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Executive Summary
Integrating the ecological benefit and damage into the conventional economic evaluation has been proposed as one tool for performance assessment of ecological civilization in China. This paper examines the application of the integrated accounting of economic and ecological activities under this policy context.
Systematic Economic-Ecological Accounting is a necessary tool for assessment of ecological civilization because it provides evaluating information that neither biophysical nor monetary account for ecological capital can capture. SEEA focuses on the consumption of goods and services that the society can enjoy from both the man-made and the ecological capital, making this accounting directly linked to the ultimate goal of ecological civilization. The contribution of the gross measure of SEEA, however, is limited because a great proportion of the value of the products from ecological capital is already accounted in the conventional national accounting, though not explicitly attributed to the corresponding ecological capital. On the contrary, the net measure of SEEA can greatly contribute to performance assessment because it can approximate the sustainable income, which is the maximum amount of consumption that the society can indefinitely maintain.
To calculate the gross income in SEEA, one needs to identify and evaluate the products from ecological capital that are excluded from the current national account. In this way, the total value of the products from man-made and ecological capital is estimated. To get the net income, one needs to add the net capital change in man-made and ecological capital upon the gross income. The calculation raises challenges because it is difficult to evaluate the products and assets of the ecological capital and aggregate the total value for relatively large spatial areas.
The Chinese Academy of Environmental Planning has made great development in designing and implementing SEEA. But numerous flaws undermine the reliability of the results. This paper proposes several directions for future improvement. First, it is necessary to carry out preliminary research on small spatial units to collect spatial-specific information and avoid using uniform coefficient in accounting. Second, more efforts are needed to clearly distinguish the products of ecological capital inside and outside the conventional national account. Otherwise, problems of overestimation and underestimation would rise when the economic component and the ecological component are integrated together. Third, the accounting should emphasize the benefit or damage that human assume owning to the change in ecological capital instead of the ecological function of the ecological capital itself. Forth, future research should put more emphasis on net income and construct consistent measurements of net income derived from both man-made and ecological capital. An experimental case of calculating the value of Kunshan’s annual ecosystem services in 2000 and 2010 shows that improvements can be achieved within the current data limitation. 



