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Abstract 
 
Social and economic development can cause land cover changes that significantly affect ecosystem services and functions. This 
study investigated the temporal variation in ecosystem service values in response to land cover changes caused mainly by human 
activities in Harbin City, one of the fastest growing metropolitan areas in northeast China. The aim was to provide guidance for 
regional sustainable development. An evaluation method for ecosystem service values based on land cover change was applied in 
1996 and 2008. Sensitivity analysis was used to discuss driving forces triggering the change of land cover and ecosystem service 
values. The results showed that the total ecosystem service value increased from 20945.53 million $ in 1996 to 21030.83 million 
$ in 2008, mainly due to the increasing areas of woodland, water body and urban green land. Over 97% of the total value was 
attributable to woodland, farmland and water body. Hydrological regulation and biodiversity maintenance were the two largest 
service functions, contributing about 30.62% of the total value. Population growth, urban expansion, and economic development 
were three major driving forces for the change of land cover and ecosystem service value. The results suggest that future land use 
planning should emphasis on protecting woodland, water body and urban green land that have the highest ecosystem service 
values, and continue the policy of ecological protection, to achieve regional sustainable development. 
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1. Introduction 
 
Ecosystem services can be defined as the 

goods and services provided by ecosystem which 
contribute to human welfare, both directly or 
indirectly, including material goods such as food, 
fuel, and fibre, regulation services such as climate 
and flood regulation, and nonmaterial spiritual or 
aesthetic benefits (Costanza et al., 1997; Daily, 1997; 
Millennium Ecosystem Assessment, 2005). The 
capability of ecosystems to provide services is 
determined by changes in land cover, socio-economic 
characteristics, biodiversity, atmospheric 

composition and climate, and so on (Metzger et al., 
2006; Yoshida et al., 2010). As the closest link 
between human and nature, land cover and cover 
change significantly affect ecosystem structure and 
function, which lead to the variation of ecosystem 
service value (Foley et al., 2005; Fürst et al., 2011, 
2012; Glavan et al., 2012; Gren and Isacs, 2009; Hu 
et al., 2008; Li et al., 2010; Liang, 2013; Koschke et 
al., 2012; Sutton and Costanza, 2002; Volk et al., 
2009). On the other hand, land cover change results 
from the alteration of the earth’s surface by human 
beings. Human’s behaviours play key roles in land 
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cover change and furthermore influence the aspects 
of earth ecosystem function.  

Demographic factor, economic factor, 
sociopolitical factor, technology, and lifestyle can 
indirectly affect ecosystem services (Millennium 
Ecosystem Assessment, 2005). Some researchers 
quantitatively assessed the relationship between 
ecosystem service and driving factors using the eco-
economic harmony index (EEH) (Wu et al., 2007), 
by the coordination degree between environment and 
economy (CDEE) (Su and Zhang, 2009), using the 
STIRPAT model (Sun et al., 2009), using canonical 
correspondence analysis (CCA) (Zhang et al., 2010), 
by sensitivity analysis (Yao and Liu, 2010), and with 
a quantitative analysis of the sensitivity and the 
correlation (Li et al., 2012). 

As the capital of Heilongjiang Province, 
Harbin City has been one of the fastest growing 
metropolitan areas with relatively developed 
economy and large population in northeast China. In 
recent decades, complex changes in land cover have 
occurred because of human activities and a policy of 
converting poor farmland to woodlands and 
grasslands, which are likely to significantly affect 
ecosystem services and functions in this area (Cheng 
et al., 2011). Comprehensive studies on the variation 
of ecosystem service value in response to land cover 
change and socioeconomic change are very scarce for 
Harbin City.  

The objectives of this study are the following: 
(1) to explore the change characteristics of land 
cover; (2) to estimate changes of ecosystem services 
value as a result of land cover change; (3) to discuss 
the major driving forces triggering the change of land 
cover and ecosystem service value; and (4) to 
provide guidance and advice to support regional 
sustainable development policies. 

 
2. Materials and methods 

 
2.1. Study area 

 
Harbin City is located in the south central part 

of Heilongjiang Province, northeast China, from 
44°04′N to 46°40′N and from 125°42′E to 130°10′E, 
with a total area of 53068 km2 (Fig. 1).  

 

 
 

Fig. 1. The study area 
 

The topography is higher in the northeast hills 
and lower in the southwest plains. The Songhua 

River runs across the middle of Harbin City from 
west to east. The climate belongs to the mid 
temperate continental monsoon climate. The mean 
annual precipitation is 400-600 mm and 80% of 
rainfall occurs between May and September. The 
frost-free period is 110-150 days and accumulated 
temperature is 2500-3100 °C. The land is fertile for 
agricultural production, which is one of the major 
grain production bases in China.  

The study area is one of the most densely 
populated areas in China, with a population of 9.90 
million and population density of 186.53 persons/sq. 
km in 2008. The GDP is 41302.34 million $ and per-
capita GDP 4178$ in 2008. Growing population, 
increasing economy, rapid urban sprawl and a policy 
of returning farmland to woodland and grassland 
have resulted in dramatic land cover changes that are 
more obvious in Harbin City than in other Chinese 
cities (Tang, 2012). These combined factors make 
Harbin City appropriate case study for estimating the 
change of ecosystem service value. 
 
