

  sustainability-09-01860




sustainability-09-01860







Sustainability 2017, 9(10), 1860; doi:10.3390/su9101860




Article



Value Assessment of Artificial Wetland Derived from Mining Subsided Lake: A Case Study of Jiuli Lake Wetland in Xuzhou



Laijian Wang 1,2, Lachun Wang 1, Pengcheng Yin 3, Haiyang Cui 4,*, Longwu Liang 5,6 and Zhenbo Wang 5,6,*[image: Orcid]





1



School of Geographic and Oceanographic Sciences, Nanjing University, Nanjing 210023, China






2



Xuzhou Environmental Supervision Detachment, Xuzhou 221018, China






3



Bureau of Land and Resources of Xuzhou, Xuzhou 221018, China






4



ASEAN Research Center, Guizhou University, Guiyang 550025, China






5



Institute of Geographic Sciences and Natural Resources Research, Chinese Academy of Sciences, Beijing 100101, China






6



Key Laboratory of Regional Sustainable Development Modeling, Chinese Academy of Sciences, Beijing 100101, China









*



Correspondence: hosanna2004@163.com (H.C.); wangzb@igsnrr.ac.cn (Z.W.)







Received: 4 September 2017 / Accepted: 13 October 2017 / Published: 20 October 2017



Abstract

:

Mining subsided lakes are major obstacles for ecological restoration and resource reuse in mining regions. Transforming mining subsided lakes into artificial wetlands is an ecological restoration approach that has been attempted in China in recent years, but a value assessment of the approach still needs systematic research. This paper considers Jiuli Lake wetland, an artificial wetland derived from restoration of a mining subsided lake in plain area, as a case study. A value assessment model for the artificial wetland was established based on cost–benefit analysis by means of field monitoring, social surveys, GIS geostatistics, raster calculation methods, etc. Empirical analysis and calculations were performed on the case study region. The following conclusions were drawn: (1) after ecological restoration, ecosystem services of Jiuli Lake wetland which has become a national level wetland park yield positive values; (2) the improved environment of the Jiuli Lake wetland has a spillover effect on the price of surrounding land, resulting in land price appreciation; (3) using GIS geostatistics and raster calculation methods, the impact range, strength, and value of the spillover effect can be explicitly measured; (4) through the establishment of a value assessment model of the artificial wetland, incomes of the ecological restoration was found to be sufficient to cover the implementation costs, which provides a research foundation for economic feasibility of ecological restoration of mining subsided lakes.
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1. Introduction


Due to a high proportion of underground mining, coal mining in China has caused serious land surface subsidence problems [1]. According to statistics, mining of every 1 × 104 t coal in China results in 0.3 hm2 surface subsidence [2]. In regions with a high ground-water level, such as Jiangsu Province, Shandong Province, Anhui Province, etc., more than 50% of subsidence areas exhibited water accumulation [3]. For example, in Xuzhou city, Jiangsu Province, 0.5 × 104 hm2 of subsidence areas are either perennial or seasonal waterlogged area, the average water depth is 3–3.5 m, and the deepest part is 7 m [4], which makes land reclamation infeasible. In recent years, the approach of artificial wetland parks with a focus on landscape modification based on local conditions has been a strategy used to restore the ecosystems of China’s mining areas [5,6,7,8,9]. With relatively mature ecological restoration technologies currently available [10], the success of these ecological restoration projects depends primarily on whether the value performance after restoration can offset the capital investment to implement the project, which determines the project’s economic feasibility. Thus, conducting value assessments for artificial wetlands derived from mining subsided lakes has important practical and theoretical significance for the implementation of ecological restoration projects.



Converting a mining subsided lake to an artificial wetland through ecological restoration significantly improves its wetland ecosystem and thus provides wetland ecosystem service as positive economic impacts. In this regard, Clarkson et al. considered that wetlands contribute provisioning, regulating, habitat, and cultural services which include water-quality improvement, flood abatement, biodiversity, etc. [11]. He et al. combined geospatial data and economic analysis to determine a monetary value for wetland ecosystem goods and services (EGSs) in the watersheds of the Yamaska and Bécancour Rivers (Quebec, city, Canada) [12]. Peh et al., who studied costs and benefits of a long-term initiative to convert drained, intensively farmed arable land to a wetland habitat mosaic in Cambridgeshire, UK, concluded that there was a substantial gain to society as a whole from the land-use conversion [13].



