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Abstract— The plain area of the Du Jiang Yan city was the key 

area of the reconstruction area after the 2008’s earthquake, so 

the land use in this area had experienced a large-scale and fast 

change from 2009 to 2012. Two temporal remote sensing images, 

taken by the HJ satellite in the April of 2009 and 2012, are used 

to extract the land use information and to detect changes, some 

landscape metrics, produced by the FRAGSTATS, are employed 

to estimate the affections brought by the changes. The results 

show that about 2983 ha farm lands have been transferred to the 

built-up lands during the research time and the landscape of the 

farm lands have become more complex. It is a serious problem 

that should be faced by the local government, because the 

significant loss of the farm land is acted counter to strict 

protection policy of the farm land.  

Key words—plain area of Du Jiang Yan, remote sensing, land 

use and landscape, change detection  

I. INTRODUCTION  

Du Jiang Yan city was one of the hardest destroyed area in 

the 2008’s earthquake; the land use had big changes for this 

reason, some studies have discussed these changes. Pan Qian et 

al. [1] used the Landsat TM images of different times, one was 

the “before earthquake” and another was “after earthquake”, to 

access and estimate the damage to the land use brought by the 

earthquake. The study showed that about 66254 hm
2
 of forest 

land was destroyed. Ni Zhong run’s [2] research showed that 

about 1300 hm
2
 of farm land, 600 hm

2
 of built-up land were 

destroyed. The damaged forest lands were mostly located in 

the mountain area, and the destroyed farm lands and the built-

up lands were mostly in the plain area.  

After the earthquake, the Chinese government started a 

large scale reconstruction in the destroyed area, so the plain 

area of Du Jiang Yan city, with the nice geographical 

conditions, was one of the key areas of the reconstruction. 

From 2008 to 2012, the plain area of Du Jiang Yan 

experienced a very fast process of the urbanization and the land 

use in this area also had bigger changes than ever before. Li 

Zhe et al. [3] used the remote sensing data from 2004 to 2010 

to estimate the land use change rate of the before and after 

earthquake. The result showed that the rate of land use change 

before the earthquake was 0. 24% per year，while the rate 

after earthquake  was 0.5%. Li Wei et al. [4] used the remote 

sensing data of 2007 and 2010 to detect the changed that 

happened in plain area during the period, and found that the 

construction area had a 2.11% promotion, while the farm land 

had a 1.93% reduction.     

The reconstruction time defined by the government was 

from 2009 to 2012. The researches above mentioned are 

mostly about the changes occurred in the first half 

reconstruction time, more details about the whole time are 

needed to estimate the effects and the reasonableness of the 

land use changes. The objectives of this study are to detect the 

land use changes occurred in the plain area of the Du Jiang Yan 

city from 2009 to 2012, to estimate the effects that brought by 

the land use changes through the landscape analysis. 

II. SITE DESCRIPTION 

Du Jiang Yan city,  with the geographic coordinate of 

103°25′42″E ~ 103°47′0″E and  31°44′54″N 

~31°02′9″N, is located in the northwest of the Sichuan 

basin. The northwest of the city is the mountain area; the 

southeast is the plain area. The plain area is the research area of 

this paper, it covers about 441 km
2
. The land use types in this 

area include water body, forest land, farm land and built-up 

land. The urbanization rate in 2008 was about 46%, most 

population of the city lived in rural area, so the residential area 

was widely spread in the plain. All these things had a great 

change since 2008 because of the earthquake and the large 

scale reconstruction after the earthquake. The local government 

aimed to promote the urbanization rate to 80% in 2015, so in 

the past 5 years, many lands that used to be the farm lands have 

been changed to the built-up lands, new towns and big rural 

communities have been built up in these changed areas, and at 

the same time, some former built-up lands have been changed 

to the farm lands, a lot of little rural residential areas 

disappeared. Generally speaking, the land use pattern has a 

great change since 2008.  

III. DATA  PREPARATION AND IMAGE INTERPRETATION 

A. Data Preparation  

The remote sensing image used for the research is the HJ 

satellite image with the spatial resolution of 30m, it has four 

bands: blue light, red light, green light and infrared light. The 

data used in this paper was taken by the HJ-A satellite in 2012-

04-21(Path number: 13-80) and 2009-04-29(Path number: 13-

80).The Sichuan basin has nearly about 250 cloudy days a year; 

it is not easy to get clear image in the summer and winter 
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seasons. The two images used in this study were both taken in 

the April, which was the late spring season. The crops in the 

farm lands grew well in this season, it was helpful to the image 

interpretation.  

Accurate per-pixel registration of multi-temporal remote 

sensing data is essential for change detection since the potential 

exists for registration errors to be interpreted as land cover and 

land use change, leading to an overestimation of actual change 

[5]. In this study, the two temporal remote sensing images were 

registered image to image; the resultant root mean squared 

error of each image was less than 0.3 pixels. Then the two 

images were projected to the Gauss projection system based on 

1:100,000 scale topographic maps. The administrative map of 

Du Jiang Yan (the scale is 1:100,000) and the Aster GDEM 

which was got from the USGS website, were also registered 

with the satellite images, then the area with the altitude lower 

than 800m of the city was subset from the image and that was 

the images of the research area of this study (Fig 1).  

