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Abstract  Water pollution has become a hot issue in the development for human society. The mobility of contaminants in water determines that polluted regions are within the basin across the geographic boundary. The extent of the water basins and the quasi-public good attribute of water environments make the pollution hard to be managed effectively by any local government alone, thus causing the public concern about how to manage cross-boundary water pollution. It is proposed that synergistic governance among local governments is an adaptive governance to manage the cross- boundary water pollution. However, the existing management system, decentralization of power, ignorance of collaboration, and lack of channels for communication among trans-boundary local government make it difficult to control pollution in water basins synergistically. In light of the status quo, this paper, based on the analysis of water quality of Taihu, intends to establish the mechanism of managing water pollution among trans-boundary local governments for the sustainable development in China.
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1 Introduction

Water environment is an indispensable element in the development of human society, including surface water environment, soil, underground water and offshore areas. However, water pollution in China has posed serious threats to the safety of water resources because of human ignorance of environment protection when pursuing the development of society and economy. Water pollution not only deteriorates the environment, but also causes great loss of social benefits. In 1990s, environment protection was established as one of China’s basic state policies. Since the 18th National Congress of the Communist Party of China, the Central Committee and the State Council have highlighted ecological conservation and environment protection. Meanwhile, stronger measures against water pollution are attached great importance. Now the status quo is: contaminants in water would flow in more than one direction across the boundary of administrative regions which leads to cross-boundary water pollution[1]. Cross-boundary water pollution is the most difficult environmental problem to deal with and it happens frequently with considerably negative impacts. In the early 1990s, Shengze Town in Suzhou, Jiangsu Province poured waste water into the watercourse of Jiaxing, Zhejiang Province, which polluted the water environment in Jiaxing and then triggered conflicts; in 2004, the illegal discharge of pollutants by the Sichuan Chemical Company led to the contamination of the Tuojiang River, and influenced 5 cities around Chengdu, causing direct fishery losses of 15 million RMB; in 2009, arsenic contamination in Pizhou, Jiangsu Province was caused by illegal discharge of waste water containing arsenic from the Yixin Chemical Company in Linyi, Shandong Province; in 2012, the leakage of aniline from Tianji Coal Chemical Industry Group polluted the Zhanghe River, which influenced Handan, Hebei Province and Anyang, Henan Province.

From the perspective of public economy, water environment in river basin is a quasi-public good between the public good and private good. There are two reasons for its attribute. One is the externality of water environment. The other is that water environment is a resource that provides benefits to the public, but could theoretically be restricted if necessary. This differs from a pure public good, which remains accessible to everyone virtually all the time. The basic characteristics of river basins are cross-boundary flows and spontaneous accumulation. As a public resource, the water environment of river basins has integrity in ecosystems and affinity mechanism in environmental systems [2]. Contaminants upstream could be carried to downstream by flows which would build malignant connection in regional environment systems. If the upstream city develops reasonably to improve the environment, both midstream and downstream can benefit a lot to form a benign connection. Once any part of the river basin is contaminated, the whole recycling system would be deteriorated, forming cross-boundary water pollution. No region could remain immune when facing cross-boundary water pollution in river basin.

Because of the extent of river basins and the mobility of pollution, different administrative subjects, economic subjects and social groups have crossed interests which lead to the confusion of victims, beneficiaries and polluters, making cross-boundary water pollution more difficult to cope with [3]. In addition, the governance toward water pollution in China is influenced by the territory principle, so administrative regions in the river basin cannot form a systematic and integrated mechanism because of the fragmented governance. Each power is hard to combine toward a common direction, presenting a tough challenge to the cross-boundary water pollution control [4]. Based on the current situation and challenges, it is proposed that synergistic governance is an adaptive way to control the cross-boundary water pollution. Hence, this research aims to appeal to local governments in the river basin to collaborate in managing water pollution from synergy perspective.

The cross-boundary synergistic governance and integrated management of local governments have been highlighted by the public. The spirit of synergy enjoys a long history: the ancient Greek philosopher Aristotle reckoned that the whole is greater than the sum of parts. Synergy theory could date back to 1970s when the famous Germany physicist Hermann Haken developed it into a part of systematic science. And according to Haken, synergy in management refers to the combined efforts of individuals as participants of the organization. When the organization’s parts interact to produce a joint effect, their power is greater than the sum of the parts acting alone. He defined synergy as the collective or overall effect produced by the integrated work among different parts in the system[5]. Synergistic governance of local governments could maximize the overall effects. Government activity itself is integrated, and each functional department has to coordinate; meanwhile, the resolution of environmental problems needs the integrated work of local governments. In the process of managing cross-boundary water pollution, synergistic governance can be referred to as the integrated management of local governments across administrative boundary. The synergistic governance of local governments requires the diversity, equity, and negotiability. Synergistic effects of each local government make the resolution of cross-boundary problems possible. Therefore, to a certain degree, the idea of synergy shares a common value with the government activity. 

Asaul (2009) suggests that “there are no real systems in the nature which are incapable of synergism, there are only matters of time, space and certain conditions”[6]. French scholar Philippe Moreau Defrarges reckons that synergistic governance itself is not the final aim; in contrast, it is only the best approach to the community and the relationship[7]. Knowledge economy and challenges of post-industrial era make the relationship of social subjects much closer, and contamination transcends the boundary of administrative regions. Traditional governance models cannot satisfy the need of managing cross-boundary water pollution any more. So synergy theory could be applied to the governance of cross-boundary pollution, and it is possible to build an effective mechanism of synergistic governance. This research intends to establish the mechanism of cross-boundary governance of water pollution and put forward effective suggestions based on the analysis of water quality of Taihu in order to provide an available method to pollution control.

