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Abstract. This paper investigated the relationship between vegetation coverage 

and rural settlements in Horqin Left Back Banner. There are 4 spatial patterns 

about the relationship between vegetation coverage and rural settlements, 

including high region-low region, high region-low region-high region, high 

region-low region-high region-low region, and high region. Around rural 

settlements, land is used as cultivated land and vegetation coverage is high. The 

overlap effect of overgrazing and extensive cultivation creates the first low 

region of vegetation coverage. With increasing distance from rural settlements, 

human disturbance to vegetation growth decreases, vegetation coverage 

increases, and the high region appears again. The second low region of 

vegetation coverage is caused by the overgrazing of another rural settlement. At 

the border region of 2 adjacent villages, 3 different conditions are presented 

with the vegetation coverage and rural settlements. In the first condition, 

vegetation coverage is low and is located at the intersection of both low regions 

of the 2 rural settlements. In the second condition, the vegetation coverage is 

high and is located at the intersection of both high regions of the 2 rural 

settlements. In the third condition, vegetation coverage is low and is located at 

the intersection of both low regions of the 2 rural settlements. According to the 

changing patterns and reasons for such patterns, we present strategies for anti-

desertification, including banning grazing, stopping extensive cultivation, 

promoting optimal choice of sand-fixation plant, and clarifying land property 

rights. 
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1   Introduction 

Desertification, defined in the Convention to Combat Desertification and Drought in 

1994 as “land degradation in arid, semiarid and dry sub-humid areas resulting from 

various factors including climatic variability and human activities,” will most likely 

become the greatest threat to humanity in the future because it diminishes the Earth’s 

capacity to support human beings with the steady increase in global population [1]. 

Desertification is one of the most serious environmental and socioeconomic problems 

[2–3]. Thus, many anti-desertification efforts have been made, including 

determination of the underlying mechanisms of desertification [4–7], risk assessment 

of desertification [8–9], monitoring of desertification development [10–13], and 

investigating the effectiveness of anti-desertification projects [14–16]. China is one of 

the world's most desertification countries [17–19]. The desertified land in China 

occupies approximately 13 % of the country's total surface area and is a major source 

of Asian dust [20]. To address this problem, the Chinese government has launched 

several projects to fight desertification, such as “Three-North Shelterbelt Project” in 

1978, “Grain for Green Project” in 1999, and “Beijing and Tianjin Sandstorm Source 

Controlling Project” in 2000. Because of these projects, the desertified land has been 

diminished and environment has become better in China, as well as in Horqin Sandy 

Land [14]. 

For desertification mechanism, the following is the general consensus: natural 

characteristics and human activities were the driving factors of desertification. 

However, at different locations and different periods, the main driving force of 

desertification is diversity. For instance, some researchers have proposed that 

desertification was caused by climate change in the Mu Su Sandy Land and Otindag 

Sandy Land and their adjacent regions, and this hypothesis was supported by 

archaeological evidence [21–23], whereas others have argued that human activities 

were the causes [24–25]. Meanwhile, previous studies explored the effect of single or 

multiple factors of human activities on desertification [22–23]. Otherwise, rural 

settlement is the place where all human activities occur. The patterns of vegetation 

coverage around rural settlements are also not clear. So, it is significant to study the 

relationship from the micro view of rural settlement and from the comprehensive 

view of taking rural settlement as the place of human activities gathering, between 

rural settlement and desertification. Vegetation coverage can indicate desertification 

risk and is an important indicator of the fixation of sand dunes and the restoration of 

soil fertility. So understanding the patterns of rural settlements and vegetation 

coverage can offer scientific support for anti-desertification efforts. The following can 

be determined: the critical potential desertification area, how desertification spreads in 

area, and what strategies can be adopted to enhance the effects of anti-desertification 

methods. 

As mentioned above, the aims of this study are the following: (I) investigate 

vegetation coverage patterns (desertification risk degree) around one rural settlement 

and between 2 adjacent rural settlements, (II) analyze the driving forces of the 

difference of vegetation coverage in different regions, (III) put forward strategies to 

anti-desertification by increasing vegetation coverage.  



2   Study area and study transect 

2.1   Study area 

Horqin Left Back Banner (HLBB) is a county covered 11481 km
2
 in Inner Mongolia 

and located in northern China with a geo-location from 121°30′E-123°42′E and 

42°40′N-43°42′N (Fig. 1). HLBB lies in the agro-pastoral fragile ecotone, being a part 

of Horqin Sandy Land which is the first sandy land in area in China. Being a typical 

temperate continental climate type, its average annual temperature is 5.3 °C–5.9 °C. 

