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Abstract. Research purposes: this paper concluded that cultivated land ecological security situation of 
Zhuhai, and forecast its future trend, to provide a scientific reference for Zhuhai cultivated land 
ecological security. Methods: through the Driver - Pressures - State - Impact - Responses(DPSIR 
model) combined with analytic hierarchy process (AHP) to build Zhuhai cultivated land ecological 
security system evaluation model, then using ArcGIS software to the spatial data processing and get 
the area of cultivated land ecological security level each year. Results show that: (1) Zhuhai for 
cultivated land ecological security in 1988: Level 2 accounted for 4% of the total area of cultivated 
land, and Level 3 accounted for 85.46% of the total area of cultivated land, and Level 4 accounts for 
10.54% of the total area of cultivated land. (2) Zhuhai for cultivated land ecological security in 1998: 
Level 2 accounted for 7.41% of the total area of cultivated land, and Level 3 accounted for 47.17% of 
the total area of cultivated land, and Level 4 accounts for 45.37% of the total area of cultivated land, 
and Level 5 accounts for 0.05% of the total area of cultivated land. (3) Zhuhai for cultivated land 
ecological security in 2008: Level 2 accounted for 4.43% of the total area of cultivated land, and Level 
3 accounted for 13.42% of the total area of cultivated land, and Level 4 accounts for 80.62% of the 
total area of cultivated land, and Level 5 accounts for 1.53% of the total area of cultivated land. 
Conclusion: Zhuhai increased cultivated land ecological security in 20 years, there is no level 1 of 
cultivated land. The cultivated land in 1988 was mainly 3 grade, and in 1998 was mainly 3 grade and 4 
grade, in 2008 was mainly 4 grade. 

Introduction 
As is known to all, cultivated land with multi-functional. It can not only guarantee food security, 
provide industrial raw materials, at the same time, also has the function of ecological services and 
landscape. As China's industrialization and urbanization fast development, the ecological value of 
cultivated gradually manifest[1]. In recent years, the Chinese government has clearly put forward "the 
construction of ecological civilization in prominence", called for the Party and the national people's to 
build "Beautiful China". Should we found that the cultivated land ecological security research is a 
frontier of sustainable utilization of resources, explore the cultivated land ecological security is helpful 
to the construction of ecological civilization. 

However, given China's national conditions, is currently in the primary stage of Socialism. As the 
population pressure, industry as well as the limitation of the thought idea, farmland from being 
destroyed by the man-made and natural. Most of China's arable land ecological safety is not optimistic. 
Therefore, to strengthen management by the relevant departments, it is necessary to build the safety 
status of cultivated land ecological security system analysis. 

In fact, from the ecological perspective to analyze the function of the cultivated land has become a 
new hot spot of land science research at present in China[2-5]. But it is worth noting that, most of the 
studies of Chinese scholars are only to pay attention to some year of farmland ecological safety,  the 
lack of a long span research[6]. Moreover, the municipal regional mesoscale is less, most is the study of 
the parcel or county scale. Considering the above analysis, this paper, taking the ecological point of 
view as the breakthrough point, explore the cultivated land ecological security of Zhuhai. Looking 
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forward to providing the theory and decision-making basis for the Zhuhai cultivated land protection 
and sustainable development[7]. 

Methodology 

Analytic Hierarchy Process(AHP). The method is to decompose the elements related to into 
goals, rules, plans and so on level. Based on  this to construct judgment matrix, calculate a level to 
other level a related index weight after normalization processing. 

Cultivated land ecological security evaluation model. 
1) According to the actual situation of Zhuhai, adjust measures to local conditions to select 

indicators, to build the city cultivated land ecological security evaluation index system (DPSIR). As 
shown in table 1: 
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2) Construct one to one comparative judgment matrix of selected 10 indexes comparison. using  
numerical  to describe the a element and the element b relative importance to a layer of some 
factor. As shown in table 2: 

Table 2 Comparative judgment matrix gradient 

gradient meaning 

1 The importance of a and b to a layer factor is the same 

3 A than b is somewhat important 

5 A is  important than b 

7 A is more important than b 

9 A is extremely important than b 

2、4、6、8 The importance of a and b in between =2n-1 and =2n+1  

reciprocal The ratio of the importance to 1/  

 
3) Satisfied with the level of consistency check to, and then the index data normalization processing.  
4) Ecological security index calculated on ArcGIS software, then using comprehensive weighted 

model formula . Finally to calculate cultivated land ecological security comprehensive 
value of Zhuhai. 

