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Abstract: Seagrass bed ecosystem is a coastal ecosystem with abundant biodiversity and high 

production. It is also an important system for the sustainable development of human society and 

economy. Based on the local research, statistical data and prevenient research results, the main 

services of Hepu seagrass ecosystem were analyzed in the paper, including fishing production, 

nutrient cycling, scientific research, protecting the coast from eroding, climate regulation, 

biodiversity, culture, bequest valuation, option valuation and existence valuation and so on. At the 

same time, we used ecological and economic methods for economic evaluation of seagrass in 

Hepu of Guangxi, including the market valuation method, contingent valuation method, carbon and 

tax method, benefit transfer method and expert survey method. The results showed that the total 

valuation of the Hepu seagrass ecosystem service was about 6.29 × 105 Yuan RMB/ha in 2005. 

Among these services, the indirect using valuation is the main aspect, which was 4.47 × 105Yuan 

RMB/ha in 2005, accounting for 70.97 % of the total valuation. The non-using valuation was   

1.54  × 105 Yuan RMB/ha in 2005, accounting for 24.52 % of the total valuation. The direct using 

valuation is the least, which was only 2.84 × 104 Yuan RMB/ha in 2005, accounting for 4.51 % of 

the total valuation. 
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Introduction 

 
Seagrass bed plays an important role in coastal ecosystem [1], providing significant habitat and food 

resources for other living marine resources, and having an effect on the circulation of carbon, nitrogen and 

phosphorus in the world [2-4]. Many natural and human-induced events created disturbances of seagrass in 

the world [5]. Developing evaluation of seagrass ecosystem has an effect on protecting seagrass 

ecosystem and strengthening the environment consciousness of people. There is no research on 

seagrass and few paper about study on the evaluation of seagrass compared with mangrove and coral 

reef. Watson researched the economic valuation of prawn produced by seagrass in the Cairns Bay [6]. 

Costanza evaluated the valuation of nutriment circulation and material production of seagrass [7]. 
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Evaluation on seagrass is in the initiatory phase in China. Li [8] and Huang [9] researched the valuation of 

seagrass in Li’an Port of Hainan Island and Hepu of Guangxi Province, but they only evaluated the 

valuation of fishing production, ecosystem nutrient cycling, protecting the coast from eroding of seagrass, 

and did not research the climate regulation and biodiversity valuation.  

According to modern ecological economics, the ecological service valuation of seagrass includes 

direct using valuation, indirect using valuation and non-using valuation [10]. Direct using valuation mainly 

includes marine culture and tidal flat fishing valuation produced by seagrass. Indirect using valuation 

includes offshore fishing, protecting the coast from eroding, climate regulation, biodiversity, scientific 

research and ecosystem nutrient cycling and purifying seawater valuation, which aren’t used in production 

and consumption directly. Non-using valuation includes bequest valuation, option valuation and existence 

valuation [11]. Based on local statistical data, prevenient research results and the characters of Hepu 

seagrass ecosystem in Guangxi Province, the main service valuation of Hepu seagrass ecosystem was 

analyzed in the paper, which would provide the scientific foundation for the sustainable use of Hepu 

seagrass ecosystem in Guangxi.  

 
1  Study methods 

 
1.1  Introduction of study area 

Hepu seagrass bed about 540 ha (in 2002) was located in the marine area of Hepu County in 

Guangxi (Fig.1). There were Halophila ovalis, Zostera japonica, Halophila beccarii and Halodule uninervis, 

et al., and Halophila ovalis were the dominant species [9]. The average coverage ratios of Halophila ovalis 

in Xialongwei and Shabei seagrass bed were respectively 38.8 % and 41.5 % [8]. Hepu seagrass is located 

in the Dugong dugon National Nature Reserve of Hepu. Halophila ovalis is the food resource of Dugong 

dugong. In recent years, Hepu seagrass bed has been interrupted badly, including digging clamworms 

and shells, marine culture, as well as typhoon and storm tide, and the degradation trend was evident.  