I. Background and Motivation
In the face of severe environmental pollution and ecological degradation, China’s central authority included ecological civilization in the top-five development strategies in 2012. Great progress in combating pollution and conserving the ecological environment has been made since then. Nevertheless, there is no well-developed performance assessment institution to evaluate the results and, more importantly, incentivize local officials to rectify the negligence for ecological conservation. The central authority has proposed the integrated valuation of the economic development and ecological benefit and damage as one performance assessment tool, asking for a systematic accounting for both man-made and ecological capital. Because the current literature and practice provide inadequate knowledge to guide the design, implementation, and application of such a systematic accounting aiming at ecological civilization performance assessment in China, this paper seeks to fill in this knowledge gap.
1. Incentive Effects of Performance Assessment 
Literature has shown that performance assessment has substantial incentive effects on local officials in deciding the work priority of the local governments. For example, performance assessment of local government officials that centralizes on economic growth has been regarded as one important explanation for the rapid economic development in China. With the promotion institution that prioritizes those ranking higher in economic growth, local officials allocate resources to best promote the economic performance (Li & Zhou, 2005; Li, 2007; Luo, She, & Chen, 2015). Although debate exists whether high economic performance ranking guarantees promotion or merely serves as a qualification standard (Yang & Zheng, 2013), the incentive effect of performance assessment is well founded (Li, Chen, & Tian, 2017). 
On the one hand, the emphasis of economic growth in performance assessment is thought to cause negligence of providing other public goods such as environmental regulation and ecological conservation (Han & Zhang, 2016). On the other hand, studies show that including environmental protection and energy conservation indices in the performance assessment leads to improvement in the corresponding results. For example, the reduction of sulphur dioxide emissions during the period of the 11th Five-Year Plan (2006-2010) is largely accredited to explicitly linking the accomplishment of the sulphur dioxide reduction goal with the promotion/removal of local officials (Xu, 2011). Moreover, Sun, Luo, Zheng, and Wan (2014) demonstrated that low energy consumption for per unit product improves the possibility of promotion for the local officials, and the inclusion of energy intensity index in local officials’ evaluation induces better performance in energy conservation.
Therefore, performance assessment institutions for ecological civilization cannot only serve as an evaluation tool for the results of ecological conservation but also take effect to incentivize local officials to allocate more resources on protecting the ecological integrity. 
Systematic accounting for both economic and ecological activities is one potential approach for performance assessment of ecological civilization. The central authority of China set goals for establishing performance assessment institutions by 2020 in the Integrated Reform Plan for Promoting Ecological Progress (Xinhua, 2015). One performance assessment institution proposed in the Plan is developing index to integrate resource depletion, pollution damage, and ecological benefit in the economic development evaluation, which essentially calls for a systematic accounting that expands the boundary of the conventional accounting to include ecological capital and its production.
2. SEEA and Production Boundary
Systematic Economic-Ecological Accounting (SEEA) is an accounting system that records the productive and asset activity of both man-made and ecological capital of the society. Here, ecological capital refers to the biotic components of the natural environment that produce a periodic yield of valuable goods or services that the society can derive utility from. In other words, ecological capital is the part of natural capital that is not geophysical capital such as tidal cycles, minerals, and fossil fuels. The geophysical capital is less of a priority to be included in the accounting and performance assessment because either the capital is not scarce (e.g., tidal cycle) or it provides goods or services commonly transacted in the market (e.g., minerals and fossil fuels). 
The construction of SEEA is based on the idea that ecological capital (or more generally, natural capital) is productive and should be included in the accounting boundary. Acknowledging the productivity of natural capital is not a completely new idea but did not hold core position in the economic literature for most of the time until the recent decades. Although land maintained a core position in Classical economics, it was characterized by generating free and non-appropriate use values, contributing no exchange values, and thus of no productive nature (Gómez-Baggethun, De Groot, Lomas, & Montes, 2010). Alvin S. Johnson and his contemporaries were the first to recognize the productive nature of the natural agents. Johnson in the textbook, Introduction to Economics (1907), distinguished capital that is “produced by industry” with “natural capital,” and associated the latter with productive power; after that, the natural capital concept remained a mainstream expression in the first thirty years of the 1900s (Misssemer, 2018). But since 1930s until 1980s, the term remained nearly unused (Misssemer, 2018). The Neoclassical economics, after the accomplishment of the marginalist revolution, restrict its analysis sphere to products that bear exchange values and it implicitly assumes that the nature’s input to the human society could be substituted by manufactured capital (Gomez-Baggethun et al., 2010). “By the second half of the 20th century land and more generally environmental resources, completely disappeared from the production function” (Hubacek & van der Bergh, 2006). 
In the late 1980s, David W. Pearce and his colleagues reintroduced natural capital under the theoretical framework of Neoclassic economics, aiming to integrate the consideration of natural resources exploitation and environmental degradation in the conventional economics analysis (Akerman, 2003; Peterson & Gocheva, 2015). The concept received quick adoption from the ecological economists (Akerman, 2003). Mainstream economists also have developed conceptual framework for treating natural stocks as capital (e.g., Hartwick, 1990; Arrow, Dasgupta, Goulder, Mumford, & Oleson, 2012) and show the feasibility of estimating the asset price of natural capital (e.g., Fenichel & Abbott, 2014; Fenichel et al., 2016).
There is also great progress in global scientific knowledge of ecosystem and ecosystem services alongside with the development of economic conceptual framework and evaluation methods to account for natural stock as capital. The knowledge, such as that complied in the Millennium Ecosystem Assessment, demonstrates the dependency of society’s consumption on the products from ecological capital and hence the necessity to maintain and accumulate the ecological capital besides the man-made capital.
The development in both economics and ecological knowledge is revealed in the third version (i.e., 2012 version) of the United Nations (UN) System of Environmental-Economic Accounting adopted by UN Statistical Commission (UN et al., 2014a, 2014b). The focus of the first version (i.e., 1993 version) of the accounting system is adjusting product measure for the cost of natural resource depletion and environmental pollution, which came to be known as estimating a “green GDP” (Eden & Hein, 2013). The third version shows great evolution from the “green GDP” concept by treating the natural stock in a productive sense. The Experimental Ecosystem Accounting in the accounting system demonstrates the wide acceptance of concepts like ecological capital and ecosystem services. The SEEA discussed in this paper falls within the accounting framework provided in the third version of the UN System of Environmental-Economic Accounting.
3. Controversy around SEEA
