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Abstract. An estuary area is a typical ecosystem where a vast array of fish breed to enlarge 

populations. These regions are made productive by organic material in the form of foodstuff, 

while receiving sunlight sufficient enough to illuminate the brackish waters. These zones must 

be protected due to their fertile waters and surrounding fertile land. Estuary areas are threatened 

by nearby landfill and waste debris along and upstream of the river, which consequently 

contaminate the estuary zone. Socio-economic conditions of the community also affect the 

sustainability of the estuary. In this case, the Socio-Economic Spatial Model, based on 

Geographical Information System (GIS) and trade off analysis, were used to elaborate the 

ecosystem sustainability in the Cimandiri estuary, West Java. This research also uses the 

temporal analysis of land use change upstream and monitors the community activity around the 

estuary. The research showed  a change in the spatial and temporal land use consequently 

altering the watershed and the socio-economic analysis showed the community use of the estuary 

as unsustainable for the region and ecosystems within. 
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1. Introduction 
Currently, the understanding of an estuary among society is limited, in particular the ways that 

a community directly uses an estuary. The activity of the community in the region can affect the estuary 

[1]. Population growth will pressure land area encroaching on the estuary and can affect the estuary 

ecosystems, which will ultimately lead to environmental degradation. 

Regional planning usually emphasizes economic factors for the growth of its region rather than 

the balance of the environment factors, including the ecosystem balance [2]. The ecosystem, including 

the estuary ecosystem, can maintain the balance of surrounding environments. As it is said in the report 

of the World Commission on Environment and Development (WCED) about Our Common Future, 

sustainable development emphasizes the balance of social, economic and environmental spheres for 

future generations [3]. 

In order to properly conserve the estuary region and existing ecosystem, a holistic approach to 

consider social, economic and political factors is needed. The economic background of a community 

that uses an estuary as a main source of livelihood is a determinant of the degree of degradation in the 

region [4]. Community behaviour can directly or indirectly affect the surrounding ecosystem, in 

particular when the area is used irresponsibly for economic benefit, farmed incorrectly or waste is 

incorrectly disposed.  
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In their research, Fortini et al. [5] suggest that economic analysis can be used to focus on some 

of the advantages and disadvantages of timber production and Acai oil in the Amazon estuary and the 

phenomenons that arises from production activities. The result of the analysis was to draw up an 

alternative strategy to design better production, with consideration of economic, ecological and social 

impacts of production activities.  

In a study area with a diverse range of estuaries, there is a trade off approach related to the 

social, economic and ecological factors affecting the estuary. The management of the fisheries sector as 

a whole becomes a big challenge, especially the conflicts of interest between socio-economic factors 

and the existing ecology in the estuarine area. An integrated model is needed with the approach of 

measuring the exchange (trade-off) between the ecological system and the socio-economic estuary 

systems [6]. Application of the trade-off method calculation in ecosystems (socio-ecological) depends 

on the results from assessment of the existing calculations [7]. The use of such methods reveal the fact 

that the values obtained are actual values. The use of the trade off method calculation and synergies for 

the ecosystem, in an industrial-oriented estuary region, reveals a relationship and mutual interest in 

sustainable estuary management measures [8]. 

The purpose of this study is to first examine the spatial use of estuary directly by the community, 

assess the existence of the estuary within the social and economic conditions of its community, and then 

evaluate the relationship of the estuary with the social and economic characteristics of the community. 

This is facilitated by the trade off analysis of the community by selecting the most important economic, 

social and ecological factors. 

 The simple and effective method to integrate spatial data from various sources can be quantified 

to make ecology and economy data area (zoning) in an estuary [9]. This model is integrating the spatial 

and tabular data to use traditional ecological and economic analysis. Similar research revealed the 

impact of the decline in production and consumption of Japanese eels (glass eel) in the Sagami estuary 

[10]. The decline  had raised concern on the state of ecological decline and the factors of economic 

interests of the Sagami community. 

An ecosystem-based model (economic and ecological factors) in the area of an estuary can be 

applied on an ongoing basis and act to majorly benefit the local community and surrounding areas. Not 

only in theory but in fruition, this model can create an investment in biodiversity and is not for certain 

specialties [11]. A more holistic and balanced approach needs to be taken on the policy framework of 

the beaches and coastal area in Indonesia [12]. The policy framework should be able to overcome the 

problem of vulnerability when addressing coastal communities on availability of marine resources. This 

research utilizes social, economic and government policies. 

An economic-based model will give evidence that an interdisciplinary approach to a particular 

area can be done with management-based coastal area planning [11]. Cost approach methods allow 

integration of the most basic model of connectivity and activities to make certain planning areas in the 

city. The potential for this type of local planning in local decision-making process depends on the 

individual interests of planners rather than being systematic in nature [13]. 

