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Abstract: Wetlands play an important ecological role and provide many functions for people, yet wetlands are cur-

rently decreasing and deteriorating. The ability to calculate an economic value for the loss of wetlands is becoming in-

creasingly important for policy makers. In this study, remote sensing, field investigations, department visits, and other 

methods were used to survey wetland types, assess wetland area changes, and calculate wetland economic value. Mar-

ket value loss and ecological function value loss, caused by reduction of wetland area and environmental pollution 

were calculated using commonly accepted methods of market valuation, ecological valuation, environmental protec-

tion investment cost analysis, and outcome parameters. According to market value loss and ecological function value 

loss, preliminarily fund allocation for wetland and ecological compensation was calculated. This will provide an im-

portant reference for future Yellow River Delta eco-compensation studies. 
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1  Introduction 
 

In recent years, due to the deterioration of ecological 
environments, eco-compensation has increasingly be-
come a concern among Chinese and international schol-
ars. Over the past 20 years, many international scholars 
have investigated the concepts, mechanisms, models, 
and methods of eco-compensation (Lai et al., 2008); 
however, eco-compensation issues have significant in-
terdisciplinary and regional differences, causing dis-
crepancy among results and conclusions. 

Regarding the concept of eco-compensation, opinions 
differ among scholars (Allen and Feddema, 1996; Cou-
perus et al., 1996). For example, Ye et al. (1998) 
thought that natural eco-compensation was viewed as 
the buffer and compensation role of the natural ecosys-
tem to the eco-environmental destruction originated 
from the social and economic actions. Xiong and Wang 

(2010) thought eco-compensation was mainly consid-
ered as the fiscal transfer compensation mechanism to 
the eco-environmental protection and its operators. In 
fact, eco-compensation mechanisms and modes are the 
focus of many Chinese and international scholars (Can-
ters et al., 1999; Johst et al., 2002; Kleijn et al., 2004; 
Aschwanden et al., 2005; Blaine et al., 2005). Zhen et al. 
(2006) discussed the eco-compensation mechanism for 
the natural reserves in Hainan. Liu et al. (2006) re-
searched the eco-compensation mechanisms for water-
sheds covering Beijing, Tianjin, and North Hebei. 
Scherr et al. (2004) analyzed American eco-compensa-   
tion modes. Jenkins et al. (2004) researched the eco-
logical compensation modes of Mexico, Brazil, Costa 
Rica, and other countries. These results show that al-
though governments are the main ecological benefit 
buyers, market competition mechanisms play an in-
creasingly important role in the implementation of eco- 
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logical compensation policy. 
Compensation standards, which relate to compensa-

tion effects and feasibility, are foundational to ecologi-
cal compensation; however, experts have different 
views on how to establish compensation standards. For 
example, Zheng and Zhang (2006) thought that eco-
logical compensation standards should be the compre-
hensively account for cost estimation, ecological service 
value increments, willingness to pay, and ability to pay. 
Jin et al. (2005) thought compensation standards depend 
on lost amount (benefit), compensation deadline, moral 
habits, and other factors. At present, most scholars de-
termine eco-compensation standards according to the 
ecosystem services value. They employed opportunity 
cost approachs, market price approachs, and shadow 
value methods to evaluate the ecosystem services value, 
and then use the outcomes to establish economic values 
(Zhang et al., 2005a; Wang et al., 2007). For example, 
Xiong and Wang (2003) took the ecological service 
value increment as the upper limit of compensation 
standards and the loss of opportunity cost of farmers as 

the lower limit.  

Eco-compensation benefit evaluation is an important 
way to verify the eco-compensation effect. International 
scholars, using 3S technology and ecology models have 
quantitatively analyzed resource and environment ef-
fects and social and economic benefits of eco-compensa- 
tion. For example, Herzog et al. (2005) and Dietschi et 
al. (2007) analyzed the influence of eco-compensation 
of biological diversity. Morris et al. (2000) and Rodrigo 
and Eric (2006) analyzed the influence of eco-compensa- 
tion on land utilization change, and Pagiola et al. (2005) 
analyzed the influence of eco-compensation on elimi-
nating poverty. In China, the evaluation of ecological 
compensation benefits are moving from qualitative to 
quantitative studies (Hao et al., 2010).  