2.2. Data collection and land cover classification 

 
The land cover data of Harbin City in 1996 

and 2008 are from Harbin Municipal Bureau of Land 
and Resources. These data were extracted mainly by 
aerial photograph interpretation supplemented by 
ground survey and former land cover maps. They are 
reliable and legal data for government planning. The 
original land cover categories were classified by 
national standard types.  

This study readjusted land cover types 
according to their ecosystem services function. In 
construction land, a large proportion of the land used 
for water conservancy facilities are reservoirs. 
Considering reservoir can provide the ecosystem 
function of water supply and regulation, this study 
merged the land data of water conservancy facilities 
into that of water body. Moreover, in view of playing 
an important role in maintaining and improving 
urban ecological system, urban green land was 
separated from construction land as an ecological 
land cover type. As a result, this study reclassified 
land data in Harbin City into eight categories, 
including farmland, orchard, woodland, grassland, 
water body, urban green land, construction land, and 
unused land (Table 1). 

 
Table 1. Land covers type in Harbin City 

 
Types Definition 

Farmland (FL)* 
Glebe field, irrigable land, 
paddy field,  and vegetable 
field 

Orchard (OH) 
Plantations of fruit, mulberry, 
tea, and rubber trees 

Woodland (WL) 
Forest land, shrub land, open 
woodland and other woodland 

Grassland (GL) 
Natural grassland and 
manmade grassland 

Water body (WB) 
Rivers, lakes, wetland, fishery, 
and reservoirs 
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Urban green land 
(UGL) 

Urban parks and green land 

Construction land (CL) 
Land for residential, 
commercial, industrial, and 
transportation use 

Unused land (UL) 
Land unused or difficult for 
using 

Notes: * The abbreviations are used hereafter in tables. 
2.3. Model of land covers change 

 
The quantity change of land cover can be 

represented by the single land cover dynamic index, 
which denotes the change rate of a certain land cover 
type for a specific period of time. By analyzing the 
dynamic of land cover, the extent and rate of land 
cover change can be compared quantitatively (Wang 
and Bao, 1999) (Eq. 1): 
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UU
K

a

ab 


  (1) 

 
where K is the single land cover dynamic index; Ua 
and Ub are the areas of a certain land cover class at 
time a and time b respectively; T is the time span 
from time a to time b.  
 When T is in a unit of year, then K is the 
annual rate of change in area for this land cover type. 
K ranges from -1 to 1. K < 0 means that land cover 
type is in a state of depletion. The larger the absolute 
value of K, the more intensively land has been 
depleted. K≧0 means just the opposite. 

 
2.4. Assignment of value coefficients 

 
 Costanza et al. (1997) classified the global 
biosphere into sixteen biomes and seventeen 
ecosystem services and then estimated the global 
value of ecosystem services, but their results have 
been questioned by many researchers (Heal, 2000; 
Serafy, 1998; Wilson and Howarth, 2002) because of 
the over-estimation on ecosystem service value of 

wetland and the underestimation on ecosystem 
service value  of   farmland,  and   so on. Moreover, it  
 
has been turned out that there are several 
shortcomings in direct adoption of the Costanza’s 
value coefficients into Chinese ecosystem. For 
example, some ecosystem services have been 
insufficiently valuated or even ignored (Xie et al., 
2008). To fill this gap, Xie et al. (2008) modified the 
value coeficient of Chinese ecosystem based on 
Costanza et al. (1997) method. They reclassified 
Chinese ecosystem into six types of ecosystems and 
nine types of service functions (Tables 2, 3). 
Thereinto, climate regulation includes climate 
regulation and disturbance regulation of Costanza et 
al. (1997) classification; soil retention includes 
erosion control and sediment retention, soil formation 
and nutrient cycling of Costanza et al. (1997) 
classification; and biodiversity maintenance includes 
pollination, biological control, refugia and genetic 
resources of Costanza et al. (1997) classification.  

The value of food production of cropland was 
defined as the equivalent weight factor. Xie et al. 
(2008) investigated the relative importance of six 
biomes and nine ecosystem services with respect to 
the equivalent weight factor from about 500 Chinese 
ecologists in 2007. Then they established a new value 
system of unit area of ecosystem services of 
terrestrial ecosystems in China on the basis of the 
responses of expert interviews with structured 
questionnaire in 2007. The results were listed in 
Table 2. It has been found that the value system 
based on expert knowledge can reflect the process of 
production, consumption and value realization of 
ecosystem services more accurately. Therefore, Xie 
et al.’s method is considered more feasible and has 
been widely applied in valuing Chinese ecosystem 
services (Li et al., 2010; Liu et al., 2012; Wu et al., 
2013).  

