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Water shortage has become a widespread problem worldwide. Preparation of water resource balance sheet forms the basis of regional environmental governance in China and is of great importance for achieving the sustainable development. This study is an attempt of developing a water resource accounting system on an accrual basis by preparing balance sheet and other essential supporting statements for Wuhan within the framework of a parallel reporting system, which is oriented to different objectives. The results show that during 2014–2020 the physical volume of Wuhan’s water resources fluctuated with net precipitation to a large extent. Since 2017, the value of Wuhan’s water has kept increasing even though the water volume of 2017–2019 still declined due to the earlier drought. This demonstrates a relatively better water management performance during the current terms of office, which indicates a positive role of the leadership accountability system based on natural resource balance sheeting that is being implemented in China. This study contributes to the literature on regional water resources accounting and environmental management. The water resource statements prepared for Wuhan, Hubei, China have a good level of generality. They provide a reliable basis for the local government’s performance assessment of water resources management and facilitate the implementation of water resource related policies.
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1 INTRODUCTION
Water is one of the most widely distributed substance on our planet. It exists almost everywhere (Falkenmark and Widstrand, 1992) and plays a vital role in both the environment and human life (Oki and Kanae, 2006; Lal, 2015). However, with the population growth and economic development, human demand for water resources continues to increase (UN-Water, 2008). Rapid population growth, fast urbanization, increasing economic development, unprecedented technological innovations, drastic land-cover alterations, and climate change have led to a global water supply crisis (Johnson et al., 2001; The World Economic Forum, 2013). At present, nearly half of the global population is already living in areas with potential water scarcity, and this number may increase to between 4.8 thousand million and 5.7 thousand million by 2050 (WWAP, UN-Water, 2018). As a result, the World Economic Forum has declared the water supply crisis as one of the top five crises facing the globe over the next 10 years (The World Economic Forum, 2013). Besides, over two thousand million people have no access to safe drinking water worldwide. Water-borne diseases lead to 250 million illnesses (Gleick, 2016; WWAP, 2019). Water resource utilization sustainability has become a global issue that will eventually pose a serious threat to human health and even survival if not controlled (WWAP, 2019). Therefore, how to evaluate the development and sustainability of regional water resources has become an issue that scientists around the world have relentlessly explored (Richter et al., 2003).
As in many other parts of the world, water resources are increasingly under pressure in China (He et al., 2020). Presently, China is a water-scarce country in terms of water resources per capita (Zhou and Tol, 2004). Among the 663 cities in China, more than 400 cities are short of water all the year round, and 110 cities are seriously short of water (OECD, 2007). In this context, China has made some efforts in water resources management. In 1988, China’s first guiding law on water resources management, the Water Law, was issued. Three laws on water pollution control, water and soil conservation and flood control were also promulgated within 9 years around 1988. After the revision of relevant laws, the water law system tended to be improved. The government began to guide the public to participate in the supervision mechanism of environmental protection, so that citizens’ awareness of environmental protection was gradually increasing. In 2013, the Chinese authorities issued the Measures for the Implementation of the Most Strict Water Resources Management System Assessment, setting specific targets for total water consumption, water use efficiency, and water quality compliance rate of water function zones in various provinces, autonomous regions, and municipalities (Wang and Shi, 2021). In 2016, China Water Resources Bureau proposed the river chief system, which means that the main leaders of the government at all levels serve as the river chief, responsible for organizing and leading the management and protection of corresponding rivers and lakes. This system strengthened the leadership responsibility for water resources. The lifelong responsibility makes leading cadres have to pay more attention to water resource management.
To further clarify the leaders’ responsibilities in management of the natural resource assets, including water resources, the Chinese Authorities proposed to explore the preparation of natural resource balance sheet (CCCPC, 2013). And then it was specified that the government should set up an agency to manage and monitor the state-owned natural resource assets, which highlights the importance of natural resource assets accounting. In fact, the contradiction among economic growth, resource consumption, and environmental pollution in China is the product of policies that focus purely on GDP. Therefore, exploring the preparation of the natural resource balance sheet is an innovative plan proposed by the Chinese authorities to achieve sustainable utilization of resources. It aims to fundamentally resolve the contradictions among economic growth, resource consumption, and ecological destruction from the perspective of reforming the cadre incentive system (Wang, 2019). Preparation of natural resource balance sheet, on one hand, reflects the current conditions of regional natural resources at a certain point in time (Yang et al., 2018) and changes of natural resources during a period. These detailed recordings are conducive for leading cadres to formulate practical strategies and policies (Song et al., 2019). On the other hand, as a basis to promote the ecological civilization construction and sustainable development, preparation of natural resource balance sheet can provide a data support for the off-office audit of leading cadres (Tang et al., 2020).
The purpose of this study is to examine the issue of regional water resources accounting. We attempt to introduce a parallel natural resource reporting system and prepare regional water resource balance sheet, income statement and stock and change statement, based on which we present the regional water resource management results in recent years. This study is an attempt to examine the effectiveness of the natural resource balance sheeting practice and leadership accountability system being promoted in China. It is also expected to provide a reference for water resource accounting in other regions.
2 LITERATURE REVIEW
2.1 System of Environmental-Economic Accounting
To account for the results of human economic activities, the British economists Meade and Stone (1941) built SNA (the System of National Accounts), which was adopted in 1953 by international organizations such as UN (the United Nations) and the World Bank. SNA 2008 issued by the United Nations in 2008 incorporated the national balance sheet into the national economic accounting system. However, The SNA focuses on GDP. Additionally, the accounting system, influenced by resource bias and environmental conditions, tends to generate “false economic prosperity” and “hollow” resources (Hartwick, 1990). This means that SNA does not adequately account for the environment (Nordhaus and Tobin, 1972). As a result, Incorporating resource depletion and environmental pollution into macro-economic accounting has become a hot topic in the field of environmental economics (Costanza et al., 2014). Moreover, scarcities of natural resources and health effects from overloaded sinks for wastes and pollutants had driven extended accounting for improved welfare measurement (Daly and Cobb, 1989; Leipert, 1989). The United Nations (UN) and the World Bank added NR (Natural Resource) and the environment to the national economic accounts in 1993, and then issued the SEEA (System of Environmental-Economic Accounting). This system is coordinated with SNA, using data of physical volume to describe economy-environment interactions in various fields (Eigenraam and Obst, 2018).
After three revisions in 2000, 2003 and 2012, the United Nations SEEA-CF (System of Environmental–Economic Accounting Central Framework) has become an international statistical standard that describes stocks and changes of environmental assets in 2012 (Virto et al., 2018). SEEA 2012 involves multiple disciplines of economics and environment. This system comprehensively expounds the classification, accounting standards and accounting methods of natural resources, etc. As the most widely accepted standard system of environmental economic statistics in the world, SEEA 2012 was used for reference by many countries to explore the construction of their own environmental-economic accounting system. For example, In Australia, SEEA-W (The System of Environmental-Economic Accounting-Water), as the part of SEEA, has been used to support integrating water into economic modelling among others (van Dijk et al., 2014). Additionally, under the guidance of the sustainable development philosophy, accounting and management of their domestic natural resources were conducted on the basis of the SEEA in Namibia, Guatemala and the Netherlands (Morton et al., 2016; Zhang et al., 2017; Vardon et al., 2018). Meanwhile, various regions in China have also begun to conduct extensive explorations on the preparation of natural resource balance sheets.
2.2 Natural Resource Accounting
There is a vast amount of practice on natural resource accounting internationally. Since the 1970s with some initiatives in Canada, Denmark, France, the Netherlands, Norway and Spain, we have witnessed substantial efforts to develop natural capital accounting (Laurans et al., 2013; Weber, 2014). Some researchers have used the SEEA as a guide to explore the construction of a national framework for natural resource asset accounting (Bright et al., 2019; Smith, 2020). Norway has established extensive resource-accounting system to supplement their national income accounts (Costanza et al., 1997). Finland established the framework of natural resources accounting including the detailed forest accounting (Lange, 2004). The Mexican government incorporated oil, land, water, air, soil and forest into the Environmental and Economic Accounting, the stocks and flows of which are measured in physical and monetary unit (Gonzalez-Martinez and Schandl, 2008).