Average annual precipitation is 415 mm and is concentrated in June to August, 

accounting for 70 % of average annual precipitation. The average annual rainfall 

reduces from east to west and from south to north. Average annual evaporation is 3.9–

4.5 times the average annual rainfall. Average annual wind speed is between 3.5 m/s–

4.5 m/s and high-speed windy days are concentrated in winter and spring. Generally, 

the average number of windy days with a speed of >5 m/s (causing sand blowing) 

reaches 40 in one year. The landform in HLBB includes undulating sand dune, flat 

sand land, dune slack, and plain. Geomorphic characteristics are connections of fixed-

sand dune, semi-fixed sand dune, and moving sand dune and the alternative 

distribution of undulating sand land and marshy land. Sand dunes are mainly 

distributed in the north, south, and west of HLBB. The plain is located in the east. 

Aeolian sandy soil is the main soil type which takes up 68.9 % in all area of HLBB. 

In general, the physical features of HLBB create conditions for the formation and 

development of desertification. 

Being an agro-pastoral ecotone, the main animals raised in HLBB are sheep and 

cattle. Maize is the staple planting crop, and the cropping system is one harvest a year. 

In 2013, the population was 4.05 × 10
5
, and population density was 35/km

2
. The 

numbers of sheep and cattle were 4.678 × 10
5
 and 4.013 × 10

5
,
 
respectively. The 

maize planting area was 1.61 × 10
5
 hm

2
 accounting for 86% in all sown area. 



 
Fig. 1. The location of HLBB and the selected rural settlements 

2.2   Study transect 

A total of 262 villages are in HLBB, and analyzing the relationship between 

vegetation coverage and rural settlement for each village would be difficult. Belt 

transect method was employed. A belt from north to south, which contains 9 villages 

(Fig. 1), was chosen. In the belt transect, precipitation ranges from 280 mm in the 

north to 360 mm in the south. The study transect is located in the sand dune 

distribution zone, which is vulnerable to land desertification. Elevation drops from 

280 m to 40 m. Elevation of HLBB changes from 304 m to 14 m. Agriculture and 

animal husbandry coexist in the transect area. Cropping system is one harvest a year, 

and the crop is mainly maize. Thus, the study transect can represent the whole study 

area in natural conditions and production mode. Villages in the belt transect include 

Bayantala Gacha (BYTLGC), Momai Gacha (MMGC), Bianjie Gacha (BJGC), 

Baixingtu Gacha (BXTGC), Genggei Gacha (GGGC), Wuguan Gacha (WGGC), 

Wudantala Gacha (WDTLGC), Hailasitai Gacha (HLSTGC), and Xinaili Gacha 

(XALGC) from north to south. Gacha as an administrative unit is equal to village. 



3   Materials and methods 

3.1   Materials 

Vegetation grows well in August because rainfall is rich in June to August [26]. Thus, 

one Landsat-8 imagery, acquisition time 30-08-2014, path 120 and row 030, cloud 

cover 0%, resolution 30 m, was obtained from USGS (http://glovis.usgs.gov/). 

Vegetation coverage was presented by calculating vegetation index. Village boundary 

and rural settlements were extracted from land use database for 2012 (1:10000) which 

was formed through land use change survey on the base of the Second Land Use 

Survey of China completed in 2009. In addition, we conducted twice field surveys in 

HLBB from 09-07-2014 to 19-07-2014 and from 08-10-2014 to 15-10-2014 to 

investigate the plantation, desertification, vegetation, water, and living conditions. 

Some questionnaires on the above mentioned aspects were created. 

In this paper, NDVI was chosen as the vegetation index to reflect vegetation 

coverage and was calculated with the software of ENVI. Before calculating NDVI, 

radiometric calibration and atmospheric correction were made by ENVI. Then, 

geometric registration was conducted between reflectance imagery and land use map, 

and the registration accuracy was 0.205 pixels. The polygon layer of 9 rural 

settlements for 9 villages was converted into gravity center point layer to analyze the 

spatially changing patterns between the vegetation coverage and rural settlements 
with the help of geographic information system software (ArcGIS 10.0).  

3.2   Methods 

3.2.1   Vegetation index   Desertification is closely related to vegetation coverage. 

Low level vegetation coverage indicates high risk of desertification, especially in 

sandy land areas. NDVI is a significant measure that reflects vegetation coverage [27–

28] and was calculated as Formula 1 [29–30]. The higher NDVI value, the better the 

vegetation coverage. 

 )()( NIRRED/NIRREDNDVI        (1) 

RED represents reflectance of red band and NIR represents reflectance of near-

infrared band. 

3.2.2   Vegetation coverage changing patterns around one rural settlement and 

between 2 adjacent rural settlements   To analyze vegetation coverage changing 

patterns around one rural settlement and between 2 adjacent rural settlements, four 

directional lines (east, west, south, and north) were made. These lines started from 

gravity center points of rural settlements and ended at village boundaries by ArcGIS 

10.0. Then, buffering was made for two sides of each line, and the buffering distance 

was 300 m with the help of ArcGIS 10.0; 300 m is equal to the length of 10 grids. At 

last, starting from intersection point of the line and the boundary of rural settlement 

polygon to village boundary, a NDVI value was obtained by averaging NDVI values 

of 10 grids every 30 m. In this way, vegetation coverage changing condition was 



obtained in the 4 directions (Fig. 2). The vegetation coverage of 4 directions 

represents vegetation coverage condition around one rural settlement.  