The research objects of ecological compensation 
mainly include forest, mining, water, and wetlands. 
Among these, forest ecological compensation is the 
most advanced, especially in respect to laws and regula-
tions (Wu et al., 2001a). Relative to the forest eco- 
compensation, wetland ecological compensation re-
search started later. Now, wetland ecological compensa-
tion research mainly includes wetland eco-compensation 
mechanisms (Bao et al., 2007), wetland eco-compensa-   
tion benefit analysis (Rubec and Hanson, 2009), and the 
determinant factors of wetland eco-compensation (Ben- 
dor and Brozovic, 2007).  

Yellow River Delta Wetland is one of the most typical 
river delta wetlands in warm temperate climates, leading 
to a plethora of studies in the region. Because of the rise 
of sea levels (Xiao et al., 2003), the course changes of 
the Yellow River (Li et al., 2006), changes in Yellow 
River runoff and sediment discharge (Wu et al., 2001b; 
Yuan et al., 2006; Zhang et al., 2010) and human activi-
ties (Cui and Liu, 2001), the wetland area, type, biotope, 
and other aspects are constantly changing. The use of 
remote sensing (RS) and geographic information system 
(GIS) are effective methods to study dynamic wetland 
changes (Ye et al., 2003). There have been many 
evaluations of the Yellow River Delta wetland ecology, 
including wetland ecological value evaluation (Han and 
Zhang, 2009; Liu et al., 2010), the evaluation of wetland 
ecology water requirements (Cui et al., 2005; Zhang et 
al., 2005b; Liu et al., 2009), wetland ecological risk 
assessment (Xu et al., 2001), and potential wetland de-
velopment evaluation (Lu and Liu, 2010; Yang et al., 
2010). These studies quantitatively evaluated wetland 
ecological value and ecological water requirements us-
ing the methods of ecological economics, mathematics, 
GIS, and RS, and lay a solid foundation for the theories 
and methods of wetland ecological research. Studies 
about wetland biodiversity of the Yellow River Delta 
(Jia et al., 2002; Xia et al., 2009) and ecological niche 
(He et al., 2008; Hu et al., 2009; Li et al., 2009), ade-
quately explain the formation mechanisms of wetland 
biological symbiosis and ecosystem stability. The re-
search and practice of wetland ecological restoration 
techniques (Fang et al., 2004; Xing et al., 2005; Shan, 
2007; He et al., 2010) promote the environmental im-
provement of wetlands.  

However, the construction and development of the 
Shengli Oilfield in Yellow River Delta has polluted the 
wetlands, but there has been no systematic study on 
wetland eco-compensation of this area. This study will 
establish a reasonable standard for eco-compensation 
and provide a framework for future local policy deci-
sions.  
 

2  Materials and Methods 
 

2.1  Study area 
The study area is Yellow River Delta, and its scope takes 
Ninghai as the apex, with the southeast to the Zhimai 
River estuary, the northwest to the Taoer River estuary 
(Fig. 1). The entire fan-shaped area comprises more than  
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Fig. 1  Location of Yellow River Delta 
 

5400 km2. The administrative area includes Kenli County, 
Hekou District, Dongying District, Lijin County, and 
part of Guangrao, four townships of Zhanhua County 
and a small part of Wudi County. 

The Yellow River Delta Wetland has various wetland 
types, abundant species varieties, and powerful ecologi-
cal functions. It is an important transfer station, winter-
ing habitat, and breeding grounds for migrating birds in 
Northeast Asia and the Western Pacific. In recent years, 
due to natural and anthropogenic factors, the wetland 
area extent has decreased dramatically, which has seri-
ously deteriorated the ecosystem and caused a reduction 
in ecological function.  

 
2.2   Data sources 
The data of the wetland′s area and type were derived 
from landsat 7 ETM remote sensing images and landsat 
5 TM remote sensing images. The resolution is 30 m. 
Projector parameters and coordinate system transforma-
tion of the images were conducted using EDARS 8.5 
software. A 1 /100 000 topographic map of the study 
area was used to adjust the remote sensing images and 
field investigations were conducted for final verifica-
tion. 

Tidal flat wetlands are mainly used in the region for 
crude salt production and aquaculture. Due to significant 
fluctuations in market prices of crude salt and aquacul-
ture, a survey was conducted at 20 aquaculture farms 
and 20 salt fields to obtain reliable data. The aquaculture 
survey included questions about culture period, annual 
culture area, culture type, unit price, and yield. The salt 
field survey included questions about the salt production 
period, annual salt field area, unit price, and yield. Sur-

vey results were combined with yield data from Shan-
dong Statistical Yearbooks (Shandong Province Bureau, 
2002–2009). Total area data of salt fields and aquacul-
ture products were derived from survey and Shandong 
Statistical Yearbooks (Shandong Province Bureau, 
2002–2009). Costs of man-made ditches were collected 
at first-hand from employees of Dongying City Water 
Department. Costs of environmental engineering were 
collected at first-hand from employees of Oilfield Envi-
ronmental Protection Agency. 
 
