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Abstract:  The desertification process to China’s capital, Beijing area, is analyzed by using the state of 

vegetation, soil moisture and meteorological data collected by the satellites. The growth of vegetation, 

soil moisture and long-term changes of temperature and precipitation in the selected two study regions 

that are near Beijing is analyzed and compared (from 2002 to 2011). Thus the trend of desertification 

can be predicted, and the effective long-term protection and control strategy can be set up. 
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I. INTRODUCTION 

 

esertification eastward and sand dust has become 

one of the most serious environmental and 

ecological problems in China. The affected areas 

are not only limited to North China, but have expanded 

to Korea and Japan.  

The desertification from western China to Beijing 

area has also raised serious problem in society. In the 

future, it may be an important factor in moving the 

capital to another city. Moreover, with rising 

temperature and decrease in precipitation caused by the 

global warming, the soil will become drier and 

irrigation will make the water resource drain faster. It 

can be predictable that the process of desertification 

will be more serious. 

The United Nations has signed the Convention to 

Combat Desertification [1], where pointing out that the 

climate changes and human activities are the two main 

causes of soil deterioration and environmental destroy. 

Therefore, it is necessary to grasp the annual changes in 

desertification within a long period. We can utilize 

some approaches like numerical analysis to predict the 

direction and speed of desertification in order to set up 

the long-term effective prevention method and 

treatment program of virescence [2]. 

China has done some measures such as eco-

migration and large-scale reforestation aiming to 

prevent desertification, but the globally effective 

strategy rarely appears. 

The present governance is aimed at local analysis 

of one region. However, only the global counter 

measure can resolve the problem. Therefore, the  

widespread monitoring by the satellite remote sensing 

technology is bound to be the important means. 

The accurate model for monitoring and analyzing 

desertification by the satellite technology is rare. But it 

is feasible to obtain data of soil moisture and migration 

of surface vegetation, and from which to calculate the 

direction and speed of desertification. The research is to 

monitor the long-term plant growth and water cycles by 

the satellites, thereby analyzing the current 

desertification situation as well as its influence on the 

Beijing area of China. 

 

II.   ANALYTICAL DATA AND TARGET 

 

A. Analytical Data 

         Vegetation index: Data are collected by the 

moderate resolution imaging spectroradiometer 

(MODIS) that is carried on the Terra and Aqua satellite 
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(spatial resolution is 0.05o). The adoptive vegetation 

index is the EVI (enhanced vegetation index) since the 

EVI value changes more remarkably than that of the 

NDVI (normalized difference vegetation index) [3]. 

        Soil Moisture [g/cm3]: The information is obtained 

by the measured data from the advanced microwave 

scanning radiometer - Earth observing system (AMSR-

E) on the Aqua satellite (spatial resolution is 0.25o). 

  Air temperature and precipitation: The research 

adopts the high-resolution dataset of daily precipitation 

and air temperature from the Aphrpdite’s water 

resources project (spatial resolution is 0.25o) [4]. This 

dataset is used for ascertaining the impact that global 

warming makes on water resources in Asia area. It also 

collects and provides the long-term daily precipitation 

and average air temperature in this area to the user. 

 

B.  Analytical Target 

Duration: Data is sampled from September 2002 to 

December 2011. 

 Research region: Firstly, an area that contains 

Beijing is selected (rectangle in Fig.1). The altitude of 

the selected area is shown in Fig.2. We use the IGBP 

land cover dataset 2006 [5] to classify the growth status 

of the land cover vegetation to 17 groups (Table.1), the 

result of which is shown in Fig.3.  

 It can be seen from Fig.3 that this area is divided 

to two main parts by a remarkable boundary. More 

bushes and weeds are located in the arid areas of 

Northwest (including region A), yet more crops like 

rice spread over the humid areas of Southeast 

(including region B). By comparing Fig.2 and Fig.3, it 

is obvious that the boundary is consistent with the 

varying altitude. 

 Fig.4 provides the vegetation and soil humidity 

distribution diagram of this area in August of 2003, 

2007 and 2011 respectively. 

Table.1 IGBP land cover classification system (17 groups) 

Type Name 

1 Evergreen needleleaf forest  

2 Evergreen broadleaf forest  

3 Deciduous needleleaf forest  

4 Deciduous broadleaf forest  

5 Mixed forests 

6 Closed shrublands 

7 Open shrublands 

8 Woody savanna 

9 Savannas 

10 Grasslands 

11 Permanent wetlands 

12 Croplands 

13 Urban and built-up 

14 Cropland/natural vegetation mosaic 

15 Snow and ice 

16 Barren or sparsely vegetated 

17 Water bodies 

Fig. 1 Research area (rectangle) 

Fig. 3 Land cover classification in the study area 

Fig. 2 Altitude distribution of the study area 
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 Around the Beijing area within the analytical 

scope, we differentiate 2 regions (shown as two 

rectangles A and B in Fig.3) near the boundary where 

both the growth of vegetation and soil humidity change 

sharply in order for statistics and analysis of data [6]. 