Although the results of SEEA may serve as indices to integrally assess the performance of economic growth and ecological conservation, it also has drawbacks. First of all, agree-on rules still do not exist for the design and implementation of SEEA. Oftentimes, there are multiple methods to accomplish the same accounting task, but the methods are seldom both feasible and theoretically sensible at the same time. Second, carrying out SEEA is very data-demanding and requires data that are not collected for the routine economics statistics compilation. In addition, there are also political, structural, and institutional obstacles. Virto, Weber, & Jeantil (2018) surveyed about 100 statistical offices, ministries, and independent experts worldwide on the accounting integrating ecological and economics data and its application. They found that respondents from statistical institutes and developing countries are firstly concerned about institutional obstacles and secondly about data availability and agency cooperation while respondents from ministries and independent experts are particularly concerned about design obstacles. In addition, the accounting is scarcer in developing countries that Vrito et al. surveyed and the accounting results is rarely used for public decisions in developing countries. The difficulty of compiling SEEA and the exiguity of its application raise the doubt whether efforts should be made to construct SEEA.
Constructing SEEA for the purpose of performance assessment is even more challenging. This is because that the results of the accounting will have substantial influences on the assessment results, which in turn affect the promotion possibility of the local officials. Thus, the accounting results must meet the requirement of high accuracy.
4. Current Knowledge Gap
The current literature and practice of accounting do not provide enough guidance regrading using SEEA in ecological civilization performance assessment. From the previous analysis, we know that there is a need to integrate the ecological benefit and damage into the economic development evaluation; SEEA has the potential to fulfill this need, but there remain many obstacles to design, implement and use the results SEEA. However, the current knowledge is inadequate to disentangle this dilemma. 
One way that the existing knowledge falls short is that the methods to integrate the productive and asset activity of ecological capital to the economic development evaluation is still very murky. Unclear accounting boundary for ecological capital, vague definitions and controversial measures of its products make it difficult to find the compatible values that can be added to the conventional economic valuation (Bartelmus, 2015). In addition, although the problem of double accounting has drawn caution in the literature (e.g., Bartelmus, 2015; Bagstad, Willcock, & Lange, 2018; Eden & Hein, 2013), the extent to which the current economic evaluation such as GDP has accounted for the product from ecological capital has not been fully investigated. Facing these difficulties, many initiatives do not adopt SEEA but solely account for the ecological component without integrating it with the economic evaluation (Milligan, Terama, Jiménez–Aybar, & Ekins, 2014, p10). Actually, “the account that is mostly frequently compiled in reality are physical flows in the input and output in production and consumption, namely air emissions, energy and material flow accounts” (Virto et al., 2018). The increasing number of this kind of biophysical accounting is supported by increasing access to the physical data with the development in remote sensing and environmental modelling (Bagstad et al., 2018).
The other gap in the current knowledge is the lack of discussion of the role of SEEA in performance assessment. The account’s ability to assist development plan and management of natural resources is more emphasized (Badura, Ferrini, Agarwala, & Turner, 2017; Binder et al., 2017) other than the function of scorekeeping. However, due to the special incentive effects of performance assessment on affecting local governments’ work priority in China, it is necessary to take the perspective of scorekeeping and investigate the potential of SEEA in the context of performance assessment. 
[bookmark: _GoBack]This paper seeks to fill in the gap by examining the necessity and feasibility of SEEA in ecological civilization performance assessment in China. Three sub-questions are examined: (1) the necessity of SEEA for the purpose of performance assessment; (2) the framework and methods to construct SEEA; and (3) the current practice of SEEA in China and potential improvement.
II. SEEA for Performance Assessment
SEEA is one necessary tool for performance assessment because it adopts monetary values and integrates the activity of both the man-made and the ecological capital, and thus has unique advantages compared with other potential assessment tools.
Two types of measures are possible for SEEA as in conventional national accounting. The first one is gross measure that only accounts for the products from man-made and ecological capital, while the other one is net measure that adds the net capital change to the gross measure. The gross measure is of limited value for the purpose of performance assessment because it provides limited new information beyond the current assessment tool such as GDP. The net measure is a better assessment indicator because it can approximate the sustainable income, which has direct implication for ecological civilization.
1. Advantage of SEEA 
To see the necessity of SEEA for the purpose of performance assessment, I first compare SEEA with other potential assessment tools. One is the biophysical account for ecological capital, and the other is the monetary account for ecological capital.
Pure biophysical account has its own merit especially if the substitution between the ecological capital with man-made capital is impossible; thus, the biophysical count would provide a good indicator for the conservation of the critical ecological capital. However, the ultimate goal of the ecological civilization is not conserving ecological capital but to sustain the ecological benefit that the society enjoys, meaning the welfare derived from consuming the goods and services provided by the ecological capital. As a result, biophysical count has its limitation. For example, the acres of forests increased in a period provides limited information about the change in the current and future consumption of the products from the forests. Furthermore, the same change in the number of acres of different forests or forests in different places can have very different effects on the benefit or damage to the society. Therefore, it is necessary to weight the biophysical measures by their importance to the welfare of the society (Nordhaus & Kokkelenberg, 1999, p. 123).
The monetary account for ecological capital uses the economic value as the weight of the importance. It allows for the comparison across the effects of different changes in ecological capital and with those changes occurring in the market economy (Nordhaus & Kokkelenberg, 1999, p. 123). However, without integrating with the current economic evaluation, a separate monetary account of the ecological capital is still limited. Sustaining the level of total goods and services that are available for consumption depends on both man-made and ecological capital, so solely focusing on the productive and asset activity of ecological capital is inadequate for evaluating the performance. A systematic accounting that includes both man-made and ecological capital provides the opportunity for such a comprehensive evaluation.
Therefore, although other alternatives have their own merits, it is necessary to carry out SEEA for the purpose of performance assessment because SEEA can better compare the effects of the different changes in ecological capital and the result has implication for the total consumption of the society made available by both man-made and ecological capital.
2. Gross Measure in SEEA
The gross measure athe value of the periodic flow of goods and services from the man-made and ecological capital. The necessity of this indicator depends on the extent to which it provides new information that the current indicator fails to capture.
A great proportion of the products of ecological capital is already accounted for in the conventional national accounting. Consider the commonly used categories of ecosystem services, provisioning service, regulating service, and cultural service. Provisioning services cover all nutritional and non-nutritional materials and energetic outputs from biotic systems as well as abiotic outputs such as water (Haines-Young & Potschin, 2018). The provisioning services generate direct or indirect use values (Golder & Kennedy, 2011). A great proportion of products embodying the provisioning service are traded in the market economy, unless the products are consumed directly by the households such as self-consumed crops or self-collected firewood. 