A strong knowledge of management (production, mobilization, integration) is the key to 

achieving a sustainable socio-economic field to address the many challenges in the coastal area. For 

example, balancing the ecology, conservation and economic development of a region. The relationship 

between theory and practice with the socio-economic integrative approach requires involvement, 

participation, communication, and implementation between the community and the stakeholders [14]. 

The results of the social networks analysis have the potential to be a valuable tool in support of decision-

making in conservation planning [15]. 

A collaboration is needed between the stakeholders and the government to protect (active 

conservation measures) and develop (development and investment) beach and estuary areas [16], [17], 

as well as benefiting the surrounding community [18]. In order to obtain a large amount of revenue 

through economic activity and to inspire people to be environmentally conscious, the collaboration 

between stakeholders and governments is a necessity. 
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Carvalho & Fidelis [19] stated that the institutional features of estuary management involve 

various agencies, stakeholders and users, as well as the principles of governance that are relevant. The 

result is a model of governance that is capable of ensuring the implementation of estuary planning, with 

a strong contribution to the involvement of all stakeholders and users in the planning of development. 

Thus, the conciliation of interests and active participation in decision-making need a firm place within 

the framework of collaborative governance. 

In their research, Chen et al. [20] stated that the value of ecological functions is at risk and under 

pressure from estuary degradation and declining biodiversity. Also, Ottinger et al. [21] stated that the 

impact of anthropogenic activities on many estuaries has led to substantial changes in the surrounding 

environment. 

The objective this research was socio-economic spatial and trade off analysis of the community 

activity around the estuary.  

 

2. Methods 
The following study of the socio-economic relationship between the community and the estuary 

used spatial analysis and trade off analysis. This research was carried out from June to December 2015. 

The study area is the estuary located in the area of Cimandiri [22] and the surrounding areas, which are 

on the South coast of West Java in the subdistrict of Simpenan and the Sukabumi Region.  

The social and economic data on population was collected from the community living within 

and utilizing the resources of the Cimandiri estuary area. Population data sampling was arranged using 

the simple random sampling technique. Sampling is based on interviews with the community that 

directly utilize the Cimandiri estuary. This community (population) has approximately 1,200 people 

(Simpenan Sub-district, 2015). The majority of community members earn their living as sand miners 

and fish larvae fishers. Samples were taken from 200 respondents (which equates to 16.67% of the 

people who use the resources within the Cimandiri estuary). Out of the sample within the community 

100 respondents were fish larvae fishers (eel) and 100 respondents were sand miners. The study was 

also carried out on a sample of stakeholders (community leaders and agencies related to the research 

theme) who were around the Cimandiri estuary area. The sample method was purposive sampling, 

utilizing interview techniques. 

The variables of this study were determined by considering the presence of an estuary in 

conjunction with socio-economic aspects of the community, such as: education, employment, income, 

housing, knowledge and attitudes. The data processed included information regarding individuals living 

between Cimandiri Estuary and the community’s shelters, all of whom directly utilize Cimandiri 

estuary. Socio-economic data is the knowledge and attitudes of the community towards the existence of 

the estuary. Socio-economic data is obtained by processing information to calculate social, economic 

and ecological trade off (profits and losses).  

The relationship between the community who utilize the existence of the Cimandiri estuary and the 

estuary itself was analyzed using socio-economic analysis of the surrounding area. First, how far the 

influence of the Cimandiri estuary reaches in the surrounding area was analyzed. Second, the socio-

economic conditions of local communities was analyzed and third, the social, economic and ecological 

trade offs were determined.  

Spatial analysis was used to determine the region for study, that is, the region influenced by the 

estuary and the surrounding community. The radius for analysis was hence found to be the distance from 

the mouth of the River Cimandiri to the houses of the community members who directly use the 

Cimandiri estuary. 

The study of tradeoffs (exchange) is one of the main principles of economics. People face a 

trade off between desires and the source of their desires. There is no issue if the source is unlimited and 

infinite, however when the source of their desire is limited a sacrifice is needed. This sacrifice is a trade 

off; giving up something that is liked to get something that is liked more. Analysis of trade-offs in 

managing various interests and desires should be done wisely [7], [8].  
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3. Result and discussion 
The boundary of the Cimandiri estuary region for study was the area from the river mouth to 

the houses of community members who directly use the Cimandiri estuary. Figure 1 and Figure 2 show 

that fish larvae fishermen and sand miners live around the estuary of the Cimandiri River. Almost all of 

them reside in the five administrative regions of: Pelabuhanratu village, Jayanti village and Citarik 

village in the Pelabuhanratu district; Cidadap village and Loji village in the Simpenan district. The 

distance of community member’s houses from the Cimandiri river estuary was less than 5 km. 

