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Abstract. The existing ecological footprint model is limited to the defects of 
material production and consumption. The researchers proposed an ecological 
footprint model based on ecosystem services (EF-ES) to strengthen research 
into the services provided by ecosystems, and calculated and analyzed the 
cultivated land in Beijing from 1995 to 2010. The results shows that: (1) from 
1995 to 2000, the equilibrium factors of cultivated land in Beijing were 
relatively stable in EF-ES, but the yield factors in 2000 were significantly lower 
than that of the other years; (2) the equilibrium factors based on EF-ES were far 
less than other methods results. It was mainly due to ecosystem services 
provided by farmland ecosystem which is far less than the other ecosystem 
types. The yield factor based on EF-ES was similar to the result of EF-NPP; (3) 
the annual ecological carrying capacity was the lowest, and the ecological 
deficit was the highest in 2000. The ecological deficit gradually decreased from 
1995 to 2010. Compared with EF-NPP, the ecological deficit of EF-ES was 
small, which showed that the ecological services provided by cultivated land 
can compensate for the ecological deficit caused by material production. The 
calculation results based on the model accord with the development of urban 
agriculture in Beijing. So EF-ES has an objective and comprehensive response 
to the ecological security of cultivated land, and it is a good expression for the 
localization of ecological footprint.  

 
Keywords: ecosystem service ·  ecological footprint ·  equivalence 
factor · yield factor · cultivated land. 

 
 

1 Introduction 
 

In 1990, the ecological footprint method was introduced into China. The model 
attracted a large number of scholars to evaluate the ecosystem based on land supply
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and demand in different areas. These scholars further enriched and improved the 
theoretical system of ecological footprint model on the original basis [1]. Ecological 
footprint –life cycle assessment (EF-LCA) [2], ecological footprint –input output 
analytical model (EF-IOA) [3,4], ecological footprint-energy (EF-E) [5,6], ecological 
footprint-three dimensional (EF-3D) [7-10], ecological footprint-times series (EF-TS) 
[11], and ecological footprint-net primary productivity (EF-NPP) [12,13] enhanced 
the performance of ecological footprint as an indicator of eco-system evaluation. 
Some scholars had introduced the theory of ecological footprint into individual land 
types. Cultivated land had been widely regarded as the foundation of human life. It 
was important to study the ecological carrying ability of cultivated land. Now, the 
present cultivated land ecological footprint model had several problems: (1) 
Equivalence factor and production coefficient were generally used in the world 
average, so they didn’t reflect the local ecological footprint. (2) These parameter 
mainly considered the physical supply and consumption of the ecosystem, and there 
was less consideration for the provision of the ecosystem and support services. (3) EF-
NPP represented the biological productivity of the land, but its ability that studied 
ecosystem services was relatively deficient. In view of these problems, the paper put 
forward the ecological. 
 

2 Study Area 
 

Beijing lied northwest of the north China plain (39.4°N-41.6°N，115.7°E-117.4°E). 
It covered an area of 16,411km2. The northeast of Beijing was high, and the southeast 
was low, and the geomorphological type was diverse in Figure1. Beijing located in the 
warm temperate zone, and it had sub-humid continental monsoon climate. The 
northern and western mountains of Beijing were ecological conservation areas, and 
the southeastern plain was the main area of urban construction and agricultural 
development. According to the 2th national land survey data of Beijing, the total area 
of cultivated land was 227,170.43hm2. It accounted for 13.8% of the total area of the 
city. Different from the agricultural production area, agricultural area in Beijing had 
social service function, ecological service function, landscape culture and leisure 
tourism function except the production function [14]. So it was necessary to study the 
ecosystem services of cultivated land. 

 
Fig. 1. Location of the study are 
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3 Material and Methods 

 
3.1 Material 

 

The data in this study derived from <Compilation of national cost and income of 
agricultural products> and <Beijing statistical yearbook> in 1996, 2001, 2006 and 
2011. The <Compilation of national cost and income of agricultural products> was 
lack of wheat, corn and rice data in Beijing in 2011. So the missing data came from 
the 2010 NDCR’s minimum purchase price or the Beijing purchase price. The amount 
of material consumed in wheat, corn and rice was used in the 2010 national average. 
The land cover data set was provided by Data Center for Resources and 
Environmental Sciences, Chinese Academy of Sciences (RESDC) 
(http://www.resdc.cn) in 1995, 2000, 2005 and 2010 in Figure 2. 

