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Abstract: Considering the conditions of droughts occurred 

frequently in recent years, especially the agricultural 

drought, Shaanxi Province was selected as the study area 

the NDVI (Normalized difference vegetation index) and 

LST (land surface temperature) , and to establish for the first 

time LST-NDVI feature space using the compound MODIS 

data from in 2014, June through August. Then, the spatial 

distribution of drought in the Spring Maize at Different 

Growth Stages were obtained based TVDI (temperature 

vegetation) ，and the variation tendency of the drought in 

Shaanxi was analyzed. TVDI was verified using the 0-20cm 

relative soil moisture. The results showed that the drought 

more serious, and the disaster area is growing, from the 

spring maize seven-leaf stage to tasseling period. A trend is 

demonstrated expanding from east to west. The TDVI was 

validated by using 0-20 cm relative soil moisture data, and it 

was found that the TDVI and soil moisture had better 

correlation, at the significance level of 0.01. The TDVI 

could better reflect the drought status of spring maize at 

different growth stages.  

1. Introduction 

As the trend in global warming becomes increasingly 

obvious, more and more areas are becoming drought prone 

due to the threat posed by a water crisis(Dai et al., 2005). 

The increases of the arid regions and economic loss caused 

by drought emphasize the importance of strengthening 

regional drought monitoring and forecasting techniques. 

Traditional drought monitoring methods use ground-based 

soil sampling to measure soil moisture in a limited area, 

which for larger areas interpolation methods are used with 

limited sampling data(Western and Grayson 1998). 

However, due to the spatial variability of large areas, it is 

very hard, or even impossible, to get complete information 

about soil moisture using ground-sampling 

methods(Goward et al., 2002). Since increase of global 

temperatures have led to an unprecedented frequency of 

droughts, and research of the basic factors and trends of 

these droughts are crucial for China’s agricultural 

production(Piao et al. 2010; Yang et al. 2013).  

Widespread and dynamic monitoring of droughts using 

traditional monitoring methods is difficult to achieve 

because of the sacristy of points representing soil moisture 

content. Remote sensing technology is a feasible method for 

monitoring droughts on a large scale (Qin et al. 2006; Rhee 

et al. 2010), and methods commonly used can be 

categorized into two types. The first type is based on 

vegetation indices such as normalized difference vegetation 

index (NDVI) (Rouse et al. 1974), vegetation condition 

index (Kogan 1995a,b) and standard vegetation index (Qi et 

al. 2004). The second type is based on temperature and 

includes approaches such as thermal inertia (Price 1985; Yu 

and Tian 1997), evapotranspiration estimation (Jackson et 

al. 1977a, b; Sui et al. 1997)and multitemporal integrated 

soil moisture statistical model (Xiao et al. 1994). However, 

because of incomplete vegetation cover, use of soil 

temperature to monitor soil moisture is quite limited (Moran 

et al. 1994), and use of vegetation index to monitor soil 

moisture is somewhat lag (Sandholt et al. 2002). To 

overcome these problems, Sandholt et al.(2002) proposed 

temperature vegetation drought index (TVDI) based on the 

relationship between vegetation and land surface 

temperature (Price 1990; Carlson et al. 1995). Because of its 
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definite physical meaning and low requirement to the 

spectral resolution of remote sensing data, TVDI has been 

widely applied in the drought monitoring, and its 

advantages have been verified by a series of studies (Sun et 

al. 2012). 

This study selected the TVDI index in Shaanxi province 

during spring maize growth season to examine drought 

dynamic change based on the MODIS data. Then for spring 

maize seven leaf stages, jointing stage and tasseling stage of 

the soil moisture data of soil moisture sites TVDI index was 

validatd during the same period.  

2. Data and Method 

2.1 Datasets 

In this study, the southern plain of Shaanxi Province of 

China was selected as the study area (Fig. 1). The Yulin and 

Yanan belong to northern Shaanxi area; Tongchuan, 

Xianyang, Weinan, Baoji and Xian belong to Central 

Shaanxi area; Hanzhong, Ankang and Shangluo belong to 

Southern Shaanxi area For the purpose of this research, 

MODIS-Terra 16-day vegetation indices at 1-km resolution 

(MOD13A2), daily Ts product at 1000-m resolution 

(MOD11A1) for 2014, from June to August were used. Data 

samples from the 52 meteorological stations that measured 

soil moisture content data for 2014, for the same period 

serve as validation data. 

The MODIS data were obtained from the data sharing 

infrastructure of earth system science. These data were 

pretreated by methods of radiation correction, geometric 

correction, broken line removal, and cloud removal and 

were then used to calculate the NDVI and land surface 

temperature. In this study, the three stages of growth of 

spring maize was chased, such as seven-leaf stage on June 

29 representatives, jointing stage on July 15 representatives, 

and tasseling stage on August 20 representatives. 

2.2 Method 

TVDI is a simple and effective method that has been widely 

used in regional drought monitoring. It describes drought 

conditions using the relationship between LST and soil 

moisture(Qi et al. 2003; Li et al. 2006). When soil water is 

adequate, more energy will be used for evapotranspiration. 