 

 
Figure 1: Map of the distance of respondent's’ house from the location of fish larvae in Cimandiri 

estuary 

Spatially, community member residences of the sand miners were an average distance of about 

2.1 km from the Cimandiri estuary. There are nine hamlets in Cidadap village, four hamlets in Jayanti 

village, three hamlets in Loji village, two hamlets in Citarik village and two hamlets in Pelabuhanratu 

village. 

Analysis of knowledge and behavior towards the Cimandiri estuary found the following: 

a. All sand miner respondents (100%) are aware of the Cimandiri estuary, while the awareness of the 

fish larvae fisher respondents of the Cimandiri estuary is only  97%. 

b. The importance of Cimandiri estuary for the sand miner respondents is 100% important while for 

fish fisher respondents is only 96% important. 

c. 100% of sand miner respondents and 94% of fish larvae farmer respondents were aware that 

Cimandiri estuary is a habitat of fish larvae as a food for small fish. 

d. The estuary of Cimandiri River is constantly deformed by the sediments carried by the river flow 

and big ocean currents (waves) that affects the formation of the estuary. 98% of sand miner 

respondents knew this, while 96% of fish larvae fisher respondents makers were aware. 
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e. The estuary of Cimandiri River must be protected from pollution, especially from the trash carried 

from the river upstream.98% of sand miner respondents and 85% of fish larvae fisher respondents 

were aware of this. 

f. The changes in form of the estuary and pollution are due to human activity. 95% of sand miner 

respondents were aware of this and 72% of fish larvae fisherman respondents. 

g. The river stream and Cimandiri estuary are always dirty, especially in rainy season. Respondents 

who knew this were 100% of sand miner respondents and 98% of the fish larvae fisher respondents. 

h. Cimandiri estuary region is sometimes used for beach tourism activities (fishing in the estuary, taking 

fish larvae, and other tourist activities). Sand miner respondents who acknowledge this numbered 

49%, while fish larvae farmer respondents numbered  66%. 

i. The respondents are aware that the land around the estuary Cimandiri is fertile, which 98% of both 

sand miner respondents and fish larvae fisher respondents were aware of.  

j. Estuary and beaches around Cimandiri are places for fishing. Both sand miner respondents and fish 

larvae fisher respondents are equally aware of this at 98% awareness.  

k. The respondents who have ever utilized Cimandiri estuary are 100% of sand miner respondents and 

98% of fish larvae fishermen. 

 

From the results of the questionnaire, it appears that sand miner respondents are more aware of the 

Cimandiri estuary, showing that sand miner respondents were better educated about estuaries than 

respondents who farm fish larvae. More details can be seen in Table 1. 

 

Table 1. The respondent percentage of the existence Cimandiri estuary 

No Respondent’s knowledge and behavior  

Respondent(%) 

Fish 

Larvae 

Sand 

1 Perceiving the existence of Cimandiri estuary 100 97 

2 The importance of Cimandiri estuary to the respondent 100 96 

3 Respondents aware that the Cimandiri is a habitat for fish larvae as a 

food for small fishes  

100 94 

4 Cimandiri estuary constantly deformed by the sediments carried by the 

river flow and big ocean currents (waves) that also affect the formation 

of the estuary 

98 96 

5 Cimandiri estuary should be protected from pollution, especially the 

trash carried from upstream 

98 95 

6 Changes in the form estuary and the pollution occurred due to human 

activity 

95 72 

7 The stream and estuary are always dirty, especially the rainy season 100 98 

8 Estuary area is sometimes used for beach tourism activities 49 66 

9 The respondents aware that the surrounding land of the estuary is fertile 98 98 

10 Estuary and beaches around the Cimandiri estuary is a place for fishing 98 98 

11 The respondents have ever used the Cimandiri estuary 100 98 

Source: Field survey and data processing (2015) 
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Figure 2: Map of the distance of respondents’ house from the location of the sand in Cimandiri estuary  

 

 The results of the analysis show that all of the public concern about the estuary in Cimandiri is 

mainly related to the conservation and protection of fish larvae. In most cases, public figures did not 

know about the regulations that related to the estuary, although some of them answer that they do know. 

Socio-economic trade off analysis revealed that fish larvae fishers and sand miners with an 

average age of 40 years old think that taking fish larvae is not desirable, while respondents with an 

average age under 40 years old believe that taking fish larvae (eel) is a desirable job. Economic trade 

off analysis in the sand miner community shows that sand mining is a job that is desireable by 

respondents. 