2 Predicaments of the governance of cross-boundary water pollution in China

As a vast country with a considerable number of different water environments, cross-boundary water pollution control in China is a key emphasis and difficulty of environment protection. The special distribution of water environment requires local government to cooperate beyond the geographic boundary, and then establishes an effective and available mechanism. However, the synergistic governance of cross-boundary water pollution faces several predicaments. From the perspective of synergy theory, the fundamental reason lies in the lack of tight partnership and effective cooperation[8].

2.1 Barrier of traditional government-guiding mechanism and structure 

Traditional government-guiding mechanisms play an important role in China’s environmental management system, which implies that local government has more power in the governance of pollution. This kind of system has its advantages with high authority, such as decree unity and financial integrity[9]. However, its disadvantages are evident: distorted information, huge cost of governance, and lack of external supervision, which would even lead to malign competition. The environment protection department will be guided by both the superior department and government at the corresponding level. The overlapping operations by different departments will weaken the regulatory capacity of the environment protection department. When the two sides have different targets, the local environment protection department would be stuck in the dilemma. Meanwhile, each level of environment protection will involve many departments, industries and fields, which demand the improvement of coordination among horizontal departments. Without a clear distribution of responsibility in functional departments, each department would only focus on their own benefits, leading to buckpassing, thus reducing the efficiency in environment protection[10].

2.2 The administrative segmentation and fragmentary governance of local governments 

According to Article 6 of the Environment Protection Law of the People’s Republic of China, local governments at different levels shall be responsible for the environment quality within areas under their jurisdiction. The environmental governance system is established in accordance with the administrative system by law. The regions in the river basin pursue a territory principle and only focus on the pollution within the region, thus neglecting the cooperation and communication, which leads to fragmentary governance[11]. Therefore, some governments think that they only have to take the responsibility within the region and do not have to care about the environment quality in other regions. Scholars suggest that cross-boundary water pollution is the consequence of the territory principle[12]. When sewage of companies upstream is poured downstream, the environment of the downstream area would be contaminated. Because of the administrative divisibility of the upstream and downstream regions, the downstream region has no right to intervene in the affairs of the upstream region, and the sewage may not threaten its environment, so the upstream region has less incentive to cope with the sewage. The administrative segmentation strengthens the local interests, so the government emphasizes self-interest because the sewage does not harm the upper reaches at all, or the cost could be paid by both the upper and lower reaches. It would be difficult for regions in the river basin to achieve common interests through collective action, which produces a “free ride” phenomenon and the “tragedy of the commons”.

2.3 The lack of effective coordination mechanism and information sharing mechanism

Due to the contradiction between the integrity of the river basin and the division of the administrative region, it is necessary to have a unified coordination mechanism or institution to plan the whole process of water pollution in the cross-boundary water pollution in order to assign the tasks of the local governments. However, the lack of such institution in China makes it impossible for the local governments to share relevant information. At the same time, the shortage of effective coordination mechanism and information sharing mechanism will not only lead to the decentralization of resources, but also cannot fully optimize the utilization. And it is tough to adjust the plan according to the extent of harm and frequency of pollution[13]. First, the lack of an information-sharing database restricts the governments’synergistic governance and communication. Second, the construction of e-government platforms in China is short of comprehensive and unified planning. The organizational boundaries among departments are obvious, and the system is closed to each other and which cannot meet the needs of interconnection and coordination. In addition, communication often exists within the government in the process of the governance of cross-boundary water pollution. The information sharing between government and society is not evident, which to a certain degree affects the right to know of the public, limiting the public participation in the governance of water pollution. At present, although China has established institutions in the seven major river basins, they are still not authorities and have no right to intervene in administrative and economic affairs; and the provincial water resources departments cope with water pollution solely from their own interests. Therefore, institutions in the river basin, local environment protection bureaus, and provincial and municipal departments cannot realize unified command or overall planning[14].
2.4 The challenges of performance assessment system of local government

According to the rationality hypothesis (economic man), people with the ability of economic decision-making, would spare no efforts to maximize their own interests. The materialization of local interests drives local governments in the river basin to follow the principle of maximizing their own interests in decision-making[15]. They attach great importance to the recognition of actions from leaders, whose origin lies in the performance assessment system of local government. Meanwhile, the GDP-guiding promotion mechanism under the bureaucratic system would expand the competitive space of politics and economy. So local governments would only pursue the effectiveness in their own regions, ignoring mutual cooperation.
2.5 The lack of legal protection mechanism

The lack of legal environment is a significant factor that hinders the cross-boundary governance of water pollution in China. The Constitution of the People's Republic of China stipulates that the State Council has to exercise unified leadership over the work of local organs of state administration at various levels throughout the country, and to formulate the detailed division of functions and powers between the Central Government and the organs of state administration of provinces, autonomous regions, and municipalities directly under the Central Government (Article 89). This is a higher level of management toward the lower level, but there is no clear regulation about how the local governments on the parallel level cooperate and how to divide the labor. Some laws only stipulate the jurisdiction within the region, which are not included in the collaboration process. Local governments only cater to the superior department, regardless of synergistic cooperation. Moreover, Law of the People’s Republic of China on Prevention and Control of Water Pollution punish illegal discharge of sewage far less than the cost of pollution control. So the weak restriction of law causes some to knowingly-act guilty as the penalties are small. When cross-boundary water pollution happens, there are no corresponding laws or mechanisms of control and supervision. So governance of cross-boundary pollution within the river basin of environmental governance would face “kick the ball” and other buckpassing phenomena [16].

