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摘 要 

 

20世纪70年代末期以来，随着中国经济持续快速发展，发达国家上百年工业化

过程中分阶段出现的环境问题在中国集中出现，环境与发展的矛盾日益突出。为此，

全国各地区、各部门不断加大环境保护工作力度，并取得了积极的进展。 

以政府为主导的多元环保投资是环境保护的主要推动力，其大小和效果关系到

污染控制、环境建设和生态保护，关系到生态环境质量的改善， 终关系到环境对

经济发展的保证和支持程度。近二十年来，我国经济高速发展，综合国力明显增强，

与此同时，环境保护投资也有较大的增长。 

然而，环保投资领域还存在许多问题亟待解决，突出表现在：环境保护投入效

益不高，缺乏规范化的投入效益评价体系；环境保护的投入结构和方向不尽合理，

又缺乏有效的管理和政策机制引导。 

本文在中国环境保护投资由分散治理向综合治理方向发展的大背景下，查阅了

我国水环境演变状况和环保投资发展动态的相关文献，着重研究福建省九龙江流域

的水环境保投资状况，旨在提高其投资效率。文章以九龙江流域水环境保护相关的

大量基础数据为前提，运用费用－效益分析方法将环保投资的收益货币化，并分别

以环保投资 小化、污染物削减量 大化和环境效益 大化为目标，对水环境保护

投资进行整体优化。 

文章统筹考虑了流域的污染源分布、比例、上下游区域的产业结构以及污染物

的降解等问题，以九龙江环境容量为杠杆和环境目标，通过运用多目标决策相关理

论与模型， 终实现环境保护投入资本在不同县区和不同污染源治理之间的统筹分

配。 

 

关键词：环保投资 优化 水环境 
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Abstract 
Since 1970s, under the background of Chinese rapid and continuous economic 

development, the environmental problems which emerged at different stage in the 
developed countries during their hundreds-of-year industrialization have kept coming out 
intensively in China. The conflicts between environment and development grow more 
and more serious. 

The multiplicity of environmental investment under the orientation of government is 
the main driving force behind environmental protection. The amount of environmental 
protection investment and its effect are in relation to pollution control, environmental 
construction and ecological protection; are in relation to the improvement of 
eco-environmental quality; finally are in relation to the degree that environment sustains 
and supports economic development. In the late twenty years, with high-speed economic 
development and enhancement of comprehensive national strength, environmental 
protection investment has grown at the same time.  

However, there are still a lot of problems in the area of environmental investment, 
manifest in the following aspects: the efficiency using environmental investment is low, 
the lacking of standardized cost-benefit evaluating appraisal system, the 
unreasonableness concerning the structure and orientation of environmental investment 
and the lack of effective mechanism regarding to management and policy. 

This thesis studies under the background that the direction of environmental 
investment in China is shifting from the decentralized governance to a centralized one. 
Referring to related literatures on how the water environment and the investment on it 
have changed in China, the focus was given to the environmental investment of Jiulong 
River watershed in Fujian province, aiming at enhance its efficiency. Using cost-benefit 
method to monetize profit of environmental investment, this paper optimizes 
environmental investment on the premise that substantive data can be obtained in the 
related area. The goal of practical study in Jiulong River watershed is to maximize the 
reduction rate of pollutants and the environmental benefit. 

This paper takes into full consideration the distribution and ratio of pollution 
sources, industrial structure both upstream and downstream and retrogradation of 
pollutants in the study area. By utilizing environmental capacity as the lever and also 
environmental objects and multi-objective decision making theory as the method, this 
paper eventually optimizes the allocation of environmental investment to different 
districts and pollutant pollution sources.  

 
Key Words: Environmental investment; optimization; water environment 

厦
门
大
学
博
硕
士
论
文
摘
要
库



 

                                         I

目 录 

表索引 ....................................................................................................I 

图索引 .................................................................................................III 

1 绪论 .............................................................................................. 1 

1.1 我国水资源概况和水污染现状 ........................................................1 

1.2 我国环保投资概况.............................................................................3 

1.2.1 环境保护投资总量分析 ......................................................................... 3 

1.2.2 资金来源和使用方向 ............................................................................. 5 

1.2.3 环境保护投资的使用效率分析 ............................................................. 5 

1.3 论文的研究目标和意义 ....................................................................6 

1.3.1 研究目标 ................................................................................................. 6 

1.3.2 研究意义 ................................................................................................. 7 

1.4 论文的技术路线和研究内容 ............................................................7 

1.4.1 技术路线 ................................................................................................. 7 

1.4.2 研究内容 ................................................................................................. 8 

