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Executive summary and a brief for policy makers

Introduction

Mangrove forests provide critical economic, social and ecological services for the existence of biophysical and socio-economic subsystems on earth, particularly for tropical mangroves that are rich in both floral and faunal biodiversity. Mangrove forests provide fish, fruits, medicinal plants, construction materials, timber, firewood, woodchips, charcoal and dyes to coastal communities. The use of mangroves for tourism and recreation is also increasing. Mangroves protect tropical coastal areas from hurricanes, floods, saline water intrusion and coastal erosion while maintaining water table and biodiversity.  They provide habitats for migratory species, nursery and breeding grounds for fish and shellfish. Most importantly, mangrove forests treat pollutants and protect marine ecosystems from land-based activities. They also have non-use values such as cultural, aesthetic and spiritual values. 

Despite the fact that these ecosystems provide such critical services for human beings, due to significant growth of shrimp exports, mangrove forests in the world are being rapidly converted into shrimp farms. Agriculture, tourism, mining and urban expansion also destroy a significant extent of mangrove forests everyday. As a result, during the past 50 years, over 50% of the world’s mangrove forests have been lost. At present, mangrove forests cover in the world is only an area of 181,000 km2. It is now realized that if this destructive trend continues, very soon mangrove forests will disappear from the earth forever.

The ecological effects associated with the destruction of mangrove forests through conversion into shrimp farms include loss of biodiversity, decrease in offshore fisheries, depletion of ground water, salt water intrusion, contamination of soil due to the use of chemicals, eutrophication resulting from antibiotic and chemical use and the pollution of coastal waters from discharge of harmful effluents from shrimp ponds (e.g. use of excess lime, organic wastes, pesticides and chemicals). Surface and subsurface salinisation of freshwaters, loading of solids, oxygen-consuming organic matter, and nutrients to receiving waters are also significant when the cumulative impacts from water exchange during the growth cycle and pond drainage during harvesting are taken into account. A commercial shrimp farm normally operates for a five-year period. Past experience shows that after five years, the farm becomes vulnerable to diseases and drastic yield reductions. At this time, farmers generally abandon their ponds and find new locations. From the society’s point of view, the widely held view is that these shrimp farms should not be abandoned but this should be rehabilitated. However, rehabilitation of shrimp ponds is expensive and it should be noted that it is not the shrimp producers who have to bear the cost of rehabilitation. This means that the shrimp industry makes its profit at the expense of local communities.  The point at issue is who should be held responsible for rehabilitating the abandoned shrimp ponds. 

One major reason for this situation is the inability of the market to recognize the non-market economic costs of pollution generated by shrimp farms and the economic values of conservation benefits of mangroves. In the absence of market prices, the economic assessment of mangroves generally focuses on the different economic uses while ignoring environmental and social functions that do not appear to have marketable value. Therefore the true values of most of these costs and benefits are not reflected in the decision making on alternative mangrove uses. 
Alternative mangrove uses range from conservation to multiple use development options. A rational choice between these conservation and development options should be made based on sound economic analysis, incorporating non-market goods and services. Such an economic evaluation entails valuing the full range of benefits and costs including non- market goods and services associated with the different uses of mangrove ecosystems. This would enable policy makers to understand the real conservation value of undeveloped mangrove forest versus the value of development uses of mangroves and to select an economically and socially optimal mangrove management strategy for any given mangrove area. However, the significance of applying total economic valuation methodology for mangrove management is not apparent yet. Therefore, unless early measures are taken to promote the application of total economic valuation approach to value all key environmental and social services of mangroves and to incorporate such values in decision making, the rapid conversion rate of mangroves into shrimp farms and other development cannot be arrested.
In this backdrop, the GPA commissioned a study to undertake an in-depth analysis of various alternative mangrove use options taking into account all non-market benefits of conservation of mangroves and the costs of conversion of mangroves and to suggest policy options concerning the evaluation of alternative uses of mangroves from a financial, economic and environmental perspective. The specific objectives of the study were; 
a) to demonstrate the use of total economic valuation results for the evaluation of alternative mangrove forest use options in Sri Lanka in order to enable policy makers to understand the real conservation value of intact mangrove forest vs. the value of alternative uses of mangroves. 

b) to investigate the influence of different decision-making tools on alternative mangrove use decisions, such as financial cost benefit analysis, economic cost benefit analysis and environmental cost benefit analysis. 

The study was carried out in Sri Lanka and based its analysis on the data collected from three case studies selected from three distinct mangrove forests namely, Kiralakele mangrove forest in the Hambantota District, Maduganga mangrove forest in the Galle Districts and Ranweli village mangrove forest in the Puttalama District. In addition to these three case studies, surveys of passengers at the central bus stand and tourists at selected hotels in Colombo were carried out to estimate the “willingness to pay”(WTP) for mangrove conservation. The study team also collected information through informal discussions with local people, officials of government agencies, shrimp farmers, hoteliers, and mangrove conservationists. Results of studies conducted in other countries were also used when necessary. Financial cost benefit analysis, economic cost benefit analysis and environmental cost benefit analysis were undertaken to investigate whether the conversion of these three mangrove areas into shrimp farms is desirable from financial, economic and environmental points of view. 

A series of economic valuation studies were undertaken to value the goods and services of mangrove forests including non- market benefits. According to the findings of these studies the per hectare annual economic values were as follows for non-wood forest resources at US$ 108, local recreation value at US$ 933, global recreation value at US$ 1196, global option value at US$ 1039, local option value at US$ 1491, global bequest value at US$ 562, local bequest value at US$ 1714, global existence value at US$ 1399, local existence value at 883, benefits of providing breeding grounds for fish at US$ 218, erosion control benefits at US$ 3.6, biodiversity maintenance benefits at US$ 18, carbon sequestration benefits at US$ 75, storm protection benefits at US$ 76 and pollution treatment benefits at US$ US$ 4494.  Accordingly, the study estimated the total economic value (TEV) of a conserved mangrove forest at US$ 12229 per hectare per year.

The study clearly illustrates the influence of different decision-making tools such as financial, economic and environmental cost- benefit analyses on mangrove forest use decisions. The results of the financial costs benefit analyses and the economic cost benefits analyses suggest that the conversion of mangrove forests into shrimp farms is beneficial. However, the use of mangroves for shrimp farming is not beneficial according to the results of the environmental cost benefits analyses. Therefore in order to prevent excessive environmental costs, mangrove use decisions should be based on environmental extended benefits costs analysis. The study makes the following recommendations in order to promote rational mangrove use decisions making.   