3 Case analysis on cross-boundary governance of water pollution of the Taihu Basin

The Taihu Basin covers a range of 36900 km2, locating in the core area of Yangtze River Delta in the southeast of China, with Yangtze River to its north, Hangzhou Bay to its south, East Sea to its east and Mount Mao and Mount Tianmu to its west. Its administrative divisions respectively belong to Jiangsu Province, Zhejiang Province, Shanghai Municipality and Anhui Province. The river basin is a typical plain river network area, and there are 10 lakes whose surface area is wider than 10 km2. Taihu is the third largest freshwater lake in China, at the center of the river system with surface area of 2338 km2.The relevant data come from “Master Plan for Integrated Management of Water Environment in the Taihu Basin (2013)” and “The Health Status Report of Taihu Lake (2007-2016)”.

Since the reform and opening up, with economic development, industrial construction and population growth in the river basin, Taihu has been seriously polluted. Coupled with the conflicts of administrative divisibility and the basin integrity, the governance of water pollution in Taihu is getting more difficult[17]. This research selects the data of water quality of the Taihu Basin from 2007 to 2016, pointing out its changes and developing trend, then summarizes the experience of governance to build a mechanism of cross-boundary governance of the Taihu Basin. Figure 1 is the map for the Taihu Basin. Figure 2 shows the key water functional areas in the Taihu Basin. Figure 3, figure 4 and figure 5 show qualified water rate of key water functional areas in the Taihu Basin, the eutrophic index of Taihu from 2007 to 2015 and qualified water rate of provincial boundary rivers from 2007 to 2016 in the Taihu Basin respectively.

3.1 Comparison of the qualified water rate of key water functional areas in the Taihu Basin 

In 2016, Taihu Basin Authority has organized the systematic monitoring and analysis of the water quality of 108 key water functional areas, including 42 in Jiangsu Province, 15 in Zhejiang Province, 6 in Shanghai and 45 at the provincial boundary (Figure 2). According to Environmental Quality Standards for Surface Water (GB3838-2002), the indicators of water quality include water temperature, pH, dissolved oxygen, permanganate index, fluoride, cyanide, etc. Surface water is divided into five classes according to its purpose for use and protection target. The water quality improves from Class Ⅴ to Class Ⅰ.
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Figure 1  The map of the Taihu Basin
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Figure 2  108 key water functional areas in the Taihu Basin

(1) Class Ⅰ: mainly for source of water and national nature protection areas;

(2) Class Ⅱ: mainly for class one protection areas for centralized potable water source, protection areas for rare fishes, spawn ground for fishes and shrimps, etc.

(3) Class Ⅲ: mainly for class two protection areas for centralized potable water source, protection areas for general fishes and swimming areas.

(4) Class Ⅳ: mainly for general industrial water areas and environment water areas, not directly touched by body.

(5) Class Ⅴ: mainly for farmland water areas and water areas for general landscape requirement.

The standard water quality of Taihu is defined by Class Ⅲ. The annual average assessment method is adopted, and among the 108 key water functional areas, 61 reached the standard and the qualified water rate is 56.5% in 2016 (Figure 3). From 2007 to 2016, the qualified water rate of the key water functional areas improved. In 2016, the overall water quality of Taihu improved from Class Ⅴ to Class Ⅳ.
[image: image3.png]56.5%

60.0%

50.0%

40.0%

30.0%

20.0%

10.0%

0.0%

/

42.6%
10.6% 38_7%///
-

3500,
32.0% o, 32.0% 337%

7%
A

zzy -

—+— Qualified water rate

2007 2008 2000 2010 2011 2012 2013 2014 2015 2016





Figure 3  Qualified water rate of key water functional areas in the Taihu Basin

3.2 Eutrophication of Taihu


Eutrophication is mainly caused by the excessive input of nutrients to water bodies, such as nitrogen and phosphorus, often as a result of human activities. High nutrient concentrations can lead to harmful algal blooms and the production of toxins. The eutrophic index is introduced by Taihu Basin Authority to measure the level of eutrophication in water. In 2007, the average eutrophic index of Taihu is 62.3, at the moderate level. Compared with 2007, the eutrophic index of Taihu has slightly fallen to 61.0 in 2015. Further progress should be made in the process of coping with eutrophication.
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Figure 4  The eutrophic index of Taihu from 2007 to 2015

3.3 Water quality of provincial boundary rivers in the Taihu Basin

Provincial boundary river is defined as that the river flows across the boundary of two or more provinces. Taihu Basin Authority has made detailed assessment of the water quality by monitoring 34 river sections in the Taihu Basin: the water quality of 50% river sections met or exceeded Class Ⅲ. The qualified water rate of provincial boundary rivers is improving, despite fluctuation from 2011 to 2014.
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Figure 5  Qualified water rate of provincial boundary rivers from 2007 to 2016 in the Taihu Basin

3.4 Four stages of managing Taihu

According to the statistics, from 2007 to 2016, the relevant departments of Jiangsu Province have fully completed the ecological dredging task of 37 million cubic meters and over-fulfilled the task of 36 million cubic meters assigned by the State Council. The blue-green algae mechanized salvage ability fishing efficiency was improved with the total 10 million tons of aquatic algae salvage. Over 5300 heavy-polluting factories were shut down. A sewage pipe network of 25000 meters has been established. From 2007 to 2016, the governance of Taihu comprises 4 stages:

3.4.1 The bloom and emergency management of blue-green algae (05, 2007-05, 2008)
(1) Coping with blue-green algae crisis

From April to May in 2007,a large-scale outbreak of blue-green algae happened in Meiliang Lake and Gonghu Lake, posing a direct threat to citizens’ livelihood and water safety in Wuxi. In order to ensure the safety of the river basin, Taihu Basin Authority strengthened the comprehensive planning of water resources projects, increasing water diversion from Yangtze River to Taihu, monitoring water quality, which improved the quality of drinking water of Gonghu Lake. Jiangsu provincial government attached great importance to the blue-green algae crisis, and the newly revised Regulations on Water Pollution Prevention and Control in the Taihu Basin was adopted.

(2) Formulating the Master Plan for Integrated Management of Water Environment in the Taihu Basin

The Central Committee, the State Council, the National Development and Reform Commission, Ministry of Water Resources, and Ministry of Environment Protection started the formulation of the Master Plan for Integrated Management of Water Environment in the Taihu Basin, aiming to tackle the problem. The target was to control the pollution and improve the quality of water with both engineering measures and non-engineering measures.

(3) Improving the system of water management planning in the Taihu Basin

The system of water management planning was built with comprehensive planning, flood preventing, water resources planning as focuses. The comprehensive planning would help make overall arrangement from the perspective of top-level design and provide integrated structure for the synergistic governance among Jiangsu, Zhejiang and Shanghai.
3.4.2 The initial stage of the mechanism of cross-boundary governance of water pollution of the Taihu Basin (05, 2008-2010)

(1) Formal Approval of the Master Plan for Integrated Management of Water Environment in the Taihu Basin

The plan consists of a series of measures including drinking water security guarantee, adjustment of industrial structure and layout, urban sewage and garbage disposal, monitoring systems and early warning system construction and so on. The Plan is the guideline and fundamental basis for the comprehensively harness of water environment in the Taihu Basin in a future period. Meanwhile, local government can make decisions or introduce plans according local conditions.

(2) Promoting the establishment of the information-sharing mechanism

In 2008, a significant amount of preparatory work was done, such as water diversion from Yangtze River to Taihu, monitoring water quality, blue-green algae salvage, legislation construction, and information sharing. Taihu Basin Authority, along with Jiangsu, Zhejiang and Shanghai, completed the compilation of The Health Status Report of Taihu for reference of management departments of all levels and people concerned about Taihu. Taihu Basin Authority stipulated that information sharing platform and communication mechanism of comprehensive governance should be established. The Provincial Development and Reform Commission, the Department of Water Resources, and the Department of Environment Protection of Jiangsu, Zhejiang, and Shanghai communicated with each other about the technical plan of building information-sharing platform. The establishment of information-sharing platform could help the local government in the process of collaborative governance clearly grasp the impact of the pollution on other regions, as well as whether other areas’ pollution would produce influence. Data of the governance planning process, and performance can also be known to each other. In addition, the advanced governance experience can also be timely learned and promoted.

(3) Establishing coordination group of comprehensive governance of the Taihu Basin

In August, 2008, coordination group of comprehensive governance of the Taihu Basin was set up by Ministry of Water Resources, Jiangsu, Zhejiang and Shanghai. Since then, the coordination group intended to divide the labor, clarify the duty and arrange the governance process as well as resolve the conflict to provide support for the cross-boundary governance.

(4) Promoting the legislation of Management Regulations of the Taihu Basin

Management Regulations of Taihu Basin is the first comprehensive administrative regulations targeting the governance of Taihu, focusing on the aspects of drinking water, water conservation, water pollution control and other provisions. It became the nation's first water basin management regulation, which includes clear partition management, pollutant carrying capacity emissions volume limitation, construction projects as well as the river outlet supervision and management. It provides the institutional guarantee in the strengthening of the collaborative governance among local government.

(5) Jiangsu Province introduced the double river chief system

Leaders of Jiangsu provincial government, members of the provincial Taihu Basin Pollution Control Committee act as the river chief on the provincial level, and local government within the river basin act as the river chief on local level. The main responsibility of the river chief is to formulate and implement the comprehensive planning of the water environment, coordinate contradictions, solve problems, and strengthen supervision and inspection in order to promote the further progress of water pollution control. Provincial and local river chiefs would cooperate to speed up the pace of comprehensive management of Taihu, improve river regulation, reduce endogenous pollution, coordinate and balance the interests of the river chiefs so as to achieve the overall effect of synergistic governance.
3.4.3 The rapid development of cross-boundary governance of water pollution of the Taihu Basin (2010-2015)
(1) Promotion of the information-sharing 

In 2011, the database and software system on comprehensive management of water environment in the Taihu Basin were introduced. The assessment of the health status of Taihu was conducted. Annual statistics about water resources, water environment, water ecology and the comprehensive management process of Taihu were analyzed. At the same time, the Taihu Basin Management Authority provided necessary data to assist the governance of the river basin. Each department can utilize modern network technology across time and space barriers to achieve resource sharing, and thus form a dependent and dynamic network system in order to build a flexible and collaborative governance system.

(2) The introduction and implementation of the Taihu Basin Management Regulations 

The Taihu Basin Management Regulations was formally approved by the State Council with the implementation from November 11th, 2011. This is the first national regulation about comprehensive management in river basin, which clearly stipulates the implementation of the management system which combines watershed management and partition management together, indicating that the water pollution control would be determined by the actual situation instead of the administrative region to strengthen cooperation.