Research on natural resource accounting began late in China but has developed rapidly. In the early 1980s, the Office of the Leading Group for Environmental Protection and the National Bureau of Statistics jointly established an environmental protection statistics system. After a long period of development, September 2006 saw the release of the Research Report on China’s Green National Economic Accounting 2004 (SEPA, 2006). Later, in November 2013, at the third Plenary Session of the 18th CPC Central Committee, the proposition was made to explore preparation of the balance sheet of natural resources and carry out the off-office auditing of leading cadres’ natural resource assets. This resulted in an upsurge in research on natural resource asset accounting. Preparation of natural resources balance sheet is a new concept proposed by Chinese government. Therefore, the current domestic theoretical research related to natural resource balance sheet is still in the exploratory stage. Some scholars adhere to the principle of starting with easy things first, putting forward ideas of the construction of natural resources balance sheet from hot theoretical issues (e.g., the purpose, significance and the main theories). Wu et al. (2020) discussed the concept and classification of natural resources and natural resource assets. Moreover, they put forward suggestions on the formulation of China’s natural resources government accounting standards. Wang et al. (2021) defined precisely each element of natural resource accounting. Based on this, they develop a parallel natural resource reporting system for the purpose of off-office auditing, which is a relatively accepted system of the natural resource balance sheet in China at present.
2.3 Water Resource Accounting
The current international system of water resource accounting mainly includes SEEA-W (the System of Integrated Environmental and Economic Accounting-Water) and AWAS (the Australian Water Accounting Standard) (Danoucaras and Woodley, 2013). SEEA-W provides a conceptual framework for the integration of water resources and economic information (Borrego-Marín et al., 2016), and a series of accounts for water resources accounting, including physical, value, and water quality accounts. As a satellite account of the SNA, SEEA-W aims to include water resources into the national economic accounting and reflect the important role of water resources in economic development (Gan and Gao, 2008). A range of water accounts have been developed based on SEEA-W in different parts of the world (Edens, 2013; Charpleix, 2017). For example, Basic water accounts have been developed in Botswana, Colombia, and Costa Rica (Vardon et al., 2018). Furthermore, accounts that are more detailed are available for Germany, Norway, and Sweden (Smith, 2020). Netherlands’ water accounts provide information on the use and the monetary value of water resources in the country (Edens and Graveland, 2014). AWAS refers to the principle of accounting and introduces the loan relationship into water resources accounting. Based on the water rights system and the annual allocation rules regarding water resources, detailed records of the stock, the income and expenditure of water resources are prepared. This standard adopts the financial accounting theory and system, and takes an accrual basis as the basis. Under the precondition of the water rights being clarified, it takes physical volume as the measurement attribute and adopts the double-entry bookkeeping to prepare statement of water assets and water liabilities, statement of changes in water assets and water liabilities, and statement of water flows. AWAS is one of the few international accounting systems that includes liabilities (Qin et al., 2017).
Some progress has also been made in water resource accounting in China. The NBS (National Bureau of Statistics) began to carry out pilot ecosystem accounting in Guangxi Zhuang Autonomous Region and Guizhou Province in 2017. During this time, the NBS developed close cooperation with the UN Statistics Division, the UN Environment Programme and the European Union on NCAVES (Natural Capital Accounting and Valuation of Ecosystem Services) to strengthen the guidance on national natural resource balance sheets. The natural resource balance sheets they prepared related to the physical and ecological value of land, forest and water ecosystems in Guangxi and Guizhou Province.
To summarize, issues on natural resource balance sheeting are still under exploration. Agreements have hardly been reached on the concepts, principle and presentation of natural resource balance sheet. Besides, researches in the field of environmental accounting have currently been conducted more at the micro-entity level and less at the national or regional government level (Song et al., 2019). Few attempts have been made to account for natural resources based on the accrual basis.
In view of this, we attempt to prepare regional water resource balance sheet, income statement and stock and change statement on an accrual basis, so as to present the data of physical volume and value of regional water resource assets. Based on this, we assess the local government’s water resource management in recent years to find out the impact of China’s ongoing natural resource assets leadership accountability system on local water management.
3 CONCEPT FRAMEWORK
3.1 Reporting Objectives and Accounting Entity
The identification of the purpose is central to the development of a coherent basis for structuring financial reporting (Sutton et al., 2015). The objective and motivation of preparation of the sheet mainly include the following two parts. On the one hand, the purpose of preparation a water resource balance sheet is to investigate the “background” of China’s water resources assets (Yang et al., 2018). According to the reporting data, we can analyze the amount of change in water resources assets and the reasons for the changes, which is conducive to the transformation of China’s water resources assets from “management” to “governance” (Zhang et al., 2010). On the other hand, the report of the water resource balance sheet focuses on improving the off-office auditing to maintain a balance between economic development and ecology (Tang et al., 2020). Preparation of a water resource balance sheet not only can reflect the utilization of water resources in the process of economic development, but also is a prerequisite for incorporating environmental performance into the performance evaluation system.
Preparation of the natural resource balance sheet should focus on the identification of the accounting entity, which is one of prerequisites for asset measurement (Collis et al., 2010). Accounting is possible only when there is an area of economic interest that can be defined (Kurunmaki 1999). In addition, the off-office auditing requires clearly defining the subject of responsibility in the preparation, the purpose of which is to achieve the coordinated development of economy and environment (Ogilvy et al., 2018). Chinese natural resources have the attribute of public property rights. The subject for the protection and use of natural resources is the relevant government departments. Therefore, the preparation subject of the natural resource balance sheet should be the relevant government departments rather than enterprises (Song et al., 2019). The determination of the preparation entity of the relevant resource balance sheet should be different from the determination of the financial accounting entity. Government departments should be the main choice for the preparation subject of natural resource balance sheet. In the water resource balance sheet, the accounting entity is the owner of water resources. According to Law of the People’s Republic of China on Water, the ownership of water resources belongs to the state. However, the state just carry out macroscopic adjustment on water resources. Regional governments have the authority to manage and allocate water resources. Therefore, the accounting entity of water resource balance sheets is the government at all levels.
3.2 Accounting Basis
Preparation of the water resource balance sheet has its accounting basis, which is determined by the preparation principle and logic of the balance sheet.
3.2.1 Double-Entry Bookkeeping System
Financial accounting is based on double-entry bookkeeping, whereby each economic event recorded has equal and opposite effects on at least two related accounts (Trotman and Gibbins, 2003). As component of the financial reports, balance sheet is also based on double-entry bookkeeping. Double-entry accounting applies to the natural resource statement preparation and is used throughout this process. The system takes “asset = liability + owner’s equity” as the accounting balance. It records each transaction or event in equal amounts in two or more accounts that are related to each other (Ker, 1970). Therefore, we can comprehensively reflect the change of each stock and flow of natural resources through the increase or decrease of accounting elements.
3.2.2 Accrual Basis
The accrual method of accounting is commonly accepted as the most scientific and accurate method of handling accounts (Husband, 1926), under which transactions are identified as the underlying economic events occur, regardless of the timing of the related cash receipts and payments (Khan and Mayes, 2009). Following this methodology, revenues are identified when income is earned, and expenses are identified when liabilities are incurred or resources consumed (Khan and Mayes, 2009). For one of the objectives of water resources reporting—the exit audit of leaders—we need to identify whether the entity’s claims/obligations involving the water resource assets are specifically related to the current period. The water resource statements that are based on an accrual-basis allow for a clear delineation of the “payables” or “receivables” from period to period (Husband, 1926), so as to clarify the performance of responsibilities during the term of the leader as well as provide data support for the off-office auditing of leading cadres’ natural resource assets. For events occurring during a leader’s term of office that have a high probability of resulting in a loss of natural resources, even if the outcome of the loss has not yet been seen, a provision should be made for the possible future loss during this term since the related obligation has been incurred. This treatment follows the accrual principle.
3.2.3 Multi-Measurement Attributes
The macroscopic characteristics of natural resource distribution, as well as the uncertainty of environmental impact, complicate the balance sheet accounting (Song et al., 2019). When preparing the water balance sheet, the principle of “calculating the physical volume first, then the value quantity” should be followed. As there has not yet been a standard system for measuring the value of water resource assets, the monetary value measurement is a difficult part of water resources accounting. It is not feasible to require that water assets be measured in monetary units only (Mia, 2005). Physical volume measuring is essential to the water resource valuation. Value accounting is based on physical accounting. The corresponding water resource value data is obtained through the comprehensive accounting of water resource assets such as valuation and recording. Therefore, preparation of the natural resource balance sheet can first calculate the physical volume and then the value quantity, which means that we should give priority to preparing the physical accounting statement of natural resource assets.
3.3 Accounting Elements
3.3.1 Elements of a Balance Sheet
