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Abstract — This study compared the method of payment for ecosystem services (PES) allocation in different regions, with the aim 
to provide a reference for decision makers. To find the rational allocation basis of PES, the final evaluation index system was 
obtained by the Delphi method, as based on many references, following the two major principles of "fairness and efficiency," and 
combined with the spatial heterogeneity in Zhangjiakou. Using investigations, statistics and remote sensing data related to the 
factors that influence the distribution of PES, analytic hierarchy process and GIS technology were used to determine the weight of 
the factors affecting the distribution, to construct a distributional model and to calculate and express the regional compensation 
value. The results show that the weight of distance of resident and woodland, the opportunity cost and NDVI of the distribution of 
PES in Zhangjiakou is 0.5279，0.3325，0.1396. Based on the total sum of the annual PES of 38.844 million RMB from the Sloping 
Land Conversion Program in Zhangjiakou City, the value of PES for every district and county is determined using the allocation 
model, from which the greatest in Zhuolu County is 3676 RMB and the least in Zhangjiakou City is 0 RMB. Therefore, the spatial 
distributional model of PES based on GIS and RS can solve the "sweeping approach" phenomenon. 
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I. INTRODUCTION 

The Sloping Land Conversion Program (SLCP) and the 
associated payment for ecosystem services (PES) have been 
implemented in China for many years. However, the same 
PES is generally used over wide geographical areas without 
considering the various factors in different regions of sloping 
land conversion. This practice has resulted in an 
unreasonable distribution of the PES. Therefore, establishing 
an ecological compensation mechanism with reasonable 
compensation and implementation has become important [1]. 

In combination of the study achievements of ecological 
compensation standard, they mainly focus on the opportunity 
cost method, the ecosystem service value etc. in the 
calculation method. For example, Xuanyu Dai and 
Shengfeng Li [2], adopted the opportunity cost method for 
evaluating the ecological compensation strength in the Milu 
National Nature Reserve in Dafeng. Costanza et al. carried 
out pioneering research to divide global ecosystem services 
into 17 categories, based on economic methods, and estimate 
their values, which is of great significance in the study of 
ecological value [3]. Their application involve the value of 
ecosystem services, poverty alleviation approaches, future 
development trend, spatial difference and other fields. For 
example, Gaodi Xie found that an expert-based assessment 
system for ecosystem services can be used to estimate 
compensation standards when given the available land use 
area [4]. Ying Zhang studied ecological compensation 

standards and poverty reduction approaches in different areas 
[5]. By using the nonparametric complex ecological services 
targeting method, Ferraro considered the distance function to 
allocate the compensation funds according to the cost-
efficiency ratio [6]. Although the issues of compensation 
standards have been discussed by many scholars, research on 
the spatial distribution of PES for the Sloping Land 
Conversion Program in China still is a lack. 

In this study, the spatial allocation of PES for the Sloping 
Land Conversion Program funds was studied in 
Zhangjiakou, Hebei. According to previous reports, the 
differences in regional ecological and economic efficiency 
due to different geographic factors were calculated, taking 
social justice into account, to explore the spatial allocation 
standards for inter-regional ecological compensation. This 
study provides a reference for the government to develop 
ecological compensation policies by resolving the 
unreasonable compensation standard of "one size fits all" and 
other issues, thus contributing to the sustainable development 
of the region. 

II. MATERIALS AND METHODS  

A. Ethics statement 

No specific permits were required for the described field 
studies, since the plants chosen in the study are owned and 
managed by the state including the sites for our sampling are 
not privately-owned or protected in any way and specific 
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permission for non-profit research, therefore, is not required. 
The field studies were not involved in endangered or 
protected species in this area. 

B. Study area 

The city of Zhangjiakou, Hebei, is located at an eastern 
longitude of 113 ° 50 '- 116 ° 30' and a northern latitude of 
39 ° 30 '- 42 ° 10'; it adjoins Beijing to the southeast and has 
a total area of 36,800 km² with a total population of 468.41 
million. 

Zhangjiakou has a very important ecological role and 
susceptible ecological environment. It contains the 
headwaters of the Miyun and Guanting Reservoirs, and is the 
ecological barrier for Beijing. The Sloping Land Conversion 
Program in Zhangjiakou started in 2000. 

C. Remote sensing data 

The following explains how the remote sensing data were 
prepared. This study used data from two RS images of 
Zhangjiakou City from the US Geological Survey (USGS), 
from which the NDVI of all the counties in the region were 
extracted. The 1:500,000 scale administrative boundaries 
map of the Zhangjiakou area was obtained from the 
Zhangjiakou Forestry Bureau and used for cropping the 
study area from the original remote sensing image. The 
1:300,000 scale forestry land use classification layer was 
also obtained from Zhangjiakou Forestry Bureau and used 
for calculating the distance from the barycenter of the 
Sloping Land Conversion Program field to residential 
settlements. The Zhangjiakou forestry bureau supplied data 
about the residential settlements for use in the above distance 
calculation. 

