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Today desertification is one of main natural disturbing process for human lives 
and livelihoods, especially in the typical steppe grassland in Valley of Xilin Gol 
River. The analysis of desertification change is an important step toward mitigat-
ing the impact of desertification on human life and property. In this paper, we 
applied fractal theory and remote sensing-based methods to analyze comprehen-
sively the spatial pattern change at Xilin GOL League. 
Keywords: desertification; fractal; land use; typical steppe; grassland; Xilin GOL 
League. 
 

1. INTRODUCTION 
 

The United Nations Convention to Combat Desertification is the only 
convention stemming from a direct recommendation of the Rio Conference's 
Agenda 21, was adopted in Paris on 17 June 1994 and entered into force in 
December 1996. It is the first and only internationally legally binding frame-
work set up to address the problem of desertification. And Desertification is 
an ecologically inverse land succession due to changes in climate andhuman 
activities in arid and semi-arid zones [1]. Xilin GOL League in the north of 
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China, is a place of typical steppe grassland in the Inner Mongolia. It was said 
that with serious of desertification increasing, the grassland ecological func-
tion was under destruction deeply, which resulted in much losses and damaged 
from such extensive desertification have direct impact on human lives and li-
velihoods and also critical to the economy. Thus, it would be worthwhile to 
study how the desertification changed in order to reduce the losses caused by 
the desertification and develop appropriate steppe eco-system management 
strategies. As a result, select a scientific method to study the trend of this 
change is of great necessity and importance to ensure the steppe of Xilin GOL 
League's long-term sustainability. 

Mandelbrot B B [2] proposed the concept of fractional and dimension in 
1967. The fractal theory, based on fractal geometry, is a new branch of nonli-
near science and is widely applied in different Geographic fields, such as 
geomorphology [3], [4], Soil geography [5], Natural disasters [6], Climatology 
[7], Human geography [8], et al. Fractal phenomena exist everywhere, land 
use patch obviously has the fractal characteristics. Land use research, with the 
difficulty of the spatial heterogeneity, is an important part of land science 
while the fractal theory has the advantage in spatial structure analysis. So, ap-
plying fractal theory to land use research is very helpful for us to precisely 
model and comprehensively study the spatial pattern change of land use. In 
this paper taken Xilin GOL League in Inner Mongolia as a study case. 

With the support of remote sensing and GIS as well as related techniques, 
the process of desertification was studied comprehensively. Then building up 
monitoring and forecasting danger system of desertification disasters have an 
important significance for ecological construction in Xilin GOL League. 

 
2. STUDY AREA 

 
Xilin GOL League, the middle part of Inner Mongolia in China, is consid-

ered as the study area, which lies between 115∘13’–117∘06’E latitude and 
43∘02’–44∘52’N  longitude and covers an area of 202,580 km2, including (Fig. 
1). Topographically, the study area is variable in the range 800–1,800 m above 
the mean sea level and having a general increasing trend from north-east to south-
west. Climatically, the study area experiences relative cold (mean annual tempera-
ture varies in the range 0 to 3℃) and dry (i. e., mean annual precipitation varies in 
the range 140–400 mm) conditions. 
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Fig. 1. Study area and the spatial distribution of stations  
 

3. DATA AND METHODS 
 

3.1. Data requirements 
Remote sensing data available of TM Image were used in this study. The 

TM images in 1990, 2000 and 2010 were used to study the land use of deserti-
fication spatial change in Xilin GOL League during the past two decades. The 
data acquired the growing seasons [i. e., July–September] in 1990, 2000 and 
2010 at 30-m resolution.  

 
3.2 . Methods 
In order to understand the complexity of desertification dynamic in Xilin 

GOL League, China, this paper conducted an integrative approach combining 
GIS, Area — Perimeter fractal and classical statistics. Their brief descriptions 
can be found in the following subsections. 

 
3.2.1. Generating Desertification variable 
 
With the remote image process technique, the better image adapting to ar-

tificial interpretation was obtained by GIS. Based on the field survey, we es-
tablished the characteristics of desertification for interpretation, measured 
Area and Perimeter of each kind of desertification land use through the inter-
pretation, and ascertained the types and actual Area and Perimeter of all types 
of desertification. Then we classified the land use into six categories, such as 
No desertification, Slight desertification, Middle desertification, Severe deser-
tification, Waters and Building land.  

 
3.2.2. Fractal  
Fractal theory offered methods for describing the inherent irregularity of 

natural objects. In fractal analysis, the Euclidean concept of ‘length’ is viewed 
as a process. This process is characterize by a constant parameter D known as 
the fractal dimension. There are many methods to measure the fractal dimen-
sion of natural objects. In this paper, we used perimeter dimension model of 
area-perimeter method [9]. Other methods include dividers (compass), grid 
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(box-counting), etc. It is important to note that not all types of dimension 
measurement will give the same answer to a single problem. 