As a result, LST will be lower. Conversely, low soil 

moisture results in a decrease of evapotranspiration, making 

the LST higher. Therefore, LST may be used as an indicator 

for soil moisture. As well, the TVDI should be considered in 

drought monitoring. Different vegetation cover can cause a 

different energy balance for the land surface, thus greatly 

affecting the LST.  

Price (1990) and Carlson et al.(1994) found that the scatter 

plot of LST and VI formed a triangle as shown in Fig.2.

 

Fig.1 Location of the study area in Shaanxi Province

 . 
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Fig. 2 Vegetation index-land surface temperature feature space in TVDI 

 

Using a spatial query method, the highest (T
max

) and the 

lowest (T
min

) LST under the same NDVI can be found. 

Combined with NDVI, equations for the dry side and wet 

side of the feature space can be obtained using a linear 

fitting method(Sandholt et al. 2002): 

min

max min

( )

( )

T T
TVDI

T T





                 （1） 

max 1 1T a b NDVI  
                 （2）

 

min 2 2T a b NDVI  
                 （3）

 

Where, Ts is the earth’s surface temperature of a given pixel 

in a featured space; NDVI is the normalization vegetation 

index value of the pixels; Ts max and Ts min are the surface 

temperatures of the dry and wet edges corresponding to the 

NDVI, respectively; and a1, b1 and a2, b2 are the slope and 

intercept of dry and wet edge equations, respectively, which 

can be obtained by linear fitting. The calculated of TVDI by 

using this formula are the normalized values, between 0 and 

1. Larger TVDI values indicate low soil moisture and high 

degrees of drought, whereas smaller TVDI values indicate 

higher soil moisture and lower degrees of drought. 

In order to calculate the TVDI index, we used the maximum 

value composition to generate daily TVDI data based on 

daily TVDI data for eliminating the interference of clouds 

and atmospheric and satellite observation geometry, by the 

basis of the mean daily TVDI.  In this paper, the TVDI 

classification of drought levels as proposed by Zhang Shun 

Qian et al (Zhang 2007) was adopted(Table 1). 

3. Results 

Spatial and temporal variations of the TVDI in the study 

area (Fig. 2) show that the drought distributed in seven - leaf 

stages, the jointing stage and the  tasselling stage of spring 

maize. In seven - leaf stage of spring maize, the drought was 

mainly distributed in eastern and central region of Northern 

Shaanxi area, north and central region of Central Shaanxi 

area, and a few areas of Southern Shaanxi, among them the 

major drought and extreme drought are mainly distributed 

in eastern region of Northern Shaanxi area and central 

region of Central Shaanxi area.  

In jointing stage of spring maize, the area of drought 

expands and becomes more and more serious, resulting in 

expansion of the major drought and extreme drought areas. 

The drought is mainly distributed in the northeast of 

Northern Shaanxi area, most region of Central Shaanxi area, 

and southwest of Southern Shaanxi. 

 

 

Tab. 1 The Drought classification 

No Drought Mild Drought Moderate Drought Major Drought Extreme Drought 

0-0.67 0.67-0.74 0.74-0.8 0.8-0.86 0.86-1 
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In tasselling stage of spring maize, the drought appears in 

most parts of Shaanxi Province while the major drought and 

extreme drought are mainly distributed in the northern of 

Northern Shaanxi area, central and eastern of Central 

Shaanxi area, and most areas of Southern Shaanxi. 

Overall from the spring maize seven-leaf stage to tasseling 

period, drought becomes more and more serious, and the 

disaster area grows. A trend is demonstrated from east to 

west expansion. The comparison between the TVDI and 

0-20cm relative soil moisture among different growth 

periods, shows a significant correlation, independent on the 

growth period. In jointing stage of spring maize, the TVDI 

and 0-20cm relative soil moisture appear significant 

correlation and the R2 is 0.328, at the 0.01 significance 

level. In tasselling stage of spring maize, the TVDI 

produces better results with more concentrated scatterplots, 

and the correlation between TVDI and 0-20cm relative soil 

moisture appears R2 equal to 0.243, at the 0.01 significance 

level. In jointing stage of spring maize, the TVDI and 

0-20cm relative soil moisture forms R2 equal to 0.189, at 

the 0.01 significance level. Thus it can be seen that the 

TDVI could better reflect the drought status of spring maize 

at different growth stages.  

 

 

 

 

Fig. 2 Distribution of Drought in Spring Maize at Different Growth Stages 
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Fig. 3 Scatterplots between the TVDI and 0-20cm relative soil moisture in Spring Maize at Different Growth Stages

4. Conclusions 

In this study, the application of the TVDI for drought in 

Different Growth Stages of Spring Maize in the Shaanxi 

Province is studied. The relationships between TVDI and 

0-20cm relative soil moisture is also analyzed. The results 

showed that TDVI could better reflect the drought status of 

spring maize at different growth stages. From the spring 

maize seven-leaf stage to tasseling period, drought becomes 

more and more serious, and the disaster area was growing, 

with a trend from east to west expanding from east to west. 

The TDVI was validated by using 0-20 cm relative soil 

moisture data, and it was found there is a good correlation, 

the 0.01 significance level. It indicated that TDVI can better 

invert the agricultural drought for drought preventing 

according to local conditions. 
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