D. Statistical data 

The rural population and rural households data were 
obtained from the Census Bureau in Zhangjiakou. Data about 
the elevation and days with strong winds were obtained from 
the Bureau of Meteorology in Zhangjiakou. The secondary 
forest inventory data, such as the area of farmland converted, 
were provided by the Zhangjiakou Forestry Bureau. 

E. Survey data 

The estimation for the cost of opportunity for the Sloping 
Land Conversion was mainly obtained from farmer 
questionnaires about the costs and benefits. To acquire the 
cost of opportunity for the Sloping Land Conversion 
Program (SLCP), the research group conducted interviews 
and questionnaires with farmers in Zhangjiakou, Hebei in the 
winter 2013. 

F. Research hypothesis  

1. Establishment of pes allocation indicator system for 
sloping land conversion program. It is in the interests of 
various aspects that ecological compensation is allocated in a 
fair and reasonable way. To take full account of the impact 
of various factors on the distribution of ecological 
compensation, compensation allocation primarily follows the 
principles of fairness and efficiency. Based on the spatial 
heterogeneity and according to previous studies [7], an 

allocation indicator system was established by considering 
indicators that include different contributions of forest 
resources to ecological protection, the importance of 
ecological functions through referencing and reasoning, an 
NDVI that reflects the quality of the forest ecology, 
influence of distance between the forest and settlements, 
which indicates the ecological benefits, and the costs of 
opportunity to change the original production of farmers. In 
the layered system, there is 3 indicators. 

2. Interpretation and calculation of key indicators. 
Currently, NDVI has been applied to the study of vegetation 
assessment by Chinese experts. Based on the principle of 
efficiency, the higher the NDVI in the study area express the 
higher the quality of the ecological restoration of vegetation, 
the greater the forest ecological benefits and the greater the 
amount of compensation that will be required. 

The influence of the distance between the barycenter of 
the Sloping Land Conversion Program field and settlements 
has been considered in all counties. According to Carlyle’s 
finding that the mutual attraction of human activity patterns 
between different regions is similar to the universal 
gravitation pattern, a settlements attraction formula was 
proposed accordingly, in which the attraction is inversely 
proportional to the square of the distance between two 
settlements and is proportional to the population. Similarly, 
in the natural environment, several factors were subject to 
attenuation via distance constraints, such as that of water 
surface on the microclimate, chimneys on the spread of 
pollutants and seismic intensity. Currently, the negative 
impact of distance has been applied in studies about 
environmental pollution and tourist flow. Based on the 
principle that landscape flow is affected by factors such as 
distance and barriers. In this study, the centers referred to the 
geometric center of the settlements in the county and the 
geometric center of the forest. The impact of distance was 
calculated as follows: 
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where i is the residential location, j is the geometric 

center of the forest location, ijI
is the impact of the 

geometric center of the forest on the settlement, ijD
 is the 

distance between two points, iP
 is a county’s population and 

jA
is the land area considered by the Sloping Land 

Conversion Program. This equation shows that the effect of 
the geometric center of the forest in each county on the 
settlements is inversely proportional to the square of the 
distance and is proportional to the population and forest area. 
It implies that the closer the county residents are to 
woodland, the larger the woodland area, and the larger the 
related residential population as well as the economic, 
ecological and social benefits of the same piece of woodland 
on a county that would be greater. This suggests that when 
the forested land is closer to settlements, the application of 
the Sloping Land Conservation Program will result in greater 
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economic, ecological and social benefits. Based on the 
principle of efficiency, a larger amount of compensation for 
woodland farmers is required. 

G. Distribution model 

1. Determination of weights of indicators for 
compensation allocation. Based on the indicators for 
compensation allocation, the expert scoring method was used 
to construct a judgment matrix, and the weights were 
calculated using the analytic hierarchy process (AHP). The 
weights of opportunity cost of SLCP, the distance between 
forest land and the resident and NDVI were 0.5279, 0.3325, 
0.1396. 

2. Establishment of model for ecological compensation 
allocation. Based on determining the indexs and weights of 
the ecological compensation distribution, with slope 
calculation, the euclidean distance mapping , classification 
and raster calculator etc. spatial analysis function of 
expansion module in GIS, indexs and layer conversion were 
completed. According to the previous data, the NDVI image 
layer in the study area was extracted from and classified, see 
1a; euclidean distance layer by the administrative county as 
point sources was make and classified, see 1b; according to 
the investigation data of districts and counties, the raster 
layer of opportunity cost was made and classified, see 1c; 
each layer was assigned to weight, then the raster calculator 
of software GIS was used to calculate the composite value in 
summation model, and then mask layer of SLCP (see Figure 
1d) was used to extract attributes composite data of the study 
area, factors composite value influencing ecological 
compensation was finally derived by the administrative 
boundary of the various districts and counties, see figure2. It 
realizes the visualization of process and result of the 
distribution, reveals the spatial pattern of the entire regional 
ecological compensation. 

