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Abstract:  
This paper presents a new drought assessment method by modifying the NDVI-Ts space, which 
named NDVI-Ts general space. Based on this method, the general dry side and wet side equation 
were established for the period of 1981 and 2010 in the Mongolian Plateau. The results showed that: 
1) the NDVI-Ts general space was more stable for monitoring drought than that for the single time 
Remote Sensing data; 2) TVDI was lower in the areas with high latitude, high vegetation cover, 
well-growing vegetation, which indicated higher soil moisture.3) The dry level area was the largest one, 
and the normal area was the second largest, the wet level area was the third, the extremely dry and 
extremely wet area was the least.4)The results showed that the fluctuated area mainly occurred in the 
normal level and the dry level, the extremely wet level, the wet level and extremely dry level basically 
remained unchanged. It may be explored that, the aridification became more serious in the 1981 – 2012, 
the area transformation mainly occurred between the normal level and dry level. 
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1 Introduction 
Semi-arid regions, which are characterized by low and erraticannual precipitation, comprise 61% of Iran. 
Therefore, vegetationand soil water stress is a major widespread problem in the country.Drought is a 
common natural disaster, requiring action to monitorand detect water stress, to mitigate its negative 
impacts on humanlife, and wildlife and plant communities. 
The Mongolian plateau is a relatively closed arid, semi-arid plateau. The status and the changes of 
the ecosystem have an important impact on the environment to the North China and Northeast China. 
So, there was important significance in the study of the changes of the surface ecological 
environment. The paper chose the Inner Mongolia Autonomous Region, the Mongolia and the Tuva 
Republic as the study area (Fig.1). 
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Fig.1 The study area 

 2 Methods and materials 

A. Data collection and processing 

The 10-day series AVHRR PathFinder NDVI data of the Mongolian Plateau from July, 1981 to 1999, and 
the 16-day series MODIS NDVI data of the Mongolian Plateau from 2000 to 2010 were collected. The 
monthly and annual NDVI data from 1980 to 2010 were obtained by the MVC method. The 8-day series 
MODIS LST data of the Mongolian Plateau from 2000 to 2010 were collected. The monthly and LST data 
from 2000 to 2010 were obtained with the mean value. 
The 10-day measure soil moisture data were collected from China Meteorological Data Sharing Service 
System(http://cdc.cma.gov.cn/home.do). The data set concluded the 10cm soil moisture, 20cm soil 
moisture., etc of the observation station from September, 1991 to October, 2012. 

B. The construction of the NDVI-Ts general space 

The studies of Goward, etc. (1985) and Sandholt, etc. (2002) showed that in a certain geographical, there 
may be effect of the absorbed surface net solar radiation to the surface temperature, however, the effect 
of the soil moisture and evapotranspiration. Yu(2011) point that, if there was no obvious changes in the 
types of the land cover, the multi-year remote sensing data could be used to construct the general space to 
avoid the instability with the single data. The process is as follows: 1) Based on the NDVI-Ts space for 
every single time, the dry side equation and wet side equation were constructed; 2) Based on the 
maximum synthesis and the minimum synthesis, the maximum Ts and minimum Ts were extracted as the 
general maximum Ts and the general minimum Ts; 3) Based on the extracted data, the general space was 
constructed , the dry side equation and the wet side equation were also extracted T୵ୣ୲౟= aଵ + bଵ × I୒ୈ୚౟ 
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Tୢ ୰୷౟= aଶ + bଶ × I୒ୈ୚౟ 
Where，I୒ୈ୚౟was the NDVI, Tୢ ୰୷౟、T୵ୣ୲౟ were the Ts of the dry side and the wet side, aଵ、bଵ、aଶ、bଶ 

were the intercept and slope of the dry side equation and wet side equation for the general space. 
Based on the general space, the Temperature Vegetation Dryness Index (TVDI) was constructed as: TVDI = Tୱ − (aଵ 	+	bଵ 		× I୒ୈ୚)(aଶ 	+	bଶ 	× I୒ୈ୚) − (aଵ 	+	bଵ 		× I୒ୈ୚) 

