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I 

摘要 

人类对海洋石油资源的开发与利用日益扩大，频繁的海上运输和海上油田勘

探开发导致石油泄漏事故屡屡发生。近年来石油污染正逐渐成为我国海洋环境中

的主要污染物，且污染量呈上升趋势，其中近岸海域溢油事件频繁发生，且近岸

海域生态系统敏感度高，故人类活动造成的溢油事故对近岸海域生态系统造成重

大压力。海洋溢油事件所引发的生态损害之技术问题，已成为国内外该领域研究

和政府管理部门制定相关规范的重大需求。然而，在中国目前完成的海洋溢油损

害赔偿案例中，所获赔偿仍多集中于清污、渔业资源损失等直接费用，生态系统

损害等间接影响则仍处于研究层面，研究内容则鲜少涉足生态系统服务功能损失

评估。因此，开展近岸溢油对海洋生态系统服务功能损失评估的科学研究迫在眉

睫。 

本文运用海洋环境化学、海洋生态学、环境经济学、海洋生态系统管理等多

学科交叉的相关理论与方法，结合国内外文献查阅、相关资料收集、理论分析、

比较分析以及模型与案例相结合的手段进行研究，归纳总结生态系统服务功能概

念的历史演化，概括评述海洋溢油生态系统服务功能损失评估方法，修正资源等

价分析方法（Resource Equivalency Analysis，REA），通过评述和分析，为我国

海洋溢油管理的研究与实践提供参考，以期能推进溢油海洋生态系统服务功能损

失评估的科学研究。本文主要取得以下几个方面的研究成果： 

（1）溢油影响海气交换，降低海洋初级生产力，危害生物生存和人类健康，

破坏海滩休养地及风景区的景观。本文调研得出，目前我国油污损害相关立法及

规程与国际水平仍有一定差距，缺乏健全的相关溢油损害法律法规体系，针对海

洋生态系统服务功能损害的相关法律相对较少。国内外溢油生态损害影响研究

中，大多研究关注的是溢油对海洋环境损害，渔业资源等的直接影响，鲜少涉足

海洋生态系统服务功能等长时间尺度损害的评估，从而提出开展海洋生态系统服

务功能损害评估工作的必要性。 

（2）对海洋生态系统服务功能定义相关理论及其历史演化进行了总结，探

讨其内涵，海洋生态系统服务功能是指人类从海洋生态系统中获得的收益与功

能，其分为供给服务、调节服务、文化服务和支持服务，并对海洋生态系统服务
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II 

功能进行分类及对各项服务进行识别。 

总结国内外关于生态系统服务功能的评估方法，包括自然资源损害评估

（Natural Resources Damage Assessment，NRDA）方法体系：生境等价分析

（Habitat Equivalency Analysis，HEA）、REA、或然价值法（Contingent Valuation 

Method，CVM）；人工神经网络法模型、华盛顿评估公式模型、佛罗里达评估公

式模型等、“塔斯曼海”轮溢油生态价值损失评估模型；货币化评估及基于经济

学研究的各类评估手段。在各类方法优缺点进行比较分析，提出确定 REA 为近

岸溢油生态损害评估方法的主要依据。通过国内外对溢油污染生态系统服务功能

损失评估方法的调研，对典型溢油生态损失评估方法进行优缺点对比分析，最终

确定运用 REA 作为本文针对近岸海域溢油污染的生态系统服务功能损害评估的

主要方法。 

（3）笔者发现在大多 REA 方法对海洋生态系统服务功能损失进行评估过程

中，海洋生态系统损失程度（I）的选取多仅通过假设来确定，其参数确定并未

有明确的规定。本文对 REA 方法进行修正和改进，确定不同溢油情况下 REA 公

式中的不同参数：海水中油类浓度为0-0.005 mg/L，I为0，浓度为0.005-0.03 mg/L，

I 为 5%，浓度为 0.03-0.05 mg/L，I 为 30%，浓度为 0.05-0.3 mg/L，I 为 50%，浓

度为 0.3-0.5 mg/L，I 为 60%，浓度为 0.5 mg/L，I 为 80%，大于 1 mg/L，I 为 100%。

通过海水中油类浓度来界定海洋生态系统服务功能损害的程度，从而确保公式中

的参数更具科学意义。 

（4）将 REA 评估方法应用于“塔斯曼海”轮溢油事故案例的研究，对该溢

油事故造成的海洋生态系统服务功能损失进行评估，结果显示：海洋生态系统服

务功能损失的总价值约为 1.286 亿元，并与其他该案例评估结果进行比较，验证

修正后 REA 方法的合理性。同时，将运用 REA 对 2012 年发生在福建省兴化湾

一起溢油事故进行评估，结果显示：该海域海洋生态系统服务功能损失的总价值

约为 1 267.27 万元。 

（5）在对案例分析的基础上，针对近岸溢油污染管理方面提出相关对策和

建议，为今后研究及政府决策提供科学依据。 
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ABSTRACT 