(3) Implementation of Water Resources Management System

In 2012, the State Council issued the Opinions of the State Council on Implementing Water Resources Management System. The document put forward “three red lines on water over exploitation, water usage efficiency and pollution control”. Government of Zhejiang, Jiangsu, and Shanghai also introduced relevant policies to determine the total amount of water, strengthen supervision and management in water functional areas, speed up the water resources allocation project and water resources monitoring capacity.
(4) The further improvement of the system of water management planning in the Taihu Basin 

In March 2013, the Comprehensive Plan for the Taihu Basin (2020-2030) was officially approved by the State Council and became the fundamental basis of developing, utilizing, saving, protecting and managing as well as the prevention and control of water disasters in the Taihu Basin in next period. The comprehensive plan intends to establish a better flood control system, a preliminary water ecological environment protection system, a basic uniform management system, a complete water law and regulation system, a complete water resource dispatch system and a complete water resource management system combined by quantity control and quota management. The target is to coordinate the relationship between the provinces, upstream and downstream, left and right banks, watersheds and regions as well as relevant industries in order to realize various functions and comprehensive benefits of Taihu, and help local governments cooperate better when coping with the cross-boundary pollution. In 2012, the Taihu Basin phased out 284 outdated production capacity projects.

3.4.4 The maturity phase of cross-boundary governance of water pollution of the Taihu Basin (during period of the 13th Five-Year Plan) 
(1) Promoting the implementation of the river chief system in the Taihu Basin

In order to carry out the implementation of the river chief system nationwide, Taihu Basin Authority plans to establish provincial, municipal, and county- and township-level river chief systems in advance by December, 2017. If possible, the plain river network areas should actively explore the expansion to the village (community), and strive to build the five-level river chief system.

(2) Seven cooperative approaches to the governance of Taihu

Taihu Basin Authority of the Ministry of Water Resources held a work conference in 2017, putting forward the future direction of local government co-governance of Taihu: First, to improve the emergency management, to strengthen flood control and water security; second, to implement the strictest water resources management system, accelerating the ecological conservation; third, to establish the river chief system, and vigorously promote the reform and innovation of management system; fourth, to further implement Management Regulations of Taihu Basin; fifth, to take the acceleration of the governance of the Taihu Basin as an opportunity to improve the water network system; sixth, to speed up monitoring of water resources and construction of early warning system; seventh, to consolidate the basic work, and continuously improve the comprehensive management capacity of the river basin.

4 Analysis of mechanisms of cross-boundary governance of water pollution of the Taihu Basin from of synergy perspective

4.1 The construction of model in managing water pollution of Taihu

Based on the successful experience of local governments in the Taihu Basin, this research analyzes the concrete methods in the governance of Taihu, and constructs model of cross-boundary water pollution governance of Taihu from the following dimensions: the internal level is divided into two dimensions, namely, ideological dimension and labor dimension; local governments need to trust each other first, then assign mission and clarify responsibility to establish accountability and supervision system based on the full analysis of the water environment; then local governments need to establish a unified management agency, members from different provinces should avoid the influence of self-interest and pursue fairness and justice [18].

In addition, the external level is divided into three dimensions: on the institutional dimension, to implement the strictest water resources management system, and adhere to the combination of watershed management and partition management; on practical dimension, legal, financial and information-sharing mechanism should be established in order to provide clear legal and financial support as well as adequate data and information. Finally, on incentive dimension, necessary motivation to promote the local government in the cross-boundary governance is indispensable, such as the assessment of accountability mechanism and incentive system, and the effective management of local government should be shared [19]. Figure 6 shows the model as follows: 
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Figure 6  The mechanism of cross-boundary governance in water pollution of Taihu

4.1.1 Ideological dimension—recognition and mutual trust among local governments
The division of the administrative regions is an objective reality, and is difficult to change. Therefore, in the process of synergistic governance, the division of the administrative regions will pose grave challenges to cross-boundary pollution. The recognition and mutual trust among local governments is the cornerstone of cross-boundary governance. Local governments should establish a synergistic concept of “win-win” and “cooperation” at the ideological level to break the inherent administrative line, overcome localism and departmental selfishness in order to lay a solid foundation for the governance of cross-boundary pollution. The governance of the Taihu Basin could be attributed to the collaborative efforts of Zhejiang, Jiangsu and Shanghai. From domestic and foreign experience, the governance of Lancang River-Mekong River Basin is also the result of the cooperation of six neighboring countries. Therefore, in the process of cross-boundary water pollution control, it is necessary for local governments to interact with each other in terms of arrangements, governance responsibility division, introducing water quality monitoring standards, sewage management and other activities [20].

4.1.2 Labor dimension—establishment of unified management department in watersheds

When it comes to the governance of cross-boundary water pollution, in addition to the central government’s guidance, supervision and expenditure, the regional cooperation and collaborative actions of local governments are also significant. This type of collaborative action is achieved by the transfer of administrative jurisdiction among local governments, namely, local governments or government departments involved in the cooperation will transfer power, or a certain part of the power (decision-implementing, supervision, etc.) to a regional regulatory department to form one or more regional jurisdictions [21]. 