One line was made to connect 2 adjacent rural settlements, and the buffering 

distance for 2 sides of each line was 300 m (Fig. 2). Starting from the intersection 

point of connected line and the boundary of one rural settlement polygon and ending 

at the intersection point of connected line and the boundary of the other rural 

settlement polygon, the averaged NDVI was calculated every 30 m to determine 

vegetation coverage condition between 2 rural settlements. 

 
Fig. 2. Directional line of each rural settlement and connected line of 2 adjacent rural 

settlements 



4   Results and discussions 

4.1   Vegetation coverage changing patterns around one rural settlement 

In terms of NDVI changing trend in each direction, 4 changing patterns of NDVI 

were obtained, as follows: high region-low region, high region-low region-high 

region, high region-low region-high region-low region, and high region. 

Sixteen directions of 9 rural settlements had the NDVI changing pattern of high 

region-low region, as follows: BYTLGC-E, MMGC-S, MMGC-W, BJGC-S, BJGC-

W, BXTGC-N, BXTGC-S, BXTGC-W, GGGC-N, WGGC-S, WGGC-E, WDTLGC-

N, WDTLGC-E, HLSTGC-N, HLSTGC-E, and XALGC-E (Table 1). Mean NDVI 

values of 16 high regions changed from 0.58 to 0.81, and mean NDVI values of 16 

low regions changed from 0.26 to 0.48. The maximum ratio of average NDVI value 

of high region to that of low region was 3.12 in XALGC-E, and the minimum ratio 

was 1.46 in BXTGC-N. In general, mean NDVI value of high regions was twice 

higher than that of low regions. Lengths of high regions varied from 330 m to 3510 m, 

and the average length was 1721.25 m. Lengths of low regions changed from 360 m 

to 3510 m. The average length was 1638.75 m (Table 5). 

Table 1. NDVI changing pattern of high region-low region 

Village name and direction Starting distance/m Ending distance/m Average NDVI 

BYTLGC-E 
0 1050 0.70 

1080 2250 0.41 

MMGC-S 
0 1830 0.73 

1860 2730 0.30 

MMGC-W 
0 2190 0.79 

2220 3450 0.47 

BJGC-S 
0 2880 0.58 

2910 4890 0.29 

BJGC-W 
0 750 0.70 

780 2190 0.36 

BXTGC-N 
0 750 0.70 

780 2100 0.48 

BXTGC-S 
0 330 0.68 

360 4200 0.38 

BXTGC-W 
0 1140 0.69 

1170 5880 0.34 

GGGC-N 
0 810 0.59 

840 1740 0.32 

WGGC-S 
0 3210 0.78 

3240 5070 0.35 

WGGC-E 
0 3030 0.76 

3060 3360 0.45 

WDTLGC-N 
0 3510 0.63 

3540 5130 0.33 

WDTLGC-E 
0 600 0.73 

630 2130 0.35 



HLSTGC-N 
0 2100 0.63 

2130 4170 0.35 

HLSTGC-E 
0 2760 0.79 

2790 3750 0.35 

XALGC-E 
0 600 0.81 

630 1200 0.26 

Notes: XXX-X, XXX represents rural settlement name and X represents one direction among east, west, 
south and north. 
 

Eleven directions of 8 rural settlements had the NDVI changing pattern of high 

region-low region-high region, as follows: BYTLGC-N, BYTLGC-S, BJGC-N, 

BXTGC-E, GGGC-S, WGGC-W, WDTLGC-S, WDTLGC-W, HLSTGC-S, 

XALGC-N, and XALGC-W (Table 2). NDVI values of the first high regions varied 

from 0.49 to 0.86, and average NDVI value of the first high regions was 0.68. NDVI 

values of the second high regions changed from 0.33 to 0.93, and average NDVI 

value of the second high regions was 0.64. NDVI values of low regions changed from 

0.26 to 0.71, and average NDVI value of low regions was 0.44. The maximum, 

average, and minimum ratios of average NDVI value of the first high regions to that 

of low regions were 2.23, 1.55, and 1.11, respectively. The maximum, average, and 

minimum ratio of average NDVI value of the second high regions to that of low 

regions were 2.50, 1.45, and 1.10, respectively. Lengths of the first high regions 

varied from 480 m to 1590 m, and the average length was 913.64 m. Starting 

distances of low regions away from the boundary of rural settlement varied from 510 

m to 1620 m. The average starting distance away from the boundary of rural 

settlement was 943.64 m. Ending distances of low regions away from the boundary of 

rural settlement ranged from 1110 m to 4350 m. The average distance away from the 

boundary of rural settlement was 3043.64 m. The average length of low regions was 

2100 m. Starting distances of the second high regions away from the boundary of 

rural settlement varied from 1140 to 6490 m. The average length of the second high 

regions was 886.36 m (Table 5). 