Total economic valuation and non-market benefits

Contribution of non-market ecological and socio-cultural services of mangroves to the society is significant. When the non-market benefits are included into the analysis, the results of the evaluation of alternative use options of mangroves change significantly. The evaluation of mangrove use options should be undertaken taking all social, economic and environmental variables into consideration. The use of total economic valuation including direct use values, indirect use values and non-use values of mangrove forests should be encouraged in the evaluation of mangrove use options.
Role of NTFRs collection on rural poverty  

The study suggests that the policy makers should not neglect the socio-economic benefits of non-timber forest resources (NTFRs) collection of villagers from mangroves. The traditional use values of mangroves should be quantified and duly included in the alternative mangrove use options evaluation.  In quantifying NTFRs of a mangrove forest, both stock and flow should be estimated. It was found that NTFRs collection would decrease with increasing income. Therefore it is the unemployed and poor families who are more likely to engage in NTFRs collection activities. This indicates that the minor forest product collection has impacts on poverty alleviation. In making mangrove forest use decisions, their impact on rural poverty should be taken into consideration.  
Role of domestic and international recreation benefits

Mangrove forests have substantial foreign and domestic recreational benefits. The study suggests that recreation value of mangroves cannot be neglected when investigating alternative uses of mangrove forests. It is recommended that both international recreation benefits and domestic recreation benefits of mangroves should be quantified separately and included in the mangrove use options evaluation. Since the utility to an individual from recreational activities of mangroves is conditioned by their socio-economic characteristics, socio-economic variables of recreation users of mangroves should be studied and used in the evaluation.
Role of domestic and international non-use benefits

Mangrove forests provide a great deal of non-use benefits, both existence and bequest values. It is recommended that both international non-use values and domestic non-use values should be quantified and included in the mangrove use evaluation since such values vary depending on the characteristics of the site. The use of contingent valuation method (CVM) is recommended to quantify the existence and bequest value of mangroves. It was found that older peoples’ bequest demand for mangroves is lower than that of younger groups. Further, as the family income rises, there is a shift in the demand for bequest value. It was also found that those who have the knowledge about benefits of mangroves are willing to pay a higher value to keep mangrove use options. It is recommended that socio-economic characteristics of people who are willing to pay for the non-use benefits should be studied and used in the evaluation.
Internalising ecological benefits in decision making 

Estimation of indirect use benefits of mangroves is expensive. It is recommended to use benefits transfer method and use the results of studies undertaken in other countries on ecological services of mangroves in the evaluation of mangrove use options. A mechanism should be developed to internalise the benefits of ecological functions into mangrove use option evaluations and decision making.
Extended cost-benefit analysis 

The decision-making criteria and methodology used for project evaluation, such as financial cost-benefit analysis, economic cost-benefit analysis, and environmental cost- benefit analysis have significant influence on mangrove use decisions. Therefore, a suitable decision making tool should be selected for the evaluation of mangrove use options. It is recommended that the extended cost-benefit analysis should be made mandatory as a part of environmental impact assessments across the world, when mangroves are to be converted to development activities. This should extend even to a small patch of remaining mangroves.
Development of factors to convert non- market benefits into monetary values

Extended cost-benefit analysis of mangrove use is difficult due to the non availability of data. There are no data on ecological functions of mangroves for economists to assign values. Global non-use values are also difficult to estimate. Measures should be taken to study ecological functions quantitatively in selected regions and these results may be used with corrections to other regions. This may not be the perfect solution, but there is no other feasible alternative for an analyst to undertake site-specific economic valuation studies on ecological functions, due to the cost and time factor. It is recommended that factors to convert ecological functions and global non-use benefits of mangroves into monetary terms should be developed and made available for analysts to use with corrections for local conditions. This should be undertaken by international organizations, given its magnitude.
A directory of economic values of mangroves

A directory of economic values of goods and services of mangroves including non-market goods and services should be developed and made available for use in public sensitisation programs and by analysts who evaluate mangrove use options.
“Polluter pays” principle

“Polluter pays” principle should be introduced for the mangrove management and legislations and guidelines should be introduced for developers i.e. shrimp farmers to pay the costs of his/her pollution through a load based pollution charge system. The revenue should be used for the protection of mangroves.
Establishment of a fund and creation of markets for mangrove services

A market for non-destructive traditional uses of mangroves, such as NTFRs collection by local people should be developed and streamlined to address poverty alleviation issues. There is no mechanism to convert non-use benefits of mangroves to real money. If the amount of willingness to pay (WTP) for the non-use benefits cannot be collected, in monitory terms, such value has no real meaning. Therefore, the development of a mechanism similar to a fund to collect non-use benefits of mangroves should be explored. A mechanism also should be developed to create a market for ecological functions of mangroves through the introduction of a tax or user charge system. 
Transfer of benefits to local communities

A mechanism should be developed to transfer some recreation benefits or the income from mangrove based tourism to local communities, who protect mangroves. Relevant regulatory guidelines and financial arrangements should be introduced for this purpose.
Community mangrove management trusts

The possibility of setting up of Community Mangrove Management Trusts (or societies) for the management of all remaining mangroves should be explored. These community trustees should be made aware of the possible impacts of alternative uses of mangroves, which will help them to make rational decisions. These Trusts also can develop mechanisms to convert all functional benefits of mangroves including market and non-market into real money. 
Public participation

Since there are high social costs involved in the conversion of mangroves into any development activity, public participation in mangrove use decision-making should be made mandatory. 
Property rights

Property rights of mangrove forests should be well defined to rescue remaining mangroves in the world from the tragedy of commons. This would help to create a market for mangrove products and services.
Environmental Impacts Assessment and development of regulatory framework

Legislations and guidelines should be put in place to regulate the assessment procedure of alternative uses of mangroves particularly to make mandatory the extended cost-benefit analysis in environmental impact assessments (EIA). Regulations are also necessary for defining property rights, creation of markets and the establishment of community management trusts.
Awareness creation 
Awareness creation programs on the functional benefits of mangrove forests, particularly the monetary values of indirect ecological functions and non-use benefits should be regularly conducted at all levels. These awareness programmes should enhance understanding the non-market benefits of mangrove forest conservation and the costs of conversion of mangroves.