Through such a transfer of administrative jurisdiction, local governments would sign a cooperation agreement or establish cooperative organizations to form cross-boundary power. The main carrier of the power transfer of local governments is to build cross-regional cooperation organizations. For example, the management of the Taihu Basin needs overall planning and implementation of Zhejiang, Jiangsu and Shanghai. The establishment of Taihu Basin Authority of the Ministry of Water Resources has mobilized the local resources to play an important role in the formulation of objectives, division of responsibilities and coordination, reducing the cost of information-sharing and negotiation among various members in the region, as well as the cost of implementation or monitoring. 

4.1.3 Practical dimensions

(1) The legal protection of the synergistic governance across geographic boundary

At present, under the background of territorial governance, water pollution control has faced serious challenges such as fragmentation, low efficiency of management, cross contamination, repeated governance, and the frustration of local government’s positivity. Therefore, the government should actively improve the water environment management laws and regulations to build legal protection system[22]. The areas within the river basin should, according to the actual situation, review and update relevant laws and regulations under the basic framework of the Constitution of the People’s Republic of China and Law of the People’s Republic of China on Prevention and Control of Water Pollution to establish and improve the legal system of regional environmental governance. The system should clarify the provisions and rules of regional cooperation and relevant economic loss so as to standardize governments’ behaviors. The introduction of Management Regulations of Taihu Basin is a great way to regulate the local government’s activity, and its implementation of watershed management and administrative management not only mobilize the local governments’ enthusiasm of coping with regional pollution, but also effectively promote the synergistic governance among governments.

(2) The financial system of cross-boundary synergistic governance

Financial investment is essential to local government’s cross-boundary governance of water pollution so the government investment mechanism should be improved. The concrete methods include: expanding the sources of investment in governance, strengthening the financial support, gradually increasing the proportion of expenditure on governance of environment protection, and building the legal system to ensure financial stability by law [23]. The Master Plan for Integrated Management of Water Environment in the Taihu Basin is approved by the State Council, stipulating a total investment of 58.3 billion yuan, including 11 categories with 662 projects. Jiangsu designed a total investment of 108.3 billion yuan, including 11 categories with 1602 projects. According to statistics, Taihu governance contains provincial investment of more than 20 billion yuan from Jiangsu, attracting social investment of more than 100 billion yuan and intending to implement more than one million projects.

(3) The platform of information-sharing

Information technology is the basis and effective approach to the synergistic governance, and building a modern information platform could provide technical support to achieve the coordination of government governance. According to the status quo of the construction of information platform about water pollution control in China, a digital and networked database should be built to provide significant basis for water pollution governance [24]. Secondly, under the premise of unified planning and top-level design, the construction of e-government in China needs further improvement to give full play to its positive role in the collaborative management of water pollution. In the process of co-governance of Taihu in Zhejiang, Jiangsu and Shanghai, the database and software system of information-sharing about comprehensive management are developed. Meanwhile, assessment of health status of Taihu is actively carried out. Besides, the integration work of key water functional areas and water quality of the Taihu Basin is done properly, which provides basic data for the management of water functional areas. These measures effectively promote the communication of local governments in order to make targeted methods and avoid “information fragmentation” or “information island” phenomena, so as to provide intelligent support to overall planning, management and decision-making.

4.1.4 Institutional dimension—management system combining watershed management and partition management together
Due to the conflict between administrative divisibility and the basin integrity, the water environment faces the “tragedy of the commons”. The sewage of the upper reaches will affect the downstream areas, and even adjacent areas are influenced by proliferation of pollution. Therefore, how to keep a balance between administrative divisibility and the basin integrity is the key to the current government’s cross-boundary governance of water pollution. Management Regulations of Taihu Basin is a good example for reference, emphasizing on combining watershed management and partition management together. The local government can cooperate on the overall level from aspects of introducing water pollution standards, putting forward illegal sewage disposal measures and introducing regulations on water pollution prevention and control. Besides, based on overall planning, local governments can adapt targeted governance according to pollution in the region and local conditions.

4.1.5 Incentive dimension-incentive system in synergistic governance among local governments
Incentive Mechanism in synergistic governance is quite dispensable, which could mobilize the enthusiasm of local governments to cooperate. In May 2009, the general office of the State Council put forward The Assessment Methods on Specialized Planning Implementation of Water Pollution Control in Major Areas. The water quality indicators and pollution-control project targets were taken as the main contents of the assessment, and results as the basic indicator in assessing government leaders. Subsequently, many provincial governments have introduced the appropriate assessment methods. 

The formulation and introduction of the assessment methods has played an important role in promoting the local governments to take the responsibility for the control and prevention of cross-boundary water pollution. However, due to the externality of water pollution, the divisional assessment and management system is not conducive to the comprehensive management of water pollution [25]. Therefore, in addition to establishing the important status of scientific and feasible environment-protection performance assessment indicators, a synergistic collaboration performance assessment system based on common interests is also indispensable which could measure the level of collaboration. For instance, indicators including whether each department can help other departments complete the tasks, whether the relevant departments can provide timely, accurate and necessary information, and whether a department can communicate with other departments effectively can stimulate each department to actively participate in the entire process of synergistic governance and play a positive role.