Transformed into a wetland park, the artificial wetland forms a graceful regional eco-environmental landscape after ecological restoration. Then, spillover effects are further generated in surrounding areas, such as increasing land value. Considering impact of environmental landscape on land prices, Hui et al. investigated the spatial spillover effects of urban landscape views in Guangzhou city via spatial econometric analysis and suggested that people in Central Business District are willing to pay an extra premium for enjoying a better environment [14]. In England, Gibbons et al. made a nationwide study of the value of proximity to a large number of natural amenities and revealed that gardens, green space and areas of water within the census ward all attract a considerable positive price premium [15].



However, current research on value assessments of artificial wetlands are mainly focused on the value of ecological services, and not enough attention has been paid to the spillover effects and the costs of the ecological restoration [16,17]. This study uses environmental economic theory, Geographic Information System (GIS) raster calculations, and geostatistics methods to conduct value assessments for artificial wetlands derived from mining subsided lakes. The assessment is based on in-depth consider of the lake’s value potential and ecological restoration costs. This research provides a basis for assessing the economic feasibility of ecological restoration for mining subsided lakes, and provides theoretical support for the reuse of mining resources.




2. Study Area and Methodology


2.1. Study Area


Jiuli Lake is a subsided lake located in the northwest mining area of Xuzhou City. The government started an ecological restoration project of Jiuli Lake from 2007 to 2013. At the end of 2013, Jiuli Lake was constructed as a national ecological wetland park with body area of 3.5 km2 and total area of 11.56 km2. The study area is located in high groundwater table plain area of east China with geographic coordinates of 117°4′14″–117°8′6″ E, 34°18′55″–34°21′8″ N. The location and image map of the area can be seen in Figure 1.




2.2. Methods


The value assessment of an artificial wetland derived from mining subsided lake is essentially a cost–benefit analysis problem [18]. Considering that ecosystem services value (ESV) represents a collective sum of utilitarian and non-utilitarian values from the artificial wetland ecosystem [19], we use it as the primary indicator for measuring the benefits of the artificial wetland. The spillover effect resulted from the ecological restoration of the artificial wetland is also included as a type of benefit in our analysis. Based on GIS geostatistics and raster calculation methods, this paper is primarily concerned with the spillover effect on land prices. Considering that the ecological restoration project is implemented year by year, we converted all benefits and costs into the same period to obtain the value level of the artificial wetland. The framework for the research is illustrated in Figure 2.



Based on the above framework on value assessment, the following assessment model is proposed:


   P =   Δ E S V     ( 1 + r )   t / 2     +   Δ S E     ( 1 + r )   t / 2     −   ∑   C i       ( 1 + r )   t / 2       



(1)







In Equation (1), P is the value of the artificial wetland (unit: 10,000 RMB); ∆ESV is the appreciation of ecosystem services value after the ecological restoration (unit: 10,000 RMB); ∆SE is the spillover effect of the artificial wetland, which mainly considers the appreciation of surrounding land prices (unit: 10,000 RMB); Ci consists of the different types of costs of the ecological restoration; r is the social discount rate, defined as 8% based on “Economic Evaluation Methods and Parameters for Construction Project (Third Edition)”; and t is the duration from start to finish of the ecological restoration project (unit: year). Assuming all profits and costs are evenly distributed for the duration of the project, the corresponding time for discount is t/2. Based on the analysis above, when calculating the value of the artificial wetland, the key emphasis should be on the quantification of the appreciation of the ecosystem services value, spillover effect, and various restoration costs separately.





3. Results


3.1. Measurement on the Appreciation of the Jiuli Lake Wetland Ecosystem Services Value


3.1.1. Classification and Value Measurements of the Ecosystem Services


(1) Classification of the ecosystem services. After the ecological restoration, Jiuli Lake was converted to a wetland park, with its ecosystem structure significantly altered. Based on survey data, Jiuli lake wetland ecosystem consists of six different types of ecosystems, as shown in Table 1.



Based on relevant research on ecosystem services classifications [20,21], and considering the particularity of the research objects, ecosystem services of Jiuli Lake wetland were divided into three major categories: lifestyle and production-related material supply, life support and maintenance, and spiritual enjoyment. The evaluation index system of ecosystem services was established, as shown in Table 2.