ECONOMIC VALUATION OF ALTERNATIVE USES OF MANGROVE FORESTS IN SRI LANKA

1.0 Introduction

Mangroves that are part of the rich coastal ecosystems, provide a wide range of economic and ecological services without which some critical food chains cannot function. They consist of salt-tolerant, woody, and seed-bearing plants ranging in size from small shrubs to tall trees. These unique ecosystems occur along sheltered inter-tidal coastlines, mudflats, and riverbanks in association with the brackish water margin between land and sea, in tropical and subtropical areas. Coastal communities in the tropics depend on mangrove resources for their livelihoods by gathering minor mangrove forest products. They collect fish, fruits, vegetables, medicinal products, construction materials, dyes, timber, firewood, and woodchips from mangroves. During the period of traditional subsistence economic regimes, the total amount collected was not substantial and therefore did not make an identifiable and significant economic impact.

However, as a result of rapid global economic development and the rapid population growth, the pressure exerted on the mangroves has increased during the last few decades. With the integration of market economies, such mangroves were converted to uses that generate products with a market value. Common alternative uses of mangroves are shrimp farming, agriculture, forestry, salt extraction, urban development, infrastructure development, mining, and tourism. Therefore, during the past 50 years, over 50% of the world’s mangrove forests have been converted for development activities. At present, world mangrove forests cover is only an area of 181,000 km2, distributed in over 100 countries (Rodriguez 2001). In Sri Lanka, the use of mangrove forest for economic activities such as shrimp faming has resulted in a significant reduction of the mangrove forest cover from 12,000 ha in 1980 to 7000 ha hectares in 2000.  

The establishment of shrimp farms has been the main cause of mangrove loss in many countries over the past 30 years. In Vietnam, a total of 102,000 hectares were converted for aquaculture purposes between 1983 and 1987. In Honduras between 1986 and 1994, over 12,000 hectares of mangroves had been destroyed for the construction of shrimp ponds. In Ecuador over 180,000 hectares of shrimp ponds were built in mangrove areas. In Thailand, between 1961 and 1993, over 80,000 hectares of mangroves were destroyed to turn them into shrimp breeding ponds (Hambrey, 1997).  In Sri Lanka, the conversion of areas around lagoons for shrimp culture has reduced the lagoon area thus affecting the bio-diversity. 

One of the reasons for this large-scale conversion of mangroves is the failure of markets to recognize the economic values of non-market benefits generated by the mangroves. In the absence of markets for most mangrove functions, very often their true values are not reflected in the decisions made on the alternative uses of mangroves. The role of ecological functions of mangroves for sustenance of other economic systems has not been properly understood and the conservation benefits of mangroves have not received due attention. This has led to mangroves being considered as lands with little use, and of no value. 

Alternative mangrove uses can range from preservation to multiple use management options. In order to make a rational choice between conservation and development options or between decisions to halt, modify or continue with an activity that is inflicting damage on mangrove forests, alternative management options must be evaluated economically.

There are several analytical tools for decision-making i.e. financial analysis, economic analysis and environmental analysis. Decision makers may use any of these tools at their respective levels - private or public, local, national, or international, and each of these levels has specific objectives. The type of decision-making tool that is used has a significant influence on the selection of alternative options of mangrove use. Environmental analyses help decision makers to select an economically and socially optimal mangrove management strategy for any given mangrove area. Such an economic evaluation should encompass the total economic value including non- market goods and services associated with the different uses of mangrove ecosystems. Traditionally, the assessment of mangroves has generally focused only on the different productive uses (eg. timber, firewood, charcoal, fish) while ignoring other environmental functions and services. If fair and rational decisions are to be made, these non-market environmental goods and services need to be incorporated into the economic analysis. 

Although a number of researchers have attempted to estimate the total economic value of mangrove ecosystems including non-market benefits quantitatively, numerous methodological problems can be observed in these studies. Several economic valuation studies have estimated the per hectare value of mangrove forests to range from US$ 2 to US$ 5000. Sathirathai (2000) estimated that the total economic value of the mangrove to be in the range of US$3206.56 - US$ 4115.94 per ha per year. Direct and indirect use value of mangroves in Thailand was estimated to be US$ 1,851 per ha per year (Sathirathai and Barbier 2001). The challenge is how these valuation results can be used to promote rational mangrove use decision-making in order to halt the destruction of mangroves.  

The broad objective of the current study is to demonstrate the use of total economic valuation results for the evaluation of alternative mangrove forest use options in Sri Lanka, particularly to enable the policy makers to understand the real conservation value of intact mangrove forest vs the value of alternative uses of mangroves for development activities. Besides demonstrating the use of total economic valuation results, the study focuses on the use of different decision-making analytical tools in mangrove forest management. Therefore, the specific objective of this study is to compare the results of financial cost benefit analysis, economic cost benefit analysis and environmental cost benefit analysis of two major mangrove use options viz. shrimp farming and preservation in order to investigate the influence of different decision making tools on alternative mangrove use decisions. Three preservation options were considered in this study, viz. a) preservation primarily for local traditional use such as minor forest products, b) preservation primarily for local recreation use and c) preservation primarily for global recreation use. The benefits of converting all these three preservation sites to shrimp farms were also estimated for comparison.
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The expanding aquaculture industry is a major threat to mangroves in Sri Lanka. Therefore, this study estimated the total value generated by converting a mangrove forest into a shrimp farm as a development alternative of mangroves and compared it with the total value generated by protecting the same mangrove site. Since the different mangrove forest sites in Sri Lanka perform different functions, the study estimated the total value of three mangrove sites that provide three different functions i.e. local traditional use,

 local recreation use and global recreation use. Kiralakele mangrove forest, Maduganga mangrove forest and Ranweli village mangrove forest in Sri Lanka were used as case studies for different mangrove uses. The total values of these three mangrove sites under two options i.e. total protection of mangroves and conversion of mangroves into shrimp farms were estimated separately and compared. Financial analysis, economic analysis and environmental analysis were undertaken for all these options to find out whether a full conversion of a mangrove into a shrimp farm was desirable from a financial, an economic and an environmental standpoint. 

This paper is organized as follows. The study site is introduced in the first section followed by a review of mangrove use alternatives for Sri Lanka.  The total economic valuation framework and the results of valuation studies undertaken on goods and services of mangroves are discussed in the next section. The mangrove use decision-making approaches and the results of financial cost benefit analysis, economic cost benefits analysis, and environmental cost benefits analyses are presented in the third section. Conclusions and recommendations are incorporated in the final section.