Regulating services cover all the ways in which ecosystems can mediate or moderate the ambient environment that affects human health, safety or comfort, together with abiotic equivalents (Haines-Young & Potschin, 2018). The regulating services also provide direct and indirect use values to the society (Golder & Kennedy, 2011). Some literature has already pointed out that, contrary to the instinct, the value of the regulating services has also largely been accounted in the current national accounting. For example, Bartelmus (2015) cautions that “…unpriced ecosystem services such as protection against floods or soil erosion improve the profitability of enterprises. The value of these services is part of the comparatively higher producer surplus (profits) of enterprises that benefit from these services. Consequently the increase in profitability is recorded in the conventional (income generation accounts.” Similarly, Eden and Heins (2013) puts that “in the case of flood protection or air filtration, the current economic activities, and their recording, reflect that these regulating processes are taking place.” Brouwer, Brander, Kuik, Papyrakis, and Beteman (2013) points out that the problems of the conventional national accounting in dealing with regulating services include both the exclusive accounting boundary and the wrong attribution. In the latter case, the value of regulating service is accounted in the conventional national account but not attributed to the corresponding ecological capital. 
 Finally, consider the cultural services, which are all the non-material, and normally non-rival and non-consumptive, outputs of ecosystems that affect physical and mental states of people (Haines-Young & Potschin, 2018). The cultural services provide non-consumptive direct use value and existence value to the society (Golder & Kennedy, 2011). Some part of the non-consumptive direct use value is also included in the market economy, for example in the form of higher house price owning to the esthetic amenity of the neighboring forest and the expenditure spent on trips to nature reserves. Of course, the existence value is excluded from the current account. But it is doubtful whether accounting the existence value is meaningful for performance assessment. The existence value of natural capital is difficult to accurately estimate, therefore, adding it may compromise the accuracy of the accounting result. Another reason to doubt the necessity of including the existence value is that the magnitude of existence value could be very large; thus, once it is added, the remaining part of measure would have little impact on the total accounting results and the performance rankings. 
Therefore, if SEEA is designed and implemented to calculate the gross value of the products from man-made and ecological capital, it is of limited value for performance assessment. The current national accounting is impossible to capture all the goods and services that the society consumes. Nevertheless, because a great proportion of the consumption is still inside the market economy, the conventional accounting result includes a substantial part of value of the ecological capital though ecological capital is not explicitly inside the accounting boundary. One way that gross accounts can make greater contribution is to identify the value that should be accredited to ecological capital. Since, emphasis is put on the overall score instead of the detailed attribution of the value under the purpose of performance assessment, the gross measure of SEEA is of limited necessity.
3. Net Measure in SEEA
Net measure in SEEA is calculated by adding the net change in man-made and ecological capital to the gross measure, or equivalently, adding the net change in ecological capital to conventional measures such as net domestic product or net national income. The compilation of the net measure would be a great contribution of SEEA because it may approximate the sustainable income.
The sustainable income by definition is the maximum amount of consumption a society can indefinitely maintain (Nordhaus & Kokkelenberg, 1999, p. 188). The sustainable income is the ideal indicator to assess the ecological civilization performance because the idea of ecological civilization is essentially anthropocentric and sustaining a high level of consumption is the ultimate goal of preserving the ecological integrity. The net measure in SEEA is an approximate measure of the sustainable income under the following conditions: (1) the accounting system is complete in the sense that all capital stocks are inside the accounting boundary; (2) all transactions are “internalized,” meaning that the economic value captures all the social costs and benefits of all economic and ecological activities being accounted; and (3) the society chooses the optimal output, consumption, and investment based on intertemporal objective function (Nordhaus & Kokkelenberg, 1999, p. 188). Not all three conditions can be completely justified in the reality. But, compared with the conventional national accounting, SEEA at least is more likely to meet the first two conditions. The third condition is impossible to justify because one cannot predict the future process of social decision making. 
Therefore, the net measure should be chosen if SEEA is adopted as the assessment tool. Actually, the current emphasis on gross measure is largely a result of historical conditions and economic theories development (Lange & Woden, 2018). The basic rule of the current national accounting is formulated during the early and middle 1900s. The Keynes’s theory, as the catalyst of the national accounting emphasized gross income at market price rather than net national income at factor cost. In addition, governments needed national accounting for planning the national economy under the specific war circumstance (Lange & Woden, 2018); as any capital loss can be remediated after the war ends, the gross measure was more relevant. As the society enters an age when maintaining a consumption level sustainably for years to come becomes more important, it is appropriate to switch to the net measure to assess the performance of the society.
III. Methods to Construct SEEA
SEEA accounts the productive and asset activity of both man-made and ecological capital. As shown in figure 1, if one constructs SEEA by adjusting on the net domestic product, the first step is to identify and evaluating the net returns to ecological capital that is excluded from GDP. The second step is quantifying and evaluating the net ecological capital change. The net income can be calculated by adding up the results from the first two steps. 
[image: ]
Figure 1. Diagram for Constructing SEEA
1. Identify the Products Excluded from the Current Accounting
The ecological capital can produce the following classes of products.
(1) Marketed products. They include all the material and non-material goods and services traded in the markets. Examples could be the extracted subsoil minerals, crops grown on the cultivated land, timber logged from a natural forest, as long as they are all traded in the market.
(2) Equivalent of marketed products. They are those goods and services that have equivalents in the markets but are actually not traded in market but consumed by the households.
(3) Products associated with physical response of certain market goods. These kinds of products are neither traded in the market nor directly consumed by households, but the change in them can cause physical response of certain market goods. For example, the water retention service provided by the forests increases the crop yields traded in the market. The air purification service provided by the urban forests reduces the lost paid workdays caused by respiratory diseases.
(4) Products associated with physical response of certain equivalent of market goods. These products are similar to the third one but the change in them can cause physical response of certain equivalent of market goods instead of market goods themselves. For example, the water retention service provided by the forests increases the crop yields that is consumed by households directly. The air purification service provided by the urban forests reduces the morbidly of children and the retirees who are not employed in the market.
(5) Products associated with time use and expenditure on market goods. The change in these kinds of goods changes people behaviors in the market. For example, the aesthetic amenity provided by a pristine site induce people to spend time travelling while sacrificing workday to visit it. 
(6) Pure public goods of which people leave no traces of person prices in the market. These goods are particularly national or global in nature and do not leave behavioral traces of individual preferences. (Nordhaus & Kokkelenberg, 1999, p. 131). 
Among these six types goods, the second, forth, part of the fifth, and the sixth are excluded from the current national accounting. However, only second and forth are considered in SEEA because it is hardly possible to attach values that are compatible with current economic evaluation for the fifth and sixth types of products.