(2) The measurement approach of ecosystem services value. The value of each ecosystem service in Jiuli Lake wetland was measured according to the following model:


   E S  V i  =  A i  × V  C i    



(2)







In Equation (2), ESVi is the value of the ith ecosystem service, Ai is the area of the ith ecosystem type in the study area, and VCi is the ecological value coefficient, i.e., the value of the ecosystem service per unit area for the ith ecosystem type measured in monetary terms (in units of 10,000 RMB).



In this paper, the recreation value of Jiuli Lake is calculated by both use value and non-use value. The travel costs method is used to calculate the use value measured by calculating customer surplus [22,23],




   C S =   ∑ i n      ∫ 0  T  C *     f ( T  C i  ) d ( T  C i  )        



(3)





In Equation (3), CS is the total customer surplus (use value of recreation); n is the number of departure zones; TCi* is the marginal cost of travel in the ith departure zone; and f(TCi*) is the function of number of visitors and travel expense in the ith departure zone.



The conditional value method is used to calculate non-use values that calculated by arithmetic mean of WTP (willing to pay) × tourist volume of the scenery × ratio of WTP [24].



Based on previous research [25,26,27], the following methods were used to measure the value of ecosystem services of Jiuli Lake wetland, as shown in Table 3.



(3) Measurement of the appreciation. The appreciation of the ecosystem services value (∆ESV) of Jiuli Lake wetland can be further defined as the value increase for each ecosystem service after the ecological restoration, as measured by the following proposed equation:


   Δ E S V =   ∑  i = 1  9   ( E S  V i  t 1   − E S  V i  t 2   )     



(4)







In Equation (4),     E S V  i  t 1     is the value of the ith ecosystem service after the ecological restoration, and     E S V  i  t 2     is the value of the ith ecosystem service before the ecological restoration. The appreciation is measured for a total of nine ecosystem services.




3.1.2. Value Assessment and Appreciation of Ecosystem Services of Jiuli Lake Wetland


Based on the land utilization data of Jiuli Lake wetland in 2007 and 2013 provided by Xuzhou Land and Resources Bureau, the land area of various ecosystem types were counted (Table 4).



Questionnaire surveys were performed to assess the use-value with a period of one year in 2014, divided into two groups corresponding to slack season and busy season, and were randomly sampled. Tourist information from Xuzhou City and the surrounding 15 regions were surveyed and collected, with 712 questionnaires issued during the year, of which 653 valid responses were received. In assessing the non-use value, the permanent resident population in Xuzhou City at the end of 2013 was selected as the total evaluation population. The size of the sample was determined to be 800 by the Scheaffer equation [28]. In total, 788 questionnaires were received, among which 731 were valid. After the investigation year in 2014, a one-year time interval was selected to perform a second validation survey to verify the reliability of the result.



The measurement results for the value of the nine ecosystem services in 2007 and 2013 were summarized, and the appreciation of ecosystem the services value after ecological restoration of Jiuli Lake wetland was calculated. The results are shown in Table 5.



It can be observed from the data in Table 5 that the ecosystem services value of Jiuli Lake wetland appreciated significantly in 2013 compared to 2007, with a value increase of 1670.2343 million RMB, in which the greatest value increase is most significant for the revealing and releasing of recreational value.





3.2. Measuring the Spillover Effect of Jiuli Lake Wetland


Ecological restoration substantially improves the microenvironment of the mining subsided lake areas, which led to spillover effects. The most evident spillover effect is increasing surrounding land prices [29,30]. This study quantifies the spillover effect by measuring the value appreciation of the land price after ecological restoration.



3.2.1. Measurement Approaches of the Spillover Effect on the Land Price


Land price appreciation is result of multiple factors. To measure independently the spillover effect on the regional land price by the artificial wetland, it is necessary to remove the natural land price growth factors. Circumstances at the time of restoration made it such that no major projects or factors could have influenced the land price in the study area except for the ecological restoration project, and this paper examined the spillover effect on land price using the following approaches. First, the average appreciation of the land price in the study area was measured before and after the ecological restoration, which showed the general changes in price. Second, the appreciation of land price surrounding the mining subsided lake before and after the ecological restoration project was measured and calculated to analyze the specific changes in price. Third, regions where the land price appreciation exceeded the average appreciation were identified. These regions were treated as the impact range of the spillover effect. Finally, the impact strength of the spillover effect was calculated by subtracting the average appreciation from the land price appreciation in the identified impact range. The specific values of the spillover effect were then calculated by using the raster calculation method. The measurement approach of the spillover effect is shown in Figure 3.