2.0 
Mangrove forests in Sri Lanka – The study area

2.1
Background of the study area

Mangrove forest cover in Sri Lanka is 7000 ha in extent.  This area represents a small percentage of Sri Lanka’s low energy coastal habitats.  Since tidal amplitude in Sri Lanka rarely exceeds 75cm, mangroves occur as a narrow inter-tidal belt and extend less than one km landward from the mean low water tidal level.  There are 14 species of true mangroves and 12 species of mangrove associates in Sri Lanka. True mangrove species are: Rhizophora  mucronata, Rapiculata apiculata, Ceriops tagal, Bruguiera gymnorhiza, Lumnitzera racemosa, Sonneratia caseolaris, Sonneratio alba, Avicennia marina, Avicennia officinalis, Acanthus ilicifolius, Acrostichum aureum, Nypa fruticans, Exoecearia agallocha. The list of fauna recorded in mangroves in Sri Lanka is given in Appendix 1
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The maritime features of Sri Lanka are favourable for mangrove ecosystems. Being an island, coastal land area in Sri Lanka represents 24% of total land area of 62,705 km2 (excluding inland waters).  The country’s coastline is about 1739.3 km in extent. The continental shelf area of the country extends to 44,250 km2 with an average width of 25 km. Sri Lanka has 158,016 ha of brackish water, 201,832 ha of fresh water, 103 of rivers, 113 of islands. The coastal population totals to [image: image10.png]


6.12 million, which is 34% of the total population. Population density of the coastal region is 446 persons per sq.km. 

As a result of the human dominated maritime features, there are a large number of land-based activities that impact on the coastal zone, particularly, on mangrove forests. Some of the land base activities are coral mining, destruction of coastal vegetation, salt farming, incorrect sitting of tourism facilities, sand mining, prawn farming and unauthorized development activities. 
Due to these human activities, many mangrove ecosystems in Sri Lanka have been, and to a large extent still are, indiscriminately exploited for commercial aquaculture, agricultural, residential, tourism, mining and industrial development, and at an increasing pace, as dumping grounds for domestic, agricultural and industrial waste.  

Three mangrove sites that optimize three different functions i.e. local traditional use, local recreation use and global recreation use were selected for this study. The Kiralakele mangrove forest was used to estimate the benefits of a mangrove forest that is used for traditional uses while the Maduganga mangrove forest was used to estimate the benefits of a mangrove forest that is used for local recreation benefits. The Ranweli village mangrove forest was used to estimate the benefits of mangrove forest that is used for international recreation.

The Kiralkele mangrove forest is a unique ecosystem dominated by Sonneratiaceae species. Located in the Southeast of Sri Lanka, it is about 50 hectares in extend and is surrounded by agricultural villages. People collect minor forest products from this area. Hence, this small patch of forest is a good example of human dominated mangrove forest. 

Maduganga estuary and mangrove islets are situated in the Galle District in Southern Sri Lanka. The total area of the estuary is 915 hectares of which 770 ha consist of open water, while islands account for 145 ha (Bambaradeniya  et al, 2001). Local people primarily use this forest patch for recreation activities.

Ranweli Village Mangrove Forest is located along the North Western coast of Sri Lanka.  In this area, mangrove forests are used for mangrove based eco-tourism and traditional sea and sand based tourism as well as for prawn farming. These case studies present different uses and are valuable for studying alternative land use options for mangrove forests.

2.2
Alternative uses of mangroves

Alternative uses of mangroves can range from preservation to multiple use management options. Protection, sustainable subsistence forestry, sustainable commercial forestry, aqua silviculture, semi intensive aquaculture, intensive aquaculture, commercial forestry and intensive aquaculture, subsistence forestry and intensive aquaculture and urban recreation development are some alternative uses of mangroves.  However, the range of options are usually site specific and will depend on the ecological characteristics of the mangrove area and the development possibilities.
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Ruitenbeek (1992) suggests five different perspectives on cost benefit analysis (CBA) for projects of mangrove use. These five perspectives of mangrove projects include I) optimising single production e.g. forestry under different management options; II) optimising joint production of two or more traded produce e.g. aquaculture and forestry; III) valuation of production including traditional production; IV) optimising values of all uses and function to the region ignoring values to the international community; V) optimising values of all uses and functions including international benefits. Since mangroves confer significant benefits to the international community by way of protection of biodiversity and regulating global climate, the fifth perspective is more appropriate for evaluation of alternative use of mangroves in Sri Lanka. Therefore in this study the fifth perspective was used. 

Considering the local situations, following four-mangrove use options were selected for evaluation in this study:

I. Preservation of mangrove for local traditional use

II. Preservation of mangroves for local recreation use

III. Preservation of mangroves for international recreation use and

IV. Full conversion of mangroves for aquaculture

Net present value of benefits of options I, II, and III were studied using three case study mangrove forest sites. Then the benefits of converting these three mangrove sites into shrimp farms were estimated as the fourth mangrove use option.

Table 01 outlines the four alternative uses and the case study areas adopted in this study:

TABLE 1

Four mangrove use options evaluated in the study

	Case study area and use scenario
	Scope of analysis
	Example

	I) Preservation of  Kirala kele mangrove forest of 50 hectares optimising traditional NTFRs collection
	Optimise all resource uses and environmental functions. Since this area is inherently used by local people to gather NTFRs, the analysis optimise NTFRs benefits to justify preservation against other destructive uses.
	Estimate direct use values of fisheries, forestry, recreation benefits, traditional uses etc.; indirect use benefits of erosion control, pollution treatment, storm protection, provision of breeding ground for fish, biodiversity maintenance, climate regulation; option values; and non-use values including existence and bequest values of both local and global.

The analysis draws more attention on traditional use of NTFRs by local people.

-

	II) Preservation of Maduganga mangrove of 145 hectares optimising local recreation use 
	Optimise all resource uses and environmental functions. Since this area is used by local people for recreation, the analysis optimises the local recreation benefits to justify preservation against other destructive uses.
	Estimate direct use values of fisheries, forestry, recreation benefits, traditional uses etc.; indirect use benefits of erosion control, pollution treatment, storm protection, provision of breeding ground for fish, biodiversity maintenance, climate regulation; option values; and non-use values including existence and bequest values of both local and global.