 

Table 2. Equivalent value per unit area of land ecosystem services in China (Xie et al., 2008) 
 

 Forest Grassland Cropland Wetland River/Lake Barren land 
Food production 0.33 0.43 1 0.36 0.53 0.02 
Raw materials production 2.98 0.36 0.39 0.24 0.35 0.04 
Gas regulation 4.32 1.5 0.72 2.41 0.51 0.06 
Climate regulation 4.07 1.56 0.97 13.55 2.06 0.13 
Hydrological regulation 4.09 1.52 0.77 13.44 18.77 0.07 
Waste treatment 1.72 1.32 1.39 14.4 14.85 0.26 
Recreation and culture 2.08 0.87 0.17 4.69 4.44 0.24 
Soil conservation 4.02 2.24 1.47 1.99 0.41 0.17 
Biodiversity maintenance 4.51 1.87 1.02 3.69 3.43 0.4 
Total 28.12 11.67 7.9 54.77 45.35 1.39 
 

Table 3. Classification of ecosystem services (Xie et al., 2010) 
 

  Definition 
Food production Edible plant and animal goods transformed from solar energy 
Raw materials production Raw materials derived from solar energy that can be used as construction materials or alike 
Gas regulation Maintenance of atmospheric chemical composition balance, absorbing SO2, fluoride and NxOy 
Climate regulation Regulation of regional climate, i.e., increase precipitation and decrease temperature 
Hydrological regulation Fresh water filtration, retention, storage and supply 
Waste treatment Removal or breakdown of excess of nutrients and compounds, dust agglutination 
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Recreation and culture Potentials in Providing recreational, cultural and artistic values 

Soil conservation 
Accumulation of organic materials, function of root and biological materials in soil retention, 
nutrient cycling and accumulation 

Biodiversity maintenance Sources of genes for wild animals and plants, habitats for wild animals and plants 
 

The equivalent value per unit area of 
ecosystem services listed in Table 2 can be applied to 
different regions across China by localizing the 
average natural food production (Xie et al., 2008). 
The equivalent weight factor is equal to the economic 
value of average natural food yield of cropland per 
hectare per year (Li et al., 2010). The natural food 
yield is used to be presumed as 1/7 of the actual food 
yield in common calculation (Li et al., 2010; Xiao et 
al., 2003; Xie et al., 2008). From 1996 to 2008, the 
average actual food production from Harbin City 
farmland was 6339 kg/ha; the average purchasing 
price for unprocessed food grain was 0.24 $/kg. 
Therefore, the ecosystem service value of one 
equivalent weight factor for Harbin was 217.89 $/ha 
(6339×0.24/7). 

The ecosystem service values per unit area for 
each land cover category in Harbin City per unit area 
was then assigned, based on the nearest equivalent 
ecosystems suggested by Xie et al.’s table (2008). 
For example, farmland equates to cropland; 
woodland equates to forest; orchard equals the 
average value of forest and grassland combined; 
water body equates to river/lake; unused land equates 
to barren land; and construction land is zero. In 
addition, urban green land is made up of trees, lawns 
and waters. With reference to the research of the 
structure of urban green land, this study assumed that 
the ration of trees, lawns and waters was 5:4:1 
(Cheng et al., 2011); then equivalent value per unit 
area of ecosystem services of urban green land was 
adjusted by Eq. 2: 

 

1.04.05.0  WBGLWLUGL VCVCVCVC  (2) 
 

where UGLVC , WLVC , GLVC , and WBVC  are the 

value coefficients for urban green land, woodland, 
grassland, and water body, respectively. 

In addition, urban green land mainly provides 
recreational places for city residents, and not raw 
materials and food. Therefore, this paper let the 
service value per unit area for recreation and culture 
of urban green land equal that of water body, and let 
the service values per unit area for food production 
and raw material production equal those of barren 
land (Cheng et al., 2011). The adjusted ecosystem 
service value of unit area of different land cover type 

in Harbin City was shown in Table 4. This study 
assumed that ecosystem service value of unit area of 
different land cover type was consistent in different 
years. 
 
2.5. Calculation of ecosystem service value 
 

After the ecosystem service value of per unit 
area for each land cover category has been extracted, 
the following equations were used to determine the 
ecosystem service value for each land cover 
category, each service function, and the total 
ecosystem service value (Eqs. 3-5): 
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where iESV , jESV  and ESV  refer to the 

ecosystem service value of land cover category “i”, 
value of ecosystem service function type “j”, and the 

total ecosystem service value, iA  is the area (ha) for 

land cover category “i”, respectively. ijVC  ($/ha) is 

the value coefficient for land cover category “i”, 
ecosystem service function type “j”, i=1,2,…,n, 
j=1,2,…,m. 

 
2.6. Method of sensitivity analysis  

 
Sensitivity analysis was introduced to reflect 

the dependence of ecosystem service value on human 
factors. The coefficient of sensitivity (CS) is 
calculated by the standard economic concept of 
elasticity as follows (Kreuter et al., 2001; Yao and 
Liu, 2010; Woinaroschy and Radu, 2014): 
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Table 4. Ecosystem service value of unit area of different land cover type in Harbin City ($/ha) 

 

 FL OH WL GL WB UGL UL CL 
Food production 217.89 82.80 71.90 93.69 115.48 4.36 4.36 0 
Raw materials production 84.98 363.88 649.31 78.44 76.26 8.72 8.72 0 
Gas regulation 156.88 634.06 941.28 326.84 111.12 612.49 13.07 0 
Climate regulation 211.35 613.36 886.81 339.91 448.85 624.25 28.33 0 
Hydrological regulation 167.78 611.18 891.17 331.19 4089.80 987.04 15.25 0 
Waste treatment 302.87 331.19 374.77 287.61 3235.67 626.00 56.65 0 
Recreation and culture 37.04 321.39 453.21 189.56 967.43 967.43 52.29 0 
Soil conservation 320.30 682.00 875.92 488.07 89.33 642.12 37.04 0 
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Biodiversity maintenance 222.25 695.07 982.68 407.45 747.36 729.06 87.16 0 
Total 1721.33 4334.92 6127.07 2542.78 9881.31 5068.78 302.87 0 