For a given time, the standardized value of the specific 
calculation and the weights of the ecological compensate 
factors were used to calculate the overall value of the index 
for each county unit as follow: 

ijS
= ijC

* 1w
+ ijD

* 2w
+ ijN

* 3w
                         (2) 

where, ijS
(i=1,2,3……m, j=1,2,3……n) is the 

integrated value of the region; ijC
 is reclassification of the 

opportunity cost of the Sloping Land Conversion Program in 

NO.i region NO.j grid; ijD
 is reclassification of euclidean 

distance data between settlements and forestland in NO.i 

region NO.j grid; ijN
 is reclassification of farmland 

woodland NDVI data in NO.i region NO.j grid; 1w
, 2w

, 3w
 

is the weight of each indicator. 
Then the subregional statistics was conducted. 
The regional distribution coefficient for ecological 

compensation is given by the following formulae: 
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where, iW
 is the distribution coefficient of the regional 

ecological compensation; iY
 is the accumulated value of 

merge data ijS
in NO.i region NO.j grid (j=1,2,3……n). 

The regional distribution coefficient for ecological 
compensation is given by the following formulae: 

iQ
= iW  0Q

                                        (4) 

where, iQ
 is the ecological compensation allocation in 

region j (millions of Yuan); 0Q
 is the total ecological 

compensation (millions of Yuan); and iW
 is the proportion 

of the distribution of ecological compensation in region i. 

 
Figure 1.  Classification layer of index on PES distribution 
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Figure 2.  the comprehensive distribution of PES 

III. RESULTS AND ANALYSIS 

A. Comprehensive value of payment for ecosystem 
services allocation 

Based on the standardized values and the weight of the 
PES allocation indicators, the integrated evaluation values of 

the ecological compensation in each county were calculated 
according to equation (1). The minimum value found in 
Zhangjiakou was 0 and the maximum found in Zhuolu 
County was 0.233 ( Table 1) . 

TABLE I.  CALCULATION INDEX VALUE(CIV) AND DISTRIBUTION COEFFICIENT(DC) OF PES IN COUNTIES 

county Zhuolu Wei Chicheng Xuanhua Wanquan Zhangjiakou Guyuan Huailai 
civ 340.399 204.851 137.628 108.694 55.389 0 69.488 7.164 
dc 0.233 0.140 0.094 0.075 0.038 0 0.048 0.005 

county Xiahuahuan Huaian Shangyi Zhangbei Congli Kangbao Yangyaun  
civ 41.446 71.448 206.833 44.519 39.925 52.601 77.658  
dc 0.028 0.049 0.142 0.031 0.027 0.036 0.053  

A. Coefficient of PES allocation 

Equation (2) was used to normalize the integrated values 
of the ecological compensation allocation indicators in 
Zhangjiakou City in 2013 to obtain the allocation ratios of 
the district’s ecological compensation. The results showed 
that Huailai County had the lowest coefficient Pj of 0.032, 
while Shangyi County had the highest of 0.088. 

B. Allocation result of payment for ecosystem services of 
Sloping Land Conversion Program in Zhangjiakou 

According to the "Regulations for the Sloping Land 
Conversion Program", Zhangjiakou City was estimated to 
have obtained 388.44 million RMB in 2013, which was the 
initial PES allocation for the 15 counties in Zhangjiakou. 

 
Figure 3.  The allocation result of PES in Zhangjiakou 
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Figure 3 shows the results for the, complete allocation 
analysis. Equation (3) was used to calculate the ecological 
compensation from the compensation vector layer attributes 
and ecological compensation coefficients. The results 
showed that Zhangjiakou City obtained the least 
compensation of 0 RMB, while Zhuolu County received the 
maximum of 90.69 million RMB.  

The allocation result for PES per hectare of farmland 
converted showed that with the annual total compensation of 
388.44 million RMB, Zhuolu County had the maximum of 
3676 RMB per hectare, while Zhangjiakou City had the 
lowest of 0 RMB. From Tab.2 we can compared the standard 
compensation to the allocation result.  

TABLE II.  CONTRAST ANALYSIS OF PER HECTARE COMPENSATION BETWEEN SPACE ALLOCATION MODEL AND THE ACTUAL  UNIT: RMB/HA 

county Zhangjiakou  Zhangbei  Kangbao Huailai Guyuan Congli Huaian  Wanquan  
balance -1350 -1046 -996 -983 -826 -590 -81 33 
county Yangyaun  Shangyi  Chicheng Xuanhua Xiahuahuan Wei Zhuolu   

balance 93 167 859 1175 1238 1379 2326  
The values from the Sloping Land Conversion Program 

for each person for the PES. With the annual total 
compensation being 388.44 million RMB, the rural per 
capita compensation amount of 396 RMB in Xiahuayuan 
was the maximum, while Zhangjiakou city farmers had the 
lowest per capita amount of 0 RMB. 