The analysis draws more attention on local recreation benefits.



	III) Preservation of Ranweli holiday village mangrove forest of 22 hectares optimising global recreation use
	Optimise all resource uses and environmental functions. Since this area is  used for recreation by foreign tourists,  the analysis optimises the global recreation benefits to justify preservation against other destructive uses.
	Estimate direct use values of  fisheries, forestry, recreation benefits, traditional uses etc.; indirect use benefits of erosion control, pollution treatment, storm protection, provision of breeding ground for fish, biodiversity maintenance, climate regulation;  option values; and non-use values including both local and global existence and bequest values.

The analysis draws more attention on foreign recreation benefits.



	IV) Intensive aquaculture - full conversion of mangroves I, II and III above into commercial prawn farm. 


	Optimise the production of prawns
	Evaluate the profitability of converting the mangroves for intensive aquaculture.


 3.0
Total Economic Valuation Framework-Methodology

This study used Total Economic Valuation Framework (TEV) as the principal analytical tool to quantify the economic value of goods and services of mangroves. Within this framework a range of techniques were used to estimate the economic value of the components of TEV. Techniques used include Contingent Valuation Method (CVM), Travel Cost Method (TCM), Benefit Transfer Method, Log Book Survey Method, Socio-economic Survey Method, and Botanical Survey Method.  

The Total Economic Value framework is the monetary measure of the change in an individual's well being due to a change in environmental quality. It is not environmental quality, per se, that is being measured, but people's preferences for changes in that quality.  Valuation, as such, is anthropocentric, in that it is the preferences held by the people, and, the value of something is established by an exchange transaction. The TEV of the mangrove ecosystems is the sum of direct use value, indirect use value, option value, bequest value and existence value. When the ecological functions of mangrove ecosystem under various management options have been identified, they can be related to economic values. The Total Economic Valuation (TEV) framework is commonly used for relating these ecological functions to economic values. For this purpose, these functional benefits are broadly divided into direct extractive use value, direct non-extractive use value, indirect use value and non-use value. Figure 1 illustrates the components of total economic values used in the study.

Figure 1 – Total economic values of mangrove forest








The Total Economic Value (TEV) model can therefore be presented as

TEV  = UV + NUV = (DUV+IUV+OV) + BV + EXV  ------  (1)

Direct Use Values (DUVs) are benefits derived from the direct use or interactions with mangrove resources. Direct values include both consumptive uses and non-consumptive uses of mangroves. Of the total benefits of mangrove forests, only the recreation use value and direct extractive use value i.e., non-timber forest products extraction can be readily converted into a flow of real resources. For developing countries like Sri Lanka, indirect and non-use values of forest that cannot be readily converted into “real” money have no practical significance, because the battle over land use is essentially a battle of appropriate economic value for them.  

There are mechanisms such as Benefit Transfer Method, Debt for Nature Swaps, Transferable Development Rights and Global Benefits Market to convert the non-market values into real money resources, but the practical application of such mechanisms has been limited.  Hence, maximizing the extractive use value of mangrove forests in developing countries is of high economic significance. Therefore, this study focused more attention on the direct extractive use values, particularly, non-timber forest products and recreation value of mangrove forests. 
Indirect Use Values (IUVs) are the indirect support and protection provided to economic activity and property by the mangrove’s natural functions, or regulatory environmental services. Flood flow control function of a mangrove system for example may protect downstream agricultural production, properties and infrastructure, land value and human lives. Provision of suitable habitat may increase the fish production in the offshore. Mangroves provide a large number of such ecological functions as listed in the previous sections. Their value is derived from supporting or protecting economic activities that have directly measurable values. These indirect values of environmental functions are related to the change in the value of production or consumption of the activity or property that is being protected or supported.  If these values are neglected in an analysis of alternative use options of mangroves, it can lead to a serious welfare loss to the society. Therefore, several studies have been undertaken to estimate the economic value of these indirect functions. Bann (1999) estimated indirect values from tourism and shoreline protection at $3/ha/yr. and $845/ha/yr. respectively in Malaysia. However, indirect use values are difficult to value since these contributions are generally non-market and are only indirectly connected to economic activities. Therefore, only erosion control function, windbreak and shoreline stabilization benefits, biodiversity maintenance benefits, flood flow control and storm protection benefit, benefits of providing breeding ground for fish and carbon sequestration benefits were valued and included in the economic analysis of alternative uses of mangroves in this study.

Option value (OV), is an individual's willingness to pay for the option of safeguarding future use of mangroves.  Option value arises because people may value the option to use a mangrove forest in future. Therefore option value includes the premium placed on maintaining mangrove ecosystems and their components for future possible uses, some of which may not even be known at present such as pharmaceutical and industrial applications.

The unique nature of the mangrove forests provides a great deal of non-use values i.e. existence and bequest values. Bequest Value (BV) measures an individual's willingness to pay to ensure that their heirs will be able to use the mangrove resource in the future.  Bequest values include benefits accruing to any individual from the knowledge that others might benefit from the conserved mangrove resource in the future. Existence Value (EXV) measures the willingness to pay for a mangrove resource for some 'moral', altruistic or other reason and is unrelated to use or option value.  In other words, the existence value is the value derived from the knowledge that the mangrove ecosystem exists. Non-use values are derived neither from current direct uses nor from indirect uses of the mangrove. There are individuals who do not use mangrove but nevertheless wish to see them preserved. This is an intrinsic value. Existence value is derived from the pure pleasure in something’s existence, unrelated to whether the person concerned will ever be able to benefit from them. Several studies have shown that the ‘existence value’ of ecosystems constitutes a significant percentage of total economic value. This is true for mangroves as well. Bann (1999) estimated that non-use value of the mangrove is $7512/ha/yr. Existence of substantial public support for mangrove protection can be seen in public opinion polls and voluntary contributions to conservation organizations.  Though these non-use values cannot be easily converted into real money, it has significant impacts on decision-making. 

Having carefully considered the double counting issues in quantifying the components of TEV, following goods and services of mangroves were selected for economic valuation for the cost benefit analysis in this study: non-wood forest resources, local recreation benefits, global recreation benefits, global option value, local option value, global bequest value, local bequest value, global existence value, local existence value, benefits of providing breeding ground for fish, erosion control benefits, biodiversity maintenance benefits, carbon sequestration benefits, storm protection benefits and pollution treatment benefits.   

