %3h BT EGOTIE R R 16 IBEGH BA Z B m K55 (2) R F B 4 Dl BN 855 (3) %
u R E XK BE R 2ER . RIBE IR RTTEEOT, UG TR W R AR TVDI .,
VAL, TVDI SRR AAL S BURR N (11 6) o BTtk 4 3l 57E DOY170 2 J5 A S [ /K 8 Jl - S JBE

m— %7K Rainfall —@— TVDIN —-A— TVDIg
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, 54518
t A - _|
600 //v‘ /// \\\\ /‘«\ 0.8 600 08
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HH TR T
0 "1 4 I J N 0 0 | I U |.ALI. Lll 0
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Fig. 6 Trends of rainfall and TVDI from the station scale
TVDI 3t T,/NDVI %3 [al 3818 2 TVDI, TVDI 3% T./EVI 23 [Al13HE R 2K TVDI(54518 b &M (116.38°E, 39.12°N) 54624 jif -t
#UE(117.35°E, 38.37°N)58203 Y75 FLFH (115.73°E, 32.87°N) 58311 YL.75/5% (116.5°E, 31.75°N) )  TVDIy is calculated from T,/NDVI
space, and TVDI} is calculated from T,/EVI space. (54518 Bazhou, Hebei Province (116.38°E, 39.12°N), 54624 ;. Huanghua, Hebei Province
(117.35°E, 38.37°N), 58203 Fuyang, Jiangsu Province (115.73°E, 32.87°N), 58311 Liuan, Jiangsu Province (116.5°E, 31.75°N) )
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Fig. 7 Soil moisture status in study area calculated from T, /EVI space
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