In Figure 3, if we suppose that the average land price appreciation is 30%, then the impacted area range of the spillover effect is the area with more than 30% land price appreciation. After subtracting the 30% average land price appreciation from the land price appreciation in the region, the impact strength of the spillover effect is obtained. The value of the spillover effect can be obtained using the grid calculation method.




3.2.2. Measuring the Value of the Spillover Effect


Prior research has shown that commercial and residential land prices are much more sensitive to improvements in ecological environment when compared to the price of industrial land [31,32,33,34]. Therefore, in this paper, the spillover effect of Jiuli Lake wetland was measured by the value appreciation of commercial and residential land. Field research showed that, during the study period from 2007 to 2013, no other major projects (such as construction of primary schools, hospitals or commercial centres) had significant impact on land price appreciation in the region except for the implementation of the ecological restoration project of Jiuli Lake.



Price samples were collected in the study area for 53 commercial and 74 residential lands in 2007, and 57 commercial and 81 residential lands in 2013 (data from Xuzhou land price dynamic monitoring sample survey). The reference assessment dates of the land price samples were 31 December 2007 and 31 December 2013, respectively. A nonparametric test using single sample k-s method showed that the land price of the samples corresponded to a normal distribution. Spatial auto-correlation analysis using Moran’s I index was used to verify the result [35,36]. The results showed that the data samples complied with a normal distribution and had spatially positive correlation, and the quality of the data satisfied the follow-up analysis. Based on the cross validation method, this paper used the interpolation verification function of the ArcGIS10.1 geostatistical module to generate interpolated estimation data using the optimal Kriging spatial interpolation model. The structure of variance function was tested and analyzed by the fitting parameters of GS+ geostatistics software. Based on this method, spatial interpolation analysis of the commercial and residential land price samples in 2007 and 2013 was performed in the study area. To ensure that the internal land quality and the external land price among grids were heterogeneous to accurately perform comparative analysis, we referred to the urban land grading raster method to determine the unit size of the raster dataset [37,38,39,40]. The land price surface obtained by interpolation was output as a raster file (Figure 4).



Based on the curved surfaces of residential and commercial land prices in the study area in 2007 and 2013, we applied the following equation to perform the raster calculation:


   Δ L  V i  = (   L  V i  2013     L  V i  2007     − 1 ) × 100   



(5)







In Equation (5), ∆LV is the average appreciation of land price in the study area, LV2013 is the land price level in 2013, LV2007 is the land price level in 2007, and i = 1, 2 corresponds to commercial and residential land prices, respectively. The average appreciation of residential and commercial land price in the study area from 2007 to 2013 were 23.29% and 29.22%, respectively.



Based on the raster calculation results of land price appreciation, contour analysis was performed, as shown in Figure 5.



In Figure 5, it can be observed that regions closer to Jiuli Lake wetland showed higher commercial and residential land price appreciation, and that the appreciation was significantly higher than the average land price appreciation in the study area. This indicated that the ecological restoration project in Jiuli Lake wetland did have a significant impact on the land price in its surrounding area, i.e., it generated a spillover effect of land value appreciation. By stripping away the average appreciation of commercial and residential land prices in the study area, areas with land price appreciation greater than the average appreciation were identified. These results showed that the impact ranges for the Jiuli Lake restoration spillover effect for commercial and residential land were 20.76 km2 and 21.07 km2, respectively. The results are shown in Figure 6.



After identification of the spillover effect range for land value appreciation around Jiuli Lake wetland, we applied the raster calculation method to remove the average land value appreciation of the region from the land value appreciation inside the affected range, in order to determine the impact strength of the spillover effect in land value appreciation (RMB/m2). At the same time, we applied spatial superposition analysis between the city planning layout of Xuzhou “Urban master planning of Xuzhou (2007–2020)” (revised in 2014)) and the impact range to determine the amount of commercial and residential land use in the affected region. The following equation was used to perform the raster calculation to determine the spillover effect of land value appreciation in Jiuli Lake wetland:


   Δ S E =  ∑   [    L  V  i j   2013     L  V  i j   2007     − ( 1 + i  r i  )  ]  × L  V  i j   2007   ×  S  i j       



(6)







In Equation (6), ∆SE is the value of the spillover effect of land value appreciation from the cological restoration;     L V   i j  2013    is the value of the jth land block with the ith land usage in 2013 within the affected range; i = 1, 2, corresponding to commercial and residential land value, respectively;     L V   i j  2007    is the value of the jth land block with the ith land usage in 2007 within the affected range; iri is the average value appreciation of land with the ith land usage over the area that included the study area; and Sij is the area of the jth land block with the ith land usage within the affected region. Using the method described above, the impact strength of the spillover effect in land value appreciation and the amount of commercial and residential land use in the affected range in Jiuli Lake wetland were determined, as shown in Figure 7.