The current accounting for economic activities evaluates goods and services based on their exchange values, which is the value of the last unit consumed. For the products of ecological capital that is associated with time use and expenditure on market goods, environmental economics has provided evaluation techniques using travel-cost method, hedonic method, defensive expenditure method, and so forth. These methods, however, calculate the value of the products to consumers by including consumer surplus (Nordhaus & Kokkelenberg, 1999, p. 45.). Therefore, the valuation results would be higher than the exchange value if there existed a market for that product. For example, travel costs usually provide positive valuation for the recreational amenity of a site, but the marginal value of the site may be zero if it is open-access (Nordhaus & Kokkelenberg, 1999, p. 125). Similarly, the methods used for evaluating the pure public good, such as contingent valuation, also produces results that is welfare value instead of exchange value.
Therefore, only value of the second and the fourth type of products provided by ecological capital is added to get the gross income. 
2. Evaluate Products from Ecological Capital
The value of the equivalents of the marketed products can be estimated based on the market price of their equivalent in the market. It should be noted that, to elicit the contribution of natural capital, one need to calculate the rent, which is equal to the revenue subtracted by rents attributed to other capitals. 
The evaluation of the products associated with physical response of certain equivalent of market goods depends on method like exposure-dose analysis and production function estimation. The price of the market goods associated with the products of interest feeds into the evaluation. So, the evaluation is consistent with prices used in the current national account (Nordhaus & Kokkelenberg, 1999, p. 124). For example, to evaluate the water regulating service of a forest upstream, one part of the value is borne in the increasing of self-consumed grains. The first step would be estimating the production function linking the unit water regulating service with the amount of crop yield increase. Then, use the market price of the grain as the equivalent of the price of the self-consumed grain to attach a monetary value to the effect of one unit of water regulating service.
3. Evaluate Ecological Capital Asset
A market asset value of the ecological capital may not be observed because it is rarely traded in the market. In this case, the asset value of ecological capital can be estimated by the discounted present value of the stream of net returns (Nordhaus & Kokkelenberg, 1999, p. 44; Hamilton, 2018). But this evaluation method raises various challenges (Hein et al., 2016; Fenichel et al., 2016). It requires to make assumption as to the composition of future flows of goods from the ecological capital, formulate the lifetime of the ecological capital, understand the dependency between the good flow and the underlying ecological capital and anticipate its change, make assumption about the people affected by the goods, and select an appropriate discount rate. The evaluation of market asset could assume competitive condition, while the pattern of use of ecological capital which produce nonmarket goods would face much more uncertainty, causing difficulty in making the abovementioned assumptions.
There are several simplified methods that have been proposed to overcome these difficulties though their application is limited to certain ecological capital that has been studied for a long time. For example, the asset value of forest considering only the return from timer can employ hoteling model, transition models, or managed second-growth forests models (Nordhaus & Kokkelenberg, 1999, pp. 137-138). The most recent progress in estimation method of the asset value of ecological capital came from Fenichel et al. (2016); their approach builds directly on Jorgenson’s classic capital asset pricing theory. The result provides the revealed marginal social benefit from holding an additional unit of ecological capital (Fenichel et al., 2016).
4. Aggregate the Total Value
The evaluation of the product and asset value of the ecological capital should be carried out on a case-by-case basis. It causes less effort if a uniform market price that can be employed in the evaluation is observed. If no such uniform price is available, it is appropriate to conduct the evaluation for small configuration especially when great spatial heterogeneity exists. The aggregation approach of benefit transfer, including both value transfer and benefit function transfer, is not ideal. Value transfer applies the point estimate under one context to another context, while benefit function transfer often depends on reduced-form meta-analysis. It is noted that there are at least four dimensions along which the value of the similar products under different contexts could be different. These include (1) the populations affected by the goods, (2) the biophysical conditions of the goods, (3) the availability of substitutes, and (4) the institutional settings (Boyle et al., 2010). Therefore, the value transfer method can reach very reliable results in the face of spatial heterogeneity.
Another inappropriate aggregating approach commonly used is relying land cover data as the biophysical measure and multiplying benefit transfer value with the land hectares to get the total value. Land cover data is usually the most accessible data describing biophysical change over time and remain a key input for most ecosystem service models (Bagstad et al., 2018). But multiplying hectares with a uniform value from benefit transfer method cannot reflect the significant diversity in the ecological capital (Bartelmus, 2015).
IV. Current Practice of SEEA in China and Potential Improvement
Chinese governments have initiated several policies to extend conventional national accounting in the last few years. In 2015, the National Statistics Bureau initiated the pilots to develop natural capital balance sheet to capture a clear picture of stock of the land, forest, and water resources. The work is mostly limited to keeping a biophysical record of environmental assets in the form of profits-and-loss statement instead of constructing SEEA as discussed here.
Nevertheless, government-affiliated research institutes have attempted to construct SEEA, especially reflected in the research carried out by Ouyang and his colleagues at Chinese Academy of Environmental Planning (CAEP) (e.g. Ouyang et al., 2013; Ouyang et al. 2016; Ma et al., 2017; Ouyang et al. eds, 2018). CAEP’s research follows closely with the evolution of the framework proposed by UN System of Environmental-Economic Accounting. The first version of their accounting constructed the “green GDP” by subtracting resource depletion cost and pollution damage cost from GDP. Starting from the second version, ecological capital is treated in a productive sense. In the second version, CAEP constructed an independent account that include the ecological degradation cost, pollution damage cost, benefits of environmental improvement, as well as benefits from ecological services. The third version came back to the integrated account; it adjusts GDP by subtracting pollution and ecological damage cost and then adding the benefits from the regulating services provided by the ecosystems. Therefore, the third version is a practice of SEEA.
1. Flaws of the Current SEEA Practice
Despite the continuous improvement in the design and implementation of CAEP’s accounting, there are several flaws regarding to the newest version.
The boundary of accounting is ambiguous. Evidently, there are attempts to capture both the productive and asset activities of ecological capital in CAEP’s studies. This requires a consistent boundary that divide productive and asset activities into that are inside and that is outside the accounting. However, this boundary is rather ambiguous in current study. For example, in the third version of CAEP’s accounting framework, the ecological services include those provided from forests, grassland, wetland, agricultural land, urban ecosystem, and barren land, however, the ecological damage cost are only calculated for forest, grassland, and wetland, regardless the possible changes in other types of ecosystems. 
Completely excluding the value of provisioning services may cause underestimation. To avoid the problem of double accounting, CAEP completely abandons the value provisioning services. However, as discussed above, the provisioning services can bear value that is not included in the market economy and thus not calculated in the conventional national account. 
Including all the benefits of regulating services may cause problem of double accounting. Some value of the regulating services has already been reflected in the national account if the change in the service cause physical response of market goods. Therefore, including all the value of regulating services is a source of overestimation.