Among the accounting elements of natural resource balance sheets, scholars have unified the definition of assets. According to the SNA2008 and SEEA 2012, the confirmation of the natural resource assets should follow two basic conditions: “the ownership belonging to the authority” and “the inflow of the economic interests.” “The inflow of the economic interests” requires resources to have rarity and value. Thus, combining the SNA 2008, SEEA 2012, and IASB’s definitions of assets, water resources assets can be defined as scarce water resources owned by the state, managed or controlled by the government departments, and from which future economic, ecological, or social benefits are expected to flow to the entity.
The concept of natural resource liabilities has been subject to considerable controversy. Financial Accounting Standards Board (FASB) defines liabilities as “liabilities are probable future sacrifices of economic benefits arising from present obligations of a particular entity to transfer assets or provide services to other entities in the future as a result of past transactions or events.” The present obligation in this context refers to the obligation to discharge the debts. The vast majority of current studies believe that natural resource liabilities are excessive depletion of natural resources as a result of human production and living activities. We compare this definition with the FASB’s definition of “liabilities.” Although excessive depletion of natural resources is a result of past transactions or events of the accounting entity and is likely to result in the future sacrifices of economic benefits, the excessive depletion of natural resources is not a present obligation. Meanwhile, there are neither reasonable creditors nor a specified pay-off date for the natural resources. The liabilities do not meet the IASB’s definition of “liabilities” because they cannot find an object who should perform their obligations. Therefore, it is believed that the so-called natural resource liabilities does not exist.
The natural resource balance sheet must meet the accounting equation of “asset = liability + owner’s equity” (Collis et al., 2010). In the natural resource balance sheet, the natural resource owner’s equity directly reflects occupant and control of natural resources by the state and entities. Some scholars believe that natural resource owner’s equity reflects the government’s total wealth of all natural resources owned by the country or region (Sheng and Yao, 2017). Other studies also generally take this view as the concept of natural resource owner’s equity. The definition of water resource owners’ equity in this study will also follow this view. Since there are no natural resource liabilities, natural resource assets should be attributed to owners’ equity. The natural resource owner’s equity can be divided into two parts: natural resource capital and natural resource retained earnings (Wang et al., 2021). Natural resource capital refers to the region natural resource equity when the current leading cadres take office. Natural resource retained earnings are the cumulative amount of the natural resource net income carried forward in each year during the tenure of the leading cadres. When the leading cadre leaves office, the balance of the natural resource retained earnings can reflect the performance of the leader’s natural resource management during his tenure, so as to meet the needs of natural resource asset off-office audit.
3.3.2 Elements of an Income Statement
Few studies have been conducted to conceptually define the elements of natural resource income statements. However, it can be seen from the double-entry bookkeeping system and the accrual basis that preparation of balance sheets in the field of natural resource accounting cannot avoid the definition of the elements of the income statement.
Revenues are the increase in economic benefits during the accounting period in the form of inflows or enhancements of assets or decreases of liabilities that result in increases in equity, other than those relating to contributions from equity participants (IASB, 2014). Referring to this definition, Wang et al. (2021) defined natural resource revenues as the increases in natural resources formed in natural resource maintenance, maintenance, cultivation, and other activities within a certain period that result in increases in owner’s equity, other than those relating to the newly invested capital. Combined with the characteristics of water resources--circulation and fluidity (Oki and Kanae, 2006), we define water resource revenues as the increases in water resources formed in water resources maintenance and other activities within a certain period that result in increases in owner’s equity, other than those relating to the newly invested capital. Specifically, it includes natural precipitation revenue, inflow revenue from outside region revenue, and industry return revenue, etc. It should be noted that the “revenues” is referred to in a broad sense, which includes not only daily water resource operating revenues, but also incidental revenue caused by resource reclassification.
Expenses refer to the decreases of assets or increases of liabilities that result in decreases in equity, other than those relating to distributions to participants (IASB, 2018). Drawing on accounting elements and basic principles, Tutore (2010) regards the compensation and recovery costs of resources consumption and ecological destruction as environmental costs. Wang et al. (2021) defined natural resource expenses as the decrease of natural resource assets caused by natural resource exploitation, utilization, destruction, and other activities within a certain period that result in decreases in owner’s equity, other than those relating to the profit allocation. Combined with the views of the above scholars, this study defines the water resource expenses as the decreases of water resource assets caused by the utilization and destruction of water resources in a certain period that result in decrease in owner’s equity, other than those relating to income distribution and other activities. Same as income, in addition to normal water resource outflow expenses, the expenses here should also include incidental expenditures such as resource revaluation, impairment, reclassification, and abnormal losses caused by disasters. It should also be noted that the decrease in assets referred to in the expenses not only represents the decrease in the natural resource physical volume, but also includes the decrease in the value due to pollution. If the abnormal losses caused by improper use, disaster damage, etc. can be reasonably predicted before they actually occur, in accordance with the accounting accrual principle and prudence principle, the losses to be incurred should be accrued. The specific recording method is to record an allowance for water assets on the one hand and the occurrence of losses on the other.
Similar to the “profit” defined by the IASB, natural resource profit reflects the results of natural resource development and utilization within a certain period. According to IFRS, profit equals income less expenses (Barker, 2010). In the same view, natural resource profit should be the difference between natural resource income and expenses (Wang et al., 2021). Therefore, this study believes that water resource profit can reflect the results of water resource development and utilization within a certain period, which is the difference between water resource income and expenses. Both income and expenses are both macroscopic, under which water resources profit includes not only recurring items, but also incidental items and abnormal gains and losses. Ultimately, the net water resource benefits will be periodically carried forward to owners’ equity. If the current profit is a net gain, water resource retained earnings will increase; if it is a net loss, water resource retained earnings will decrease.
3.4 Framework of a Parallel Natural Resource Reporting System
With the release of a “multi-purpose, conceptual framework” by the United Nations--SEEA 2012, countries have gradually developed their own systems of environmental-economic accounting under the guidance of the framework. China proposed to “prepare a natural resource balance sheet and implement the off-office audit of leading cadres’ natural resource assets,” which shows that China’s natural resource accounting goals are not only to reflect the natural resources “background,” but also to serve the information needs of the off-office audit of natural resource assets for government and leaders. At this stage, most of the natural resource accounting statements currently are statistical statements. These statements generally only record the actual stock and flow of regional natural resources in a certain period. Moreover, they are mostly physical accounting tables rather than value accounting statements. It is difficult to unify the measurements of various natural resources, which cannot provide direct data for the resource management performance appraisal during the tenure of leading cadres. Therefore, we require a multi-target-oriented parallel reporting system for natural resources.
Taking the government financial accounting system as an example, when facing the users of the government final accounts report, it requires the budget accounting system to provide the information of the reporting entity’s annual budget revenue and expenditure implementation results. When facing the users of government financial reports, the government financial accounting system is needed to provide the financial status and other information of the subject at a certain time. Similarly, the multi-objective orientation of natural resource accounting determines the necessity of a parallel reporting system. As Figure 1 shows, the natural resource statistical reporting system mainly serves the resource investigation and monitoring objectives, thus needs to be based on the cash basis; the accounting statement system mainly serves objectives of the resource management performance appraisal, and therefore needs to be based on the accrual basis. The formation and development of the parallel reporting system in the field of natural resource accounting lies in its dual goal orientation.
[image: Figure 1]FIGURE 1 | Framework of parallel water resource reporting system.
4 FORM OF WATER RESOURCE STATEMENTS
4.1 Presentation of Water Resource Statements
This study referred to the natural resource accounting framework system constructed by Wang et al. (2021). Based on the objectives of preparing the natural resource balance sheet in China, this study proposes the table structure of water resource accounting statements and statistical statements suitable for Chinese conditions, which includes regional water stock and change statement (Table 1), regional water resource income statement (Table 2), and regional water resource balance sheet (Table 3).
TABLE 1 | Regional water stock and change statement (in 100 million [image: image]).
[image: Table 1]TABLE 2 | Regional water resource income statementa.
[image: Table 2]TABLE 3 | Regional water resource balance sheet.
[image: Table 3]4.2 Comparison With Australian Water Statements