1.2  Evaluation methods 

1.2.1  Market valuation method 

Market valuation method evaluates the seagrass valuation according to the market price of the 

production produced by seagrass, which is used to evaluate the valuation of the marine culture and tidal 

flat fishing. Based on the statistical data from Statistics Bureau, Shatian Town and Shankou Town in Hepu 

County, fishing earning was 1.73 × 109 Yuan RMB in Hepu County in 2005, in which offshore fishing 

earning was 5.43 × 108 Yuan RMB, and the area of marine culture was 800 ha, and marine culture earning 

was 6.17 × 104 Yuan RMB /a·ha. And offshore fishing earning was 2.03 × 108 Yuan RMB in Shatian Town 

and Shankou Town. 
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Fig.1  Distribution of seagrass in Hepu of Guangxi  

1. Salt field seagrass bed in Beimu    2. Gaoshatou seagrass bed      3. Shabei seagrass bed 

4. Xialongwei seagrass   5. Danshuikou seagrass bed  6. Ronggenshan seagrass bed 

7. Shanliao seagrass bed            8. Yingluo port seagrass bed 

 

1.2.2  Carbon and tax method 

Seagrass can absorb CO2 and release O2. According to the photosynthesis equation of plants, 

synthesizing 1 g dry substance can absorb 1.629 g CO2, and release 1.1914 g O2 
[12]. The economic 

valuation of seagrass absorbing CO2 and releasing O2 can be calculated on the basis of the overseas and 

domestic fee standard of releasing CO2 and the cost making O2 
[13]. 

1.2.3  Benefit transfer method 

Benefit transfer method is a method that cites the results of other interrelated projects, when a 

project is short of benefit numerical valuation, adequate funds, time and manpower [14]. This study mainly 

cited the study results from Costanza and the special report of Chinese seagrass. For example, Costanza 

gained that the ecosystem nutrient cycling valuation of seagrass in the world was 19 002 $/a·ha and the 

science research valuation of coastal zone in the world was 62 $/a·ha [7]. The special report of Chinese 

seagrass gave that the tidal flat fishing earning of seasgrass bed area in Hepu County was 9 733 Yuan 

RMB/a·ha [9]. 

1.2.4  Contingent valuation method 

Contingent valuation method is a normal method that is used to conclude the willing-to-pay of the 

public to environment resources, and consequently gains the bequest valuation, option valuation and 

existence valuation of resources [15]. In this study, we sent out 500 questionnaires to the householders in 

the Hepu County, received 421 effective questionnaires and gained the willing-to-pay of every 

householder for protecting the limited seagrass resources. The average willing-to-pay (E (WTP)) can be 

calculated by mathematical expectation formula of discrete variables: 

E（WTP）＝
i

n

i
iPA∑

=1
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Ai—Bid account  10≤Ai≤1000 Yuan RMB 

Pi—Probability of visited person selecting the account  0≤Pi≤1 

n—Selected probability numbers  n＝25 

 

1.2.5  Expert survey method 

Expert survey method is a method that evaluates seagrass valuation using the knowledge, 

experience and analyses the ability of experts who are surveyed. In this study, we sent out 300 

questionnaires to the experts studying seagrass and ecological economics, and received 128 effective 

questionnaires. The problems of the expert questionnaire mainly included the contribution ratio of 

seagrass to marine culture, tidal flat fishing and offshore fishing, percentage of seagrass reducing the cost 

repairing coast, and biodiversity valuation of seagrass of each ha. These parameters can be calculated by 

discrete variable: 

C＝
i

n

i
iPA∑

=1

 

Pi—Probability of visited person selecting the account  0≤Pi≤1 

n—Selected probability numbers  n＝10 

In the expert questionnaire, the contribution ratio of seagrass to the marine culture ranged from 

10 % to 90 ％, the contribution ratio to the tidal flat fishing ranged from 10 % to 90 ％, the percentage of  

reducing the cost for repairing coast ranged from 10 % to 90 ％, the biodiversity valuation of seagrass 

ranged from 10 $/a·ha to 10000$/a·ha. 

According to the former formula, the contribution ratios of seagrass to the marine culture, tidal flat 

fishing and offshore fishing were respectively 32.8 %, 84.3 % and 45.6 %. The percentage of seagrass of 

reducing the cost for repairing coast was 45.9 %. The biodiversity valuation of seagrass was 8000 $/a·ha 

in 2005. If 1 $ can be exchanged into 8 Yuan RMB, the biodiversity valuation of seagrass was 64 000 

Yuan RMB/a·ha in 2005. 

 
2  Results 

 
2.1  Direct using valuation 

2.1.1  Marine culture valuation 

The calculated formula was L1＝C1W1，where, 

L1—the marine culture valuation produced by seagrass of each ha 

C1—the contribution ratio of seagrass to the marine culture 
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W1—the marine culture valuation of each ha in marine area of seagrass 

From the former formula, the marine culture valuation of seagrass in Hepu was 2.02 × 104 Yuan 

RMB/a·ha in 2005. 