 3 Results and disscussion 

A. The construction of NDVI_Ts general space 

In accordance with the methods introduced, the NDVI_Ts general space was constructed with the 
NDVI-step of 0.001. The space constructed with single time was not stable, and there were much 
difference of the dry side and wet side equations in different years with the same vegetation cover. 
The Ts of dry side in the general space is commonly higher, and the Ts of wet side is commonly 
lower than that of single time, and the borders are relatively clear, the anomalies in wet side is 
significantly reduced. 
Based on the constructed general space, the dry side equation and wet side equation were 
established in the Table.1. TVDI from 1981 and 2010 were calculated with the two equations. 

Table.1 The dry and wet equation in Ts-NDVI general space 

The period The type of side The equation R2 

1981-1999 
Dry side Ts= 54.164 - 9.527NDV 0.752 
Wet side Ts = -2.305 + 25.421NDV 0.786 

2000-2012 Dry side Ts = 43.052 - 17.055NDV 0.691 
Wet side Ts = -3.686 + 7.224 NDV 0.810 

B. The precision test 

Based on the measured 10-d soil moisture (10cm) data from 1991 to 2012, the precision test were 
conducted. The results showed that there was normal good relationship between the inverted TVDI 
and the measured soil moisture(R>0.55). It could be indicated that TVDI could reflect the changes 
of soil moisture, and could be used as an effective index to evaluate soil moisture.   

Table. 2 Relationship between TVDI and 10cm soil moisture 

Year 1992 1993 1994 1995 1996 1997 1998 

R2 0.356 0.462 0.431 0.467 0.452 0.314 0.417 

Year 1999 2000 2001 2002 2003 2004 2005 

R2 0.417 0.345 0.435 0.330 0.305 0.406 0.406

 

Year 2006 2007 2008 2009 2010 2011 2012 

R2 0.361 0.440 0.403 0.338 0.402 0.443 0.462 
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C. The spatio-temporal changes in TVDI  

The paper classified TVDI as 5 levels: extremely wet (0< TVDI ≤  0.2), wet(0.2< TVDI ≤  0.4), 
normal(0.4 < TVDI ≤  0.6), dry(0.6 < TVDI ≤  08), extremely dry(0.8 < TVDI ≤  1.0), and 

classified the study period as 7 periods: 1980s (1981-1984), 1985s (1985-1989)、1990s (1990-1994), 

1995s (1995-1999), 2000s (2000-2004), 2005s (2005-2009), 2010s (2010-2012). The monthly mean 
TVDI in the growth season (April - October) were calculated from the 10d or 16d TVDI data. 

 
Fig. 2 The TVDI of different periods from April to October (I: Apr., II: May., III: Jun., IV: Jul., V: Aug., VI: Sep., 

VII: Oct; (a): 1980s, (b): 1985s, (c):1990s, (d):1995s, (e):2000s, (f):2005s, (g):2010s.) 