2.3  Eco-compensation calculation 
Current methods of determining the eco-compensation 
should consider the condition of the local wetland′s 
damage and restoration due to the construction of the 
Shengli Oilfield, which has significantly affected the 
ecology of the Yellow River Delta Wetland. The losses 
of market value and ecological functions value are pri-
marily due to the area of land occupied by the Shengli 
Oilfield and the pollution of land in close proximity to 
the oilfield. This is the basis for recalculating an eco- 
compensation standard for Yellow River Delta . 

The market value loss includes two aspects of wet-
land ecological damage and wetland environmental 
pollution, and the equation is as follows:  

1 2EC EC EC               (1) 

where EC is the eco-compensation of wetland, EC1 is 
the loss due to wetland ecological damage and EC2 is 
the loss due to wetland environmental pollution. 

The market value loss caused by wetland ecological 
damage includes direct and indirect loss. Direct loss was 
calculated with the method of market value which is a 
method to measure economic profit and loss caused by 
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changes in wetland area. Indirect loss was calculated 
with the recovery cost method. This method measures 
the cost of protection and restoration of the ecological 
system. 

EC1=


n

i
ii LE

1

+ECr=E1L1+E2L2+E3L3+E4L4+ECr  (2) 

where ∑EiLi is the direct loss of wetland area of type i, 
ECr is the indirect loss of wetland area, E1L1 is the loss 
of ditch wetland, E2L2 is the loss of tidal flat wetland, 
E3L3 is the loss of rice paddy wetland, and E4L4 is the 
loss of pit pond wetland. 

The market value loss is caused by oilfield environ-
mental pollution. It is difficult to accurately measure this 
loss because of the restriction of data and methodology. 
However, these effects could be mitigated and restored 
through environmental engineering. Therefore, the cal-
culation of environmental pollution loss used the 
method which takes the cost of environmental protec-
tion engineering as equivalent to loss caused by envi-
ronment pollution, and the equation is as follows: 

2 A W SW NEC L L L L             (3) 

where EC2 is the loss from oilfield pollution; LA is the 
loss from air pollution; LW is the loss from water pollu-
tion; LSW is the loss from solid waste pollution; and LN 
is the loss from noise pollution. Because the service 
span of environmental equipment averages ten years, the 
annual costs of air, water, and noise pollution are calcu-
lated at 10% of the total environmental protection in-
vestment. Oil sludge, a hazardous solid waste according 
to the Management Regulations of Sewage Charge 
(State Council No. 369), has a solid waste treatment fee 
of 1000 yuan (RMB)/ton plus additional costs for oil silt 
and drilling mud disposal. 

 

3  Results  
 
3.1  Loss of wetland ecological damage 
Because the ditch, tidal flat, rice paddy, and pit pond 
wetland areas decreased the most from 2001 to 2008 
(Table 1), these four wetland types were selected to cal-
culate the loss from ecological deterioration (Equation 
2).  

The area of ditch wetland decreased 16 919 ha from 
2001 to 2008. The lost value of the ditch wetlands, half 
of which were natural and half of which were artificial, 

was primarily based on the investment of the construc-
tion project. The average cost of ditch wetland construc-
tion is about 75 000 yuan/ha; therefore, the direct loss is 
6.34 × 108 yuan (E1L1) due to the reduction of ditch 
wetland. 

The direct market value of tidal flat wetlands was 
primarily based on the output of crude salt production 
and aquaculture. From 2001 to 2008, the average annual 
area of salt pan was 4930 ha, the average annual yield of 
salt pan was 1.25 × 106 t, the total annual sales value 
was 3.2 × 108 yuan, and the annual output was 63 900 
yuan/ha. Due to the wide variety of product types, fluc-
tuating production, and market prices, it was difficult to 
determine the unit price of aquaculture. The average unit 
price of aquaculture products of tidal wetlands from 
2001 to 2008 was 15 yuan/kg. The average aquaculture 
area of tidal wetland was 60 090 ha/yr, the average yield 
was 162 737 t/yr (Table 2), and the average value was 
2.44 × 109 yuan/yr. 