The perimeter-area method algorithm was as follows: 
lnA(r)=2/D*lnP(r)+C(1) 

 
Where, A and P are the area and perimeter of desertification, respectively, 

D is the fractal dimension value, and C is a constant parameter.  
The fractal dimension D presents the complexity of the land use. For a 

certain land, the larger the value of D, the more complex of the land shape 
structure; As D is equal to 1.5, it takes on a characteristic similar to the Brow-
nian motion with the least stability, and the closer to 1. 5 of the fractal dimen-
sion, the littler the stability of land use. So the Stability index (S) was defined 
as following [10]: 

S= |1.5 –D|(2) 
 

3.2.3. Correlation Analysis and Linear Regression Analysis 
Correlation and regression analyses [11] are the two commonly useful 

methods in various disciplines of geography, which were used to check the 
correlation between area and perimeter of desertification land use in this 
study. The correlation analysis is one of the most useful classical statistics, 
which is a statistical measurement of the correlationship between two va-
riables. The positive linear relationship between Area and Perimeter can be 
expressed as the following equation: 

𝑌𝑌 = 𝑎𝑎+ bX+ 𝞮𝞮(3) 
Where, Ү is dependent variable (i. e. logarithm of the area) and Хis the in-

dependent variable (i.e. logarithm of the perimeter), a and b are linear regres-
sion parameters, is the residual. 

 
4. RESULTS AND DISCUSSION  
 
4.1 The spatial pattern change of desertification 
 

 
Fig. 2. Land use of desertification in Xilin GOL League during different periods 
 
The use of remote sensing-based methods forclassifying the desertifica-

tion land use isnot new though limited, and the results are showing here (see 
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Fig. 2 for details). Comparing with desertification land use of the three periods 
in 1990, 2000 and 2010, we can find out that desertification in Xilin GOL 
League had a significant regional feature, and from south-west to north-east 
the degree of desertification was from high to low transitional. We can also 
find out that the desertification of land use turn to be improved. Even though 
some certain area may deteriorate, for example, the middle of East Ujimqin Qi 
in north-east part of Xilin GOL League, the waters turned into severe deserti-
fication from 1990 to 2010 and Southwest appeared the deterioration serious 
phenomenon, and in Sonid Left Qi, Erenhot City and Sonid Right Qi the 
Slight desertification area was changed into Middle desertification. 

 
4.2 Analysis fractal and stability feature of desertification in different        

periods 
 

Tab. 1  
Perimeter-Area model, Fractal dimension (D), Stability index (S) and 

 Determination coefficient (R2) of all land use type in 1990 
 

Land use type Perimeter-Area model D S R2 
No desertification ln(A)=1.4045*ln(P)+1.2567 1.423994 0.076006 0.9244 

Slight 
desertification 

ln(A)=1.4025*ln(P)+1.1991 
1.667918 0.167918 0.9338 

Middle 
desertification 

ln(A)=1.4352*ln(P)+0.9528 
1.393534 0.106466 0.9391 

Severe 
desertification 

ln(A)=1.4512*ln(P)+0.8461 
1.378177 0.12183 0.9392 

Waters ln(A)=1.6349*ln(P)-0.3294 1.223316 0.276684 0.9432 
Building land ln(A)=1.6659*ln(P)-0.4687 1.200552 0.299448 0.9598 

 
Upon applying Area — Perimeter dimension model, the fractal dimension 

ofeach desertification land use can be calculated. The lnA- lnP scatter plot can 
be plotted and its line arregression function can be calculated by software 
SPSS. Tab. 1 shown the composition of Perimeter-Area model, Fractal dimen-
sion (D), Stability index (S) and Determination coefficient (R2) for different 
types of desertification land use in 1990. The values of R2 for Perimeter-Area 
model all were greater than 0.9, which indicated that there were strong agree-
ment between the natural logarithm between area and perimeter of all types of 
desertification land use. And the values of D in 1990 were : Slight desertifica-
tion >No desertification>Middle desertification>Severe desertifica-
tion>Waters >Building land, which implied that Slight desertification was the 
highest value of D and it’s shape changed complexly, while the Building land 
had a lowest D value and it had an simple shape mostly because of the impacts 
of individuals’ operation. Then comparing with the Tab. 3 and Tab. 4, we can 
realize that the values of D ranking trend in 2000 (except No desertification 
>Slight desertification) and 2010 were similar with that of values of D in 
1990. 
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While the values of S for No desertification, Slight desertification, Middle 
desertification, Severe desertification, Waters and Building land in 1990 were 
0.076006, 0.167918, 0.106466, 0.12183, 0.276684 and 0.299448, respectively. 
It was obviously that the highest value of S was Building land, which sug-
gested that Building land was the most stability because of the Building struc-
ture desired by human may closer to the rules. Comparing with the Tab. 2 and 
Tab. 3, we can also conclude that the values of S ranking trend had the same 
change as that of D value in 2000 and 2010.  

