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Abstract Vegetation coverage and surface temperature are important parameters to describe characters of land covers and
can provide information on vegetation and moisture conditions at the surface. The present paper aims at demonstrating how
Terra/MODIS data may be used to estimate spatial patterns of soil moisture a key variable in distributed hydrological
models. The basic approach is to interpret the so-called Ts/NDVI space in terms of surface soil moisture status. Three kinds

of index such as vegetation condition index VCI  temperature condition index TCI and a simplified land surface
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dryness index Temperature Vegetation Dryness Index TVDI based on an empirical parameterisation of the relationship
between surface temperature and vegetation index are suggested. These indexes are related to soil moisture and in
comparison to existing interpretations of the Ts/NDVI space are conceptually and computationally straightforward. These
indexes are based on satellite-derived information only and the potential for application is therefore large.
Using 36 Terra/MODIS images from 2003 of the semiarid North Shaanxi Loess Plateau NDVI MODI1 and Ts
MODI13 were investigated as indicators of vegetation abundance and land surface temperature. To examine soil moisture
conditions at the surface the spatial pattern and temporal evolution in VCI TCI and TVDI was analysed with Ts and
NDVI. The results were 1 Land surface moisture represented by VCI or TCI separately could not eliminate the effects
caused from seasonal change of Ts and NDVI. However TVDI derived from analysis of the temperature/vegetation index
space and created by integrated analyses of these two kinds of data helped to determine main principles of the temporal and
spatial variation of surface soil moisture. 2 From temporal evolution of TVDI it could be inferred that the trend in TVDI
is high values in the dry season spring or autumn and low values in the rainy season summer or winter . 3  Spatial
evolution of TVDI indicates that surface soil moisture of each region has its own seasonal rhythm. Mean TVDI in the
northern region increased rapidly from winter to spring and decreased from summer to autumn in south in the middle and
west the increment of TVDI from winter to spring was almost equal to decrement from summer to autumn. 4  Similarly
spatial variation of surface soil moisture in watersheds was seasonal. Typically in October the variation in TVDI was

greatest in most watersheds especially in north.

Key Words TVDI land surface moisture Loess Plateau
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0.10 1 0.30 ~0.40 0.1
0.25 ~0.30 0.05 7 0.30 10
0. 05 1 0.20 ~0.30 0. 10
4 0.05 7 0.30 ~0. 40 0.10