IV. CONCLUSION 

To find a reasonable basis for the allocation of PES funds 
by using AHP and GIS technology, the ecological 
compensation allocation evaluation indicators in the study 
area, including national economic statistics, weather 
statistics, sample survey and remote sensing data were used 
to build a compensation allocation model. The study results 
suggested several conclusions. 

First, on account of the spatial heterogeneity of the 
Zhangjiakou region, the combination of AHP and GIS 
technologies, which take advantage of the comprehensive 
evaluation in the multi-element analysis of AHP and the 
powerful spatial analysis capabilities in GIS, provide a new 
method for improving the ecological compensation 
calculations. The application of GIS software uses data to 
represent space and integrates numbers and graphics, which 
gives a great advantage in data processing, analysis and 
management. This can objectively reflect the specific 
situation in the region. The results showed that when AHP 
and GIS were incorporated in the ecological compensation 
allocation calculation there were theoretical and practical 
significances. 

Second, the average compensation values per hectare in 
different counties of Zhangjiakou were not significantly 
different, which fits the goal of compensation allocated to 
local conditions. The farmers in Zhuolu had the maximum 
per hectare compensation of an average of 3676 RMB, 
which was more than the original compensation amount. 
This was due to the short distance from the city to the 
counties, thus there was the maximum ecological efficiency. 
In addition, the favorable natural and social conditions, such 
as the ability to sell fresh corn with a high price, resulted in 
the highest cost of opportunity in farmland conversion. 
Zhangjiakou County up-dam had the minimum 
compensation of 0 RMB, which was less than the original 
amount. The reason is that this area is has poor land. This 
also shows that the model-based allocation widens the 
compensation gap between the counties, which not only 

solved the "one size fits all" problem, but also reflects the 
overall condition of the county and fairness. 

Third, since the principle of fairness was taken into 
account, the per capita compensation gap has not been as 
large, which enables poverty alleviation. The largest per 
capita compensation for farmers was 396 RMB in 
Xiahuayuan, which was due to relatively fewer farmers 
being present. Zhangjiakou City farmers received the lowest 
per capita compensation funds of 0 RMB, which was due to 
Zhangjiakou City farmers being more affluent, and this 
meant the compensation did not have much of an impact on 
the farmers. 

V. DISCUSSION 

First, at present, the evaluation of the compensation 
allocation mostly focuses on ecological construction 
performance, with little regard for fairness. Based on the 
principles of fairness and efficiency, this study included not 
only NDVI, a factor that reflects the performance, but also 
the per capita net income of farmers, a factor that reflects 
fairness. NDVI accurately reflects the vegetation coverage, 
and it is more accurate than the degree of vegetation 
coverage, while being easy to be extracted from the remote 
sensing images. On the basis of the same per capita cost of 
opportunity or equal per capita conversion farmland area, the 
lower the per capita net income of farmers, i.e. the poorer the 
farmers, the higher the portion of the cost of opportunity in 
per capita net income of the farmers, and under these 
circumstances there is a greater contribution to the poorer 
farmers. 

Second, studies that focus on the positive indicators 
usually have little regard for the negative indicators in the 
PES allocation evaluation. In this study, the negative 
indicators for the PES allocation evaluation have also been 
considered. One such indicator was the distance from the 
forest to the counties, which has been applied in 
environmental pollution and tourist flow studies and was 
included in this study. To calculate this distance required the 
use of the ERDAS software and remote sensing images, and 
this was the first time this technically difficult task was 
performed, which is an innovation of this study. 

Third, the degree of importance of the ecological 
functions will be more efficient in the compensation 
allocation around the country. According to the ecological 
spatial characteristics in China, "national ecological function 
zoning" evaluated the sensitivity to ecology, the function and 
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its importance on the ecological service systems. This 
divided the ecological functions of the different regions of 
China and developed an ecological function zoning plan, in 
which China has been classified into four categories, which 
include extremely important, important, moderately 
important and slightly important. This provides the 
theoretical basis for adequate study. 

Fourth, as a preliminary exploratory study, this method 
still needs to be developed further. For example, the 
selection of GIS computing units was limited by a variety of 
conditions. In this study, county was regarded as the 
minimum calculation unit, and this meant it was impossible 
to reflect changes in the spatial distribution of ecological 
compensation within the county administrative area. In 
future studies, townships should be used as the calculation 
units to improve the accuracy. 
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