Table 2. NDVI changing pattern of high region-low region-high region 

Village name and direction Starting distance/m Ending distance/m Average NDVI 

BYTLGC-N 

0 630 0.59 

660 3510 0.40 

3540 5400 0.60 

BYTLGC-S 

0 870 0.49 

900 4290 0.30 

4320 6600 0.33 

BJGC-N 

0 1380 0.54 

1410 3630 0.27 

3660 4080 0.47 

BXTGC-E 

0 480 0.66 

510 3270 0.36 

3300 3390 0.47 

GGGC-S 

0 990 0.83 

1020 2940 0.42 

2970 5070 0.57 

WGGC-W 0 690 0.79 



720 1860 0.71 

1890 2190 0.93 

WDTLGC-S 

0 1590 0.86 

1620 2670 0.58 

2700 2970 0.84 

WDTLGC-W 

0 600 0.67 

630 2580 0.55 

2610 3600 0.74 

HLSTGC-S 

0 1170 0.66 

1200 4350 0.36 

4380 5040 0.56 

XALGC-N 

0 750 0.78 

780 1110 0.62 

1140 1440 0.86 

XALGC-W 

0 900 0.58 

930 3270 0.26 

3300 3780 0.65 

 
Five directions of 5 rural settlements had the NDVI changing pattern of high 

region-low region-high region-low region, including BYTLGC-W, MMGC-N, BJGC-

E, WGGC-N, and HLSTGC-W (Table 3). NDVI ranges of the first high regions, the 

first low regions, the second high regions, and the second low regions were 0.54 to 

0.74, 0.30 to 0.43, 0.65 to 0.74, and 0.27 to 0.45, respectively. The average NDVI 

values of the first high regions, the first low regions, the second high regions, and the 

second low regions were 0.65, 0.37, 0.71, and 0.36, respectively. Average length of 

the first high regions was 648 m. The average starting distance and average ending 

distance away from the boundary of rural settlement of the first low regions were 678 

and 2964 m. The average length of the first low regions was 2286 m. The average 

starting distance and average ending distance away from the boundary of rural 

settlement of the second high regions were 2994 and 4644 m. The average length of 

the second high regions was 1650 m. The average starting distance away from the 

boundary of rural settlement of the second low regions was 4674 m and the average 

length of the second low regions was 2220 m (Table 5). 

Table 3. NDVI changing pattern of high region-low region-high region-low region 

Village name and direction Starting distance/m Ending distance/m Average NDVI 

BYTLGC-W 

0 330 0.54 

360 3480 0.38 

3510 4800 0.74 

4830 7920 0.42 

MMGC-N 

0 510 0.74 

540 3990 0.43 

4020 4500 0.73 

4530 8100 0.35 

BJGC-E 

0 870 0.59 

900 1980 0.30 

2010 2430 0.70 

2460 2700 0.32 

WGGC-N 0 870 0.68 



900 2880 0.36 

2910 4620 0.71 

4650 5340 0.45 

HLSTGC-W 

0 660 0.69 

690 2490 0.36 

2520 6870 0.65 

6900 10410 0.27 

 
Another NDVI changing pattern for 3 directions of 3 rural settlements was high 

region, including MMGC-E, GGGC-E, and XALGC-S (Table 4). Average NDVI 

values of 3 directions were 0.68, 0.85, and 0.90 respectively. Lengths of 3 directions 

were 660, 2580, and 1440 m.  

Table 4. NDVI changing pattern of high region 

Village name and direction Starting distance/m Ending distance/m Average NDVI 

MMGC-E 0 660 0.68 

GGGC-E 0 2580 0.85 

XALGC-S 0 1440 0.90 

 
Generally, the location selection of rural settlement give preference to the place 

that is rich in water and is fertile in soil resource. So, around one rural settlement, land 

is exploited into cultivated land and used for food supply and economic income. 

Furthermore, according to our field research, to keep the sustainable use of the 

relatively fertile cultivated land, farmers take conservation tillage (for example, crop 

straw stubble and no-tillage) to fertilize soil and reduce soil wind erosion under windy 

and less rainfall circumstance. Crops planted in the cultivated land around rural 

settlements grow well, and NDVI value is high. HLBB is a coexistence zone of 

farming and grazing and is a vast territory with sparse population. This zone had a 

population density of 35/km
2
 in 2013. Outside cultivated land around rural 

settlements, the main land use type is grassland. Compared to the limited population, 

the area of grassland is vast. In case of drought years, the farmers adopt extensive 

cultivation to get grain. In this way, many grasslands are exploited and planted. 