2.1.2  Tidal flat fishing valuation 

The calculated formula was L2＝C2W2，where, 

L2—the tidal flat fishing valuation produced by seagrass every ha 

C2—the contribution ratio of seagrass to the tidal flat fishing 

W2—the tidal flat fishing earning of each ha in marine area of seagrass 

The tidal flat earning in the seagrass area was 9733 Yuan RMB/a·ha in 2005 [9]. From the former 

formula, the tidal flat fishing valuation produced by seagrass in Hepu was 8.20 × 103 Yuan RMB/a·ha in 

2005. 

2.2  Indirect using valuation 

2.2.1  Offshore fishing valuation 

The calculated formula was L3＝C3W3, where, 

L3—the offshore fishing valuation produced by seagrass  

C3—the contribution ratio of seagrass to the offshore fishing 

W3—the catching fishing earning in Shatian Town and Shankou Town 

The offshore fishing valuation produced by seagrass in Hepu was 9.26 × 107 Yuan RMB/a in 2005. 

The seagrass area in Hepu was 540 ha in 2005. So the offshore fishing valuation produced by seagrass 

was 1.71 × 105 Yuan RMB/a·ha in 2005. 

2.2.2  Valuation protecting the coast from eroding 

The calculated formula was L4＝C4W4, where, 

L4—the valuation protecting the coast from eroding produced by seagrass in Hepu 

C4—cost for repairing every year in seagrass area if there is no seagrass 

W4—the percentage of seagrass reducing cost repairing coast  

W4＝W’
4/(1－C4) 

W’
4—actual repairing cost in the seagrass area every year 

According to the questionnaire to the Hepu County government, there were 700 people to protect 
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the coast from eroding, and everyone gained the subsidy of 10000 Yuan RMB. The other cost for repairing 

was 2.20 × 106 Yuan RMB/a. The valuation protecting the coast from eroding produced by seagrass was 

7.81 × 106 Yuan RMB /a in 2005. The seagrass area in Hepu in 2005 was 540 ha. So the valuation 

protecting the coast from eroding produced by seagrass was 1.45 × 104 Yuan RMB/a·ha in 2005. 

2.2.3  Climate regulation valuation 

The calculated formula was L5=f(x51)+f(x52), where, 

f(x51)—the valuation of Hepu seagrass absorbing CO2 

f(x52)—the valuation of Hepu seagrass releasing O2 

The average dry mass of seagrass bed in Hepu was 25.5 g/m2 [9], that is, 0.255 t/ha. We can gain 

seagrass in Hepu absorbing 0.415 t/ha CO2, in which there was 0.113 t/ha C, and releasing 0.304t O2. 

Based on the current international standard of carbon tax rate and Chinese situation, the mean between 

the forestation cost, which was 250 Yuan RMB/t, and international standard of carbon tax, which was  

150 $/t, was used as carbon tax standard. It was 770 Yuan RMB/t [16]. The valuation of Hepu seagrass 

absorbing CO2  was 87.01Yuan RMB/a·ha. The cost of making O2 in industry was 400 Yuan RMB/a [17]. 

The valuation of Hepu seagrass releasing O2 was 121.6 Yuan RMB/a·ha. The climate regulation valuation 

of Hepu seagrass was 208.61 Yuan RMB/a·ha in 2003. If the discount rate was 5 %, the climate regulation 

valuation of Hepu seagrass was 2.30 × 102 Yuan RMB/a·ha in 2005. 

2.2.4  Biodiversity valuation 

According to the former expert survey method, the biodiversity valuation of seagrass was 

64000Yuan RMB/a·ha in 2005. On the basis of the standard of important species habitat function offered 

by international wetlands and their ecological benefit (Tab.1) [18], the area and rare species account  

number in seagrass bed in Hepu, the grade of the Hepu seagrass bed was confirmed and the controlling 

cost was gained. There were Dugong dugon、Chelonia mydas and Hippocampus trimaculatus in the rare 

species of Hepu seagrass bed. That made the habitat function of Hepu seagrass in the grade from 3 to 4 

and the controlling cost was from 10 × 104 $ to 100 × 104 $. Based on area proportion, the controlling cost 

in Hepu seagrass was 5.4 × 105 $. If exchange rate was that 1 $ was changed into 8 Yuan RMB, the 

controlling cost in Hepu seagrass was 4.32 × 106 $. The biodiversity valuation can be 4.32 × 106 Yuan 

RMB/a, that is 8 000 Yuan RMB/a·ha.  