 
Table 1  Wetland area sizes of Yellow River Delta in 2001 and 

2008 

Area (ha) 
Wetland type 

2001 2008 
Difference 

River 15912 15901 –11 

Tidal glat 106579 90880 –15699 

Reed 34483 41590 7107 
Natural 

Woodland shrub 9952 9082 –870 

Reservoir 22326 22527 201 

Pit pond 24105 21826 –2279 

Ditch 52069 35150 –16919 
Artificial

Rice paddy 20998 17284 –3714 

Total 286424 254240 –32184 

 
Table 2  Aquaculture production of tidal flat wetlands in Yellow 

River Delta from 2001 to 2008 

Year Total area (ha) Aquaculture area (ha) Yield (t) 

2001 106579 51059 11244 

2002 100287 53259 128406 

2003 93552 55525 139368 

2004 92593 58636 159475 

2005 90581 61003 191058 

2006 92448 63473 212836 

2007 91776 66083 222198 

2008 90880 71685 237312 

Mean 94837 60090 162737 
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The gross output value of tidal flat wetlands (2.76 × 
109 yuan) was composed of the output value of salt pans 
and aquaculture. The average area of tidal wetland was 
94 837 ha/yr; and the output per unit area of tidal flat 
wetland was 29 000 yuan/yr, which was divided be-
tween the two industries. The decrease in area of tidal 
flat wetland was 15 699 ha and the lost market value 
was 4.6 × 108 yuan. 

The average price of rice in China from 2001 to 2008 
was 2.12 yuan/kg. The average yield of rice was 5976 
kg/ha. The value of rice from 2001 to 2008 in the study 
area was 12 826 yuan/ha and the area decrease in rice 
paddy wetlands was 3714 ha, causing a direct economic 
loss of rice paddy wetland of 4.67 × 107 yuan.  

The decreased area of pit pond wetlands was 2279 ha 
from 2001 to 2008. Pit pond wetlands are mainly used 
for fresh water aquaculture, and the price of freshwater 
aquaculture products was lower than that of marine 
aquaculture products. Annual output value per unit area 

of pit pond wetland was about 45 000 yuan/ha, therefore, 
the lost economic value of pit pond wetland was 1.03 × 
108 yuan. 

ECr as the indirect economic loss of wetlands is 
determined by multiplying total compensation costs of 
the Shengli Oilfield (Table 3) as well as the proportion 
of oilfield area on wetlands (Table 4). 

The total of direct ecological lost value of wetlands 
was 1.24 × 109 yuan, and the total indirect economic 
loss of wetlands during the study period was 7.67 × 107 

yuan, resulting in a total ecological economic loss of 
1.3167 × 109 yuan. 

 
3.2  Loss of wetland environmental pollution  
Environmental pollution in this study included air, water, 
noise, and solid waste. Their losses were measured by 
calculating the cost of environmental engineering (Table 
5 and Table 6). 

Total economic loss caused by oilfields was 3.64 × 

 
Table 3  Tax payments of Shengli Oilfield from 2001 to 2008 ( × 106 yuan) 

Tax type 2001 2002 2003 2004 2005 2006 2007 2008 Total 

Soil and water conservation compensation 0.79 0.97 1.21 1.47 0.60 0.97 1.11 1.17 8.29 

Pollution incidents compensation 48.3 55.3 61.2 65.4 75.4 80.4 85.8 86.1 557.9 

Young crop compensation 200.3 210.4 221.6 230.3 267.1 272.0 277.3 277.9 1956.8 

Land acquisition costs 138.1 153.3 168.8 190.0 206.4 223.3 240.6 241.1 1561.4 

Total 387.5 419.9 452.8 487.1 549.4 576.6 604.8 606.3 4084.3 

 
Table 4  Wetland ratio in Shengli oil field area (ha) 

Year 2001 2002 2003 2004 2005 2006 2007 2008 

Total oilfield area 174 264 88 270 308 303 331 334 

Wetland area occupied by oilfield (%) 2.88 6.29 1.94 5.40 4.94 5.26 5.58 6.34 

Total proportion (%) 1.66 2.38 2.20 2.00 1.60 1.74 1.69 1.90 

 
Table 5  Environmental protection investment of Shengli Oilfield in Yellow River Delta from 2001 to 2008 ( × 106 yuan) 