However, the exploited land is abandoned in the next few years due to quick decrease 

in soil fertility after land use. According to the report of grassland resource survey in 

HLBB, all grassland may be exploited, planted, and abandoned within 8 years. This 

land use mode destroys land vegetation, and land becomes vulnerable to 

desertification. At the same time, grazing economy is a significant part of the family 

income for farmers, which can contribute >50 % of the total family income. Although 

banning grazing is conducted during 1 May to 1 June every year in HLBB, 

overgrazing still exists during other times in this zone according to our surveys. 

Overgrazing and extensive cultivation is devastating to the growth of vegetation. Thus, 

the NDVI changing pattern of high region-low region is formed, and the low region of 

NDVI is vulnerable to desertification. 

On the basis of NDVI changing pattern of high region-low region, NDVI value 

increased with increasing distance from rural settlements, thereby indicating that 

vegetation coverage is improving. Average distance from the starting point of the 

second high region of high region-low region-high region to the boundary of rural 



settlement was 3073.64 m. According to our field survey, grazing distance is also 

about 3000 m. Furthermore, with increasing distance from rural settlement, farmers 

will not attempt cultivation. Thus, cultivation declines until no cultivation occurs. 

This finding demonstrated that vegetation coverage can improve in a manner similar 

to the vegetation coverage of cultivated land around rural settlements if vegetation 

could grow without disturbance from overgrazing and extensive cultivation in HLBB. 

The NDVI changing pattern of high region-low region-high region is formed. 

Relevant literatures and data showed that water consumption of grass is less than 300 

mm, and some shrubs consume less than or about 300 mm of water; for example, 

Haloxylon ammodendron and Caragana microphylla [31–32]. The average annual 

rainfall of HLBB was 328.5 mm during the vegetation growth period. Natural rainfall 

satisfies the water demands of grass and some shrubs in a large portion of HLBB. 

Thus, grass and shrub plants rather than trees should be chosen, and overgrazing and 

extensive cultivation should be forbidden in anti-desertification strategies in HLBB. 

Thus, shrub and grass can grow well, and vegetation coverage can be high. 

Another changing pattern of NDVI was high region-low region-high region-low 

region. The average distance from starting point of the second low region to the 

boundary of rural settlement was 4674 m, which was the farthest away from rural 

settlement and was near the other rural settlement. This changing pattern can be 

explained in the section on “vegetation coverage between rural settlements.” 

For MMGC-E, GGGC-E, and XALGC-S, NDVI changing patterns were high 

region only. Lengths of high regions were 660 and 1440 m for MMGC-E and 

XALGC-S, respectively. Lengths of the 2 high regions are short relatively, and land is 

used for cultivation. For GGGC-E, a river passes through from west to east. Water 

resource is relatively rich, and land is used for cultivation. So, NDVI values are high 

in the 3 directions. As to GGGC-W, several small scale rural settlements exist along 

the river, which can affect land use. Thus, no obvious change in trend of NDVI was 

observed (Fig. 3). 

 
Fig. 3. NDVI changing condition of GGGC-W 

In all, a high region of NDVI existed near rural settlements, in which land does not 

easily undergo desertification. Desertification does not occur easily because land near 

rural settlements is used for cultivation and is tilled year after year. Outside of 

cultivated land near rural settlement was a low region of NDVI that comprises mainly 

grassland. Because overgrazing and extensive cultivation, both of which destroy 

vegetation growth, coexist in this region, vegetation coverage is poor, and the land is 

vulnerable to desertification. With increasing distance from rural settlement, a high 



region of NDVI appears which indicates that vegetation coverage is improving. This 

phenomenon is mainly due to the decline of effect of human disturbance on 

vegetation growth, and rainfall can meet the water demand of shrubs and grass. If 

human disturbance to vegetation growth can be stopped, restoration of vegetation can 

succeed. As to the second low region of high region-low region-high region-low 

region, an explanation is given in the section on “vegetation coverage between rural 

settlements.” 

Table 5. NDVI value and distance of each region 

Changing 

pattern 
region 

NDVI Average distance/m 
Length/m 

Max Min Average Starting Ending 

High 

region- low 

region 

High 

region 
0.81 0.58 0.71 0 1721.25 1721.25 

Low region 0.48 0.26 0.36 1751.25 3390.00 1638.75 

High 

region- low 

region- 

high region 

The first 

high region 
0.86 0.49 0.68 0 913.64 913.64 

Low region 0.71 0.26 0.44 943.64 3043.64 2100.00 

The second 

high region 
0.93 0.33 0.64 3073.64 3960.00 886.36 

High 

region- low 

region- 

high 

region- low 

region 

The firs 

high region 
0.74 0.54 0.65 0 648.00 648.00 

The first 

low region 
0.43 0.30 0.37 678.00 2964.00 2286.00 

The second 

high region 
0.74 0.65 0.71 2994.00 4644.00 1650.00 

The second 

low region 
0.45 0.27 0.36 4674.00 6894.00 2220.00 

High 

region 

High 

region 
0.90 0.68 0.81 0 1560.00 1560.00 

4.2   Vegetation coverage between rural settlements 

For vegetation coverage at the border region of 2 adjacent villages, 3 conditions for 8 

connected lines existed according to NDVI changing trend along each connected line. 