Data 

Data source. In this paper, the study area according to Landsat TM remote sensing images which 
including 1988, 1998, 2008 as data sources. Among them, the cultivated land area, land area, 
vegetation index and the number of landscape patches by remote sensing image interpretation; soil 
organic matter contents in 1988 and 1998 data are collecting the Second Soil Census results of China 
e.g. Zhuhai Soil, Doumen County Soil Census Report. The soil quality data in 2008 are alternative data, 
which using of Sun Yat-sen university in 2009 to field sampling soil samples for testing analysis. Other 
social and economic data, such as agricultural output, the output value of  first industry, GDP, food 
production are taken from Guangdong Statistical Yearbook and Zhuhai Statistical Yearbook. 

Data preprocessing. Standardization of data processing：calculation results is greater, and better 
for the cultivated land ecological security situation, with positive indicators calculated standardized 
treatment; the result is smaller, but better for the cultivated land ecological security situation, with a 
negative index for processing. 

Positive index calculation formula: 

     .                                                                                                            (1) 
 

Negative index calculation formula: 
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.                                                                                                           (2) 
 

Where  is the original value of  index j in the year i;   is the 

standardized value of index j in the year I;  and  is the minimum and maximum of 
index j. 

Results 

Result of AHP. Using special software Yaahp which is used to deal with analytic hierarchy (AHP), 
combined with judgment matrix, the related results are shown in table 3. 
 

 
Ecological safety threshold. Refer to Chinese and foreign related research[2,8-10], and the 

calculation results. Based on the five level interval to define Zhuhai cultivated land ecological security 
evaluation. shown in table 4: 
 

Table 4 Zhuhai cultivated land ecological security evaluation level 

Normalized value [0, 0.15) [0.15, 0.40) [0.40, 0.60) [0.60, 0.85) [0.85, 1] 

Level 1 2 3 4 5 

Ecological security  Unsafe Relatively unsafe Critical safe Relatively safe Safe 
 

Level of Zhuhai cultivated land ecological security. According to the mentioned method in 
section 2, combined with Zhuhai cultivated land ecological security evaluation in table 4, it is 
concluded that the cultivated land ecology safe in 20 years. shown in table 5: 

 
Table 5 Zhuhai area safety level       unit:hm2 

level  

Year                 

Unsafe Relatively unsafe Critical safe Relatively safe Safe 

1988 0 2613.12 52995.51 6653.17 0 

1998 0 4022.78 25459.37 24489.46 52.20 

2008 0 1627.22 4923.42 29549.61 564.57 
 

Using ArcGIS software shows that the results of the section 4.3. shown in Fig. 1: 
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Fig. 1 1988, 1998, 2008 zhuhai cultivated land ecological security 

Notes: (1) Yellow represents unsafe; (2) Orange represents relatively unsafe; (3) Green represents critical safe; (4) 
Magenta represents relatively safe; (5) Blue represents safe. 

Conclusions 
In this paper, we diagnosed cultivated land ecological security in Zhuhai based on the methodology 
presented in section 2 using ArcGIS. Main results are concluded below: 

(1) The total area of cultivated land in reducing year by year from 1988 to 2008, But the cultivated 
land ecological security improved. There is no unsafe levels of cultivated land in Zhuhai. In 1988 
focused on the relatively unsafe, the critical safety and relatively safe, which is given priority to with 
criticality safety; in 1998 also focused on the relatively unsafe, the critical safety and relatively safe, but 
relatively safe area increased significantly; in 2008 focused on the critical safe, the relatively safety and 
safe, relatively safe area continue to increase, appear level safe. It can be seen that cultivated land 
ecological security in Zhuhai rise year by year, the strong ability of sustainable development. 

(2) Zhuhai should comply with the current "mountain, river, land, city, sea" the main body of the 
spatial pattern. The layout of the three large tracts which including Doumen district of northern, 
southern Baijiao town and Doumen district west along the border with Jinwan of cultivated land and 
basic farmland should be retained. Avoiding the ecological sensitive area, strengthening the quality of 
cultivated land, giving full play to the cultivated land ecological function. This way can add pastoralism 
and urban green open space, make the ecological construction and farmland protection organic 
unification for Zhuhai. 
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