2 水环境保护费用效益分析和水污染经济损失理论与方法 ..... 10 

2.1 效益费用分析和水污染经济损失研究进展 ..................................10 

2.1.1 水环境保护效益和费用的内涵以及效益费用分析概述................... 10 

2.1.2 水污染经济损失概念分析 ................................................................... 11 

2.1.3 国外水环境保护效益费用分析及水污染损失估算研究进展........... 11 

2.1.4 国内水环境保护效益费用分析及水污染损失估算研究进展........... 13 

2.2 水污染经济损失的估算范围 ..........................................................14 

2.3 水环境保护效益的评价方法 ..........................................................16 

2.3.1 直接市场法 ........................................................................................... 16 

2.3.2 替代市场法 ........................................................................................... 18 

2.3.3 费用评价法 ........................................................................................... 19 

2.3.4 调查评价法 ........................................................................................... 20 

2.4 水环境保护效益费用评价指标和方法 ..........................................22 

厦
门
大
学
博
硕
士
论
文
摘
要
库



                              

 II

2.4.1 评价指标 ............................................................................................... 22 

2.4.2 评价方法 ............................................................................................... 23 

3 环保投资优化的理论与方法..................................................... 26 

3.1 环保投资研究范围的确定 ..............................................................26 

3.1.1 国内外环境保护投资范围的界定 ....................................................... 26 

3.1.2 九龙江流域环境保护投资范围的确定 ............................................... 27 

3.2 环保投资优化的理论和方法 ..........................................................28 

3.3 环保投资估计的次优选择 ..............................................................30 

3.3.1 基于环境费效分析 ............................................................................... 30 

3.3.2 基于实际和模拟情景下环保投资效果的对比................................... 31 

3.3.3 基于多目标决策法的环保投资优化 ................................................... 31 

3.4 多目标决策理论及其应用 ..............................................................32 

3.4.1 多目标决策过程 ................................................................................... 32 

3.4.2 数学模型 ............................................................................................... 33 

3.4.3 多目标问题的求解技术 ....................................................................... 33 

3.4.4 多目标决策的应用 ............................................................................... 35 

4 九龙江流域基本情况................................................................. 37 

4.1 九龙江流域自然状况 ......................................................................37 

4.2 九龙江流域社会经济基本状况 ......................................................37 

4.3 九龙江流域水环境概况和水污染现状 ..........................................40 

4.3.1 九龙江流域水环境演变状况 ............................................................... 40 

4.3.2 九龙江流域水环境保护综合整治 ....................................................... 40 

4.3.3 九龙江流域地表水质变化状况 ........................................................... 41 

4.4 九龙江流域水环境保护投入状况 ..................................................43 

4.4.1 治理投资概况 ....................................................................................... 44 

4.4.2 分县区和分年度投资情况 ................................................................... 44 

5 九龙江流域水环境保护效益计算过程..................................... 47 

5.1 假设不存在环保投资的情景模拟 ..................................................47 

厦
门
大
学
博
硕
士
论
文
摘
要
库



 

                                         III

5.2 水环境保护投资效益的计算 ..........................................................49 

6 九龙江流域水环保保护投资优化模型..................................... 53 

6.1 多目标优化模型的建立 ..................................................................53 

6.1.1 目标函数 ............................................................................................... 53 

6.1.2 约束条件 ............................................................................................... 54 

6.2 参数的确定.......................................................................................55 

6.2.1 投资－效益系数 ................................................................................... 55 

6.2.2 投资－效果系数 ................................................................................... 55 

6.2.3 行业治理优先次序系数 ....................................................................... 56 

6.2.4 区域公平系数 ....................................................................................... 61 

6.3 多目标费效优化过程 ......................................................................63 

7 优化结果分析............................................................................. 69 

7.1 多目标优化结果分析 ......................................................................69 

7.1.1 多目标费效优化投资分析 ................................................................... 69 

7.1.2 多目标费效优化空间分析 ................................................................... 75 

7.1.3 多目标费效优化污染源分析 ............................................................... 75 

7.1.4 多目标费效优化效益分析 ................................................................... 76 

7.2 单一目标优化情景方案 ..................................................................78 

7.2.1 依环境容量确定环保投资 ................................................................... 78 

7.2.2 依公平系数确定环保投资 ................................................................... 81 

7.2.3 单一目标优化情景方案小结 ............................................................... 82 

7.3 多目标优化方案的评述 ..................................................................83 

7.4 水环境保护投资管理模式优化 ......................................................85 

8 结论与展望................................................................................. 88 

8.1 主要研究成果...................................................................................89 

8.2 主要创新点.......................................................................................89 

8.3 不足之处...........................................................................................90 

厦
门
大
学
博
硕
士
论
文
摘
要
库



                              

 IV

8.4 研究展望...........................................................................................90 

参考文献 ............................................................................................. 91 