Fig. 1.  The plain area of Du Jiang Yan city 

B. Image Interpretation 

According to the national land use classification standard 

and the image analysis of the research area, the land would be 

classified as four types: the farm land, the forest land, the water 

body and the built-up land (including the towns, factories, 

roads and rural residents). All these types of lands were easy to 

be interpreted in the false color image. Three bands of the HJ 

image (infrared light band, red light band and green light band) 

were used to composite the false color image. 

Because the two temporal images were taken nearly at the 

same time of the spring season, the same land use type had 

almost the same color in the images. In the false color image, 

the farm lands had the pink color. The main water bodies in the 

research area were the rivers and irrigate channels, and they 

had the blue black color in the false color image. The 

residential area were widely spread in the whole area, the color 

of them was steel grey or white, some buildings under the 

construction had the deep green or fresh green color. The road 

could also be regarded as a kind of built-up land, and it had the 

same color with residential area in the false color image. The 

forest land had two colors: deep red and fresh red in the image, 

it may be caused by the variety or the age of the forest.  

In order to improve the accuracy of the interpretation, each 

land use type was divided into several subtypes according the 

image analysis. The farm land had 2 subtypes, the forest land 

had 2 subtypes, the water body had 2 subtypes and the built-up 

land had 5 subtypes. The maximum likelihood method was 

used for the land use classification. Training site data were 

collected by means of on-screen selection of the point mode 

using the software of ENVI. Totally, 186 training sites were 

chosen for each image to ensure that 11 spectral classes 

constituting each land use category were adequately 

represented in the training statistics. The KAPPA indices for 

the 2009 and 2012 were 0.82 and 0.86 respectively. 

The pixels in the image corresponding to the typical land 

use types of the ground had the typical colors, and these pixels 

were easy to be interpreted. All the land use types were mixed 

together in the ground and the imaging time was the spring, for 

this reason, some pixels in the images which corresponding to 

the edges of the different types didn’t have the typical color, it 

brought some confusion to the interpretation of these pixels. 

These confused pixels were identified by the high resolution 

images of the Google Earth and the 20 fields’ data which 

mostly located in the Tian Ma town, Chong Yi town, Guan 

Kou town and Pu Yang town. 

The rivers and the irrigate channels were discontinuous in 

the images, so the machine interpretation results of these two 

kinds of water bodies were also discontinuous in the result 

maps. The flood plains had the same color with some kinds of 

buildings, so they were always be misinterpreted as the built-up 

lands. In order to increase the accuracy of interpretation, these 

mistakes were corrected in the following visual interpretation 

and the results were integrated with the machine classification 

results using GIS. Fig 2 and Fig 3 are the interpretation results 

of the 2009 and 2012. 

Fig. 2.  The  plain area land use of Du Jiang Yan city in 2009 
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Fig. 3.  The  plain area land use of Du Jiang Yan city in 2012 

IV. RESULT AND DISCUSSION 

A. Land Use Changes in the Plain Area of Du Jiang Yan City  

The quantification of land use change for the analyzed 

categories is given in Table I.  

TABLE I.  AREA MEASUREMENT  OF LAND USE WITHIN THE PLAIN AREA  

OF THE DU JIANG YAN CITY IN 2009 AND 2012 

Categories 
2009 2012 

Changes in 

2009 - 2012 

Area(ha) 
Area 

(%) 
Area(ha) 

Area 

(%) 
Area(ha) 

Area 

(%) 

Farm Land 23198.14  52.64  20214.36 45.87  
-

2983.78  

-

6.77  

Built-up 

land  
17399.97  39.49  20383.65 46.26  2983.68  6.77  

Forest 

Land 
2567.25  5.83  2568.87 5.83  1.62  0.00  

Water 
body 

900.80  2.04  899.28 2.04  -1.52  0.00  

The forest land, which was mainly distributed in the 

transitional zone of the Long Men Mountain to the Chen Du 

alluvial plain, had little changes during the study period due to 

the strict control of land use change by the government. The 

water body almost had no changes for the same reason. The 

sum of these two types occupied a small ratio in the whole area. 

The built-up land was the second largest class in 2009 

(17399.97 ha), but it became the largest class in 2012, and the 

area increased to 20383.35 ha. 

Meanwhile, the farm land which was largest class in 2009 

(23198.14ha) decreased to the second largest class, and the 

area decreased to 20214.36 ha. The decreased area of the farm 

land almost equaled to the increased of the built-up land, it 

meant that all the loss of the farm land were transferred to 

built-up land. The shifts of these two types land were owed to 

the large scale and the fast process of the urbanization and 

industrialization which was prompted powerfully by the local 

government after the earthquake. 