The water resource balance sheet and related accounting accounts that China explored and prepared are not the same concept as AWAS. There are many differences between them. The Australian water accounting system has been implemented for many years and is therefore relatively mature. The formation of water rights is the foundation of the Australian water accounting system. In Australia, water rights have a mature online trading system. Therefore, accounting for water resource products and corresponding water rights is the essence of the Australian water accounting system, which is the same as the essence of accounting for intangible assets related to microeconomic entities. In contrast to the Australian water accounting system, the water resource balance sheet explored and prepared in China takes the government as the reporting subject rather than a micro-entity. The accounting object of China’s water resource balance sheet is water resources that are in the state of natural and undistributed utilization, rather than water resources products and corresponding water rights. The reporting objective of the water resource balance sheet is mainly to investigate the local water resource background and serve the off-office audit of natural resource assets. The differences between China’s water resource balance sheet and the Australian water accounting system are:
1) Accounting entity. The origin of Australian water accounting is to meet the needs of the water rights trading market. Therefore, the accounting entities of the Australian water accounting system are mostly single water subjects, such as water supply companies. On the contrary, the accounting of water resource balance sheet and related accounting accounts currently explored in China is from a national (regional) macro perspective. The accounting entities are local government departments that have the right to manage and distribute water resources.
2) Reporting objectives. The purpose of balance sheet reporting under the AWAS is to assist users (such as a single micro entity or a region) in making and evaluating decisions about the allocation of water resources. The report mainly serves the analysis, decision-making, and management of water-related activities by accounting entities. It provides support for the rational allocation of water resources and improves the water resource refined management level. However, the water resource reporting system explored in China not only reflects the value of all the assets owned by the accounting entity, with the aim of finding out the “background” and the utilization of water resources in China, but also meets the needs of the off-office audit of leading cadres’ natural resource assets. The government can judge whether regional leaders have properly performed their supervision and protection responsibilities by reporting the utilization of water resources, so as to promote environmental performance into the political performance appraisal system.
3) Accounting scope. The Australian water accounting system mainly records and reflects the change process and results of water resource products and related water rights owned by certain equity entities. In contrast, the accounting object of the water resource balance sheet and related accounts prepared in China is the natural and unallocated water resources with a government as the equity entity. It records and reflects the stock and changes of water resources under natural conditions, as well as various operating profits and losses, etc.
4) Concept of “liabilities.” As the accounting entity of the Australian water balance sheet is a single micro-enterprise and there is a market for water rights, water liabilities are reflected in debt-claim relationships between water entities. It also includes liabilities to “others” arising from exceeding their own water resources equity limit, mainly referring to present obligations that may lead to the increase in water subject’s obligations or the decrease of water assets of the water reporting entity (WASB, 2009). Australian Water Accounting conducts accounting from the perspective of micro-entities. Water liabilities defined by Australia have definite creditors and debtors, and are the incurred obligations to be performed, which meets the IASB’s definition of liabilities. However, China’s natural resource balance sheet accounting is based on the macro perspective. There is no clear creditor and repayment date for water resources. Therefore, China’s water resource balance sheet should not identify water resources liabilities.
5 REPORTS OF WUHAN’S WATER RESOURCES
Located in the middle part of China in the Yangtze River Basin, Wuhan is the core city in the central region. In 2020, Wuhan, the most influential area in the middle reaches of the Yangtze River Basin in terms of socio-economic development, had a permanent population of 12.45 million people and a regional gross domestic product of US$226.43 thousand million. Due to the subtropical monsoon climate, rainfall in Wuhan is abundant all year. As shown in Figure 2, the rivers in the city are longitudinal and horizontal. The lakes and ports are intertwined. The total water area of the whole city is 2,217.6 km2, accounting for 26.1% of the land area (8,494.41 km2) of the whole city (Zhang et al., 2019). Compared with other megacities in China, Wuhan has outstanding advantages in water resources. It is known as the “River City” and “City of Hundreds of Lakes,” with 165 rivers and 166 lakes. Wuhan is rich in fresh water resources as well as possesses the largest water area among large cities in China (Li et al., 2017). The Yangtze River and its largest tributary, the Han River, traverse the center of the city and divide the central city of the Wuhan into three parts, forming the three towns of Wuchang, Hankou, and Hanyang across the river (Zhang et al., 2019). Because of its superior geographical position and convenient waterways, the city has grown rapidly, which has become an integrated transport hub in China.
[image: Figure 2]FIGURE 2 | Geographical distribution of Wuhan's water resources (Source: Zhang et al., 2019).
In recent years, Wuhan has improved the management and protection of water resources and the environment. Many relevant regulations have been formulated, such as the Wuhan City Regulations for Water Conservation and the Wuhan Flood Control Ordinance, which led to the gradual legalization of urban water environment management. In 2017, Wuhan carried out the river chief system. A strict assessment and accountability mechanism began to be implemented in Wuhan.
5.1 Data Sources
The corresponding basic data were mainly obtained from Wuhan water resources bulletin and Hubei province water resources bulletin. Based on statistical data, this study took the water resources in Wuhan as an example to prepare water resource stock and change statement, water resource income statement, and water resource balance sheet. Learn from the ideas and sample formats developed by scholars, firstly, we prepared the water resource stock and change statement according to the reserves and utilization of water resources in Wuhan. Secondly, we prepared Wuhan’s water resource income statement according to the completed stock and change statement in Wuhan. Finally, we used the two statements above to prepare a water resource balance sheet for Wuhan. The water accounting process is specifically illustrated for 2019 which is the opening year of the change of government.
5.2 Notes on Preparation of the Stock and Change Statement
The water resource stock and change statement is a statistical report based on the cash basis. The water resource stock and change statement mainly includes three parts: The first part is the beginning stock balance and the ending stock balance, which means the stock at the beginning and the end of a period. The second part is the increase in stock because of natural reasons (such as water inflow, precipitation) and human activities (such as return flow). The third part is the reduction of stock, which is due to human activities (such as water withdrawal) and natural reasons (such as water outflow, non-process depletion). Especially, the index, average runoff coefficient, required in precipitation is calculated by using the average runoff coefficient 0.85 in Wuhan urban area obtained by Hong et al. (2014) In addition, due to the lack of precipitation infiltration recharge coefficient in Wuhan, this paper adopts the precipitation infiltration recharge coefficient of 0.15 (Wang 2015) in Xiangyang, Hubei Province, which belongs to the same plain area as Wuhan and has a similar environment to Wuhan.
The “non-process depletion” in the stock and change statement is a difficult index to understand and has certain uncertainty. The indicator is interpreted in the National Water Resources Comprehensive Planning Technical Regulations in China as the amount of water depleted by transpiration, by evaporation from soil and free water surfaces, and by leakage, etc. during the accounting period. Specifically, the non-process depletion of surface water mainly consists of the evaporation of surface water such as rivers, lakes, and reservoirs and the drainage evaporation of drainage facilities; the non-process depletion of groundwater mainly includes the evaporation of shallow groundwater. There is a view that the evaporation of this indicator has already been fully considered in the process of obtaining the “precipitation” indicator (Kuczera, 1982; Gabos and Gasparri, 1983). Therefore, this indicator should not be recalculated in the stock and change statement. However, in the practice of water balance analysis and calculation, the basic data required for preparation of water resource stock and change statements have not been fully incorporated into the daily statistical monitoring work of the management department. It is a universal phenomenon that some data is missing in the physical accounting of water resources. In addition, the division of responsibilities of relevant departments and other reasons will also lead to the absence of some crucial data or larger numerical differences in similar data (Song et al., 2019), resulting in poor accuracy of physical accounting, which makes the equation “the ending balance = the beginning balance + change” unbalanced. Therefore, we introduce the “non-process depletion” to keep the balance of the whole statement (Wang et al., 2016), and obtain Wuhan’s water resource stock and change statement in 2019 (Table 4).
TABLE 4 | Wuhan’s water resource stock and change statement in 2019 (in 100 million m3).
[image: Table 4]5.3 Notes on Preparation of the Income Statement
The physical accounting in the water resource income statement is based on the accrual basis. The income statement is an accounting statement based on the accrual basis, which reflects the amount of various accrued revenues and expenses of water resources over a period. However, there are few revenues receivable in water resource accounting. Thus, the increase in the stock and change statement corresponds to the physical volume of the water resources operating revenues respectively. Similarly, the decrease in the stock and change statement corresponds to the physical volume of the water resources operating expenses respectively. The water pollution restoration revenues and water pollution losses only involve value, not physical quantities. Therefore, these items cannot correspond to the stock and change statement.