The mean of two former methods was 3.6×104Yuan RMB/a·ha, which was the biodiversity valuation 

of Hepu seagrass. 

2.2.5  Scientific research valuation 

Scientific research valuation is usually evaluated according to the scientific research investment and 

the factual cost of scientific researchers [12]. Because the seagrass research in China was at the initiatory 

stage and scientific research cost is much less than actual scientific research valuation, we used the mean 
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of scientific research valuation of the world and China to evaluate the seagrass valuation in Hepu. 

Costanza thought that the scientific research valuation of global coastal zone ecosystem was 62 $/a·ha in 

1997 [7]. If the exchange rate was that 1 $ was changed into 8 Yuan RMB and the discount rate was 5 %, 

the scientific research valuation of global coastal zone ecosystem was 732.79 $/a·ha in 2005. Chen 

concluded that the average scientific research valuation of Chinese ecosystem was 382 Yuan RMB/a·ha 

in 2000[19]. If the discount rate was 5 %, the scientific research valuation of Chinese ecosystem was 

487.51 Yuan RMB/a·ha in 2005. We thought that the mean of the scientific research valuation of Chinese 

ecosystem and global coastal zone ecosystem, which was 6.10 × 102 Yuan/a·ha, was the scientific 

research valuation of Hepu seagrass in 2005. 

Tab.1  The criteria and ecological benefits of the function providing habitats for the wildlife of wetlands 

Level Area Numbers of rare species 
Controlling cost 

/×104$ 
1 ＞100 000 ＞10 ＞10 000 
2 ＞10 000 ＞8 ＞1 000 
3 ＞1 000 ＞4 ＞100 
4 ＞100 ＞2 ＞10 
5 ＜100 ＜2 ＜10 

 

2.2.6  Ecosystem nutrient cycling valuation 

There has been no interrelated studies on the nutrient cycling process of seagrass ecosystem in 

Hepu. In this study, the result of Costanza(1997) was adopted, whose study gained the ecosystem 

nutrient cycling valuation was 19002 $/a·ha [7]. If the exchange rate was that 1 $ was changed into 8 Yuan 

RMB and the discount rate was 5 %, the ecosystem  nutrient cycling valuation of Hepu seagrass was 

2.24×105 Yuan RMB/a·ha in 2005. 

2.2.7  Purifying seawater valuation 

In this study, the total nitrogen (TN) and total phosphorus (TP) were calculated. The ratio of C:N:P in 

seagrass ecosystem was 474︰24︰1[20]. According to the former study, seagrass in Hepu absorbed 

0.415 t/ha CO2 in which there was 0.113t/ha C every year, so the mass of nitrogen in Hepu seagrass was 

5.72 × 103  t/a·ha and the mass of phosphorus was 2.38 × 104 t/a·ha. The cost of wiping off pollution of TN 

was 2.66 × 104  Yuan RMB/t and the cost of wiping off pollution of TP was 55.86 × 104  Yuan RMB/t in  

2003 [16]. The purifying seawater valuation of Hepu seagrass was 287Yuan RMB/a·ha in 2003. If the 

exchange rate was that 1 $ was changed into 8 Yuan RMB, the purifying seawater valuation of Hepu 

seagrass was 3.16 × 102 Yuan RMB/a·ha in 2005. 

2.3  Non-using Valuation 

According to the contingent valuation method, the willing-to-pay of every householder for protecting 

the limited seagrass resources was 143 Yuan RMB/a. Based on the result from developed countries, the 

willing-to-pay of non-household to scenic spots and the wild areas was from 9$ to 107$/a [21]. If the 

exchange rate was that 1 $ was changed into 8 Yuan RMB, the mean of the 3 former numbers was 357 
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Yuan RMB/a, which was thought as the willing-to-pay of every household to Hepu seagrass. On the basis 

of the statistical data from Statistics Bureau, there were 23 3266 households in Hepu County. The 

non-using valuation of Hepu seagrass was 8.33 × 107Yuan RMB/a in 2005, which was 1.54 × 105 Yuan 

RMB/a·ha. 