10
1 VCI
Table 1 Statistics of VCI in watersheds in study area
North part South Part
Item
N1 N2 N3 N4 N5 S1 S2 S3 sS4 S5
Mean 0.27 0.32 0.45 0.51 0.22 0.40 0.47 0.47 0.43 0.53
Jan Variance ~ 0.09 0.11 0.15 0.11 0.07 0.08 0.10 0.07 0.10 0.12
0.31 0.32 0.28 0.27 0.24 0.34 0.40 0.40 0.38 0.45
Apr. 0.05 0.06 0.05 0.03 0.06 0.06 0.08 0.06 0.07 0.09
0.26 0.27 0.26 0.29 0.25 0.51 0.60 0.69 0.66 0.74
0.04 0.04 0.08 0.11 0.04 0.13 0.12 0.09 0.15 0.09
0.25 0.25 0.26 0.26 0.30 0.49 0.55 0.60 0.62 0.70
Oct. 0.03 0.03 0.05 0.03 0.05 0.09 0.10 0.07 0.11 0.10
West part Middle part
Item
W1 W2 w3 W4 M1 M2 M3 M4 M5 M6
Mean 0.33 0.33 0.40 0.40 0.27 0.27 0.23 0.23 0.30 0.29
Jan Variance  0.06 0.08 0.10 0.13 0.07 0.06 0.05 0.05 0.07 0.08
0.27 0.29 0.26 0.26 0.25 0.23 0.23 0.23 0.26 0.28
Apr. 0.02 0.04 0.03 0.04 0.03 0.04 0.05 0.03 0.04 0.06
0.31 0.34 0.32 0.28 0.31 0.23 0.25 0.24 0.31 0.38
0.06 0.07 0.08 0.09 0.04 0.04 0.08 0.05 0.07 0.08
0.30 0.36 0.26 0.28 0.31 0.28 0.29 0.33 0.34 0.38
Oct. 0.04 0.06 0.04 0.04 0.04 0.03 0.04 0.04 0.06 0.06
3.2 TCI
MODIS TCI 4 TCI
0.4 5 0.55
0.25 TCI
0.15
i TCI 2 1
rcl 0.10~0.20 rcr 0.05 4 0.50
0.05 ~0.10 7 10 0.40
0.10~0.25 1 0.30~0.35 0.05 4
0.55~0.60 7 0.35 10
0.10~0.2 0.05~0.15 1
0.25~0.35 0.1 4 0.50 ~0.55 7
0.50 10 0.36
0.10 1 0.20 ~0.30 0.05 4
0.40 0.05 ~0.10 7 TCI
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10 0.10
2 TCI
Table 2  Statistics of 7CI in watersheds in study area
North part South Part
Item
N1 N2 N3 N4 N5 S1 S2 S3 sS4 S5
1 Mean 0.09 0.11 0.13 0.17 0.18 0.31 0.33 0.33 0.35 0.36
Jan Variance ~ 0.04 0.04 0.05 0.05 0.04 0.05 0.07 0.04 0.07 0.04
4 0.51 0.54 0.53 0.54 0.48 0.56 0.57 0.58 0.56 0.56
Apr. 0.05 0.09 0.08 0.09 0.09 0.09 0.07 0.06 0.07 0.06
7 0.42 0.50 0.56 0.58 0.56 0.34 0.25 0.19 0.27 0.17
Jul. 0.08 0.06 0.06 0.07 0.07 0.07 0.05 0.05 0.09 0.04
10 0.31 0.37 0.31 0.22 0.25 0.14 0.17 0.15 0.12 0.16
Oct. 0.23 0.21 0.19 0.12 0.19 0.04 0.15 0.09 0.09 0.12
West part Middle part
Item
Wi w2 W3 W4 M1 M2 M3 M4 M5 M6
1 Mean 0.35 0.31 0.33 0.24 0.28 0.27 0.18 0.23 0.31 0.29
Jan Variance ~ 0.08 0.06 0.06 0.06 0.05 0.05 0.04 0.05 0.06 0.06
4 0.53 0.54 0.51 0.51 0.53 0.49 0.50 0.44 0.54 0.56
Apr. 0.08 0.07 0.07 0.08 0.10 0.06 0.06 0.09 0.07 0.08
7 0.40 0.35 0.47 0.54 0.44 0.51 0.53 0.58 0.34 0.38
Jul. 0.07 0.06 0.07 0.09 0.06 0.06 0.05 0.07 0.06 0.07
10 0.27 0.24 0.35 0.36 0.14 0.24 0.20 0.13 0.23 0.14
Oct. 0.11 0.09 0.13 0.16 0.07 0.10 0.09 0.03 0.09 0.07
3.3 Ts,. NDVI
NDVI  Ts,. 3a NDVI
10 0~255 Ts..  1.6C 0.83
Ts. NDVI
4 NDVI T, 3b  NDVI 10 Ts,,  0.6C
0.19
Ts. NDVI
7 NDVI  Ts, . 3¢ NDVI 10 s, 2.0C
0.95
Ts. NDVI
10 NDVI T, 3d NDVI 10 75, 0.7C
0.35
Ts,.. NDVI
3.4 TVDI
MODIS
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TVDI 4 TVDI 0.5 6 0.70
TVDI 0.15
TVDI
TVDI 1
4 0.50 ~0.55 7
0. 65 10 TVDI 0.35 0.1~0.2