From the analysis result in Figure 7 obtained using the raster calculation method, the average impact strengths of the spillover effect on commercial and residential land use were 135.76 RMB/m2 and 182.39 RMB/m2, respectively. The area of commercial and residential land use within the spillover effect range of Jiuli Lake wetland was 148.98 hm2 and 112.43 hm2, respectively. It can then be calculated that the added value to commercial and residential land use from the spillover effect was 202.2564 million RMB and 205.0709 million RMB, respectively. The total value added by the spillover effect (∆SE) was 407.3273 million RMB.





3.3. Measurement of the Cost of the Ecological Restoration Project


The ecological restoration project of Jiuli Lake wetland involved land clearing and resettlement of residents, land rearrangement, and environmental restoration. Therefore, the cost of the ecological restoration project was divided into three components: the cost of land clearing and resettlement compensation, the cost of land rearrangement, and the cost of environmental restoration.



3.3.1. The Costs of Land Clearing and Resettlement Compensation


Due to the different resettlement compensation standards between farmland and state-owned land, the cost of compensation for clearing and resettlement was further divided into the acquisition cost of collectively-owned land and the acquisition cost of state-owned land. The acquisition cost of collectively-owned land, including compensation for expropriated land and above-ground buildings, reclamation fees for cultivated land, management fees for expropriation, etc. [41,42,43]. All costs were calculated according to the relevant national standards and regulations, and local regulations [44,45,46]. The acquisition cost of state-owned land included compensation for buildings and building attachments, compensation for land and other miscellaneous costs (for instance, relocation costs, transit costs, and temporary resettlement subsidies) [47]. All these costs were determined by land price evaluation based on the market.




3.3.2. The Cost of Land Rearrangement


The cost of land rearrangement included the cost of land leveling and the cost of infrastructure facilities and its supporting utility systems, including the cost of land leveling in the project area and the cost of the supporting infrastructure for construction facilities such as roads, water supply, power supply, storm sewer system, sewage system, etc. The pricing scheme was determined by the project cost.




3.3.3. The Cost of Environmental Restoration


The cost of environmental restoration included the cost of the environmental water treatment project, the cost of the solid waste treatment project (treatment aimed at scientifically classifying, collecting, storing, and processing solid wastes in order to rationally recycle solid waste and reduce the impacts of waste disposal on the environment) [48,49], the cost of the waste gas treatment project in the mining area (treatment aimed at controlling coal dust pollution generated from coal mining, transportation, storage, and processing, as well as SO2 and dust generated from power production and coal processing) [50,51], and the cost of projects for water and soil conservation, landscape reconstruction, and recovery of the river ecosystem [52]. The pricing scheme was determined by the project cost.



Based on field surveys and data collected from government agencies including the Xuzhou Bureau of Land and Resources, the Urban and Rural Bureau of Construction, the Bureau of Environmental Protection and the Jiuli Lake National Wetland Park Management Office, the cost of the above items was calculated and summarized. The resulting total cost of the project was RMB 1,742,674,300. The detailed result is shown in Table 6.





3.4. Value Assessment of Jiuli Lake Wetland


As the ecological restoration project was implemented steadily from 2007 to 2013, and Jiuli Lake Park was also opened to the public year by year, the appreciation of ecosystem service value (∆ESV) and the spillover effect (∆SE) can be realized gradually during the project implementation, and the cost of ecological restoration can be treated as a constant input too. Thus, the time scale of converting these two benefits was set to t/2, or 3.5 years, and the cost could also be converted with a time scale of t/2, or 3.5 years. Based on the previously established value assessment model for the artificial wetland, taking the measurement result of benefit and cost into Equation (1), the following results were obtained:


     P   =   Δ E S V     ( 1 + r )   t / 2     +   Δ S E     ( 1 + r )   t / 2     +    ∑   C i        ( 1 + r )   t / 2          =   167023 . 43   ( 1 + 0 . 08  )  3 . 5     +   40732 . 73   ( 1 + 0 . 08  )  3 . 5     +   174267 . 43   ( 1 + 0 . 08  )  3 . 5          = 25580 . 88     











According to the empirical analysis, the value (P) of Jiuli Lake wetland is 255,808,800 RMB, which shows that the benefit of the Jiuli Lake ecological restoration project not only covered the cost of implementation, but also resulted in a relatively large surplus. This proves that implementation of the ecological restoration project can bring significant positive economic benefits.





4. Conclusions and Discussion


This paper describes a case study performed on an artificial wetland derived from mining subsided lake in a plain region, Xuzhou Jiuli Lake wetland. Based on the principles of cost–benefit analysis, a value assessment model was constructed to assess the value of the artificial wetland after ecological restoration. With the Methods of GIS geostatistics and raster calculation, the various benefits and costs of ecological restoration of the mining subsided lake were measured separately. The main conclusions are as follows: (1) After transformed a national wetland park through ecological restoration, ecosystem services of Jiuli Lake wetland have created positive values. The most significant increase of value is in the revealing and releasing of its recreational value. (2) Artificial wetland derived from mining subsided lake has a spillover effect on the land price in surrounding areas leading to land price appreciation, with the effect most prominent on commercial and residential land prices. (3) With GIS geostatistics and raster calculation methods, the spillover effect on commercial and residential land can be distinctively measured. The impact range of the spillover effect of the study area was calculated at 20.76 km2 and 21.07 km2 for commercial and residential land, respectively. The impact strengths of the spillover effect on commercial and residential land were calculated at 135.76 RMB/m2 and 182.39 RMB/m2, respectively. The total value of the spillover effect (∆SE) is 407,327,300 RMB. (4) Through establishing a value assessment model for the artificial wetland derived from mining subsided lake, the value and cost of the ecological restoration of Jiuli Lake wetland were categorized and calculated. The results showed that the benefit of the ecological restoration project in the study area more than covered the cost. The ecological restoration generated economic positive externality. This could provide a research basis for economic feasibility studies on ecological restoration of mining subsided lakes.



Due to the complexity and specificity of the research objective, this study still needs further improvements in the following areas: By measuring the spillover effects, the value may be higher because of some reasonable factors. Considering that the average land price within the study region involves high land price of the artificial wetland itself, the impact of the artificial wetland itself on the average land price should be removed too. Furthermore, this paper only analyzed Jiuli Lake wetland area empirically, thus the results of the case study have some limited theoretical and practical significance for ecological restoration and treatment of mining subsided lakes in high groundwater table plain areas.



Follow-up studies will address the above problems to improve the theory and practice of ecological restoration and value assessment of mining areas.
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Figure 1. Location and image map of the study area. 
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Figure 2. The framework of value evaluation route of the artificial wetland. 
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Figure 3. The diagram of the spillover effect measurement of the artificial wetland. 
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Figure 4. Commercial, residential land prices surfaces in 2007 and 2013. 
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Figure 5. Contours of commercial and residential land prices appreciation from 2007 to 2013. 
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Figure 6. Impact range of the spillover effect on commercial and residential land prices. 
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Figure 7. Impact strength and range of the spillover effect on land value. 
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Table 1. Ecosystem structure of Jiuli Lake wetland.






Table 1. Ecosystem structure of Jiuli Lake wetland.





	Ecosystem Type
	Ecosystem Structure





	Farmland
	Agricultural land, including land for food crops and cash crops



	Aquacultural land
	Fish ponds, etc.



	Woodland
	Woodland and orchards, etc.



	Waters
	Rivers, lakes, ditches, etc.



	Townships
	Towns, village residential, industrial lands, roads, etc.