The aggregation approach based on land hectare is questionable because the spatial heterogeneity is not allowed. For each type of ecosystem service, the amount of periodic output is fixed for each type of land cover as the proxy of ecosystems. In addition, the value of one unit of ecosystem service is also fixed. As a result, the final result totally depends on the distribution of land cover types.
 There is no consideration of density of population affected by the products provided by natural capital. This flaw is associated with the land hectare-based approach. Because the same ecological product derives less value in areas with lower population density, the accounting result should be adjusted based on population density. 
Adjusting on the base on GDP produces result of obscure meanings. GDP itself is a gross measure without accounting for the asset activity of the man-made capital, whereas CAEP accounts for the net capital change of the ecological capital. Thus, the result is either completely gross measure or completely net measure, causing confusion in interpretation.
2. Suggestions for Improving SEEA 
The priority of improving SEEA is initiating preliminary measure and evaluation research at small spatial unit. Many issues in the current CAEP’s account is due to the lack of granular knowledge about the products of ecological capital and their values. It may pay off more to carry out small-scale research than hastily trying to construct the account in a top-down manner with data limitation and aggregation problems.
It is necessary to attach more importance to the benefit derived from the ecological function instead of the ecological function itself. For example, the population size and preference of the group that would be affected by the change in the ecological capital should be considered. If the results of SEEA is essentially determined by biophysical data without the variation caused by the characteristics of beneficiaries, then it adds no value for performance assessment compared with a pure biophysical account. 
More efforts need to take to avoid the problem of overestimation and underestimation when the economic component and the ecological component is integrated. The challenges lie in identifying what is inside or outside the conventional national account. Studies have tried to identify the value of provisioning services that does not enter the market (e.g., Barbier, 2012). More exploration is needed to deal with the double accounting problem when the value of regulating services is partly reflected in the change of the provision of market goods.
Another potential improvement is to switch the emphasis from gross measure to net measure. The emphasis of gross measure has its historical and theorical background which is not applicable now. Adjusting the present national account based on the gross measure causes confusion because the gross measure in the national account itself does not consider any deprecation/degradation of the man-made capital, let along ecological capital. It makes no sense to build the adjustment on a concept that has zero implication for sustainability. Net product has a stronger link with sustainability because under idealized condition net product equals to the sustainable income (Nordhaus & Kokkelenberg, 1999, p. 188). So, it is time to emphasize the net product concept.
3. Case Study: Value of Ecosystem Services in Kunshan
This case study is a minor attempt to improve the ecosystem service accounting. This is technically not one step of SEEA because SEEA needs to identify and evaluate the product that is excluded in the current accounting while this study accounts for the all the products. Nevertheless, this study still shows the possibility of improving SEEA with the current data availability. Three issues are addressed in this case study. First, limiting the accounting scope to the county, Kunshan, allows to employ value specific to this locality on the products of ecological capital. For example, the mix and price of crop products used in the calculation are all specific to Kunshan. Second, this account does not rely directly on land hectare, instead, it is based on the biophysical data of ecosystem services, reducing the errors caused by the heterogeneity of providing ecosystem services within one type of land cover. Third, this account takes into the consideration of population affected.
Data 
The case study uses 2000 and 2010 China Ecosystem Assessment (CEA) dataset provided by Research Center of Eco-Environmental Sciences of China Academy of Science (Ouyang et al., 2016a). Seven classes of ecosystem services were measured in this dataset. Among the seven classes, food production data were directly collected, while the other six classes were modeled using InVEST based on geospatial and biological data (Ouyang et al., 2016b). In the dataset, the biophysical supply of ecosystem services is weighted by the number of people affected to present the different level of importance of safe volume of supply flow provided from different locations (Ouyang et al., 2016b). Weight is not applied to food production, carbon sequestration, and habitat provision for biodiversity because the value of these three classes of ecosystem services is regarded indifferent to the location where the services are generated. 
The CEA dataset is chosen because it is by far the most systematic, comprehensive, and rigorous mapping of ecosystem services in China. More importantly, in contrast to many previous datasets which derived ecosystem services solely from land cover type or ecosystem category, this dataset modeled the ecosystem services from a variety of raw data including multisource satellite images, recorded biophysical data, field survey, historical records of biodiversity, and assessment from government ministries (Ouyang et al., 2016b). This dataset can provide much more precise estimates of the ecosystem services because linking different land cover types with ecosystem service supply capacities can be very unreliable given the geospatial and biological heterogeneity. In addition, this dataset includes ecosystem service data at two time point, which allows me to undertake spatial analysis of the change in ecosystem services.
Methods
The unit values of the ecosystem services including food production, carbon sequestration, soil retention, sandstorm prevention, water retention, and flood mitigation are calculated as follows.
(1) Food production
The unit values of food production service from ecological capital are calculated based on the 2000 and 2010 market price of a variety of grain and edible oil available from the China Yearbook of Agriculture Price Survey (National Bureau of Statistics, 2001 & 2011a). The per calorie prices of long grained nonglutinous rice, round-grained rice, polished long-grained nonglutinous rice, polished round-grained rice, wheat, corn, soybeans, peanut kernel, and rapeseeds are calculated. Then the prices are weighted by the corresponding output available from China Grain Yearbook (State Administration of Grain, 2001 & 2011).
Admittedly, this evaluation method risks to overpraise the contribution of ecological capital to the final food products because the market prices of grain and edible oil contain the contribution from other types of productive assets including manufactured capital such as breeding machines and human capitals. However, due to the limitation in data availability, directly using the market price of food products to approximate the monetary value of food production service provided by ecological capital is the most accurate method currently available. 
(2) Carbon sequestration
The unit value of carbon sequestration service from ecological capital is calculated by Payment for Ecosystem Service schemes method and replacement cost method. The price of permit in the seven pilots of Emission Trading Scheme are observed. The same unit value is used for calculating the total carbon sequestration value for both year 2000 and 2010 due to the data limitation. However, since the benefit of carbon sequestration is not sensitive to the timespan which is only 10 years apart, so using the same unit value for two time points would not be a big problem.
(3) Soil retention
The unit monetary value of soil retention service is derived by replacement cost method. More specifically, the cost of manually improving soil nutrition is used to proximate the nature-provided service of retain the soil nutrition (Ma et al., 2017). In the following formula,  stands for the unit value of soil retention.  is the average content of nitrogen, phosphorus, potassium, and organic materials in soil.  is the content nitrogen, phosphorus, potassium, and organic materials in carbamide, calcium superphosphate, and potassium chloride, respectively.  stands for the fertilizer price of carbamide, calcium superphosphate, potassium chloride, and organic materials. The unit value of soil retention differs for 2000 and 2010 depending on the difference in fertilizer price at two time points.