Notes: FL-Farmland, OH-Orchard, WL-Woodland, GL-Grassland, WB-Water body, UGL-urban green land, UL-Unused land, CL-Construction 
land. 

 
where ESVa and ESVb are the ecosystem service 
value at time a and time b, respectively; IFa and IFb 
are the impacting factors at time a and time b, 
respectively. If CS  is less than one, the estimated 
ecosystem service value is inelastic with respect to 
that impacting factor, but if CS  is greater than one, 
the estimated ecosystem service value is considered 
to be elastic.  

 
3. Results and discussion 

 
3.1. Dynamic change of land cover 

 
Table 5 summarizes the land cover changes in 

Harbin City during 1996-2008. Woodland comprises 
the largest portion of the total area, 2,619,277 ha in 
1996, and 2,632,093 ha in 2008, over 49% of the 
total area. During the study period, the decrease in 
area was greatest for farmland, followed by unused 
land. The largest increase in area was for woodland, 
followed by construction land.  

The single land cover dynamic index (K) was 
greatest for urban green land, followed by 
construction land; on the contrary, K was smallest for 
grassland. Overall, woodland and farmland were the 
primary land cover types in both 1996 and 2008, 
contributing to over 83% of the total land cover area 
in Harbin City. From 1996 to 2008, orchard, 
woodland, water body, urban green land and 
construction land tended to increase in area while 
farmland, grassland and unused land tended to 
decrease.  
 
3.2. Change of ecosystem service value  

 
The ecosystem service values for each land 

cover category and the total value for each study year 
(1996 and 2008) were calculated using the value 
coefficients (Table 4) and the area of each land cover 
type (Table 5). The results are shown in Table 6. 

As shown in Table 6, the ecosystem service 
value of woodland was the highest among the seven 
land cover categories in Harbin City, about 76% of 
the total service value. Because of the large area, the 
ecosystem service value of farmland accounted for 
over 14% of the total service value. Although the 
area of water body was only about 2% of the total 

area, it had the highest value coefficient and 
generated enormous ecosystem service value, which 
was over 6% of the total ecosystem service value. 
The aggregated ecosystem service value of 
woodland, farmland and water body was over 98% of 
the total service value, indicating that these land 
cover categories play important roles in ecosystem 
services and should be paid close attention in 
ecological protection and construction.  

The total ecosystem service value in Harbin 
City was about 20945.53 million $ in 1996 and 
21030.83 million $ in 2008 (Table 6). From 1996 to 
2008, the ecosystem service value of orchard, 
woodland, water body and urban green land 
increased by 0.60 million $, 78.52 million $, 18.58 
million $ and 32.59 million $, with an increasing rate 
of 1.18%, 0.49%, 1.35% and 173.74%, respectively. 
While the ecosystem service value of farmland, 
grassland and unused land decreased by 34.96 
million $, 8.47 million $ and 1.56 million $, with a 
decreasing rate of 1.12%, 4.24% and 1.22%, 
respectively.  

As a result, the net increase in the total 
ecosystem service value was 85.30 million $, with an 
increasing rate of 0.41% from 1996 to 2008. 

The ecosystem service values of individual 
ecosystem functions were also calculated in Table 7. 
The contribution of each ecosystem function to the 
total ecosystem service value was greatest for 
hydrological regulation, followed by biodiversity 
maintenance, contributing about 30.62% of the total 
value, which likely resulted from the high ability of 
water body, and high-cover woodland in Harbin City 
to supply water and provide habitat for wild animals 
and plants. From 1996 to 2008, the ecosystem service 
value of food production was decreased while those 
of other ecosystem functions were increased, 
especially for hydrological regulation.  

Considering farmland mainly provide 
ecosystem function of food production, water body 
mainly provide ecosystem function of fresh water 
filtration, storage and supply, the results coincided 
with the land cover changes in decreased farmland 
and increased water body. In general, the changes in 
the share of each ecosystem function to the total 
ecosystem service value were small in 1996 and 
2008. 