 
1995                                                                 2000 

 
2005                                                                 2010 

Fig. 2. Cultivated land distribution in Beijing 
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3.2 Method 

Following the approach development by Wackernagel et al. [15], we calculated EF-
ES by summarizing the footprints of cultivated land. Equivalence factor and yield 
factor were key parameters in ecological footprint model. Most studies used global 
common factors or factors which obtained from material production. It was difficult to 
reflect the ecological service carrying capacity in local areas. The paper built EF-ES 
model to study the cultivated land in Beijing by local equivalence factor and yield 
factor. Evaluation method was used to calculate the value of ecosystem services [16]. 
In the study, ecosystem services included 11 types of services in Figure 3.  

 

  
Fig.3. Cultivated land function 

Equivalence Factor. Equivalence factor ( ) is used to convert the ecosystem services 
of different lands into the land area with the same ecosystem services. It is calculated 
as follows: 

 
(1) 

Where is ecosystem services value of ecosystem type j (Yuan);  is the 
average ecosystem services value of all types of land use (Yuan).  

Yield Factor. Yield factor is used to convert the land area of an ecosystem in a given 
area into a corresponding whole area. It is used to contrast between different regions. 
It is calculated as follows: 

 
(2) 
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Where  is the per unit area ecosystem services value of national/provincial 
ecosystem land j;  is the corresponding to the above per unit area ecosystem 
services value of global / national ecosystem land j; 

EF-ES Model. Ecological carrying capacity ( ) means that certain areas can 
provided the total area of human ecological services. It was calculated as: 

 (3) 

Where  is the area of bioproductive land ; Ecological footprint ( ) means that 
certain areas can consume the total area of human ecological services. It is calculated 
as: 

 (4) 

Ecological deficit ( ) is used to directly reveal whether or not the consumption of 
natural capital exceeds the bio-capacity ( ) in the region. Ecological deficit ( ) is 
calculated as the following: 

 (5) 

Positive ecological deficit values indicate an “over-consumption” or unsustainable 
situation, whereas negative values show a sustainable situation due to ecological 
surplus in the region of interest. 

 
 

4 Results 
 

4.1 Cultivated Land Ecosystem Service Value 
 

First of all, the ecosystem services value of China’s cultivated land was calculated in 
1995, 2000, 2005 and 2010 by equivalent factor method (Table 1). Secondly, the 
ecosystem services value of Beijing’s cultivated land was calculated in 1995, 2000, 
2005 and 2010 by equivalent factor method (Table 1).  
 
Table 1. Ecosystem services value of cultivated land in China and Beijing from 1995 to 2010 
(Yuan/km2) 
 

 
1995 2000 2005 2010 

Cultivated land in China 2,214,661.62 1,139,254.92 1,988,219.61 3,464,850.70 
Dryland in China 2,302,566.61 1,183,550.98 2,064,450.79 3,597,698.02 
Paddy fields in China 1,975,269.11 1,015,315.55 1,771,000.17 3,086,304.54 
Cultivated land in Beijing 1,535,905.86 472,094.56 1,582,140.54 2,454,413.92 
Dryland in Beijing 1,544,385.96 474,173.17 1,611,423.16 2,499,840.78 
Paddy fields in Beijing 1,324,859.77 406,771.99 1,382,367.99 2,144,501.82 
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As show in Table 1, the ecosystem service value of cultivated land in Beijing was 

much less than that in China. It showed that the ecosystem services provided by 
cultivated land in Beijing were much lower than the average level of cultivated land in 
China. The value of ecosystem service provided by dry land was larger than that 
provided by paddy fields. The value of ecosystem services provided by cultivated land 
in 2000 was much lower than in the other three years. The value of ecosystem services 
provided by cultivated land in 2010 was much higher than that in the other three years. 

 
4.2 Equivalence Factor of Cultivated in Beijing 

According to the formula (1), the equilibrium factors of cultivated land in Beijing 
were calculated in 1995, 2000, 2005 and 2010. The results were shown in Table 2. 
From 1995 to 2005, the equilibrium factor rose from 0.229 to 0.256. It dropped to 
0.252 in 2010. There were a few paddy fields in Beijing, and most of them were dry 
land. The equilibrium factors of paddy field and dry land were consistent with the 
overall equilibrium factors of cultivated land. The equilibrium factors of paddy field 
was slightly lower than that of dry land. Because paddy fields need to consume a lot 
of water resources relative to dry land. 
 