致谢 ...............................................................................................................95 

厦
门
大
学
博
硕
士
论
文
摘
要
库



 

                                         I

CONTENTS 
LIST OF TABLES....................................................................................... I 

LIST OF FIGURES ..................................................................................III 

1 PREFACE ..................................................................................................1 
1.1 Review of water resources and pollution status in China .....................................1 

1.2 Review of environmental investment status in China ........................................... 3 

1.2.1 Analysis on the aggregate environmental investment ........................................... 3 

1.2.2 Sources of funding and direction of its use ............................................................. 5 

1.2.3 Efficiency analysis on the use of environmental investment .................................. 5 

1.3 Objectives and significance of study ......................................................................... 6 

1.3.1 Study bojectives ...................................................................................................... 6 

1.3.2 Study significance ................................................................................................... 7 

1.4 Approaches and contents of study ............................................................................ 8 

1.4.1 Study approaches .................................................................................................... 8 

1.4.2 Study contents ......................................................................................................... 8 

2 STUDY ON COST-EFFECTIVENESS AND ECONMIC LOSS  

RELATED TO ENVIRONMENTAL INVESTMENT.........................10 
2.1 Progress in Development Studies ............................................................................. 10 

2.1.1 Introdution of cost-effectiveness method and meanings of cost and effect .......... 10 

2.1.2 Analysis on the concept of economic loss from water pollution........................... 11 

2.1.3 Study abroad on cost-effecitvess and economic loss in related area..................... 11 

2.1.4 Domestic study on cost-effecitvess and economic loss in related area ................. 13 

2.2 Rrange of study on economic loss from water pollution ................................... 14 

2.3 Evaluation methods of effectiveness value from environmental protection..... 16 

2.3.1 Direct market analysis........................................................................................... 16 

2.3.2 Substitutable market analysis................................................................................ 18 

2.3.3 Cost assessment analysis....................................................................................... 19 

2.3.4 Investigation assessment analysis ......................................................................... 20 

2.4 Evaluation indices and methods of cost-effectivenss ............................................ 21 

2.4.1 Evaluation indices ................................................................................................. 21 

2.4.2 Evaluation methods............................................................................................... 23 

3 THEORIES AND METHODS OF OPTIMAL ENVIRON-      

MENTAL INVESTMENT.........................................................................25 
3.1 Definition of study range on of environmental investment................................ 25 

3.1.1 Definition of study range abroad on environmental investment ........................... 25 

厦
门
大
学
博
硕
士
论
文
摘
要
库



                                               

 II

3.1.2 Definition of study range in Jiulong River Watershed .......................................... 27 

3.2 Theories and methods of optimal environmental investment............................. 28 

3.3 Suboptimum choice of environmental investment................................................. 30 

3.3.1 Based on environmental cose-effectiveness analysis............................................ 30 

3.3.2 Based on comparision between actual and simulative investment ....................... 31 

3.3.3 Based on multi-objective method.......................................................................... 31 

3.4 Theroies and application of multi-objective decision making methods............ 32 

3.4.1 Process of multi-objective decision making ......................................................... 32 

3.4.2 Mathematical models ............................................................................................ 33 

3.4.3 Solving technology of multi-objective problems .................................................. 33 

3.4.4 Application of multi-objective decision making ................................................... 34 

4 BASIC CONDITIONS OF JIULONG RIVER WATERSHED.....37 
4.1 Nature conditions of Jiulong River Watershed..................................................... 37 

4.2 Social and eonomic conditions of Jiulong River Watershed.............................. 37 

4.3 Introduction of water environment and pollution status in the study area... 40 

4.3.1 Water environmental evolution ............................................................................. 40 

4.3.2 Comprehensive improvement of water environmental ......................................... 40 

4.3.3 Surface water quality evolution ............................................................................ 41 

4.4 Water environmental investment in Jiulong River Watershed .......................... 43 

4.4.1 Introduction of whole investment ......................................................................... 44 

4.4.2 Investment in different pollution sources and districts ......................................... 44 

5 Calculation of environmental benefit value......................................47 
5.1 Simulative senario of water environmental conditions without investment..... 47 

5.2 Calculation of environmental benefit value due to investment ......................... 49 

6 Model Building .......................................................................................53 
6.1 Building of multi-objective models .......................................................................... 53 

6.1.1 Objctive functions ................................................................................................. 53 

6.1.2 Constraint conditions ............................................................................................ 54 

6.2 Determination of coefficients..................................................................................... 55 

6.2.1 Cost-benefit value ................................................................................................. 55 

6.2.2 Cost- effective value ............................................................................................. 55 

6.2.3 Cost-benefit value ................................................................................................. 56 