The monetary value accounting of the water resource income statement should be based on the view that there are value differences in water resources of different water quality. In social life, the quality of water resources determines the different uses of water resources, which makes the prices of water resources different as well. Generally speaking, the water quality of the water resources formed by precipitation is affected by many factors. In this study, the precipitation revenues are estimated by using the average price of water grade I, II, III, IV, and V. Industry return revenues, which are the return of industrial water, are calculated by the price of water resources of the IV. Irrigation return water is generally agricultural water discharged or infiltrated from fields and channels into the ground, which eventually becomes a reusable water source. Therefore, the revenue is accounted relied on the price of V water resources. Social water consumption expenses are based on the stage-separated water prices in Wuhan. In particular, in the social water consumption, ecological water consumption, which is mostly the loss caused by evaporation and transpiration, is calculated based on the water resource prices of I, II, and III water quality because of good water quality. Regarding the inflow from the outside regions, the water quality is different when different rivers flow into the area. In principle, we should account for the inflow revenues of each river separately. However, 99% of the water that flows into Wuhan comes from the Yangtze River, Hanjiang River, and the rivers of Daoshui, Sheshui and Jushui. In addition, when the five rivers flow into the area, the water quality of these five rivers is II or III. Thus, based on the principle of materiality, this study takes the price of I, II, and III water resources as the unit inflow revenue from the outside regions. The inflow revenue that should be calculated separately is calculated by multiplying the total inflow by the unit income. For the outflow expense to the outside regions, the calculation method is the same as the above inflow revenue. Therefore, we take the prices of I, II, and III water resources as the unit outflow expense to the outside regions, multiplying the total outflow by the unit expense to obtain the outflow expense. Wuhan’s water resource income statement in 2019 is presented in Table 5.
TABLE 5 | Wuhan’s water resource income statement in 2019.
[image: Table 5]5.4 Notes on Preparation of the Balance Sheet
5.4.1 Accounting Based on Physical Volume
As accounting for the physical volume of water resources assets, the differential classification of water resources should be proposed according to the type of water quality. As water resources, different water quality levels directly affect their practical applications. Therefore, it is necessary to classify assets according to water quality types when accounting for water resources assets. In surface water, the total physical volume of water resources, which have different water quality, in rivers and lakes is usually not directly obtained from the Water Bureau. Therefore, the calculation formula for the total physical volume of water resources in rivers or lakes is as follows:
[image: image]
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Where [image: image] is the total physical volume of water resources that have different water quality in the rivers; [image: image] is the percentage of river length of rivers that have different water quality to the total river length; R is the total water resources of the rivers; [image: image] is the total physical volume of different water quality in the lakes; [image: image] is the area percentage of lakes with different water quality in the total Lake area; P is the total water resources of the lakes.
However, the total water resources of rivers and lakes in Wuhan have not been announced separately. It is impossible to account for the water resources of rivers and lakes separately in Wuhan. Moreover, Wuhan has not released the percentage of river length with different water quality. We adopt the total surface water resources and the percentage of river sections with different water quality (the percentage of the number of river sections with different water quality to the total number of sections) to account for the physical volume of surface water. Since people’s production and domestic water mainly comes from rivers, it is reasonable to measure the proportion of total surface water with different water quality by the percentage of river section (Yang, 2016).
5.4.2 Accounting Based on Value
The water resource balance sheet mainly involves two aspects in the value quantity accounting: On the one hand, we need to calculate the book balance of water resource assets. On the other hand, we estimate and accrue the relevant losses.
1) Book value of assets
Due to the limitation of data acquisition, it is currently difficult to calculate the ecological value of water resource assets. The value of water resource assets described in this study in a narrow sense only refers to the economic value. The economic value of water resource assets is calculated as follows:
[image: image]
Where [image: image] is the value of water resources with different water quality; [image: image] is the value of water resources per unit of different water quality; [image: image] is the physical volume of water resources with different types of water quality.
Water resources with different water quality can meet different needs. According to different purposes, the value of water resources with different water quality is also different, which means that high-quality water resources have higher prices. Due to the absence of unified pricing of water resources, we refer to the stage-separated water price in Wuhan, determining the value of water resources according to the different uses of different water quality. I, II and III water resources are mainly used for drinking and aquaculture. There is no significant difference in functions for I, II and III water resources. Therefore, the price of I, II and III water resources is calculated according to the average price of domestic water and special industry water, which is $0.86565 m−3 (converted to USD at the 2020 exchange rate, 1USD = 6.8974CNY. The prices below are also converted to USD at this same rate). Type IV water resources mainly apply to general industrial purposes. Therefore, the price of such water resources is calculated by the price of non-residential water of $0.50605 m−3. Type V is mainly applicable to agriculture water and general landscape requirements. The price of this kind of water is calculated by the agricultural water price of $0.0116 m−3 (according to the Investigation Report on the Comprehensive Reform of Agricultural Water Price in Hubei Province issued by the Water Conservancy Bureaus of Hubei Province). Inferior V water body basically has no useful function, so the value is $0.
2) Provision for allowances
Based on the accrual and prudent principles, for events that have already occurred and are likely to lead to catastrophic consequences and cause significant losses in the future, the potential losses caused by the events should be estimated. The abnormal losses of water resources are generally caused by pollution, commonly for emergent water pollution accidents. There is no regular discharge mode for unexpected water pollution accidents. These accidents are sudden and fierce, often discharging a large number of harmful pollutants into the river in a short time. When a water pollution accident occurs, the water body with excellent water quality quickly becomes inferior V water quality, so that the water body has no useful function. Thus, the polluted water resources pose a great threat to human health and life safety. Moreover, these threats restrict the ecological balance and socio-economic development (Schwarzenbach et al., 2010; Wang et al., 2018). Because of the unpredictability of environmental pollution accidents, it is difficult to estimate the losses. Therefore, the allowance items for water resource assets involved in the balance sheet lack objective data as a basis, which makes it difficult to recognize the allowance items. In this study, the following formula is used to estimate the accident loss. Based on the historical maximum economic loss caused by similar accidents, the loss provision shall be calculated in a certain proportion, which can be the ratio of the physical amount of pollutants leaked by the two accidents or the ratio of the change of water resource pollutant concentration after the accident.
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Where D is the accrued amount of accident loss; [image: image] is the estimated physical volume of pollutants leaked after the accident; [image: image] refers to the physical quality of leaked pollutants when the historical maximum loss occurs in similar accidents; C is the historical maximum loss of similar accidents.
3) Identification of owner’s equity
In the owner’s equity of water resources, the water resource capital is the water resources assets owned by Wuhan when the previous leading cadre left office. The retained earnings of water resources are the sum of the net income of water resources over the years during the tenure of this leading cadre. In September 2018, the leadership of Wuhan was changed. the water resource capital of Wuhan in 2019 is the balance of water resource assets when the last leader left office (at the end of 2018). The retained earnings are only the carry-over of net income of water resources in 2019. The owner’s equity and retained earnings of water resources in 2019 can be determined. However, because the official statistics are not accurate enough to make the data of assets and owner’s equity match exactly in terms of quantitative relationships, we set a type of account for asset value adjustment, “Adjustments for statistical accuracy,” in the accounting system to accommodate any statistical errors and balance the statement.
5.5 Provision for Possible Losses in an Assumed Scenario
At present, there are no significant risk factors for water resources in Wuhan, which makes the risk level of water pollution low, so it is not necessary to accrue the predicted disaster losses of water resources. However, in order to specify the methods and procedures for accruing water pollution loss and water resources allowance, the scenario is set here.
It was assumed that a chemical plant, located near Pinghumen waterworks in Wuchang of Wuhan, was registered and operated in 2008. The industry to which this chemical plant belongs is chemical raw materials and chemical products manufacturing. Their company business scope covers ethylbenzene organic compound products such as m-hydroxybenzoic acid and anisole. In recent years, due to the sluggish production and operation of the chemical enterprise and the obsolete chemical equipment of the enterprise, the storage tank for storing chemical raw material benzene has reached its serovice life but has not been replaced. Moreover, owing to the shortage of funds, the company was forced to lay off a large number of employees, thereby increasing the workload of on-the-job operators. However, the induction training for new employees is shortened. Employees lack targeted training, which leads to employees being unfamiliar with the operational requirements of the operating system, physical and chemical characteristics and production process. To summarize, the safety management of the enterprise is unqualified. In 2019, Wuhan Environmental Protection Bureau conducted a risk assessment on this company. After the assessment, it is considered that this plant has a high risk of water pollution and is prone to occur environmental pollution accidents. In case of explosion or chemical leakage, about 25 tons of benzene raw materials in the plant will flow into the Yangtze River, resulting in serious water pollution. Thus, relevant departments need to accrue the predicted disaster loss of water resources.