 
Table 5. Quantity changes of land cover in Harbin City in 1996 and 2008 

 
1996 2008 Change (1996-2008) 

Land cover type 
Area(ha) % Area(ha) % Area (ha) K (%) 

Farmland 1,812,832 34.16 1,792,520 33.78 -20,312 -0.09 
Orchard 11,804 0.22 11,943 0.23 139 0.10 
Woodland 2,619,277 49.36 2,632,093 49.60 12,816 0.04 
Grassland 78,637 1.48 75,306 1.42 -3,331 -0.35 
Water body 139,518 2.63 141,398 2.66 1,880 0.11 
Urban green land 3,701 0.07 10,131 0.19 6,430 14.48 
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Construction land 218,219 4.11 225,761 4.25 7,542 0.29 
Unused land 422,808 7.97 417,644 7.87 -5,164 -0.10 
Total 5,306,796 100 5,306,796 100   

Table 6. Total ecosystem service values for each land cover types in Harbin City in 1996 and 2008 
 

1996 2008 Change (1996-2008)  
ESV(106$) % ESV(106$) % ESV(106$) % 

Farmland 3120.48 14.90 3085.52 14.67 -34.96 -1.12 
Orchard 51.17 0.24 51.77 0.25 0.60 1.18 
Woodland 16048.49 76.62 16127.01 76.68 78.52 0.49 
Grassland 199.96 0.95 191.49 0.91 -8.47 -4.24 
Water body 1378.62 6.58 1397.20 6.64 18.58 1.35 
Urban green land 18.76 0.09 51.35 0.24 32.59 173.74 
Unused land 128.05 0.61 126.49 0.60 -1.56 -1.22 
Construction land 0 0 0 0 0 0 
Total 20945.53 100 21030.83 100 85.30 0.41 

 
Table 7. Values of ecosystem service functions for Harbin City in 1996 and 2008 

 
1996 2008 Change (1996-2008)  

ESV(106$) % ESV(106$) % ESV(106$) % 
Food production 609.65 2.91 606.07 2.88 -3.58 -0.59 
Raw materials production 1879.60 8.97 1886.14 8.97 6.54 0.35 
Gas regulation 2806.37 13.40 2818.32 13.40 11.96 0.43 
Climate regulation 2816.83 13.45 2827.57 13.44 10.74 0.38 
Hydrological regulation 3252.33 15.53 3273.28 15.56 20.95 0.64 
Waste treatment 2034.91 9.72 2042.46 9.71 7.55 0.37 
Recreation and culture 1433.60 6.84 1445.84 6.87 12.24 0.85 
Soil conservation 2951.85 14.09 2959.15 14.07 7.29 0.25 
Biodiversity maintenance 3160.88 15.09 3173.35 15.09 12.46 0.39 
Total 20945.53 100 21030.83 100 85.30 0.41 

 
3.3. Driving factors of change in ecosystem service 
value 

 
To explore the socio-economic driving factors 

of change of ecosystem service value, this study 
selected three variables as proxies for the explanatory 
factors because detailed information for all factors 
could not be found. For example, “population” could 
be the representative of the “the utilization degree of 
resources and environment”, “urbanization” could be 
the representative of the “urban expansion”, “the 
gross domestic production (GDP)” could be the 
representative of “human economic activities” (Yao 
and Liu, 2010). According to Harbin Statistics 
Yearbook, the values of population, urbanization, and 
GDP were 9.46 million, 44.32%, and 9754.48 
million $ in 1996, and 9.90 million, 48.18%, and 
41302.34 million $ in 2008, respectively. Therefore, 
the coefficients of sensitivity (CS) of total ecosystem 
service value to population (CSp), urbanization (CSu) 
and GDP (CSe) during the period 1996-2008 were 
calculated by Eq. (6) (Table 8). 

As shown in Table 8, CSp, CSu and CSe for the 
total ecosystem service value were 0.088, 0.047 and 
0.001, respectively, which indicated that the total 
ecosystem service value had the most sensitivity to 
population, and followed by urbanization and GDP. 
Similarly, the most sensitive factors with CS for each 
land cover type were population, urbanization and 
GDP in sequence. This implied that the influence on 
the ecosystem service value for 1% increase in 
population was greater than those of for 1% increase 

in urbanization and 1% increase in GDP. In other 
words, the influence of population growth on the 
ecological environment is much greater than the 
urban sprawl and economic development. In 
addition, CS for urban green land to population and 
urbanization were more than one (37.679 and 19.948, 
respectively), indicating that the ecosystem service 
value of urban green land was elastic with respect to 
changes in population and urbanization. As one of 
ecological land types, urban green land has close 
relations with urban residents’ living and urban 
environment. The higher of CSp and CSu for urban 
green land, the more sensitive was urban green land 
to population and urbanization, which implied that 
urban human settlements environment is paid more 
and more attention in the course of city construction. 
 
3.4. Discussions 

 
The method used to estimate ecosystem 

service value was proposed by Costanza et al. (1997), 
and modified by Xie et al. (2008) to account for 
Chinese conditions, deriving ecosystem service value 
from multiplying the area of a given land cover 
category by the corresponding ecosystem value 
coefficient. However, as discussed in some literatures 
(Costanza et al., 1997; Hein et al., 2006; Konarska et 
al., 2002; Limburg et al., 2002; Turner et al., 2003), 
the ecosystem service value calculated by this 
method have high uncertainly due to the complex and 
nonlinear properties of ecosystems, and problems 
including double counting and scales and limitations 
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of the economic valuation of land cover types. Land 
cover type can be used as a proxy measure of 
ecosystem services by matching the land cover types 
to equivalent biomes. However, the biomes used as 

proxies are not always perfect matches in every case 
(Kreuter et al., 2001). 