(4) Sandstorm prevention
The unit monetary value of sandstorm service provided by ecological capital is derived by restoration cost method. The average cost of preventing sandstorm is retrieved from Measures of Colleting and Using Steppe Vegetation Restoration Fee in Inner Mongolia (Government of Inner Mongolia Autonomous Region, 2015). This value can be a good proxy for the unit monetary value of sandstorm prevention in 2010, but more precise proxy for 2000 needs to be found.
(5) Water retention and Flood mitigation
The replacement cost method is used to find the unit monetary value of water retention and flood mitigation service. The unit cost of constructing and maintaining reservoirs to store and retain water is retrieved from Assessment Standards for Forest Ecosystem Service Function (State Administration of Forest, 2008). The same value is used for both year 2000 and 2010 because the standards is issued between this timespan and should be a good proxy for both time points.
Results
To better apply the accounting to Kunshan, the unit value of food production service and soil retention service is calculated determined based on parameters specific to Kunshan. The price in 2010 is deflated using Consumer Price Index (National Bureau of Statistics, 2011b, p297) to convert into price measured in 2000 CNY.
Based on the Kunshan Statistics Yearbook (Kunshan Statistics Bureau, 2001, p109; 2011 p117), rice, wheat, and rapeseed are the dominating crop outputs in year 2000 and 2010, accounting for 95% and 94% of the total output of grains and edible oil crops respectively. So, the unit value of food production is calculated based on the market price, calorie content, and output weight of the rice, wheat, and rapeseed in 2000 and 2010. 
The average content of nitrogen, phosphorus, and potassium is 2.22 g/kg, 15.1mg/kg, 115mg/kg, and 35.5g/kg, respectively in 2009 (Yao, Wang, and Wu, 2013). Because the latest soil survey is in year 1982, this set of parameters is for calculating the unit value of soil retention service both in 2000 and 2010. 