	Wetland
	Swamps, wetland in parks, etc.
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Table 2. The evaluation index system of ecosystem services.
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Ecosystem Type

	
Farmland

	
Aquacultural Land

	
Woodland

	
Waters

	
Townships

	
Wetland




	
Ecosystem Service

	






	
Lifestyle and production related material supply

	
Material production

	
√

	
√

	
√

	
√

	

	
√




	
Life support and maintenance

	
Climate regulation

	
√

	

	
√

	
√

	

	
√




	
Moisture regulation

	
√

	
√

	
√

	
√

	

	
√




	
Environmental cleanup

	
√

	

	
√

	

	

	
√




	
Soil formation and conservation

	

	

	
√

	

	

	
√




	
Biodiversity maintenance

	
√

	

	
√

	

	

	
√




	
Nutrient cycling

	
√

	

	
√

	

	

	
√




	
Spiritual enjoyment

	
Cultural diversity

	

	

	
√

	

	

	
√




	
Leisure and travel

	

	

	
√

	

	

	
√
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Table 3. Measurement methods of ecosystem services of Jiuli Lake wetland.
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Ecosystem Service

	
Method






	
Lifestyle and production related material supply

	
Material production

	
Market value method




	
Life support and maintenance

	
Climate regulation

	
Carbon tax and afforestation costs




	
Moisture regulation

	
Alternative engineering method




	
Environmental cleanup

	
Alternative cost method




	
Soil formation and conservation

	
Opportunity cost method




	
Biodiversity maintenance

	
Recovery and protection costs




	
Nutrient cycling

	
Alternative cost method




	
Spiritual enjoyment

	
Cultural diversity

	
Conditional value method




	
Leisure and travel

	
Travel cost method and Conditional value method
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Table 4. Land area occupied by different ecosystem types at Jiuli Lake wetland in 2007 and 2013 (unit: hm2).
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Ecosystem Type

	
Farmland

	
Aquacultural Land

	
Woodland

	
Waters

	
Township

	
Wetland




	
Year

	






	
2007

	
134.98

	
57.26

	
10.49

	
171.70

	
1111.38

	
2.39




	
2013

	
58.12

	
42.17

	
10.68

	
215.20

	
841.12

	
3.19
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Table 5. The appreciation of the ecosystem services value of Jiuli Lake wetland (unit: 10,000 RMB).
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Year

	
2007

	
2013

	
Value Appreciation




	
Ecosystem Service

	






	
Material production

	
948.81

	
940.25

	
−8.56




	
Climate regulation

	
206.53

	
127.11

	
−79.42




	
Moisture regulation

	
16.46

	
19.29

	
2.83




	
Environment cleanup

	
17.70

	
23.30

	
5.60




	
Soil formation and conservation

	
0.18

	
0.19

	
0.01




	
Nutrient cycling

	
0.13

	
0.15

	
0.02




	
Biodiversity maintenance

	
12.92

	
8.86

	
−4.06




	
Cultural diversity

	
3.51

	
4.68

	
1.17




	
Recreation

	
0 *

	
167,105.84

	
167,105.84




	
Total

	
1206.24

	
168,229.67

	
167,023.43








* The ecological environment of Jiuli Lake was relatively poor before the ecological restoration; therefore, its recreational value was stated to be zero.
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Table 6. Summary of ecological restoration costs of Jiuli Lake wetland.
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Item

	
Cost Type

	
Unit: Ten Thousand RMB






	
Land clearing and Compensation cost

	
Collective land acquisition cost

	
Compensation for land expropriation (not including attachment)

	
5576.29




	
Compensation for above-ground attachments

	
182.84




	
Compensation for above-ground structures

	
1584.65




	
Cultivated land reclamation cost

	
247.62




	
Expropriation management cost

	
293.64




	
Compensation for above-ground buildings

	
5891.13




	
Above-ground structures

	
652.78




	
State-owned land reserves acquisition cost

	
Compensation for construction land without subsidence

	
46,327.82




	
Compensation for construction land with subsidence

	
15,766.66




	
Compensation for agricultural land and unused land

	
20,679.46




	
Relocation cost, transition cost and temporary resettlement subsidies

	
58.75




	
Loss due to suspended economic operations

	
428




	
Loss due to equipment relocation

	
820




	
Land assessment cost

	
7.27




	
Field survey cost

	
16.54




	
Land rearrangement cost

	

	
Land leveling cost

	
5450.45




	

	
Supporting infrastructure cost

	
56,777.83




	
Environment remediation cost

	

	
Water treatment cost

	
1650




	

	
Solid waste treatment cost

	
3565




	

	
Waste gas treatment cost

	
1770




	

	
Ecological restoration project cost

	
6520.7




	
The Ecological restoration project cost

	
Total

	
174,267.43












© 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).
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