 
Tab. 2 

 Perimeter-Area model, Fractal dimension (D), Stability index (S)  
and Determination coefficient (R2) of all land use type in 2000 

 
Land use type Perimeter-Area model D S R2 

No desertification ln(A)=1.398*ln(P)+1.338
1 

1.430615 0.069385 0.9021 

Slight 
desertification 

ln(A)=1.4027*ln(P)+1.23
36 1.425822 0.074178 0.9313 

Middle 
desertification 

ln(A)=1.4362*ln(P)+0.95
65 1.392564 0.107436 0.9331 

Severe 
desertification 

ln(A)=1.4386*ln(P)+0.98
6 1.390241 0.109759 0.9441 

Waters ln(A)=1.6418*ln(P)-
0.3729 1.218175 0.281825 0.9441 

Building land ln(A)=1.6566*ln(P)-
0.3987 1.207292 0.292708 0.9565 

 
Tab. 3 

 Perimeter-Area model, Fractal dimension (D), Stability index (S)  
and Determination coefficient (R2) of all land use type in 2010 

 
Land use type Perimeter-Area model D S R2 

No desertification ln(A)=1.4093*ln(P)+1.2351 1.419144  0.080856 0.9362 
Slight 

desertification 
ln(A)=1.3927*ln(P)+1.3094 

1.436059 0.063941 0.9362 
Middle 

desertification 
ln(A)=1.4396*ln(P)+0.9527 

1.389275 0.110725 0.9352 
Severe 

desertification 
ln(A)=1.4568*ln(P)+0.8353 

1.372872 0.127128 0.9398 
Waters ln(A)=1.6257*ln(P)-0.2578 1.230769 0.269231 0.9422 

Building land ln(A)=1.6421*ln(P)-0.2997 1.217953 0.282047 0.9577 
 
4.3 Analysis fractal and stability trend of desertification in recent years 
In some extent, D value of different periods can react the change trend of 

desertification of land use, and with value of D increasing, the area of land use 
expanding, or change the opposite illustrated in Bao anming et al. [12] 
(2009).What Fig.3 shown were the Scatterplot of double logarithm of the 
mean area-perimeter of desertification land use with regressive line and its 
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Determination coefficient (R2) in 1990, 2000 and 2010, respectively. From 
Fig.3, we can calculate out the mean D value was 1.405383 in1990, next was 
1.404890 in 2000, and last was 1.402525 in 2010 and mean S value 
0.094617(1990)<0.095111(2000) < 0.097475 (2010).With the change of time, 
the mean D value of desertification land use was decreasing, and it implied 
that the area of desertification was decreasing and it became much better, and 
that maybe result from the climate of abundant precipitation and high tem-
perature in recent years and Li Yuwei et al concluded the same result in her 
study [13]. While the mean S value of desertification was increasing, which 
suggested that there was a stable change trend of desertification mostly be-
cause of the protection policy of desertification land use by the local depart-
ment and the eco-environment of here turn to be more stability. 

 

 
 

Fig. 3 Scatterplot of double logarithm of desertification mean area-perimeter  
in 1990, 2000 and 2010 

 
5. CONCLUSION 

 
In this paper, we applied fractal theory to analyze the spatial pattern 

change at Xilin GOL League comprehensively. By comparing the results we 
can get following conclusions: Generally the desertification of land use in Xi-
lin GOL League turn to be improved, even though some area may appear dete-
rioration in an extent. 

The D value and S value of different kind of desertification land use fluc-
tuating had the similar situation in 1990, 2000 and 2010. And with the change 
of time, the mean D value of desertification was decreasing from 1.405383 to 
1.402525, and it implied that the area of desertification was decreasing, and 
that maybe result from the climate of abundant precipitation and high tem-
perature in recent years. While the mean S value of desertification was in-
creasing from 0.094617 to 0.097475, which suggested that there was a stable 
change trend of desertification mostly because of the protection policy of de-
sertification by the local department and the eco-environment of here turn to 
be more stability. 
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На сегодняшний день опустынивание является одним из основных процес-
сов, нарушающих жизнедеятельность человека особенно в условиях типич-
ных степей долины р. Шилин-Гол. Анализ процессов опустынивания явля-
ется важным элементом в нивелировании последствий опустынивания на 
жизнедеятельность человека. 
В статье использованы теория фракталов и данные дистанционного зонди-
рования для анализа всестороннего изменения пространственной структуры 
земель Шилингольского аймака Внутренней Монголии (Китай). 
Ключевые слова: опустынивание, фрактал, землепользование, типичные 
степные пастбища, Шилингольский аймак. 
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