The development and utilization of offshore oil resources are enlarging 

increasingly, because of the frequent maritime transport and oil exploration, the oil 

spill accidents occur frequently. Petroleum have become the main contaminant in 

seawater in China and the oil pollution is getting worse and worse. Among the oil spill 

accident, most of which occurred in coastal waters. Due to the highly sensitive nature 

of the coastal marine ecosystem, Oil pollution is stressful for coastal waters. Thus it 

has become a commonly concerned topic all around the world to assess ocean 

ecosystem damage which caused from oil spill. However, among the claims of oil 

spill damage, most of assessment of losses of oil focus on the assessment of direct 

losses, including the loss of fishery resources, the cost of the rack cleaner, etc.; among 

the studies of oil spill damages, ecological damage, ecological value loss, etc. have 

been concerned, but not ecosystem service loss. So the research of the oil spill 

occurred in coastal is urgently needed.  

This paper studies the ecological losses caused by oil spill in coastal based on the 

multiple disciplines of Ocean Chemistry, Marine Ecology, Environmental Economics, 

Integrated Coastal Zone Management and so on., as well through reference research, 

information-gathering, theoretical analysis. It summarizes the historical evolution of 

the concept of ecological services and the assessment method of the loss of marine 

ecosystem services, also revises the Resource Equivalency Analysis (REA). It provide 

some reference value for the management and policy making. 

This paper achieves the following goals: 

(1) Oil spill brings severe environmental impact, such as destroying air-sea 

exchange, decreasing the marine primary productivity, being dangerous to human 

health and destroying landscapes and habitats. While we still have a certain gap in 

law-making of oil pollution and lack a sound supervision system and regulations in 

China. Most of assessment of losses of oil focus on the assessment of direct losses, 

including the loss of fishery resources, the cost of the rack cleaner, etc. A lack of 
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assessment of marine ecosystem services. So it is necessary to assess marine 

ecosystem services. 

(2) The paper summarizes and also discusses the definition of marine ecosystem 

services. Marine Ecosystem Services is the incomes which humans gain from marine 

ecosystem, and then we classifies marine ecosystem service and its sub-services, it is 

classified into four categories: provisioning service, regulating service, cultural 

service and supporting service. 

Sums up the evaluation method of ecosystem services at home and abroad, 

including the NRDA method system: HEA, REA, CVM; Artificial neural network 

model; Washington assessment formula model; Florida assessment formula model; 

“Tasman sea” ecological value of oil spill damage assessment; Monetization 

assessment and other kinds of evaluation methods. Through comparative of the 

advantages and disadvantages of the various kinds of method, we determine REA as 

the main method of assessment of offshore oil spill.  

(3) Through discusses REA method, the author found that the determination of 

parameter I (Marine ecosystem damage degree) just by assumption in most research 

which using REA method to assess the loss of marine ecosystem services, its 

parameters is not clearly defined. We have corrected and improved the REA method, 

it determine the different I under different concentrations of PAHs: The concentrations 

range is 0-0.005 mg/L, I=0; the range is 0.005-0.03 mg/L, I=5%; the range is 

0.03-0.05 mg/L, I=30%; the range is 0.05-0.3 mg/L, I=50%; the range is 0.3-0.5 mg/L, 

I=60%; the concentration is 0.5 mg/L, I=80%; concentration above 1 mg/L, 

I=100%.Using the oil concentration in seawater to definition of Marine ecosystem 

services damage degree, which can ensure that the parameters in the formula is more 

scientific. 

(4) REA method was applied to the “Tasman sea” vessel oil spill accident to 

assess the marine ecosystem services loss of this case, the results show that the total 

value of Marine ecosystem service loss is about 128.6 million RMB, and comparing 

with other cases to prove REA which under corrected is scientific and rational. At the 

same time, we use REA to assess the marine ecosystem services loss of “BARELI” oil 
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spill accident occurred at in XingHua bay in Fujian province in 2012. The results 

show that the total value of the Marine ecosystem services loss is about 12.6727 

million RMB.  

(5) Through theoretical analysis and case study, the paper intends to supply 

experience and reference to the relevant policy making department and related 

studies. 

 

关键词：资源等价分析；生态系统服务；损失评估；溢油 

Keywords: Resource Equivalency Analysis; Ecosystem Services; Damage Assessment; 

Oil Spill
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VI 

缩略词表 

PAHs: 多环芳烃（polycyclic aromatic hydrocarbons） 

MEA: 千年生态系统评估小组（Millennium Ecosystem Assessment） 

NRDA: 自然资源损害评估（Natural Resources Damage Assessment） 

HEA: 生境等价分析（Habitat Equivalency Analysis） 

REA: 资源等价分析方法（Resource Equivalency Analysis） 

CVM: 或然价值法（Contingent Valuation Method） 

EC50: 半最大抑制浓度（Concentration for 50% of Maximal Effect） 

ESA: 环境敏感区（Environmental Sensitive Area） 

WTP: 支付意愿（Willingness to Pay） 

WTA: 受偿意愿（Willingness to Accept） 
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