 

Table 8. The CS of ecosystem services value to population, urbanization and GDP in Harbin City from 1996 to 2008 
 
 FL OH WL GL WB UGL UL CL Total 
CSp 0.243 0.255 0.106 0.919 0.292 37.679 0.265 0 0.088 
CSu 0.129 0.135 0.056 0.486 0.155 19.948 0.140 0 0.047 
CSe 0.003 0.004 0.002 0.013 0.004 0.537 0.004 0 0.001 

Note: CSp=CS of ecosystem service value to population; CSu =CS of ecosystem service value to urbanization; CSe =CS of ecosystem service 
value to GDP; FL-Farmland, OH-Orchard, WL-Woodland, GL-Grassland, WB-Water body, UGL-urban green land, UL-Unused land, CL-
Construction land 

 
 In addition, the accuracy of the modified 
value coefficients (Table 2) is doubtful because of 
ecosystem complexity. The estimation of ecosystem 
service value based on land cover data has been used 
widely in other case studies (Li et al., 2010; Liu et 
al., 2012; Yoshida et al., 2010). In some studies, 
other methods were used to calculate ecosystem 
service value (Koschke et al., 2012; Wu et al., 2013). 
Although different calculation methods may get 
different estimation result, leading to criticism and 
doubt on ecosystem service valuation, it is important 
to realize that the change rate of ecosystem service 
for time series analysis can overcome the influence 
on ecosystem service valuation caused by different 
calculating coefficients, and also can objectively 
reflect the change of ecosystem service value at 
specific points in time (Li et al., 2010).  
 This study primarily focused on changes in 
ecosystem service value over time, the results are 
credible, particularly in qualitative terms. By 
calculating the ecosystem services value in 1996 and 
2008, and analyzing the changes during this time 
period, uncertainties and errors could thus be reduced 
or eliminated. 

From 1996 to 2008, the total ecosystem 
service value increased by 85.30 million $ in Harbin 
City, mainly caused by the increase in value of 
woodland, water body and urban green land, which 
offset the loss of the decrease in value of other land 
cover types. As primary land cover type in Harbin 
City, the area of woodland was enlarged because of 
the policy of converting land to forestry since 2002, 
causing the increase in the ecosystem service value 
of woodland. The ecosystem service value of water 
body was increasing due to the improving of the 
water environment, especially the protection and 
rehabilitation of wetland in Harbin City.  

The change rate of service value for urban 
green land was significantly higher than that of other 
land cover types. Because the statistical range of 
urban green land was from urban area, the area of 
urban green land was increased with the continuous 
expansion of Harbin City district area from 179.47 
sq. km in 1996 to 340.33 sq. km in 2008. The effect 
of urban green land on the total ecosystem service 
value was expanding. Meanwhile, the ecosystem 
service values of farmland, grassland and unused 
land were decreased. From the single land cover 

dynamic index (K) point of view, because of the 
smaller proportion of grassland and unused land, the  

 
change degree of farmland is far greater than that of 
grassland and unused land when K is same. 

 Therefore, farmland was main reduced land 
resources in Harbin City, caused by the occupation of 
construction land, returning poor farmland to 
woodland, and some farmland fallen into disuse 
resulting from large agricultural population flocked 
to the cities in the process of rapid urbanization. 

In the past decades, great changes in society 
and economy have taken place in Harbin City. 
However, the social and economic development is 
often in conflict with nature conservation. Population 
growth, rapid urbanization, and economic 
development were three major driving forces 
contributing to the change of land cover and 
ecosystem service value in Harbin City over the 
period from 1996 to 2008. Population growth has 
long been considered a major factor leading to land 
cover change. From 1996 to 2008, the total 
population increased from 9.46 million to 9.90 
million.  

The increase in population has led to 
increasing pressure on housing, traffic, town 
construction, and so on. It was evident that the 
growth of population was the most direct and basic 
driving force for the change in areas and service 
values of various ecosystems. Due to urban economic 
development and population concentration, 
construction land increased progressively with the 
annual rate of 0.29% from 1996 to 2008 in Harbin 
City, which is in accordance with increasing 
urbanization level from 44.32% in 1996 to 48.18% in 
2008. The rapid urbanization has triggered a large 
amount of agricultural land to be converted into 
market-oriented land covered for residential areas 
and industrial estates in Harbin City. From 9754.48 
million $ in 1996 to 41302.34 million $ in 2008, 
Harbin’s GDP increased by 323.42% (base on 
constant currency), while the total ecosystem service 
value only increased by 0.25%.  

It was still worth attention because the total 
ecosystem service value per GDP decreased by about 
76.32% (=[2.15-0.51]/2.15) during 1996-2008. If this 
situation exists for a long time, it will inevitably 
hamper the sustainable development of regional 
economy. Therefore, regional planners should focus 
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more on sustainable development and ecological 
protection in Harbin City, so as to maintain a balance 
between ecosystem health and economic 
development in the future. 

 
 

4. Conclusions 
 
By analyzing and discussing the changes in 

ecosystem service value based on land use type in 
Harbin City from 1996 and 2008, this study reached 
three primary conclusions. First, the total ecosystem 
service value in Harbin City was about 20945.53 
million $ in 1996 and 21030.83 million $ in 2008. 
Woodland produced the largest proportion of the 
total ecosystem service value (about 76%), and 
combined woodland, farmland and water body 
accounted for over 97% of the total ecosystem 
service value. Second, hydrological regulation and 
biodiversity maintenance were the main ecological 
functions, accounting for about 30.62% of the total. 
Three, population growth, rapid urbanization and 
economic development play important roles in 
regulating the change of land cover and ecosystem 
service value.  