Table 2. Equivalence factor of cultivated in Beijing from 1995 to 2000 
 

 1995 2000 2005 2010 
Equivalence factor of dry land 0.229 0.243 0.260 0.256 
Equivalence factor of paddy fields 0.197 0.208 0.223 0.220 
Equivalence factor of dry land 0.229 0.242 0.256 0.252 
 

The equilibrium factors of ecosystem services were compared with other research 
methods of cultivated land factors (Table 3). The global cultivated land equilibrium 
factors was about 3.00. Jianxing L. calculated the factor of cultivated land in China 
was higher than the other methods, which was 5.25. But the cultivated land 
equilibrium factor of EF-NPP decreased significantly, and it was 1.74. Compared to 
other research methods, the method of calculating the value of ecosystem services was 
greatly reduced. Consequently, the ecological footprint model based on material 
production and consumption has higher equilibrium factor. But ecosystem services 
provided by cultivated land were much lower than the other land types. So its 
equilibrium factors was much lower than the other methods. 

 
Table 3. Equivalence factors calculated in various studies for ecological footprint 

 

 Refer.
[17] 

Refer. 
[18] 

Refer. 
[19] 

Refer. 
[20] 

Refer. 
[21] 

Refer. 
[21] 

Equilibrium factor 2.8 3.16 2.83 5.25 1.74 1.03 
 
 

4.3 Yield Factor of Cultivated in Beijing 

According to the formula (2), the yield factors of cultivated land in Beijing were 
calculated in 1995, 2000, 2005 and 2010 (Table 4). The yield factors in Beijing were  
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relatively stable in 1995, 2005 and 2010. But it was very low in 2000. Because the dry 
land and paddy field had the same standard equivalent factor, so they had the same 
yield factors which was not studied. Among them, the minimum yield factor was 0.41 
in 2000; and the highest factor was 0.79 in 2005. 
 

Table 4.  Yield factor of cultivated in Beijing from 1995 to 2000 
 

 1995 2000 2005 2010 
Yield factor 0.69 0.41 0.79 0.71 

 
The yield factors of ecosystem services were compared with other research 

methods of cultivated land factors (Table 5). The yield factors of cultivated land was 
the highest in China based on EF-NPP, which was 1.74; but the yield factors was 0.83 
in Beijing, and it was 47.70% of China’s cultivated land yield factors. As a large city, 
agriculture was not the main industry in Beijing, and its yield factor was lower than 
the other areas in China. Other methods of calculation were closer to the cultivated 
factor. In 2000, the yield factors of cultivated land in Beijing was only 0.41, which 
was far smaller than that calculated by other methods. But the yield factor of 
cultivated land in Beijing based on ecosystem services was close to the yield factor 
calculated by EF-NPP in the other years. 

 
Table 5. Yield factors calculated in various studies for ecological footprint 

 

 Refer. [17] Refer. [22] Refer. [20] Refer. [1] Refer.[1] 
Yield factor 1.66 1.71 1.65 1.74 0.83 

 
4.4 EF-ES Model in Beijing 

According to formula (3), (4) and (5), EF-ES of cultivated land in Beijing were 
studied, and the results were shown in Table 6. The per capita ecological carrying 
capacity of cultivated land was highest in 2005, and the ecological carrying capacity 
per capita was the lowest in 2000. The per capita ecological footprint was the highest 
in 2000, and the per capita ecological footprint was the lowest in 2010. The per capita 
ecological deficit was the highest in 2000, and the per capita ecological deficit was the 
lowest in 2010. 
 

Table 6. EF-ES of cultivated land in Beijing from 1995 to 2010 (nhm2/ten thousand people) 
 

 1995 2000 2005 2010 
Per capita ecological carrying capacity 43.48  27.27  50.92  30.92  
Per capita ecological footprint 63.02  66.51  64.45  43.55  
Per capita ecological deficit 19.54  39.24  13.53  12.63  

 
4.5 EF-ES Compared Its Results with EF-NPP 

EF-NPP model was used to calculate ecological footprint and ecological carrying of 
cultivated land in Beijing (equilibrium factor and yield factor are obtained by 
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Moucheng L. [1, 21]), and the results were shown in Table 7. Ecological carrying 
capacity and ecological footprint which calculated by EF-NPP were significantly 
larger than those which calculated by EF-ES, but the ecological deficit was slightly 
larger than the EF-ES calculation results. 

 
Table 7. EF-NPP (nhm2/ ten thousand people) 

 

 EF-NPP(2001) 
Per capita ecological carrying capacity 234.94  
Per capita ecological footprint 283.06  
Per capita ecological deficit 48.12  

 
5 Discussion 

 
5.1 Equivalence Factor 

Equivalence factor of cultivated land based on EF-ES was the least compared with 
other calculation methods. The main reasons were as follows: most methods were 
calculated on the basis of material yield. Cultivated land had maximum material yield 
compared with other ecosystem types. So cultivated land had the maximum 
equivalence factor by the other method. But the equivalence factor of EF-ES was 
based on the ability of different ecosystems to provided services. Cultivated land 
provided more supply services but it provided less modulation, support, and cultural 
services than the other types of ecosystem. So the equivalence factor was minimum 
by EF-ES. But in the study of the ecological capacity of the metropolis, the research 
on the provision of services for various types of land was more realistic than the 
research of simple matter. Therefore, the paper argued that the method of ecosystem 
service based on ecological factor extraction could better reflect the carrying capacity 
of ecosystem. 
 