1 TVDI 0.35 0.05 4 TVDI 0.55 ~0.60
7 0. 60 0.10 10 0.20
~0.25 1 0.30 ~0.40 0.1 4
0.50 7 0.70 10
0.40 0.10 ~0.15 1 0.20 ~0.30
0.10 4 0.50 7 0. 60
10 0.20 ~0.30
3 TVDI
Table 3 Statistics of TVDI in watersheds in study area
North part South Part
Item
N1 N2 N3 N4 NS S1 S2 S3 S4 S5
1 Mean 0.09 0.12 0.14 0.18 0.19 0.32 0.34 0.33 0.35 0.35
Jan. Variance ~ 0.04 0.04 0.06 0.05 0.04 0.05 0.07 0.04 0.07 0.04
4 0.53 0.55 0.54 0.56 0.49 0.57 0.58 0.59 0.56 0.56
Apr 0.05 0.09 0.09 0.09 0.09 0.09 0.07 0.06 0.07 0.06
7 0.63 0.65 0.68 0.74 0.67 0.61 0.60 0.60 0.56 0.59
Jul. 0.06 0.06 0.05 0.06 0.05 0.07 0.07 0.06 0.06 0.05
10 0.34 0.39 0.34 0.27 0.29 0.21 0.25 0.23 0.20 0.24
Oct. 0.20 0.18 0.16 0.10 0.16 0.03 0.13 0.08 0.09 0.10
West part Middle part
Item
w1 w2 W3 w4 M1 M2 M3 M4 M5 M6
1 Mean 0.37 0.33 0.34 0.26 0.30 0.28 0.20 0.24 0.32 0.31
Jan. Variance ~ 0.08 0.06 0.06 0.07 0.06 0.05 0.04 0.05 0.06 0.06
4 0.54 0.56 0.52 0.52 0.54 0.51 0.51 0.46 0.56 0.58
Apr 0.09 0.07 0.07 0.08 0.10 0.06 0.06 0.09 0.08 0.07
7 0.70 0.68 0.72 0.70 0.62 0.64 0.67 0.62 0.62 0.62
Jul. 0.04 0.05 0.04 0.08 0.05 0.06 0.07 0.06 0.05 0.04
10 0.32 0.29 0.37 0.38 0.21 0.28 0.26 0.20 0.28 0.21
Oct. 0.09 0.08 0.11 0.14 0.06 0.08 0.08 0.02 0.08 0.06
3.5 VCI TClI TVDI
VCl TCI  TVDI 4
Vel  TCI 1~6 11 ~12
7 ~
9 9 -0.81
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VDI VCI 11 ~3
5~9
9 -0.70
VDI  TCI 0.70 0.85
Tcr o vel TVDI TCI
4 VCI TCI TVDI
Table 4 Correlation coefficients of VCI TCI and TVDI in months
Item 1 2 3 4 5 6 7 8 9 10 11 12
Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
vclr  TCl O~ 0.11 0.15 0.21 0.20 0.16 0.05 -0.24 -0.48 -0.81 -0.34 0.11 0.09
vcl  TVDI @ -0.06 -0.09 -0.12 -0.27 -0.39 -0.47 -0.40 -0.33 -0.70 -0.28 -0.10 -0.06
TCl  TVDI ® 0.88 0.79 0.86 0.87 0.79 0.85 0.86 0.87 0.76 0.79 0.78 0.75
(@D Correlation coefficients between VCI and TCI (2) Correlation coefficients between VCI and TVDI (3) Correlation coefficients between TCI and
TVDI = 0.05 Significant 0.01 <P <0.05
3.6 TVvDI
TVDI
TVDI TVDI
10 Sa
5b 5 TVDI
2.36°C 12.03°C
556.93mm 349.35mm -5.54 -25.70 TVDI
5 TVDI
Table 5 Relationship of TVDI and its validating factors
Vbl Average annual temperature Average annual precipitation Moisture Index
Class C mm
Mean Variance Mean Variance Mean Variance Mean Variance
1 0.18 0.03 2.36 0.81 556.93 0.45 -5.54 0.14
2 0.25 0.02 3.63 0.95 529.48 0.59 -8.82 0.25
3 0.30 0.01 4.86 0.89 515.51 0.56 -11.14 0.28
4 0.35 0.02 6.12 0.93 491.50 0.60 -13.36 0.26
5 0.41 0.02 6.77 0.88 457.63 0.50 -15.87 0.19
6 0.47 0.02 7.41 0.84 434.35 0.38 -17.54 0.17
7 0.53 0.02 8.19 0.94 407.39 0.28 -20.23 0.13
8 0.60 0.02 9.07 1.01 390.24 0.22 -22.08. 0.09
9 0.66 0.02 10.55 0.96 375.86 0.26 -23.26 0.08
10 0.75 0.05 12.03 1.10 349.35 0.33 -25.70 0.10
4
VCI
4 10 4 10
7 4 1
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