	Table 1. Calculated Unit Value of Ecosystem Services
of Kunshan in 2010 and 2011 (in 2000 CNY)

	Ecosystem Service
	Physical Unit
	Year 2000
	Year 2010

	Food Production
	Kcals
	0.33
	0.53

	Carbon Sequestration
	Metric tons
	60
	48.56

	Soil Retention
	Metric tons
	4.40
	5.45

	Sandstorm Prevention
	Metric tons
	3.75
	3.04

	Water Retention
	Metric tons
	6.11
	4.95

	Flood Mitigation
	Cubic meters
	6.11
	4.95



Combining the CEA map with the unit value determined above, maps of the total value of six types of ecosystem services can be created. It is shown that about 90% of the area of Kunshan has seen increase in ecosystem service value from 2000 to 2010. However, the northwestern and southwestern corners have seen relatively sever decline in the value of ecosystem services. These two locations are where Kunshan are adjacent to Yangcehng Lake and Chenghu Lake and several other lakes. 



[image: ]
Figure 2. Distribution of Ecosystem Service Value of 
Kunshan and its Change (250m*250m grid)
Discussion
Although this paper demonstrates the necessity of using SEEA in performance assessment of ecological civilization and has shown how to construct SEEA, the difficulty in actually compiling SEEA and getting it adopted in assessment in the real world is ineligible. There exist a class of alternative development indicators, while GDP is still the headline indicator to assess how well a society is doing. Nevertheless, I believe that what this paper proposed has a good chance to be accepted as an pragmatical assessment tool. The methods to construct SEEA explained in this paper is compatible with the compilation of GDP except that the accounting boundary is expanded to include ecological capital. It can be expected that an accounting system that follows the basic rule of the conventional accounting is more likely to be adopted. In addition, in order to be compatible with the current economic evaluation, some of the value of ecological capital that is too distant from the market economy is discarded. This may sacrifice the comprehensiveness of the accounting but may help to improve the acceptability. 
There may be doubt that GDP is already a rather representative development indicator and there is no urgent need to construct other assessment measures. This argument is partly true. The gross income in SEEA shows little contribution because GDP has indeed encompassed a substantial proportion of consumption whether it needs the contribution of ecological capital or not. But GDP is not able to tell us the future consumption level, i.e., whether the current consumption is sustainable. Since the ecological civilization is more about preserving the ecological capital for the future consumption, alternative measure is needed. That is exactly why the net income in SEEA can contribute to the performance assessment of ecological civilization by accounting the net capital change in natural capital. 
Nevertheless, great efforts are still needed to polish the methods to compile SEEA so that it can be ready to be applied in performance assessment. This paper is just one minor attempt to explore its necessity and feasibility.
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Appendix
Table A1. Calculation of Unit Value of Food Production Service
	
	Calorie Content
(Kcals/kg)
	2000
	2010

	
	
	Output (tons)
	Price (2000 CNY/kg)
	Unit Value of Food Production
(2000 CNY/Kcal)
	Output (tons)
	Price (2010 CNY/kg)
	Unit Value of Food Production
(2000 CNY/Kcal)

	Wheat
	3.650
	68684
	1.02
	0.329
	38823
	2.07
	0.530

	Rice
	3.650
	200730
	1.27
	
	79158
	2.57
	

	Rapeseed
	8.830
	18147
	2.67
	
	2541
	4.2
	


Note: the 2010 CNY is deflated by 1.235543. The rice price is the price of round grained rice.

Table A2. Calculation of Unit Value of Soil Retention Service
	
	Soil Content (g/kg)
	Conversion Ratio
	2000
	2010
	

	
	
	
	Fertilizer Price (2000 CNY/ton)
	Unit Value of Soil Retention Service (2000 CNY /ton)
	Fertilizer Price (2010 CNY/ton)
	Unit Value of Soil Retention Service (2000 CNY /ton)

	Nitrogen
	2.22
	2.17 
	792.6957
	4.395
	1215.238
	5.454

	Phosphorus
	0.0151
	8.33
	1798.81
	
	2757.656
	

	Potassium
	0.115
	2.22
	1371.973
	
	2103.297
	


Note: the 2010 CNY is deflated by 1.235543. The rice price is the price of round-grained rice. The conversion ratios are taken from Ma et al. (2017).
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