The next step was to synthesize the trade off approach to the social, economic and ecological 

analysis to derive policy alternatives in the model of sustainable landscape in the Cimandiri estuary. The 

stakeholder respondents comprised of the community that directly use the estuary, public figures around 

the estuary, and authorities that deal with estuary problems. Community as the main stakeholders 

(primary stakeholders), have a high level of concern for the estuary. The public figures around the 

estuary which is a second-tier stakeholder (secondary stakeholders) have a medium level of interest and 

influence on the decision-making process. Finally, government officials or authorities have the lowest 

interest levels but a high influence in the decision-making process [23].  
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Table 2. The criteria in determining the importance of estuaries. 

Criteria Sub criteria Community Public figure Authorities  

Social Importance / benefit 

of estuary on 

surrounding 

communities. 

98%  answered that it 

is important. 

100% answered 

that it is 

important. 

100% answered 

that it is 

important. 

 
Estuary as a place to 

make a living in the 

surrounding 

communities. 

98% answered as a 

place to make a 

living. 

83% answered as 

a place to make a 

living. 

90% answered as 

a place to make a 

living. 

Economic Community income 

from coastal 

tourism around the 

estuary 

47% answered that 

the income is from 

tourism activities. 

60% answered 

that the income is 

from tourism 

activities. 

40% answered 

that the income is 

from tourism 

activities.  
Community income 

is from the estuary 

(fish larvae and 

sand). 

97% answered that 

their income is from 

the fish larvae and 

sand. 

80% answered 

that their income 

comes from the 

fish larvae and 

sand. 

70% answered 

that their income 

comes from fish 

larvae and sand. 

Ecological Perceiving the 

estuary as a habitat 

for small fish 

96% answered that 

estuary is a habitat 

for small fish 

100% answered 

that estuary is a 

habitat for small 

fish 

100% answered 

that estuary is a 

habitat for small 

fish  
Estuary must be 

protected from 

pollution 

97% answered that it 

is must be protected. 

100% answered 

that it is must be 

protected. 

100% answered 

that it is must be 

protected. 

    Source: Data processing (2015) 

 

Table 2 shown that 98% of community answered that they saw the estuary is a place to make a 

living and so be beneficial for the community. Even public figures (100%) answered that the estuary is 

important to the community for them to take the advantage of it, and 83% said that the estuary is the 

livelihood for the community.  

Of the economic criteria, community's income from tourism activities apparently doesn't 

provide a significant income compared to larvae of fish and sand. The questionnaires result  shown that 

97% (community), 80% (the public figures) and 70% (authorities) answered the income of local 

communities comes from taking fish larvae and sand mining. Ecological criteria on the habitat of small 

fish and the protected estuary revealled that all of the stakeholders answered above 95%. Ecological 

criteria were the highest criteria, where the stakeholders answered that the estuary must be protected. 

The synthesis is available in Table 3.  

 

Table 3. The social economic relationship of community to the existence of estuary 

 Fish larvae community.  70% of fishermen and farmers take fish larvae every day. 

 Sand miners community.  95% of sand miners take the sand every day. 

 socio-economic trade off in 

the community 

 

 ecological socio-economic 

trade off in the community 

 

 The job of fish larvae fishers is to take eels larvae (30% of 

the answer), while the job of sand miners is mining the sand 

(93% of the answer). 

 

 Ecological criteria is the highest criteria, where the 

stakeholders selected protecting estuaries. 

    Source: Data processing (2015) 
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The community and their socio-economic relationship in this study emerged by using trade off 

analysis. Trade off analysis of livelihoods (employment) is performed by the community who directly 

use the Cimandiri estuary and trade off analysis by the stakeholder is performed with the social, 

economic and ecological aspects in Cimandiri estuary. The result of this research is contrary to the 

results of the research with the community behavior approach on the social, economic and political 

aspects within the estuaries [4]. The economic analysis was calculated by considering gains and losses 

[5], estimates of the potential costs of land use patterns, and scenarios [6]. The research by Kismartini 

[7] and Lopeza et al. [8] also used the trade off method but the study was not in the area of estuaries. 

Meanwhile, Jacobs et al. [8] and Wang et al. [6] have done research using the trade off method that took 

place in estuary areas but the research was in the sub-tropical area. 

 

 

4. Conclusion 
There is a very close relationship between the socio-economic life of the community and the Cimandiri 

estuary. The bond that the community has made results from either the direct or indirect use of the 

environment through practises such as fishing, sand mining and tourism. The results of the trade off 

analysis considering social, economic and ecological factors has shown that ecological criteria are the 

most important for stakeholders, compared to social, economic and the other criteria. 
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