4.2 Reflections on the mechanism of cross-boundary water pollution control in the Taihu Basin

From the outbreak of the blue-green algae crisis in 2007, Zhejiang, Jiangsu and Shanghai have achieved remarkable success in exploring synergistic model of cross-boundary water pollution control. However, the synergistic mechanism is not perfect, and there is still room for improvement. First, the nutritional index of Taihu slightly has fallen from 62.3 in 2007 to 61.0 in 2015, but the decline is not obvious, the polluted areas are still large which needs further cooperation including physical control, chemical control, and biological control and co-governance of the basis of sharing advanced experience and technology. Second, the government should promote the construction of information sharing platform. Information sharing is the basis of cooperation, and poor communication will lead to collaborative governance crisis. Therefore, the government should strengthen the top-level design, promote big data technology, cloud computing, and mobile Internet. The use of modern information technology and other advanced scientific and technological methods will further improve the efficiency and effectiveness of synergistic governance among local governments. Finally, the construction of Taihu Basin Authority should be strengthened. Taihu Basin Authority is the leading group which should play a greater role in the division of tasks, staff deployment, and department coordination.

5 The experiences and lessons of synergistic governance in managing cross- boundary water pollution among local governments in China

Throughout the governance process from 2007 to 2016, the effectiveness of Taihu water pollution control owns to the synergistic governance among Zhejiang, Jiangsu and Shanghai. Due to the administrative divisibility and local differences, local governments need an effective mechanism to coordinate the work among governments, so that each part will work together towards a common goal. In this research, the mechanism of cross-boundary water pollution control in the Taihu Basin has been constructed to summarize its successful experience and provide methods for water pollution control in China.

5.1 Practical goal and mutual trust among local governments

Local governments must first realize the necessity of synergistic governance in managing cross-boundary water pollution, and set practical goal based on the overall interests of the region to provide a common direction for further work. Then, local governments have to strengthen the mutual recognition and trust. The difference in the level of development is an existing reality. Therefore, in the process of synergistic governance, it is necessary to share experience with each other, and promote advanced technologies in order to achieve the effectiveness as well as safeguard the overall interests of the region [26].

5.2 Unified organization of synergistic governance
The transfer of power is an important feature of cross-boundary organizations. The local governments will transfer part of their power to the cross-boundary governance organization to ensure that they are not influenced by administrative interference. Therefore, the unified organization has the power and ability to carry out regional regulation independently. And a unified leading group should have representatives from each region in order to help the organization analyze pollution conditions and introduce measures [27].

5.3 Legal support of synergistic governance

The law of regional synergistic governance can help administrative regions gain legal support in the process of synergistic governance which contains clear disciplines on the division of responsibilities. Two key points need consideration. First, consider the overall ecological environment and economic environment of the region to avoid one-sided legislation; second, emphasize synergistic governance and coordination in water pollution control. The key to break the administrative barriers in environmental management lies in the coordination of governance and the legislation of behaviors.

5.4 Financial support of synergistic governance

Adequate financial resources need to be collected in the process of synergistic governance of cross-boundary water pollution [28]. Providing advanced technical equipment, carrying out regular survey, train or hire talents on water pollution prevention and control should get financial support. The source of funding can stem from the central government's annual budget, or donations from NGOs or charities.

5.5 Information-sharing platform

Information technology is the basis of synergistic governance and governance and the establishment of a modern information platform is the technical support to achieve the coordination of governance. The information-sharing mechanism can provide intelligent support including overall planning, management and decision-making in the governance of cross-boundary water pollution [28]. The methods include establishing and improving the digital network of information database, and promoting the construction of e-government in order to avoid “information fragmentation” and “information island” phenomena.

5.6 The system of combining watershed management and partition management

The system combining watershed management and partition management helps the decentralized administrative areas balance the integrity of basin and the liquidity of pollution. Local governments can cooperate on the overall level such as the introduction of water pollution standards, illegal sewage disposal measures [29]. In addition, under the overall planning, the local government can implement targeted governance according to local conditions.

5.7 Incentive mechanism of synergistic governance

Incentive mechanism can effectively improve the initiative of synergistic governance of cross-boundary water pollution. Therefore, government should establish and improve the performance appraisal system, accountability assessment system and incentive system [30]. From the perspective of synergistic governance, the collaborative performance appraisal system should base on the common interests to measure the degree of mutual cooperation in resolving problems.

6 Conclusions

Based on synergy theory, this research starts from the analysis of the dilemma faced by the local governments in governance of cross-boundary water pollution, and takes the governance of the Taihu Basin as an example. On the basis of summarizing the successful experiences, this research constructs the mechanism of synergistic governance of the Taihu Basin to provide structural support for the settlement of cross-boundary water pollution problems in China. In the governance process from 2007 to 2016, local governments conducted a number of explorations, from the initial self-governance to final cooperation, which is attributed to joint efforts. Meanwhile, Zhejiang, Jiangsu and Shanghai improve the legislative protection, promote the construction of information sharing platform, and set up unified organization to safeguard the coordination of governance so local governments could maximize their respective advantages to achieve “1+1+1＞3” effect (the combination of Zhejiang, Jiangsu and Shanghai is better than independent work).