6.2.4 Cost- effective value ............................................................................................. 61 

6.3 Optimizing process ...................................................................................................... 63 

7 RUSULT ANALYSIS .............................................................................69 
7.1 Optimal scheme from multi-objectiveness analysis............................................... 69 

厦
门
大
学
博
硕
士
论
文
摘
要
库



 

                                         III

7.1.1 Optimal investment analysis ................................................................................. 69 

7.1.2 Optimal analysis on different districts .................................................................. 75 

7.1.3 Optimal analysis on different pollution sources.................................................... 75 

7.1.4 Environmental effectiveness value of optimal scheme ......................................... 76 

7.2  Complementary single-objective analysis .............................................................. 78 

7.2.1 Determination of investment under environmental boundary............................... 79 

7.2.2 Determination of investment under fairness boundary ......................................... 81 

7.2.3 Short summary ...................................................................................................... 82 

7.3 Commentation on optimal scheme........................................................................... 83 

7.4 Optimization of management system of environmental investment .................. 85 

8 CONCLUSIONS AND PROSPECTS .................................................88 
8.1 Main research results ................................................................................................. 89 

8.2 Main innovations ......................................................................................................... 89 

8.3 Insufficiency of the study .......................................................................................... 90 

8.4 Future work ................................................................................................................. 90 

9 Acknowledgement ...................................................................................95 

 

厦
门
大
学
博
硕
士
论
文
摘
要
库



厦
门
大
学
博
硕
士
论
文
摘
要
库



 

                                         I

表索引 

表 4-1 九龙江流域土地利用.......................................................................................... 38 

表 4-2 九龙江主要支流 2001~2005 年地表水水质情况.............................................. 43 

表 5-1 水环境保护投资引起的九龙江主要断面污染物削减情况.............................. 48 

表 5-2 水体污染造成的经济损失参数 a、b 的参考取值 ............................................ 51 

表 6-1 分污染源投资－效益系数.................................................................................. 55 

表 6-2 分区县投资－效益系数...................................................................................... 55 

表 6-3 分污染源投资－效果系数.................................................................................. 56 

表 6-4 分区县投资－效果系数...................................................................................... 56 

表 6-5 判断相对亮度表.................................................................................................. 57 

表 6-6 平均随机一致性检验系数表(RI) ....................................................................... 57 

表 6-7 目标定位比较法矩阵.......................................................................................... 59 

表 6-8 建立基于层次分析法两两比较法的因子权重分布.......................................... 59 

表 6-9 环保投资分配系数.............................................................................................. 60 

表 6-10 终行业治理投资系数.................................................................................... 60 

表 6-11 区域环保投资公平系数权重表........................................................................ 62 

表 6-12 漳州市区环保投资优化方案............................................................................ 67 

表 6-13 长泰县环保投资优化方案................................................................................ 67 

表 6-14 华安县环保投资优化方案................................................................................ 67 

表 6-15 龙海市环保投资优化方案................................................................................ 67 

表 6-16 南靖县环保投资优化方案................................................................................ 67 

表 6-17 平和县环保投资优化方案................................................................................ 67 

表 6-18 新罗区环保投资优化方案................................................................................ 68 

表 6-19 漳平市环保投资优化方案................................................................................ 68 

表 6-20 各区县 优方案条件下的投资效益系数和投资效果系数............................ 68 

表 7-1 水环境保护投资 优值分区县分污染源投资额.............................................. 69 

表 7-2 优化方案与 2005 年实际值在各区县上投资比例对比.................................... 70 

表 7-3 优化方案各县区的分污染源投资比例变化...................................................... 70 

表 7-4 优化方案与 2005 年实际方案在各污染源上投资比例对比............................ 72 

厦
门
大
学
博
硕
士
论
文
摘
要
库



                                            

 II

表 7-5 优化方案各污染源的区县投资比例变化.......................................................... 73 

表 7-6 优化的投资结构与 2005 年投资比例在区域的对比........................................ 76 

表 7-7 优化的投资结构与 2005 年投资比例在污染源方面的对比............................ 76 

表 7-8 不同污染源上优化方案的效益额和效果值...................................................... 77 

表 7-9 不同县区优化方案的效益额和效果值.............................................................. 77 

表 7-10 实际投资与环境容量约束投资对比................................................................ 81 

表 7-11 各县区 2005 年实际投资与模拟公平投资的对比.......................................... 82 

表 7-12 各县区模拟公平投资与实际值相比的比例变化............................................ 82 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

厦
门
大
学
博
硕
士
论
文
摘
要
库



Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.

厦
门
大
学
博
硕
士
论
文
摘
要
库

http://etd.xmu.edu.cn/
http://etd.calis.edu.cn/
mailto:etd@xmu.edu.cn