First, vegetation coverage at junction area of 2 adjacent villages was at the 

intersection of low region of one rural settlement and low region of the other rural 

settlement, including: BYTLGC-MMGC, BJGC-BXTGC, and GGGC-WGGC (Fig. 

4a). Second, vegetation coverage at junction area of 2 adjacent villages was at the 

intersection of high region of one rural settlement and high region of the other rural 

settlement, including MMGC-BJGC, WGGC-WDTLGC, and HLSTGC-XALGC (Fig. 

4b). Third, vegetation coverage at junction area of 2 adjacent villages was at the 

intersection of low region of one rural settlement and low region of the other rural 

settlement, including BXTGC-GGGC and WDTLGC-HLSTGC (Fig. 5). The 

difference between the first and third conditions was the NDVI changing pattern of 

rural settlement. 

In the first condition, NDVI changing pattern of one rural settlement was high 

region-low region, and NDVI changing pattern of the other rural settlement was high 



region-low region-high region-low region. For the rural settlements with NDVI 

changing pattern of high region-low region-high region-low region, the second low 

region does not result from the extensive cultivation and overgrazing itself, but rather 

from the overgrazing of the other rural settlement. This phenomenon can be 

demonstrated by distances from the juncture of village boundary and connected line 

of 2 adjacent rural settlements to 2 rural settlements. The distance from the juncture to 

BYTL, which had the NDVI changing pattern of high region-low region, was 4350 m. 

Distance from the juncture to MMGC, which had the NDVI changing pattern of high 

region-low region-high region-low region, was 5160 m. The distance from the 

juncture to BXTGC, which had the NDVI changing pattern of high region-low region, 

was 2340 m. The distance from the juncture to BJGC, which had NDVI changing 

pattern of high region-low region-high region-low region, was 4410 m. The distance 

from the juncture to GGGC, which had the NDVI changing pattern of high region-

low region, was 4590 m. The distance from the juncture to MMGC, which had NDVI 

changing pattern of high region-low region-high region-low region, was 4890 m. 

Human disturbance from rural settlements with the NDVI changing pattern of high 

region-low region is the reason for the formation of the second low region of high 

region-low region-high region-low region. According to our field surveys, junction 

area is closer to the rural settlements, which have NDVI changing pattern of high 

region-low region. Overgrazing at the second low region mainly comes from the 

closer rural settlements. At the same time, overgrazing from the farther rural 

settlements is vanished. 



 
Note: Dot in the curve means the juncture of village boundary and connected line of 2 adjacent rural 

settlements; a represents the first condition and b represnts the second conditon. 

Fig. 4. NDVI changing trend between 2 adjacent rural settlements for the first condition and the 

second condition 

 



In the second condition, vegetation coverage at junction area of 2 villages was at 

the intersection of high region of one rural settlement and high region of the other 

rural settlement. One rural settlement had the NDVI changing pattern of high region-

low region-high region, whereas the other had the pattern of high region. Distance 

from the juncture to MMGC, WGGC, and XALGC, which had NDVI changing 

pattern of high region, were 630, 1230, and 960 m. Distances from the juncture to 

BJGC, WDTLGC, and HLSTGC, which had NDVI changing pattern of high region-

low region-high region, were 2520, 3300, and 3390 m, respectively. Because distance 

from the juncture to rural settlements with NDVI changing pattern of high region-low 

region-high region is farther, human disturbances to the junction zone decreases. At 

the same time, distance from the juncture to rural settlements with NDVI changing 

pattern of high region is nearer, and land is used for cultivation. Thus, the vegetation 

coverage at the junction area improves. 

In the third condition, vegetation coverage at junction area of 2 villages was at the 

intersection of low region of one rural settlement and low region of the other rural 

settlement. Both rural settlements had the NDVI changing pattern of high region-low 

region. NDVI at the junction area is much smaller than that of the high region. These 

results are due to the overgrazing and extensive cultivation from 2 rural settlements. 

Land in the junction area is more vulnerable to desertification. 

 
Fig. 5. NDVI changing trend between 2 adjacent rural settlements for the third condition 

5   Conclusions 

Four NDVI changing patterns existed around rural settlements, as follows: high 

region-low region, high region-low region-high region, high region-low region-high 

region-low region, and high region. Due to natural conditions, for example water and 

soil, land is used as cultivated land around rural settlements, and vegetation coverage 

improves. Outside of high region around rural settlements is a low region of NDVI 

because of the overlapping effects of overgrazing and extensive cultivation; thus, the 

area is vulnerable to desertification. With the increase of distance far away from rural 

settlements, human disturbance decreases, vegetation coverage improves, and the 



high region of NDVI appears again. For the second low region of NDVI of high 

region-low region-high region-low region, it comes from the overgrazing of another 

rural settlement. 