References

[1]
Fan Yong-mao, Yin Yu-min. The selection of collaborative governance models for the transboundary environmental issues: The oretical discussion and three cases[J]. Journal of Public Management, 2016, (02): 63-75 (in Chinese)

[2]
Yang Hong-shan. Building an integrated government-guiding mechanism for water environment governance—The case of Lake Dian practice in Yunnan Province[J]. Chinese Public Administration, 2012, (03): 13-16 (in Chinese)

[3]
Zhuo Kai, Yin Cun-yi. The institutional infrastructure of regional cooperation: Theory of transborder governance and EU experiences[J]. Journal of Finance and Economics, 2007, 33(01): 55-65 (in Chinese)

[4]
Bandoli G, Ehrenstein O V, Ghosh J K, et al. Synergistic effects of air pollution and psychosocial stressors on adolescent lung function[J]. Journal of Allergy & Clinical Immunology, 2016, 138(03): 918-920.e4
[5]
Hermann Haken. Synergetics: Introduction and Advanced Topics[M]. Springer, 2012: 12-135

[6]
Petrov A, Geraskina I. Synergistic approach to the management of transport infrastructure projects [J]. Transportation Research Procedia, 2017, 20: 499-504
[7]
NORRISDF. Prospect for regional governance under the New Regionalism: Economic imperatives or political impediments[J]. Journal of Urban Affairs, 2001, 23(05): 557-571
[8]
Zhang Xiao. Trend of and the governance system for water pollution in China[J]. China Soft Science, 2014(10): 11-24 (in Chinese)

[9]
Yi Zhi-bin, Ma Xiao-ming. Study on inter-governmental cooperation governance of trans-boundary water pollution in basin[J]. Social Science, 2009, (03): 20-25 (in Chinese)

[10]
Hu Ruo-yin. Analyse of the absurdity of the administration division and the river basin water pollution mending[J]. Environmental Protection, 2006, (06): 65-68 (in Chinese)

[11]
Li Sheng, Chen Xiao-chun. Governance dilemma of trans-district water pollution: An intergovernmental game perspective [J].China Population, Resources and Environment, 2011, 21(12): 108-113 (in Chinese)

[12]
Tao Pin-zhu. From territory principle to cooperation management: The transformation of air pollution control model of Beijing, Tianjin and Hebei[J]. Hebei Law Science, 2014, 32(10): 120- 129 (in Chinese)

[13]
Yu Xi-jun. The harm, cause and prevention of the cross-border water pollution of the Taihu Lake[J]. China Population, Resources and Environment, 2008, 18(01): 176-179 (in Chinese)

[14]
Gil-Garcia J R, Guler A, Pardo T A, et al. Trust in government cross-boundary information sharing initiatives: Identifying the determinants[C].Hawaii International Conference on System Sciences. IEEE Computer Society, 2010: 1-10
[15]
Zhou Zhi-ren. Citizen participation in government performance measurement: A historical review and assessment[J]. Chinese Public Administration, 2008, (01): 111-118 (in Chinese)

[16]
Qin Chang-jiang, Hu Wei. The innovation, limitation and enlightenment of collaborative public management[J]. The Journal of Shanghai Administration Institute, 2012, 13(05): 17-25 (in Chinese)

[17]
Hassler Bjorn. Coping and adaptation in socio-ecological problem structures: Towards an integrated framework for analyzing trans-boundary environmental problems in marine settings[J]. Journal of Animal Ecology, 2015, 13(01): 1-18
[18]
Yang Yan, Sun Tao. Study on the mechanism of local government cooperation in interregional environment governance[J]. Chinese Public Administration, 2009, (01): 66-69 (in Chinese)

[19]
Li Zheng-sheng. Study on mechanism innovation of basin water pollution control in China: From administrative division to collaborative governance[J]. Academic Exploration, 2014, (09): 57-61 (in Chinese)

[20]
Shi Guang-ming, Wang Jin-nan, Dong Zhan-feng, Zhang Yong-liang. Pollution prevention for transboundary watershed: perspective from cooperative game theory[J]. Journal of Natural Resources, 2015, 30(04): 549-559 (in Chinese)

[21]
Zhang J Y. The art of trans-boundary governance: The case of synthetic biology[J]. Systems & Synthetic Biology, 2013, 7(03): 107-114
[22]
Plata Miguel Moreno. The institutional levels for sustainable development: Exploring trans-boundary governance on climate change[J]. International Journal of Humanities & Social Science, 2013, 3(21): 117-125
[23]
PARKER R. Governance and the entrepreneurial economy: A comparative analysis of three regions[J]. Entrepreneurship Theory and Practice, 2008, 32(05): 833-854
[24]
Guo Yu-hua. Analysis on the current situation and the evolvement reason of the trans-region water environment in Taihu Basin[J]. Ecological Environment, 2009, (02): 160-162+166 (in Chinese)

[25]
Emerson K, Nabatchi Tina. Evaluating the productivity of collaborative governance regimes: a performance matrix[J]. Public Performance & Management Review, 2015, 38(4):717-747
[26]
Cui Jing, Sun Wei. Intergovernmental jurisdiction division in regional air pollution governance from the perspective of collaboration governance[J]. Chinese Public Administration, 2014, (09): 11-15 (in Chinese)

[27]
Akamani K, Wilson P I. Toward the adaptive governance of transboundary water resources[J]. Conservation Letters, 2011, 4(06): 409-416
[28]
Yang Chun. The geopolitics of cross-boundary governance in the Greater Pearl River Delta, China: a case study of the proposed Hong Kong-Zhuhai-Macao Bridge[J]. Political Geography, 2006, 25(07): 817-835
[29]
Ma Ben. Inspection and reformation of trans-boundary governance in crisis management: The case of the Wenchuan earthquake[J]. Journal of Tsinghua University (Philosophy and Social Sciences), 2009, (03): 147-152 (in Chinese)

[30]
Yang Yan. Cooperation mechanism design of river basin water environmental management based on game theory[J]. Systems Engineering, 2007, 25(08): 54-57 (in Chinese)
















































�Taihu is the third largest freshwater lake in China, located in Jiangsu Province in the southeast of China. Among thousands of rivers and lakes in the Taihu Basin, Taihu is the largest lake at the center of the basin with surface area of 2338 km2.
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