This study takes the economic losses caused by the water pollution incident of Songhua River in 2005 as the reference data for this accrual. On 13 November 2005, an explosion occurred in the first workshop of the double benzene plant of Jilin Petrochemical Company. After the explosion, about 100 tons of benzene (nitrobenzene, etc.) flowed into the Songhua River, causing serious pollution of the river water and affecting millions of residents along the coast. Through the accounting of direct or indirect losses of socio-economic activities, residents’ health and ecological environment, the economic loss of Songhua River water pollution incident is $236.03 million (Hou, 2013). Referring to the above loss accrual method, the water resources loss to be accrued in Wuhan in 2019 is $236.03 × 25/100 = $59.01 million.
Therefore, in this scenario, an allowance of $59.01 million for water pollution as well as water pollution losses of $59.01 million is recognized for Wuhan in 2019.
It should be noted that the provision for water pollution losses made here is only the result of accrual-basis book keeping in an assumed scenario. This is only an example of the application of the accrual principle to water resource accounting and is not a real situation. That’s why the related items are not presented in the Wuhan’s water resource income statement or balance sheet in 2019 (presented in Table 6).
TABLE 6 | Wuhan’s water resource balance sheet in 2019.
[image: Table 6]5.6 Discussion
The accounting results show that the closing stock of water resources in Wuhan has decreased compared to the opening stock. The decrease in water stocks was mainly due to the drought that hit Hubei Province in 2019. Precipitation in Hubei Province in 2019 was about 24.3% less than that in a normal year. The decrease in natural precipitation led to the Wuhan’s water stock reduction in 2019. Therefore, relevant departments need to advocate enterprises and individuals to adopt water-saving and water protection measures. In addition, it can be seen from the stock and change statement that surface water is the most important part of water resources in Wuhan, accounting for more than 80%, which shows that Wuhan needs to continue to pay more attention to surface water in the future to ensure its stable supply and water quality. Moreover, there is a special phenomenon in the income statement that needs to be explained. It can be seen from Wuhan’s water resource income statement that the physical volume of net income in 2019 was negative, while its value quantity was positive. This indicates that the physical volume of water resources in 2019 was lower than that in the previous year, but the water value increased because of the improvement of water quality. These data show that the water purification activities in Wuhan have achieved certain effects. The water resource management during this leadership term was successful, which made the water quality of Wuhan better than before.
Further, according to Wuhan’s comparative water resource income statement and comparative water resource balance sheet during 2014–2020 (Supplementary Appendix Tables S2A,S2B, S3A,S3B), we obtain the changes of Wuhan’s net water income and net water assets both in volume and value during this period (Figures 3, 4). By comparing the physical volume of Wuhan’s net water income with that of the difference between precipitation and evapotranspiration during 2014–2020, it can be seen that changes of the former are basically synchronized with changes of the latter (as shown in Figure 3). This indicates the changes of Wuhan’s net water income in physical volume depend more on those of precipitation and evapotranspiration than any other human cause.
[image: Figure 3]FIGURE 3 | Changes of Wuhan’s net water income both in volume and value during 2014–2020. Note: Net P refers to Net Precipitation, which is obtained from precipitation minus evapotranspiration.
[image: Figure 4]FIGURE 4 | Changes of Wuhan's net water assets both in volume and value during 2014–2020.
On the other hand, as shown in Figures 3, 4, before 2017, the change curve of the value overlaps exactly that of the physical volume, which means the quality of Wuhan’s water resources remained almost the same during that period. However, both Figures 3, 4 show that there was a marked change after 2017. It can be seen from Figure 3 that in the year of 2017, there was a significant increase in both the value and physical volume of Wuhan’s net water income, with the former maintaining a higher growth rate since then. And according to Figure 4, during 2017–2019, the value of Wuhan’s water has kept increasing despite the declining water volume, which indicates a significantly improved quality of Wuhan’s water resources. This is further confirmed by the fact that after 2019 the value of Wuhan’s water increased at a steadily greater rate than the volume. In addition, as shown in Figure 5, from 2019 to 2020, the inferior to V water resources in Wuhan have disappeared, and the proportion of Ⅰ-Ⅲ water resources in the total surface water has gradually increased. From this, it can be clearly seen that since 2017, the proportion of high-quality water resources in Wuhan has gradually increased.
[image: Figure 5]FIGURE 5 | Proportion of surface water with different water quality from 2017 to 2020.
After 2017, the deviation between the value curve and the volume curve either for the net water income or net water assets and the increased proportion of high-quality water resources may result from the efforts the local government has made to protection of water resources since the release of related policies (such as those of natural resource balance sheeting and off-office auditing of natural resource assets) in 2015. After 2 years of implementation, Wuhan has made some progresses in comprehensive water resource supervision and pollution control, which suggests that the off-office auditing of natural resource assets and other leadership accountability system have a positive role on local government’s performance in water resources management.
6 CONCLUSION
6.1 Summary
Preparation of water resource balance sheet forms the basis of regional environmental governance and is of great importance for achieving the sustainable regional development. This study attempts to collect and process the recent statistics of Wuhan’s water resources within the framework of a parallel reporting system, and to prepare a water resource balance sheet and other essential supporting statements which are for reporting and analyzing Wuhan’s water resources. These construct a water resource accounting system oriented to different objectives. The results show that during 2014–2020 the physical volume of Wuhan’s water resources fluctuated with net precipitation to a large extent. Since 2017, the value of Wuhan’s water has kept increasing even though the water volume of 2017–2019 still declined due to the earlier drought. This demonstrates a relatively better water management performance during the current terms of office, which indicates a positive role of the leadership accountability system based on natural resource balance sheeting that is being implemented in China. This study contributes to the literature on regional water resources accounting and environmental management. The water resource balance sheet, income statement, and stock and change statement prepared for Wuhan, Hubei, China have a good level of generality. They provide a reliable basis for the local government’s performance assessment of water resources management and facilitate the implementation of water resource related policies.
The development of a parallel reporting system for natural resources is not an end in itself, but it is the groundwork for implementing a leadership accountability system and improving regional environmental management. The initial practices so far have suggested that the leadership accountability for natural resource assets has a positive effect on achieving resource and environmental protection and sustainable regional development. It is reasonable to believe that improving the regional natural resource accounting system will help facilitate this process.
6.2 Limitations and Future Work
In the process of research, we also found that there are still some problems in China’s water resource reporting system, which are worth discussing.
Firstly, the preparation method of water resource stock and change statement is not mature. For example, Non-process depletion data are extremely difficult to obtain. Under the existing monitoring technology, this index cannot be obtained through conventional calculation or evaluation, resulting in poor accuracy of stock and change statement. This requires the relevant department staff to strengthen the statistics of water resource monitoring information. It also puts forward new requirements for the professional ability and work content of personnel in relevant water resource management departments.
Secondly, the main body of water resources management is not clear, making the statistical scope of water resources overlap and the statistical caliber is not unified. The jurisdiction of China’s water resources involves multiple government departments. Sometimes, there are situations such as overlapping management objects or functional conflicts, resulting in the lack, error or repeated statistics of some key statistical data, which cannot reflect the real situation of national or regional water resources. Therefore, preparation of the water resource balance sheet should clarify the unified management entity, which can not only ensure the unification of resource classification, data statistics and report format, but also ensure the efficiency and effect of information transmission.
Finally, there is no accounting report on the value of water environment. Water resources integrate resources, environment and ecological attributes. However, due to the complexity of water environmental capacity measurement and lack of measuring means and basic data, only the economic value of Wuhan’s water resources is taken into account. In the future, China needs to issue technical guidelines for water environment value assessment in order to improve the fairness and reliability of water resources valuation. The formulation of a unified value method is conducive to solving the problem that China’s current water environment value cannot be fully reflected.
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ltem of assets Volume Value Owner’s equity Value