04. Valuing Direct Use Values of Mangroves

4.1
Valuation of Non-timber forest products of Mangroves 

Mangrove forests provide several marketed and non-marketed forest resources of considerable economic value. Timber, fuelwood, bark and building materials are the most common wood products while resins, medicines and cane products are common non-wood products. Ruitenbeek (1992) has estimated the annual net benefit from medicinal plants to be $15/ ha/ yr. from a mangrove forest in Indonesia. Nautilus (1993) estimated that a well-managed mangrove in Northern Sumatra may yield charcoal worth $100- 240/ha/yr. Sathirathai (2000) has conducted a study to value functions of mangroves in Thailand and estimated the mean annual value of direct use benefits to be US$ 1,479.38 per household.  The annual net return from charcoal obtained from mangrove forest is estimated to be $91.97. According to Sivakumar and Fernando (1997) Avicennia sp. which has several direct uses as fodder, firewood, brush pile etc., generates a maximum benefit of Rs. 4 million/ ha/ yr while Rhizophora sp. used in housing construction generates Rs. 1 million /ha/ yr in Sri Lanka. Bann (1997) estimated that the net benefit from selective commercial mangrove cutting schemes was estimated to be $ 20 million/ yr in Indonesia.  According to a study carried out by Khalil (1999) in Pakistan, the value of wood is Rs. 15.2 billion by applying market value to non-marketed wood. This indicates that the non-timber resources provided by mangroves cannot be neglected in an economic analysis of alternative uses of mangroves. This component of the study estimated the economic value of the non-wood forest resources of the Kiralakele mangrove as a case study. 

Approach

Household production model can be used to estimate the demand of villagers for forest products. Households are assumed to consume a vector of market goods Xm,, a vector of subsistence goods Xs, a vector of non-timber forest resources Xnt. Of these, subsistence goods and non-timber forest products are produced and consumed by the household. Households also receive utility from the consumption of leisure Xl. Household utility function is given as:

U = U (Xm,  Xs, Xnt, Xl)    -------  (2)
Since households use the surplus from the production of NTFR, they face the following income constraints (Kramer et al (1995):

PmXm =  Pa (A - Xs) + Pnt(F – Xnt)  - Wlh  - PkK + I  -------- (3)

Pm =   price vector for market goods

Xm =   a vector of market goods purchased by the household

Pa =  a vector of prices of agricultural goods

A = a vector of quantities of the different agricultural goods produced by the household

Xs =  a vector of subsistence goods produced by the household  

Pnt = a vector of prices of non-timber forest resources

F =  a vector of quantities of NTFR harvested or processed by the household

Xnt = a vector of NTFR harvested by the household

W =  the market wage

lh  = hired labour used in the production of agricultural goods

Pk = a vector of prices of capital goods

K = a vector of capital goods used in the production of agricultural output

I  = other income available to the household

The right hand side of the above expression represents the household’s net surplus. It is the income available to the household after consumption. Households also face land and labour constraints as well as agricultural and NTFR production constraints. The welfare loss to the households by way of NTFR production, if mangrove forests are destroyed, can be estimated by establishing the total stock and flow of NTFR to households.

The several vectors of goods and services that are used in the household production model for estimating the demand for NTFPs were estimated in this study. This study did not estimate the household production function. Therefore the total flow of NTFR to households (total income of households from the forest product collections) was estimated using the following equation:

 EQ 
 EQ Vmfr =  ( Qi (Pi – Ci)  ------ (4)
Where Vmfr  = value of mangrove forest products, Qi = quantity of ith mangrove forest products, Pi  = price of ith forest products, Ci = cost of collection of mangrove forest products.
The hypothesis is that the collection of forest products from mangroves conditioned by a variety of socio-economic characteristics, including household size, age, education, income, employment and distance to the forest from the house.  Assuming a logistic cumulative probability density function for the random variable, the probability that the household collection of NTFR is greater or less than expressed amount was estimated with logit regression model.

NTFR  = a + X1AGE + X2INC + X3EMP + X4DIST  ----- (5)

NTFR  = Probability that the household NTFR collection is greater or less than the expressed 

          amount

a = Coefficient

X1 AGE = age of the respondent

X2 INC= income of the family

X3EMP = employment – employed or not 

X4 DIST= distance to the mangrove forest from the house

Data collection and analysis

In order to estimate the total stock of NTFR in the mangrove forest, a forest inventory survey was carried out using random sampling plot method. The forest inventory survey covered a total of 50 hectares of the Kiralkele mangrove forest located in the South-eastern Sri Lanka. An area of 0.5 ha was selected from 8 equal sample plots, each with 25m x 25m in extent for this survey. Total individual species in the forest that have economic value were estimated. The study area map was divided into 25m x 25m pixels. Each pixel was given a number starting from one.  

Then using the random table one pixel was identified as the first field sample plot.  Subsequent sampling plots were demarcated leaving 10m intervals towards the south western direction. All the individual plant species that have more than 15cm gbh were measured and recorded.  In order to estimate the potential yield of individuals, the growing stage of each individual species was also recorded. The density of the trees was estimated taking the average number of species in sample plots. 


According to the preliminary filed survey carried out at the Kiralakale and the informal discussions with the villagers in the area, it was found that Sonneratia caseolaris locally known as “Kirala” and Acrostichum aureum locally know as “Keran koku” were the most economically important species occurring in this mangrove forest. Kirala fruits are used as a health drink, which has a high demand amongst the local people as well among the foreigners. Keran koku is used as a vegetable and sold in the market.  Therefore the forest inventory survey focussed more on Sonneratia caseolaris and Acrostichum aureum species.

In order to estimate the average yield of a Sonneratia caseolaris tree, a daily fruit yield surrey was carried out in three trees randomly selected from the study site. This survey was carried out for a period of 7 months from February 2002 to August 2002. An officer at the Kiralakale Mangrove Conservation Centre was assigned to collect the fruits fallen daily from the sample of trees and record the figure in a diary.  Total number of collected fruits was weighed and recorded in the diary.  Damaged and undamaged fruits were recorded separately for economic analysis purposes. Using these data, the average yield from a Sonneratia caseolaris tree was estimated. The yield of Acrostichum aureum species was simply estimated by counting shoots. 