Environmental protection investment 2001 2002 2003 2004 2005 2006 2007 2008 

Waste water treatment 222.6 88.9 114.0 176.0 380.8 306.8 188.5 211.1 

Waste gas treatment 7.37 6.65 39.16 68.02 28.97 176.59 406.34 104.73 

Solid waste treatment 1.99 2.00 8.17 2.74 1.81 42.41 5.00 9.16 

Noise control 0.21 1.70 1.62 1.05 1.72 2.86 4.08 1.89 

 
Table 6   Economic loss from oilfields pollution from 2001 to 2008 ( × 106 yuan) 

Year 2001 2002 2003 2004 2005 2006 2007 2008 

LW 22.26 8.89 11.40 17.60 38.08 20.68 18.85 21.11 

LA 0.74 0.67 3.92 6.80 2.90 17.66 40.63 10.47 

LSW 170.0 159.9 166.4 245.9 258.0 249.2 253.2 214.7 

LN 0.02 0.17 0.16 0.11 0.17 0.29 0.41 0.19 

EC2 193 170 182 270 299 288 313 246 

Notes: LA is the loss from air pollution, LW is the loss from water pollution, LSW is the loss from solid waste pollution, LN is the loss from noise 
pollution, and EC2 is the loss from oilfield pollution. 
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106 yuan. When this is added to the total ecological 
economic loss, the total loss of market value is 1.3531 × 
109 yuan. 

 
3.3  Compensation standard 
Allocation data for compensation of rice paddy, tidal flat, 
ditch, and pit pond wetlands were calculated according 

to the market value loss and the percentage of reduced 
wetland area (Table 7). The annual compensation stan-
dard was 4381 yuan/ha. 

The allocation of compensation fund for each wetland 
type according to the loss of ecosystem services value 
and the percentage of decreased wetland area was calcu-
lated at 6599 yuan/ha ( Han and Zhang, 2009) (Table 8). 

 
Table 7   Allocation of ecological compensation fund for Yellow River Delta wetlands based on market value 

Wetland type Area decrease (ha) Percent reduction (%) 
Fund allocation 

( × 106 yuan) 
Annual compensation fund 

( × 106 yuan) 

Rice paddy 3714 9.6 130.2 16.3 

Tidal flat 15699 40.7 550.2 68.8 

Ditch 16919 43.8 592.9 74.1 

Pit pond 2279 5.9 79.8 9.9 

Total 38611 100.0 1353.1 169.1 

 
Table 8  Allocation of ecological compensation for Yellow River Delta wetlands based on ecosystem service value 

Annual area (ha) 
Wetland type 

2001 2008 
Difference (ha) Reduction (%) 

Fund allocation 
( × 106 yuan) 

Annual compensation 
( × 106 yuan) 

River 15912 15901 11 0.03 1 0.2 

Tidal flat 106579 90880 15699 39.8 829 103.6 

Woodland shrub 9952 9082 870 2.2 46 5.8 

Pit pond 24105 21826 2279 5.8 120 15.1 

Ditch 52069 35150 16919 42.8 893 111.6 

Rice paddy 20998 17284 3714 9.4 196 24.5 

Total 286424 254240 39492 100.0 2085 260.6 

Source: Han and Zhang, 2009 

 
4  Conclusions 
 
In this paper, the market valuation method, the method 
of environmental protection investment, and the method 
of ecological valuation were all used to calculate eco- 
compensation. This enriches and improves the quantifi-
cation method of wetland eco-compensation and pro-
vides an important reference for future eco-compensa-  
tion studies. 

(1) The eco-compensation of wetlands includes the 
loss due to ecological destruction and environmental 
pollution. From 2001 to 2008, the direct market value 
losses of ecological destruction and environmental pol-
lution are 1.3167 × 109 yuan and 3.64 × 106 yuan, re-
spectively, and the total lost value is 1.3531 × 109 yuan. 
The lost ecosystem services value is 2.09 × 109 yuan and 
the lost value of ecosystem services is far greater than 
the lost market value.  

(2) The ecological compensation standards are for-
mulated based on the loss of the ecosystem services 
value and market value. Market value compensation 
standard is 4381 yuan/ha. Ecosystem services value 
compensation standard is 6599 yuan/ha. The compensa-
tion standard of ecosystem services is far greater than 
the standard of market value. It is evident that the wet-
land ecological functions are crucial. 

(3) The main causes of Yellow River Delta wetland 
damage are due to the area occupied by the Shengli Oil-
field and pollution of land in close proximity to the oil-
field. This research provides a quantitative standard for 
the implementation of ecological compensation. 
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