Therefore, the policy of slow-down 
population growth, enhancement of population 
quality, and equitable distribution of population 
should be incorporated into the development strategy 
of “Twelfth-Five-Year Plan” in Harbin City so that a 
coordinated development of ecological environment 
and population can be reached. In addition, it is 
suggested that a reasonable land use plan must 
control construction land (e.g. for residential, 
commercial, or industrial use), and emphasize the 
protection of woodland, water body and urban green 
land, which have highest ecosystem service value. 
Furthermore, land consolidation and rehabilitation 
should be encouraged to realize the dynamic 
equilibrium of total farmland.  

Moreover, Harbin City should insist on the 
policy of converting poor farmland to woodland and 
grassland in order to further improve forest coverage. 
Land cover type can be used as a proxy measure of 
ecosystem services by matching the land cover types 
to equivalent biomes, and then ecosystem service 
valuation can then be easily and conducted based on 
land cover data. The accuracy and reliability of the 
estimated results are mainly determined by the 
accuracy of value coefficients. Therefore, it is 
necessary to extract more accurate value coefficients 
in future research.  

On the other hand, the change rate of 
ecosystem service for time series analysis can 
overcome the influence on ecosystem service 
valuation caused by different calculating coefficients. 
In other words, uncertainties and errors could be 
reduced or eliminated by calculating the ecosystem 
service value for time series and analyzing the 
changes over time. In addition, limited by a lack of 
the data of land cover of various counties in Harbin 
City, the spatial distribution of ecosystem service 

value hasn’t presented. It is necessary to extract more 
detailed the data of land cover of Harbin City in 
future research. 

 
 
 

Acknowledgements 
This research is funded by the National Philosophy and 
Social Science Foundation of China (13BJY144), the 
National Natural Science Foundation of China (71073041, 
71273073), the project of humanities and social sciences of 
the Ministry of Education of China (12YJCZH295), and 
projects of philosophy and social sciences for research and 
planning of Heilongjiang Province (13D028, 13E027, 
13E031),  and the project of soft science in Heilongjiang 
Province (GC14D303). The author would like to thank Liu 
Zheng of School of Foreign Language, Harbin City 
University of Commerce, for his zealous help in polishing 
the manuscript. Additionally, special thanks should go to 
anonymous reviewers for their helpful comments and 
constructive suggestions. 

 
References 
 
Cheng L., Li F., Deng H.F., (2011), Dynamics of land use 

and its ecosystem services in China’s megacities, Acta 
Ecologica Sinica, 20, 6194-6203. 

Costanza R., d'Arge R., de Groot R., Farber S., Grasso M., 
Hannon B., Limburg K., Naeem S., O'Neill R.V., 
Paruelo J., Raskin R.G., Sutton P., van den Belt M., 
(1997), The value of the world's ecosystem services 
and natural capital, Nature, 387, 253-260. 

Daily G.C., (1997), Nature's Services: Societal 
Dependence on Natural Ecosystems, Island Press, 
USA. 

Foley J.A., Defries R., Asner G.P., Barford C., Bonan G., 
Carpenter S.R., Chapin F.S., Coe M.T., Daily G.C., 
Gibbs H.K., Helkowski J.H., Holloway T., Howard 
E.A., Kucharik C.J., Monfreda C., Patz J.A., Prentice 
I.C., Ramankutty N., Snyder P.K., (2005), Global 
consequences of land use, Science, 309, 570-574. 

Fürst C., Lorz C., Makeschin F., (2011), Integrating land 
management and land-cover classes to assess impacts 
of land use change on ecosystem services, 
International Journal of Biodiversity Science, 
Ecosystem Services & Management, 7, 168-181. 

Fürst C., Pietzsch K., Frank S., Witt A., Koschke L., 
Makeschin F., (2012), How to better consider sectoral 
planning information in regional planning-example 
afforestation and conversion, Journal of 
Environmental Planning and Management, 55, 855-
883. 

Glavan M., White S.M., Holman I.P., (2012), Water quality 
targets and maintenance of valued landscape 
character- Experience in the Axe catchment, UK, 
Journal of Environmental Management, 103, 142-153. 

Gren I., Isacs L., (2009), Ecosystem services and regional 
development: an application to Sweden, Ecological 
Economics, 68, 2549-2559. 

Hein L., van Koppen K., de Groot R.S., van Ierland E.C., 
(2006), Spatial scales, stakeholders and the valuation 
of ecosystem services, Ecological Economics, 57, 209-
228. 

Hu H.B., Liu W.J., Cao M., (2008), Impact of land use and 
land cover changes on ecosystem services in Menglun, 
Xishuangbanna, Southwest China, Environmental 
Monitoring and Assessment, 146, 147-156. 



 
Impacts of land cover change and socioeconomic development on ecosystem service values 

   

 2705

Konarska K.M., Sutton P.C., Castellon M., (2002), 
Evaluating scale dependence of ecosystem service 
valuation: a comparison of NOAA-AVHRR and 
Landsat TM datasets, Ecological Economics, 41, 491-
507. 