Using the forest inventory survey and the daily yield survey results, the total stock of Sonneratia caseolaris and Acrostichum aureum products were estimated simply by multiplying the yield of an individual tree by the density of species. For this analysis only individual trees in flowering stage were used since young trees did not produce fruits as yet.

The total stock in a forest has only little economic value unless they can be accessed and harvested. What is important in an economic sense is the actual flow of NTFR (Batagoda, 1998). Therefore in order to estimate the actual flow of NTFR, a forest gate survey and a socio-economic survey were undertaken.

The forest gate survey was carried out to estimate the forest product flow to the villagers from the forest through a major forest gate. This survey was carried out daily for a period of one year from September 2001 to August 2002. The Kiralakale mangrove forest has limited access in relation to its physical location. Usually, villagers enter the forest through the gate at the Mangrove Conservation Centre.  Therefore an officer of the Mangrove Conservation Centre was assigned to record information about the forest produce collected by those who enter the forest through the gate. The collector’s name, amount of forest produce collected and the potential income of each visit were recorded daily in a special diary.  Using this record, the total monthly forest products flow from the forest gate was estimated.

Although most of the villagers enter the forest through the entrance used for the forest gate survey, there was a possibility that they enter the forest though other access points.  In order to estimate the total flow of forest product flow to the village, therefore a socio - economic survey was also carried out using a randomly selected sample of 41 households. Every third house from the road was interviewed using a structured questionnaire. The questionnaire focused principally on: 1) income generated from forests by the local people in terms of NTFR harvested; 2) frequency and quantity of different forest products harvested; and 3) price of forest products. Labour and other capital cost data were obtained from a number of different sources, such as interviews with villagers and shop owners.

In order to test the probability of households engaged in NTFR collection, given its socio-economic characteristics, a survey was conducted of 50 households randomly selected from the villages around the Maduganga estuary and mangrove forest. The questionnaire focused primarily on socio-economic characteristics of villagers in relation to the NTFR collection in order to test the hypothesis that mangrove forest products collection is conditioned by a variety of socio-economic characteristics. 

Results

It was found that the two economic species, Sonneratia caseolaris and Acrostichum aureum, which were the focus of the survey, have a density of 272 individuals per ha and 14745 bushes per ha respectively.

Daily fruit yield survey conducted for 7 months using the sample of three trees estimated that a Sonneratia caseolaris tree produces about 350 nuts per year. This means that one hectare of mangrove forest produces about 95200 nuts of Kirala per year (Appendix 2). At Rs. 0.5 per nut the total stock of Kirala fruits can be valued at US$ 501 ha-1 yr-1 (Table 2).

Similarly, a bush of Acrostichum aureum, (karankoku) produces 6 shoots per week for only a six month period each year. Hence, a hectare of mangrove forest produces about 23960 kg of Karankoku leaves, which can be valued at US$ 1261ha-1 yr-1 at Rs 5 per kilogram.

            TABLE 2

The economic value of total stock of NTFR

	
	Kirala- Sonneratia caseolaris
	Karen - Acrostichum aureum

	Density of individuals/bushes per ha 
	272
	14745

	Yield per ha per yr  nuts/kg
	95200
	23960

	Price per nut/kg in Rs
	0.50
	5

	Total stock value in Rs
	47600
	119803

	Total stock value in US$
	501
	1261


The socio-economic survey results are presented in table 3. The average NTFR value per household of the sample of 41 households was US$ 108.21. The NTFR value of a hectare was estimated to US$ 86.96 ha-1 yr-1.

TABLE 3

NTFR flow estimated through the household survey

	Products
	Total NTFR flow
	Unit Price (Rs)
	NTFR value per household

              yr-1 US$
	NTFR value per ha-1 yr-1 US$

	Sonneratia caseolaris Kirala (nuts)
	117856.00
	0.50
	22.69
	19.51

	Acrostichum aureum Karankoku (kg)
	11224.00
	5.00
	43.22
	35.02

	Mungunuwenna (kg)
	3584.00
	15.00
	13.80
	11.18

	Raw fuelwood* (kg)
	10000.00
	2.00
	5.13
	3.54

	Dried fuelwood (kg)
	13086.00
	2.00
	6.72
	5.34

	Fish (kg)
	648.00
	100.00
	16.64
	13.48

	Total 
	
	
	108.21
	86.96


* Rupees (Rs) 1 = US$ 95

Summary results of the forest gate survey are given in table 4. Forest gate survey covered only Kirala fruits and Karankoku collection. Villagers use the main forest gate for collecting these two products. According to the forest gate survey, the economic values of annual flow of kirala and karankoku from the Kiralakele mangrove forest were US$ 24 ha-1 yr-1 and US$ 6  ha-1 yr-1 respectively. 

     TABLE 4

Summary results of forest gate survey

	
	Sonneratia caseolaris (Kirala) 
	Acrostichum aureum (Karankoku)

	Number of collecting days per year
	299
	92

	Average collection per day nuts/kg
	519
	22

	Average quantity collected per year nuts/ Kg
	155134
	2016

	Market price Rs/nuts/Kg
	0.5
	5

	Total value per year US$
	1225
	318

	Total value per year per ha US$
	24
	6


If the only higher values from the forest gate survey in the table 3 and the household survey in table 4 were considered, the NTFR value of a hectare of Kiralakele forest will increase from US$ 86.96 ha-1 yr-1. to US$ 93 ha-1 yr-1.

The logit regression model was used to investigate the relationship between socio-economic characteristics of households and the NTFR collection. The estimated logit model revealed that a number of socio-economic variables were systematically related to the probability of engaging NTFR collection activities by the villagers (Table 5). The coefficient on income is negative, as would be expected. As income level increases, the NTFR collection decreases.  Similarly, the coefficient on age is also positive as expected.  The coefficient on the variable of employment is positive and it is highly significant. Household members who are unemployed or have other informal employment were given higher value and government and private sector were given a lower value. Therefore the positive coefficient indicates that the unemployed members are more likely to be engaged in NTFR collection activities.  