Based on the former evaluation on Hepu seagrass bed ecosystem service, the total valuation of 

seagrass bed ecosystem service in Hepu was 6.29 × 105 Yuan RMB/a·ha in 2005, in which direct using 

valuation was 2.84 × 104 Yuan RMB/a·ha, and indirect using valuation was 4.47 × 105 Yuan RMB/a·ha and 

non-using valuation was 1.54 × 105 Yuan RMB/a·ha (Tab.2). 

Tab. 2  The valuation of Hepu seagrass bed 

Valuation type Service function Evaluation method Evaluation result/×102 Yuan 
RMB/a·ha 

Marine culture Market valuation method expert 
survey method 

202 
Direct using valuation 

Tidal flat fishing Market valuation method 82 
Indirect using 

valuation 
Offshore fishing 

Market valuation method expert 
survey method 

1710 

 Protecting the coast from eroding Expert survey method 145 
 Climate regulation Carbon and tax method 2.30 

 Biodiversity 
Benefit transfer method and expert 

survey method 
360 

 Scientific Research Benefit transfer method 6.10 

 Ecosystem Nutrient Cycling Value 
Market valuation method benefit 

transfer method 
2240 

 Purifying Seawater Market valuation method 3.16 

Non-using valuation 
Bequest valuation, option valuation 

and existence valuation 
Contingent valuation method benefit 

transfer method 
1543 

Total valuation － － 6293.56 

 
Tab.3  The percentage of Hepu seagrass ecosystem valuation 

Valuation type Evaluation result 
/×102Yuan RMB/a·ha Percentage of the total valuation 

Direct using valuation 284 4.51 ％ 

Iindirect using valuation 4466.56 70.97 ％ 

Non-using valuation 1543 24.52 ％ 

Total valuation 6293.56 100 ％ 

 

3  Discussion 

 

The ecosystem service valuation of Hepu seagrass bed was mainly indirect using valuation and 

non-using valuation, which accounted for 95.49 % of total economic valuation (Tab.3). Offshore fishing 

and ecosystem nutrient cycling valuation were especially biggish, which respectively accounted for  

27.17 ％ and 35.59 ％, this reflecting the significance of seagrass to the offshore fishing and ecosystem 

nutrient cycling. The direct using valuation only accounted for 4.51 % of total economic valuation of Hepu 

seagrass. The main threats of Hepu seagrass were digging clamworms and shells, and marine culture. 

For the sustainable use of Hepu seagrass, the fishery activities endangering seagrass bed in Hepu should 

be managed well. 
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In this study, the total valuation of seagrass bed ecosystem service in Hepu was 6.29 × 105Yuan 

RMB/a·ha in 2005, which was obviously higher than the result from other studies in China [9]. It was 

because that the climate regulation valuation, biodiversity valuation, purifying seawater valuation and 

scientific research valuation were evaluated, which were not evaluated in other studies in China [9]. 

From the former study, the total valuation of seagrass ecosystem service in Hepu was 6.29 × 105 

Yuan RMB/a·ha in 2005. This showed that the seagrass ecosystem service function was very important, 

which didn’t accord with the scientific research investment and recognition degree to seagrass in China. 

Chinese government should promote the protection and scientific research investment.  

The research on the ecological benefit of seagrass in China was at the initiatory stage. The error of 

the statistical data and the difference of evaluation methods may bring the error of evaluation results. 

Because of few researchers on seagrass in China, the expert questionnaires were sent out to the 

overseas experts studying seagrass and ecological economics in this study. The research result, impacted 

by Chinese situation and people’s conception, may have some errors. The study needs more discussion. 
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广西合浦海草床生态系统服务功能价值评估 
 

韩秋影 1,2，黄小平 2，施平 1，张景平 2 

（1.中国科学院烟台海岸带可持续发展研究所, 山东 烟台，264003； 

2.中国科学院南海海洋研究所热带海洋环境动力学重点实验室，广东 广州，510301） 

 

摘 要： 海草床生态系统是生物多样性丰富和生产力高的近岸海洋生态系统，本文以广西合浦海草床为例，结合

实地调查、已有的研究成果和当地统计资料，综合运用生态经济学、资源经济学等基本理论和方法，对该地区海

草生态系统的服务功能进行了价值评估。结果表明 2005 年该地区海草生态系统的服务功能价值为 6.29×105 元

/a•ha，其中间接利用价值最大，为 4.47×105 元/a•ha，占总经济价值的 70.97 ％；其次为非利用价值，为 1.54×105

元/a•ha，占总经济价值的 24.52 ％；最少的是直接利用价值为 2.84×104 元/a•ha，仅占总经济价值的 4.51 ％。 
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