(in 100 million m?) (in 100 million) (in 100 million)
Surface water Gapital $27.93
|
n 967 $8.37
1 11.40 9.87
v 4.40 223
\ 0.87 o0t
Less: Alowance for water pollution na
Groundwater Retained earnings 059
I
[
i 0.54 0.47
Y 0.90 045
v 233 0.03
Less: Alowance for water polution na
Adjustments for statistical accuracy® na 7.09
Total assets 30.11 $28.52 Total equity $28.52

“Because the official statistics are not accurate enough to make the data match exactly in terms of quantitative relationships, we set an item of adjustment, which is a type of account for
asset value adjustment, in the accounting system to accommodate any statistical errors.
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ltem Amount incurred

Volume Value
(in 100 million m®) (in 100 million)

Water resource operating revenues
Precipitation revenue 2125 $9.80
Inflow revenue from outside region 7,162.63 6,200.33
Inflow revenue from other water bodies 550 006
Iigation retum revenue 459 005
Industry retum revenue 620 314
Polution restoration revenue na

Less: Water resource operating expenses
Water consumption expense (87.99) (17.52)
Outflow expense to outside region (7,151.00) (6.190.26)
Outflow expense to other water bodies (6.50) (0.06)
Non-process depletion expense (10.73) (4.95)
Operating income (6.05) $0.59