There were 3 conditions of vegetation coverage at the border region of 2 adjacent 

villages. First, vegetation coverage at junction area of 2 adjacent villages was at the 

intersection of low region of one rural settlement and low region of the other rural 

settlement. One rural settlement had NDVI changing pattern of high region-low 

region, and the other rural settlement had NDVI changing pattern of high region-low 

region-high region-low region. The second low region of high region-low region-high 

region-low region for one rural settlement results from the other rural settlement’s 

overgrazing. Second, vegetation coverage at junction area of 2 adjacent villages was 

at the intersection of high region of one rural settlement and high region of another 

rural settlement. One rural settlement had NDVI changing pattern of high region-low 

region-high region and the other rural settlement had NDVI changing pattern of high 

region. Third, vegetation coverage at junction area of 2 adjacent villages was at the 

intersection of low region of one rural settlement and low region of the other rural 

settlement. Both rural settlements had NDVI changing pattern of high region-low 

region. The overlap effect of overgrazing and extensive cultivation from 2 rural 

settlements makes the NDVI at junction area much smaller. 

6   Strategies for anti-desertification 

Vegetation coverage condition is closely related to land desertification. Outskirt of 

cultivated land around rural settlements is the emphasis area of anti-desertification 

because the vegetation coverage is poor and overgrazing and extensive cultivation are 

severe in this area. Banning grazing and stopping extensive cultivation should be done 

to protect vegetation growth and to further promote anti-desertification. 

At the same time, far away from rural settlements, another high region of NDVI 

appears again, indicating that vegetation can grow well in the study area when no 

human disturbance affects vegetation growth. Integrating with the natural condition of 

the study area, grasses and shrubs rather than trees should be chosen for anti-

desertification. Thus, vegetation can show improved growth, and anti-desertification 

efforts can succeed further. 

The formation of the second low region of NDVI for high region-low region-high 

region-low region comes from overgrazing of another rural settlement. NDVI value at 

junction area of 2 adjacent villages, which had the NDVI changing pattern of high 

region-low region, is much lower. Unclear grassland poverty makes the misuse land 

resource at the junction area. So, clarification of land property right can affect the 

rational use of grassland and can help in anti-desertification. 

Differences exist among rural settlements in terms of population and number of 

livestock. Length is different for the same region in the different NDVI changing 

patterns. So, the determination of emphasis zone range for anti-desertification should 

be combined with the specific situation of rural settlements. 



Acknowledgment 

We would like to recognize the National Science Foundation of China (grant 

4127111) and the Special Scientific Research of the Ministry of Land and 

Resource (grant 201411009) for the support of related data and yield survey. We 

are grateful to the Inner Mongolia Land Surveying and Planning Institute and 

Inner Mongolia Land Consolidation Institute for support. 

References 

1.  Chen Y., Tang H. Desertification in north China: background, anthropogenic impacts and 

failures in combating it [J]. Land Degradation & Development. 2005, 16(4):367–376.  

2.  Kassas M. Desertification: a general review [J]. Journal of Arid Environments. 1995, 

30(2):115–128.  

3.  Zhao Halin, Li Jin, Liu Rentao et al. Effects of desertification on temporal and spatial 

distribution of soil macro-arthropods in Horqin sandy grassland, Inner Mongolia [J]. 

Geoderma . 2014, 223–225:62–67. 

4.  Fullen M.A., Mitchell D.J. Desertification and reclamation in North-Central China [J]. 

Ambio. 1994, 23(2):131–135. 

5.  Runnström M.C. Is northern China winning the battle against desertification? Satellite 

remote sensing as a tool to study biomass trends on the Ordos Plateau in semiarid China 

[J]. Ambio: A Journal of the Human Environment. 2000, 29(8):468–476. 

6.  Xue Zhanjin, Qin Zuodong, Li Hongjian et al. Evaluation of aeolian desertification from 

1975 to 2010 and its causes in northwest Shanxi Province, China [J]. Global and Planetary 

Change. 2013, 107:102–108. 

7.  Xu Duanyang, Li Chunlei, Song Xiao et al. The dynamics of desertification in the farming-

pastoral region of North China over the past 10 years and their relationship to climate 

change and human activity [J]. Catena. 2014, 123:11–22. 

8.  Santini M., Caccamo G., Laurenti A. et al. A multi-component GIS framework for 

desertification risk assessment by an intergrated index [J]. Applied Geography. 2010, 

30(3):394–415. 

9.  Ladisa G., Todorovic M., Trisorio Liuzzi G. A GIS-based approach for desertification risk 

assessment in Apulia region, SE Italy [J]. Physics and Chemistry of the Earth. 2012, 

49:103–113. 

10. Hill J., Hostert P., Tsiourlis† G. et al. Monitoring 20 years of increased grazing impact on 

the Greek island of Crete with earth observation satellites [J]. Journal of Arid 

Environments. 1998, 39(2):165–178. 