Koschke L., Fürst C., Frank S., Makeschin F., (2012), A 
multi-criteria approach for an integrated land-cover-
based assessment of ecosystem services provision for 
planning support, Ecological Indicators, 21, 54-66. 

Kreuter U.P., Harris H.G., Matlock M.D., Lacey R.E., 
(2001), Change in ecosystem service values in the San 
Antonio area, Texas, Ecological Economics, 39, 333-
346. 

Li T.H., Li W.K., Qian Z.H., (2010), Variations in 
ecosystem service value in response to land use 
changes in Shenzhen, Ecological Economics, 69, 
1427-1435. 

Li H.M., Zhang A.L., Gao Z.B., Zhuo M.C., (2012), 
Quantitative analysis of the impacts of climate and 
socio-economic driving factors of land use change on 
the ecosystem services value in the Qinghai Lake 
Area, Progress in Geography, 12, 1747-1754. 

Liang C.L., (2013), Wetland ecosystem services based on 
emergy analysis of Lake Nansi in Shandong, China, 
Environmental Engineering and Management Journal, 
10, 1909-1914. 

Limburg K.E., O’ Neill R.V., Costanza R., Farber S., 
(2002), Complex systems and valuation, Ecological 
Economics, 41, 409-420. 

Liu Y., Li J.C., Zhang H., (2012), An ecosystem service 
valuation of land use change in Taiyuan City, China, 
Ecological Modelling, 225, 127-132. 

Metzger M.J., Rounsevell M.D.A., Acosta-Michlik L., 
Leemans R., (2006), The vulnerability of ecosystem 
services to land use change, Agriculture, Ecosystems 
& Environment, 114, 69-85. 

Millennium Ecosystem Assessment, (2005), Ecosystems 
and Human Well-Being: A Framework for Assessment, 
Island Press, USA.  

Su F., Zhang P.Y., (2009), Assessment of coordinative 
development between economy and environment 
based on ecosystem service values change: a case of 
Daqing City, Progress in Geography, 28, 471-477. 

Sun H.B., Yang G.S., Wan R.R., Wu Y., (2009), Analysis 
of the change of ecosystem service and the 
differentiation of the driving factors in Kunshan, 
Resources and Environment in the Yangtze Basin, 18, 
759-764. 

Sutton P.C., Costanza R., (2002), Global estimates of 
market and non-market values derived from nighttime 
satellite imagery, land cover, and ecosystem service 
valuation, Ecological Economics, 41, 509-527. 

Tang Z., (2012), Variation of ecosystem services value in 
response to land use change in Harbin City, Northeast 
China, Advances in Information Sciences and Service 
Sciences, 22, 540-548. 

Turner R.K., Paavola J., Cooper P., Farber S., Jessamy V., 
Georgiou S., (2003), Valuing nature: lessons learned 
and future research directions, Ecological Economics, 
46, 493-510. 

Volk M., Liersch S., Schmidt G., (2009), Towards the 
implementation of the European Water Framework 
Directive?: Lessons learned from water quality 
simulations in an agricultural watershed, Land Use 
Policy, 26, 580-588. 

Wang X.L., Bao Y.H., (1999), Study on the methods of 
land use dynamic change research, Progress in 
Geography, 18, 81-87. 

Woinaroschy A., Radu A.D., (2014), Sensitivity analysis 
for uranium soils decontamination using a Monte 
Carlo simulation, Environmental Engineering and 
Management Journal, 7, 1817-1826. 

Wu J.Z., Li B., Zhang X.S., (2007), Ecosystem service 
value and its application in evaluation of eco-
economic harmonious development, Chinese Journal 
of Applied Ecology, 18, 2554-2558. 

Wu K.Y., Ye X.Y., Qi Z.F., Zhang H., (2013), Impacts of 
land use/land cover change and socioeconomic 
development on regional ecosystem services: The case 
of fast-growing Hangzhou metropolitan area, China, 
Cities, 31, 276-284. 

Xie G.D., Zhen L., Lu C.X., Xiao Y., Chen C., (2008), 
Expert knowledge based valuation method of 
ecosystem services in China, Journal of Natural 
Resources, 23, 911-919. 

Xie G.D., Zhen L., Lu C.X., Xiao Y., Li W.H., (2010), 
Applying value transfer method for eco-service 
valuation in China, Journal of Resources and Ecology, 
1, 51-59. 

Yao C.S., Liu Y.B., (2010), Sensitivity analysis on the 
ecosystem services value of Fujian Province to the 
driving factors of land use change, System Sciences 
and Comprehensive Studies in Agriculture, 26, 80-85. 

Yoshida A., Chanhda H., Ye Y.M., Liang Y.R., (2010), 
Ecosystem service values and land use change in the 
opium poppy cultivation region in Northern Part of 
Lao PDR, Acta Ecologica Sinica, 30, 56-61. 

Zhang M.Y., Wang K.L., Liu H.Y., Chen H.S., Zhang 
C.H., Yue Y.M., (2010), Spatio-temporal variation of 
karst ecosystem service value and its correlation with 
ambient environmental factors, Chinese Journal of 
Eco-Agriculture, 18, 189-197. 

.

 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