However, the simple detection of change is rarely sufficient 

in itself: information is generally required about the initial and 

final for the “from-to” analysis. In order to know what 

happened and where happened in the research area, the two 

temporal interpretation maps were overlaid with the algorithm 

of minus, and the Fig 4 is the result map. The grey area in the 

Fig 4 is the no change area, it is about 33952 ha. The red area 

is the area of the “from farm land to built-up land”, it occupies 

about 6548 ha. The changes were most occurred in the towns 

of the Tian Ma, Chong Yi, Qing Chen Shan, Yu Tang and Pu 

Yang. Many new towns and rural residents, factories, roads 

were built in these areas. On the other hand, about 3565 ha 

built-up lands were changed to farm lands because of the rural 

residential land arrangement. It was occurred widely in the 

study area; this meant a lot of the rural residents had 

disappeared in the research period. 

Fig. 4.  The land use changes in the plain area of Du Jiang Yan city 

B. The Land Scape Changes in the of Du Jiang Yan City 

Most researchers used landscape indices to describe and 

estimate landscape changes [6,7]. The FRAGSTATS, 

developed by the Forest Science Department, Oregon State 

University, U.S.A., can calculate more than 40 landscape 

metrics. However, many of them are highly correlated [8, 9]. In 

order to estimate the geospatial character changes of the 

landscape brought by the land use changes, the landscape 

metrics, including the NP, MPS, AWMSI, and AI, which 

described the character of the patch density, size, shape and the 

diversity separately, were selected in the research. Table II is 

the landscape metrics at landscape level in 2009 and 2012. 

Table III is the landscape metrics at class level in 2009 and 

2012.  

In the Table II, NP (the patch numbers) decreases a lot and 

the MPS (mean patch size) increase, it implies that the 

landscape fragmentation decrease a lot at the landscape level. 

Things are very differently at the class level. In the Table III, 

the NP of the farm land increases from the 1540 to 1766, and 

it’s MPS decreases from 15.05 to 11.44, the landscape of the 

farm land in 2012 is more fragmented than that in 2009. In the 

contrast, the NP of the built-up land decreases from the 3194 to 

1431, and it’s MPS increases from 5.44 to 14.25, that means 

the landscape of the built-up land in 2012 is fewer fragmented 
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than that in 2009. The NP and MPS of the forest land and 

water body only have little changes. 

At the landscape level, the AWMSI increases from 16.74 to 

18.47, and this means the patches shape is more complex from 

2009 to 2012 at the landscape level. The change of this index is 

mainly caused by the big increase of the farm land in the Table 

III. The AWMSI in Table III shows that the patches shape of 

the farm land become more complex, while the patches shape 

of the built-up land become simpler in 2012. The forest land 

and water body almost have no change in this index. 

ALL the AI index in the Table II and Table III have a little 

promotion except the water body. It shows that the aggregation 

degree has a little promotion both at the landscape level and at 

the class level. 

TABLE II.  LANDSCAPE METRICS AT  LANDSCAPE  LEVEL  IN 2009 

AND 2012 

Year NP MPS/hm2 AWMSI AI/% 

2009 6439 6.85 16.74 86.08 

2012 4911 8.96 18.47 87.53 

TABLE III.  LANDSCAPE METRICS AT  CLASS  LEVEL IN 2009 AND 

2012 

Categories Year NP MPS/hm
2
 AWMSI AI/% 

Farm Land 
2009  1540 15.05 12.39 88.14 

2012 1766 11.44 26.85 89.53 

Built-up 

land  

2009  3194 5.44 25.01 85.80 

2012 1431 14.25 12.58 87.91 

Forest Land 
2009  1535 1.67 4.10 75.69 

2012 1541 1.67 4.07 75.74 

Water body 
2009  170 5.35 5.27 68.04 

2012 173 4.97 5.09 67.42 

V. CONCLUSION AND DISCUSSION 

The plain area of the DU Jiang Yan city was the key area of 

the reconstruction area after the earthquake, so the land use in 

this area experienced a large-scale and fast change from 2009 

to 2012.  

The detection of the land use changes show that about 2983 

ha farm lands have been transferred to the built-up lands during 

the research time. More details about these changes are showed 

in the “from-to” analysis, about  6548 ha farm lands  were 

transferred to the built-up land, and most of these changes were 

occurred in the towns of Tian Ma, Chong Yi, Qing Chen Shan, 

Yu Tang and Pu Yang. On the other hand, about 3565 ha built-

up lands were changed to farm lands, and these changes were 

widely spread in the study area.  

Some landscape metrics are employed to estimate the 

affections brought by the land use changes. At the class level, 

the landscape of the farm land in 2012 is more fragmented than 

that in 2009, and its patches shape of the farm land become 

more complex; while the landscape of the built-up land in 2012 

is fewer fragmented than that in 2009 and its patches shape 

become simpler in 2012.  

The big loss of the farm land is a serious problem that 

should be faced by the local government, because the number 

of the farm lands of this city has beyond the dead line of the 

land use planning which has been ratified by the central 

government, and that is acted counter to strict protection policy 

of the farm land.  
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