Incidental water resource revenue
Reclassfied revenue

Less: Incidental water resource expense
Reclassified expense

Normal income (6.05) $0.59

Less: Pollution losses na

Net income® (6.05) $0.59

“In the statement, the physical volume of “Water resource net income” s reported s negative. The main reason is that the whole area of Hubei will be in a dry year in 2019. The province's
average precipitation is only 893.5 mm, which is 24.3% less than normal (Source: the Wuhan Water Resources Bulletin in 2019).
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Additions to stock
Precipitation

Inflows and diverted in
Inflows from outside region
Diverted in from outside region
Inflows from other water bodies®
Socioeconomic return water
Irigation return water
Industry return water
Reclassification®
Total additions to stock
Reductions in stock
Water consumption
Agricultural
Industrial
Domestic
Ecological water outside the channel
Outflows and diverted out
Outfiows to outside region
Outfiows to the oceans
Diverted out to outside region
Outflows to other water bodies®
Reclassffication”
Non-process depletion®
Total reductions in stock
Closing stock
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Data source and quantitative relationship

The basic data comes from Wuhan Water Resources Bulletin

Surface runoff = precipitation x Surface catchment area x Average surface runoff coefficient
Groundwater runoff = precipitation x Average precipitation infitration recharge coefficient

The basic data comes from Wuhan Water Resources Bulletin

The basic data comes from Wuhan Water Resources Bulletin

The basic data comes from Wuhan Water Resources Bulletin

(9= M)+0)

(h) = agricultural water x (1-Farmland water resource effective utilization coefficient)
The basic data comes from Hubei Water Resources Bulletin

() = (O}+C1+aH+0)

The basic data comes from Wuhan Water Resources Bulletin
The basic data comes from Wuhan Water Resources Bulletin
The basic data comes from Wuhan Water Resources Bulletin
The basic data comes from Wuhan Water Resources Bulletin
The basic data comes from Wuhan Water Resources Bulletin

The basic data comes from Wuhan Water Resources Bulletin
The indicator is for coastal areas and zero for inland areas

The basic data comes from Wuhan Water Resources Bulletin
The basic data comes from Wuhan Water Resources Bulletin

W) = @)+K-0)-0-a)-v)
() = (+a)+v)+w)
The basic data comes from Wuhan Water Resources Bulletin

“Inflows from other water bodies” refers to the water exchange between different water bodies in the area. The surface water flow to other water bodies i the region is equal to the
groundwater flow from other water bodies in the region in the “inflow from other water bodies". The groundwater flow to other water bodies i the region is equal to the surface water flow

from other water bodies in the region in the “inflow from other water bodies."

“Reclassilication means that other natural resources (such as wetland resources) are reclassilied as water resources, or water resources are reclassiied as other natural resources.
SNoan-process depletion refers to the amount of water deplated by transpiration, by evaporation from sodl and free water surfaces, and by leakage, etc. duing the accounting period.
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ltem

Opening stock
Addtions to stock
Precipitation
Inflows and diverted in
Inflows from outside region
Diverted in from outside region
Inflows from other water bodies
Socioeconomic return water
Irigation return water
Indlustry return water
Redlassification
Total additions to stock
Reductions in stock
Water consumption
Agricuturel
Industrial
Domestic

Ecological water outside the channel

Outflows and diverted out
Outflows to outside region
Outflows to the oceans
Diverted out to outside region
Outflows to other water bodies
Reclassification
Non-process depletion

Total reductions in stock

Closing stock

Total

35.16

2126
7,168.13
7,162.63

5.50
10.79
4.59
6.20

7,200.17

37.99
961
15.77
1211
0.50
7,156.50
7,161.00

5.50

1073

7,206.22
30.11

Surface water

31.70
18.06
7,168.13
7,162.63

5.50
6.20

6.20

7,192.39

37.91

7,151.00
7,151.00

8.84
7,197.75
26.34

Groundwater
3.46

3.19

4.59

4.59

7.78

0.08

5.50

5.50

1.89
7.47
3.77
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ltem

Water resource operating revenues
Precipitation revenue
Inflow revenue from outside region
Diversion revenue from outside region
Inflow revenue from other water bodies
Irrigation retun revenue
Industry retum revenue
Polltion restoration revenue®

Less: Water resource operating expenses
Water consumption expense
Outflow expense to outside region
Diversion expense to outside region
Outflow expense 1o other water bodies
Non-process depletion expense

Operating income

Incidental water resource revenue
Reclassified revenue®

Less: Incidental water resource expense
Reclassified expense®

Normal income

Less: Polution losses®

Net income

Code

TMOO®>

FRe—I®

=z

N
o

P

Amount incurred

Volume
(in million m?)

K=(w)
L=A+B+GC+D+E+FGHIJK

M=0

N=(v)
O=L+MN
na

P=0

Value (in million)

*The water resource income statement is an accounting statement based on the accrual basis. The realized income and some unrealized income in the current period shall be identifed in
the income statement. For example, the water polution loss i the water resource income statement includes the economic loss of water polution that has occurred and the provision of
prediicted disaster loss. Realzed income refers to the assets and asset claims that the management entity has obtained (or lost) and!is related to income. At present, most of the income
iters n the income statement are realized income, such as operating income. Unrealized'income means that although this income has been identified in the current income statement, the
assets or asset claims related to this income have not been truly realized, such as the accrued predicted disaster losses, etc. Realized income is calculated by muliplying the physical
volume by the calculated water resource price, whik some unreaiized income wil be calculated by accrual,
Water restoration loss refers to the increase in value of the polluted water bodly after its ecology has been restoredto a certain extent. Therefore, the index has o physical volume, only the
value. Simierly, the water pollution loss index only has value quantity.
“Reclassilication income or expense refers to the incidentalincome or expense caused by the reclassification of other natural resources (such as wetland resources) as water resources, or

the reclassification of water resources as olher natural reSowees.
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Item of Code Volume Value
assets (in million m?) (in million)
Surface water
Rivers
° Q Q= Percentage of type | river length x Total volume of river
1 R R = Percentage of type Il river length x Total volume of river
n S S =Percentage of type Ill river length x Total volume of river
v T Percentage of type IV river length x Total volume of river
v u U = Percentage of type V river length x Total volume of river
Inferior V V V= Percentage of type inferior V river length x Total volume of river
Less: Allowance for water pollution® na
Lakes
I w W =Percentage of class | lake area x Total volume of lake
Less: Allowance for water pollution
Reservoirs
1 X The data comes from Wuhan Water Resources Bulletin
Less: Allowance for water pollution
Other
Less: Allowance for water pollution
Groundwater
I A The data comes from Wuhan Water Resources Bulletin
Less: Allowance for water pollution na
Total assets Z

Item of Value
Owner’s Equity  (in million)
Capital

Retained earnings

Total equity

“According to the Surface Water Environmental Qualty Standard of the People’s Republic of China and the Groundwater Quality Standard of the People’s Republic of China, the water
quality of different water areas is divided into six categories: I, I, i, IV, V/ and inferior v. Based on this, this study subdlvides the surface water and groundwater resources. Water resources
with different water qualty have different uses. The better the water quaty, the wider the use. Type | is mainly source water, which is sitable for various purposes. Type f,is mainly
applicable to protection area for dfinking water of surface water source, habitat of are aquatic organisms, etc. Type I, is mainly applicabl to aquaculture areas, protection area for drinking
water of surface water source, etc. Type IV, is mainly appicable to general industrial water areas and entertainment water areas in which human body is not in direct contact. Type V is

mainly appiicable to agricultural water areas and water areas with general landscape requirements.

“Allowance items refer to the redliction in the valle of water resources assets caused by emergent water pollution that may occur i the future due to the increased risk of water pollation
caused by human life. As the actual loss has not occurred, the quantity and value of assets cannot be directly offset. However, the incident leading to the expected loss has actually

occumed in the accounting period. Under the princiole of accrual basis, we should accrue possitis Jossee.
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