11. del Barrio G., Puigdefabregas J., Sanjuan M.E. et al. Assessment and monitoring of land 

condition in the Iberian Peninsula, 1989-2000 [J]. Remote Sensing of Environment. 2010, 

114(8):1817–1832. 

12. Dawelbait M., Morari F. Monitoring desertification in a Savannah region in Sudan using 

Landsat images and spectral mixture analysis [J]. Journal of Arid Environments. 2012, 

80:45–55. 

13. Li Jinya, Yang Xiuchun, Jin Yunxiang et al. Monitoring and analysis of grassland 

desertification dynamics using Landsat images in Ningxia, China [J]. Remote Sensing of 

Environment. 2013, 138:19–26.  

14. Li Yulin, Cui Jianyuan, Zhang Tonghui et al. Effectiveness of sand-fixing measures on 

desert land restoration in Kerqin Sandy Land, northern China [J]. Ecological Engineering. 

2009, 35(1):118–127. 



15. Zhang Geli, Dong Jinwei, Xiao Xiangming et al. Effectiveness of ecological restoration 

projects in Horqin Sandy Land, China based on SPOT-VGT NDVI data [J]. Ecological 

Engineering. 2012, 38(1):20–29. 

16. Miao Renhui, Jiang Deming, Musa A. et al. Effectiveness of shrub planting and grazing 

exclusion on degraded sandy grassland restoration in Horqin sandy land in Inner Mongolia 

[J]. Ecological Engineering. 2015, 74:164–173. 

17. Wang Tao, Chen Guangting, Zhao Halin et al. Research progress on aeolian desertification 

process and controlling in North of China [J]. Journal of Desert Research. 2006, 

26(4):507–516. 

18. Wang Feng, Pan Xubin, Wang Dongfang et al. Combating desertification in China: Past, 

present and future [J]. Land Use Policy. 2013, 31:311–313. 

19. Yang X., Zhang K., Jia B. et al. Desertification assessment in China: An overview [J]. 

Journal of Arid Environments. 2005, 63(2):517–531. 

20. Song Zhenxin. A numerical simulation of dust storms in China [J]. Environmental 

Modeling & Software. 2004, 19(2):141–151. 

21. Wang Weilin. When Maowusu become a desert? - View through new archaeologocal finds 

[J]. Archaeology and Cultural Relics. 2002(5):80–85. 

22. Han Zhaoqing. The evolution of the Maowusu Desert and the reclamation in the adjacent 

areas in the Ming Dynasty [J]. Social Sciences in China. 2003(5):191–204. 

23. Wang X., Chen F.H., Dong Z. et al. Evolution of the southern Mu Us Desert in North China 

over the past 50 years: An analysis using proxies of human activity and climate parameters 

[J]. Land Degradation & Development. 2005, 16(4):351–366. 

24. Hou Renzhi. Mu Us Desert evolution as indicated by the deserted ancient cities along the 

Sjara River [J]. Cultural Relics. 1973(1):35–41. 

25. Wu Wei. Study on process of desertification in Mu Us Sandy Land for last 50 years, China 

[J]. Journal of Desert Research. 2001, 21(2):164–169. 

26. Jia Shuhai, Han Zhigen, Lv Monan et al. Extraction of desertification information based on 

decision tree in northern Liaoning province [J]. Ecology and Environmental Sciences. 

2011, 20(1):13–18. 

27. Huang S., Siegert F. Land cover classification optimized to detect areas at risk of 

desertification in North China based on SPOT VEGETATION imagery [J]. Journal of Arid 

Environments. 2006, 67(2):308–327. 

28. Sternberg T., Tsolmon R., Middleton N. et al. Tracking desertification on the Mongolian 

steppe through NDVI and field-survey data [J]. International Journal of Digital Earth. 

2011, 4(1):50–64. 

29. Myneni R.B., Hall F.G., Sellers P.J. et al. The interpretation of spectral vegetation indexes 

[J]. Geoscience and Remote Sensing, IEEE Transactions on. 1995, 33(2): 481–486. 

30. Myneni R.B., Tucker C.J., Asrar G. et al. Interannual varations in satellite-sensed vegetation 

index data from 1981 to 1991 [J]. Journal of Geophysical Research. 1998, 103(D6):6145–

6160. 

31. Chang Xuexiang, Zhao Wenzhi, Zhang Zhihui. Water consumption characteristic of 

Haloxylon ammodendron for sand binding in desert area [J]. Acta Ecologica Sinica. 2007, 

27(5):1826–1837. 

32. Yue Guangyang, Zhao Halin, Zhang Tonghui et al. Characteristics of Caragana microphylla 

sap flow and water consumption under different weather conditions on Horqin sandy land 

of northeast China [J]. Chinese Journal of Applied Ecology. 2007, 18(10):2173–2178. 