They are region A (Longitude: 114o~117o, Latitude: 

41o~45o) covered by scrubland plants such as bushes 

and weeds in the semi-arid area, and region B 

(Longitude: 115o~117o, Latitude: 37o~40o) where more 

crops like rice grow in humid area. 

 

III. RESULTS AND DISCUSSION 

 

A. Long-term Change of Vegetation and Soil 

Moisture 

Fig.5 to Fig.8 shows the monthly average of 

vegetation growth and soil humidity of the selected 

regions A and B from September 2002 to December 

2011 [7]. The growth of vegetation and soil humidity 

change with season: They increased in summer and 

decreased in winter since there is more rain in summer. 

And with the increase of precipitation, the growth of 

plant became active.  

Fig. 4 Distribution of vegetation and soil moisture on August in 3 years 

Vegetation info. on Aug. 2003          Vegetation info. on Aug. 2007            Vegetation info. on Aug. 2011    

Soil moisture on Aug. 2003           Soil moisture on Aug. 2007              Soil moisture on Aug. 2011 

Fig.5 Long-term changes of vegetation in region A 
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Fig.6 Long-term changes of vegetation in region B 
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B. Monthly Average Change of Vegetation and Soil 

Moisture 
Fig. 9 and Fig.10 illustrate the monthly change of 

vegetation and moisture. The records are long-term 

monthly means of vegetation growth and soil moisture, 

so that we can clearly see the averages that different 

months influence the vegetation indexes and soil 

moisture. 

Fig.9 suggests that in region A, the growth of 

vegetation varies greatly from June to September, and 

the soil moisture changes largely from May to August. 

Thus the rise of soil moisture is ahead of vegetation 

growth. 

Fig.10 shows that in region B, the growth of 

vegetation shifts much from June to September while 

the soil moisture rises largely from June to October. 

Both the curves of vegetation and soil moisture rise 

sharply from June [8, 9]. 

 

C. Change of Temperature in the Selected Area 

The average daily temperature in 2003, 2005 and 

2007 is shown in Fig.11. In summer, the average 

temperature in region A is higher than 20oC and it is 

higher than 25oC in region B. Moreover, the annual 

average temperature in region B is higher than in region 

A. 

 

D. The Variation of Long-term Precipitation  

The variation of annual precipitation average from 

Fig.9 Changes of vegetation (left) and soil moisture (right) with season in region A 
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Fig.10 Changes of vegetation (left) and soil moisture (right) with season in region B 
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Fig.7 Long-term changes of soil moisture in region A 

S
o

il M
o

istu
re [g

/cm
3] 

Fig.8 Long-term changes of soil moisture in region B 
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1951 to 2007 is shown in Fig.12 to Fig.15. Through the 

comparison between the precipitations of two regions, 

we can see that region A has more precipitation than 

region B, but region A has a downward trend during the 

last 50 years, while there was almost no change in 

region B. 

 

IV. CONCLUSION 

 

 This research monitors the vegetation growth and 

water circulation in a long period near the Beijing area 

of China by utilizing the meteorological data and 

satellite remote sensing. According to the result of 

analysis, there is an apparent shift, with seasons, for 

vegetation growth and soil moisture in region A. And 

also, the precipitation has a falling tendency year by 

year.  

On the contrary, although vegetation growth and 

soil humidity in region B keep changing with seasons, 

precipitation in this region has no such inclination. 

Besides, the soil moisture in region B increases sharply 

in June even exceeds region A, though more 

precipitation is in region A. The reason is that at 

farming area in region B, irrigation leads to rise in soil 

moisture. 

In terms of the existing data, the areas covered by 

plants in the semi-arid region in Northwest of China 

will continuously tend to reduce, following the 

Daily avg. temp. 

in region B in 2003 

Daily avg. temp. 

in region A in 2005 

Daily avg. temp. 

in region B in 2005 

Daily avg. temp. 

in region B in 2007 

Daily avg. temp. 

in region A in 2007 

Daily avg. temp. 

in region A in 2003 

Fig.11 Statistics of daily average temperature in regions A and B 
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Fig.14 Long-term changes of precipitation in region A 
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Fig.15 Long-term changes of precipitation in region B 
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Fig.13 Long-term data of precipitation in region B 
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Fig.12 Long-term data of precipitation in region A 
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decreases of precipitation in future. 

After obtaining the data, the next step is to build a 

new vegetation model [10]. Then the more accurate 

model in the study area can be used to calculate the 

speed, direction and scale of desertification, and then to 

make the global effective prevention plan. 
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