 
Fig. 2 showed that TVDI presented zonal distribution with the changes of vegetation types, vegetation 
cover and latitude. TVDI was lower in the areas with high latitude, high vegetation cover, well-growing 
vegetation, which indicated higher soil moisture. However, TVDI was higher in the areas with low 
latitude, low vegetation cover, bad-growing vegetation, which indicated lower soil moisture. There were 
also relationship between TVDI and Land Use/Land Cover. In forest area, TVDI mainly showed as 
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extremely wet and wet level; in the north and middle part of the Plateau, where distributed large area of 
grassland, TVDI mainly showed as normal level; in the southern area with low grassland, TVDI showed 
as dry level; in the northern area with bare land and desert, TVDI mainly showed as dry and extremely 
dry level. 
The area of different level in every month changed in different period. The results showed that, in the 
period of 1981-2012, there were about averaged 130.94×104km2 of area suffering drought every year in 
the Plateau, which accounted for 44.03% of the total area. The extremely dry area was about 
22.24×104km2 on average every year, accounting for 7.48% of the total area. The normal level area was 
about 83.18× 104km2 on average every year, accounting for 27.97% of the total area. The wet level area 
was about 43.57×104km2, on average every year, accounting for 14.65% of the total area. The extremely 
wet level area was the least, only was17.44×104km2 (5.86%). Overall, the dry level area was the largest 
one, and the normal area was the second largest, the wet level area was the third, the extremely dry and 
extremely wet area was the least. 
The paper named the extremely dry and dry level as the arid area, the extremely wet and wet area as the 
humid area. The results showed that, in the study period, the arid area varied from 112.88×104km2 to 
219.19×104km2, accounted for about 37.96%-73.71% of the total area. The average value was 51.51%, 
which indicated that the soil moisture was generally low in the Mongolian Plateau, the aridification was 
also widespread in this area, and it was serious in some period. 
For the five levels, dry level accounted for the largest area proportion in the study period, which was 
about 47.98% averagely. The normal level(27.70%) and the wet level(13.70%) was the second and third 
largest, respectively. The extreme dry(4.29%) and extreme wet level(5.18%) was the least one in the 
study area. It was indicated that the soil moisture was generally low in the Mongolian Plateau. 
Furthermore, the area proportion of every level varied in different years. Generally, the dry level 

increased from 1981 to 2012. In 1981, the area of dry level was about 97.29×104km2, accounted for about 

31.79% of the total area. In 2012, the area of dry level was about 109.11×104km2, accounted for about 

36.69% of the total area. 

In 1981 -1992, the area showed a sustainable increase. In 1992, the area of dry level was about 175.37×

104km2, accounted for about 58.97% of the total area. After that, it decreased to 102.81×104km2 in 1997, 

and increased from 1998. However, it decreased again in 2000, 2001 and 2002. After that, the area of dry 
level increased continuously. In the study period, the largest arid area occurred in 2007, which was 

202.88×104km2, accounting for about 68.23% of the total area. The second largest year was 2011, the 

area of the arid area was 195.67×104km2, accounting for about 65.80% of the total area. The wet level 

accounted for about 13.70% of the total area averagely, and it basically remained unchanged for the 30 
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years. The normal level showed a slight decrease from 115.52×104km2 in 1981 to 50.04×104km2 in 

2011.The results showed that the fluctuated area mainly occurred in the normal level and the dry level, 
the extremely wet level, the wet level and extremely dry level basically remained unchanged. It may be 
explored that, the aridification became more serious in the 1981 – 2012, the area transformation mainly 
occurred between the normal level and dry level.  

4 Conclusion 

Based on the NDVI-LST space method, the paper inverted TVDI from 1981 to 2010 in the 
Mongolian Plateau, the results showed that TVDI could reflect the changes of soil moisture, and 
could be used as an effective index to evaluate soil moisture. 
TVDI presented zonal distribution with the changes of vegetation types, vegetation cover and latitude. 
TVDI was lower in the areas with high latitude, high vegetation cover, well-growing vegetation, which 
indicated higher soil moisture. 
The area of different level in every month changed in different period. The dry level area was the largest 
one, and the normal area was the second largest, the wet level area was the third, the extremely dry and 
extremely wet area was the least. 
In the study period, the arid area varied from 112.88×104km2 to 219.19×104km2, accounted for about 
37.96%-73.71% of the total area. The average value was 51.51%, which indicated that the soil moisture 
was generally low in the Mongolian Plateau, the aridification was also widespread in this area, and it was 
serious in some period. 
The results showed that the fluctuated area mainly occurred in the normal level and the dry level, the 
extremely wet level, the wet level and extremely dry level basically remained unchanged. It may be 
explored that, the aridification became more serious in the 1981 – 2012, the area transformation mainly 
occurred between the normal level and dry level. 
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