5.2 Yield Factor 

The yield factor transformed the local types of land area into a corresponding whole 
area. Its main purpose was to facilitate the comparison of land ecological carrying 
capacity in different regions. Therefore, the calculation of this factor is mainly aimed 
at the land productivity. So yield factor based on EF-ES is similar to the result of the 
yield factor based on EF-NPP. The quality and ecological potential of cultivated land 
in Beijing were at a low level in China [23]. From 1995 to 2010, the yield factors of 
cultivated land were the lowest in 2000 in Beijing. Drought occurred throughout the 
country this year, and it resulted in serious reduction in grain production and poor 
productivity of cultivated land. So the yield factor based on EF-ES was in line with 
natural and socio-economic development.  
 
5.3 Local Ecological Footprint Model in Beijing 

The ecological footprint model was not standardized accounting standard system. It 
had different emphases, and different researchers studied the ecological footprint of 
the same area with different parameters and productivity standard. So it had 
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shortcoming in the completeness of accounting, the comparability and reliability of 
accounting results. This had weakened the ability of the ecological footprint model as 
an ecosystem assessment tool. EF-ES was constructed in this study in Beijing. The 
model departed from the limitations of prior material production, and it discussed the 
ecological carrying capacity from the perspective of ecosystem services. Ecological 
carrying capacity and ecological footprint which calculated by EF-ES were much 
lower than other methods. But its ecological deficit was slightly less than EF-NPP’s 
results. This was due to that EF-ES considered the supply of ecosystem services 
except the production and consumption. It could make up for the independent material 
production. As a result, the ecological deficit had been reduced by the model. The 
method reflected the ability of ecosystem services which provided by a certain 
ecosystem, and conformed to the judgment requirements of the contradiction between 
supply and demand of ecosystem services in the current society. Wenjun, J. et al.[24] 
constructed an ecological footprint model based on ecosystem services, and the model 
was used to evaluate the impact of water pollutant emissions. Its model had good 
pertinence, but it was not universal. EF-ES in this article could be applied to all 
ecosystems. 

From 1995 to 2010, there was no drastic change in the area and the layout of 
cultivated land (Fig.2). Therefore, the change of ecological footprint of cultivated land 
should be caused by other reasons. The use of machinery is less and less, and 
electricity has become the main mode of energy of consumption (Table 8). It showed 
that the construction of ecological and social functions of urban agriculture in Beijing 
has achieved remarkable results. The ecological deficit in Beijing had improved from 
1995 to 2010. The results were consistent with the development of urban agriculture 
in Beijing. 

The study also had some shortcoming: because the ecological footprint model 
based on ecosystem services was constructed for cultivated land in this paper, and the 
data of other ecosystems were not enough to form a holistic judgment; the selection of 
ecosystem services types was still limitations; the data in some cities were incomplete 
in <Compilation of national cost and income of agricultural products>. Therefore, 
obtaining fully unified the basic data was difficult. 

Table 8. Agricultural production condition in Beijing 
 

 
Powers of agriculture machine 

kW/hm2 
Electricity consumption 

kW·h/hm2 
Fertilizer consumption 

t/hm2 
1995 13.60 5,859.16 0.55 
2000 10.71 15,346.12 0.48 
2005 8.72 10,890.50 0.38 
2010 8.14 13,094.54 0.40 

 

6 Conclusions 

This study constructed EF-ES model, and studied cultivated land in Beijing. The 
ecosystem services value of cultivated land per unit area in Beijing was less than that 
of the whole country. In 2000, the ecosystem services value of cultivated land per unit 
area was the smallest in 4 years. The equilibrium factor of cultivated land obtained by 
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EF-ES was the smallest compared with other methods. The yield factor of cultivated 
land obtained by EF-ES was equivalent to the yield factor calculated by EF-NPP 
model. According to the EF-ES model results, the per capita ecological deficit was 
higher in 2000 because of drought. Ecological deficit was declining from 1995 to 
2010 except 2000. It showed that the ecological pressure of cultivated land in Beijing 
had been alleviated. The calculation results of EF-ES accorded with the development 
of agricultural in Beijing. The model could better realize the localization of ecological 
footprint, and reflect the change of ecosystem services in a certain ecosystem. 
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