TABLE 5

 Logit analysis result of socio-economic impacts on NTFR Collection

	Variable
	Coefficient
	Std. Error
	t-ratio

	Constant
	0.2008
	1.4884
	1.134

	Age
	-0.02897
	0.02717
	-1.0662

	Income
	-0.00026
	0.00015
	-1.707

	Distance to mangrove
	0.0026
	0.00162
	1.609

	Employment
	0.1942
	0.09529
	2.038

	McFadden’s R2
	0.171
	
	

	Number of households
	50
	
	


Discussion

Both market and non-market non-timber forest resources make a significant contribution to the total economic value of mangrove forest. Therefore, when evaluating the alternative use of mangroves, the potential of the NTFR collection need to be studied in depth. In valuing the NTFR of a mangrove forest, both stock and flow resources should be estimated. The physical stock of NTFR in a mangrove is a good indication of the maximum potential of resource collection while the actual flow of resources indicate the actual present economic value, given the existing socio-economic and technological regime. The total stock of NTFR can be estimated using a forest inventory survey and sample diary yield surveys. The total flow of NTFR can be estimated using household socio-economic survey and forest gate survey.

The Kiralakele mangrove forest study estimated the total stock value of NTFR at US$ 1762 ha-1 yr-1 . The total flow value of NTFR was estimated to range between US$ 86.96 ha-1 yr-1 and US$ 93 ha-1 yr-1 taking household survey results and forest gate survey results as upper and lower bound estimates. Policy makers who decide on the alternative uses of mangrove should consider all these values including stock value and flow values of NTFR.

It is also important to interpret the valuation results in terms of the socio-economic characteristics of the region. The logit regression model revealed that the NTFR values of mangroves are conditioned by a number of socio-economic variables. 

4.2
Valuing recreation benefits of mangrove forests 

This component of the study analyses the economic value of recreation benefits of mangrove forests in Sri Lanka. Both domestic recreation benefits and international recreation benefits of mangrove forests were estimated using two mangrove sites, namely, Maduganga estuary and mangrove islets situated in the Galle District and the Ranveli holiday resort situated in the Puttalama District. 

Mangrove areas perform important tourism and recreational functions. These include boating, fishing, and marine snorkeling. Protection of mangrove areas increases opportunity for the recreation activities, which will lead to the promotion of the tourism industry. Therefore in an analysis of alternative uses of mangroves, the recreation value of conservation should be considered. In the past, recreational value has not been given high priority due to its non-market nature. Since market prices of these recreational functions were not readily available, researchers have employed Travel Cost Method (TCM) or Contingent Valuation Method (CVM) in order to value them. Costanza et al (1989) in the United States estimated recreational value of mangroves using both these methods and came up with $ 70.67 per visitor from TCM and $ 47.11 per visitor from CVM.  

Approach

Travel Cost Method is a popular revealed preference method of estimating the value of environmental goods.  The philosophy of the Travel Cost Method is that the costs incurred by the beneficiaries or users of environmental goods can be used as the economic value of the good. This method uses surrogate markets to determine economic values. The travel cost approach has been used extensively in developed countries to value recreational goods and services. First implemented in the late 1950s and 1960s (Clawson, 1959; Clawson and Knetsch, 1966) it was based on a simple proposition by the renowned resources economist Harold Hotelling which shows that the observed behaviour can be used to derive a demand curve and estimate a value (including consumer’s surplus) for an un-priced environmental good by treating increasing travel costs as a surrogate variable for admission prices. Ward and Loomis (1986) provide a comprehensive review of theoretical refinements and empirical application of the travel cost method.

The transaction price for most goods can be considered to be an expression of willingness to pay for the right to consume the good or the utility received from it. Recreational (or cultural, historic or scenic) goods however are different since such goods are usually provided either free of charge or for a nominal admission fee. The value of the benefits utility derived from a mangrove, however, is often much larger than the fee, with the difference being equal to the consumer’s surplus.

The present pattern of the mangrove use was determined by means of a survey of visitors. Respondents are questioned about the time and money they spend for traveling to the place, distance to the site, and variety of other socio economic variables.The user zone of origin is usually defined in terms of increasing distance from, or cost of travel to, the site.

A survey will normally show that the frequency of the use of site by the people (usually measured as a number of visits per thousand of population in each zone) is inversely related to distance from the site. The more it costs in time and money to get to the site, the lesser will be the frequency of an individual’s use of the site, given all other factors being equal.

The travel cost method measures the demand function for visits to a site. A demand function is an empirical relationship between the price of a good and the quantity purchased:

Q = f(P,X) --- (6)

Where Q is the quantity purchased, P is the price, and X represents a number of socio-economic variables, which might shift the demand functions, such as education, age and income. The demand theory suggests that demand curve slope downward (dQ/dP < 0). At any given price, the demand function reveals the quantity the consumer would purchase. The annual recreational value of a mangrove site is the integral under the demand function, which is defined as consumer surplus:

CS(i)  =  PM( P0   f(P,X) dp  ---- (7)
In order to derive the demand curve, a number of assumptions must be made and a number of steps must be taken. The first assumption is that individuals can be grouped into residential zones where the inhabitants have similar preferences. Second, we assume that people will react to increasing travel costs similar to the way they would react to increased admission charges at the site. This means that at some level of admission fee (or cost of travel) no one would use the site because, given other recreational options, visiting the site would be too expensive. Then we make a calculation of visitation rates from all origin zones, taking into account a number of variables related to income and cost of travel and other elements. In its simplest form the demand function for the visit (i) was assumed to be linear and derived using following equation. 

Vi = a + b.TCi + c.AGEi + d.INCi +  e ---- (8)
Where, Vi = the number of visits to the site, TCi = the total travel cost to the site, INCi = the individual’s income, AGEi = age of respondents, b, c, and d are coefficients to be estimated. The coefficient of “b” gives the changes in number of visits for a changing travel costs. Where “e” is an error term assumed to be independent and normally distributed. Consumer surplus for recreational demand can be estimated taking the integral under the linear demand function between the initial price and maximum price.

This formula is then used to determine the area of consumer’s surplus for mangrove forest users in each zone. This is calculated zone-by-zone using the travel cost equation and the initial values for each particular zone. As the “cost of travel “ from each zone increases (by increasing the admission price) the projected visitation rate decreases. The objective is to determine consumers, willingness to pay, up to the point at which no one from a given zone would visit the park. In effect, a demand curve for the zone is traced out and the “admission price” at which the demand for the park from that zone would equal to zero is determined. The area under the demand curve and above the price line is estimated as the consumer surplus of the people of the zone. This calculation is repeated for each zone, and the consumer’s surplus from all zones is added together to estimate the total consumer’s surplus for users of the mangrove forest. 

Data collection and analysis

The mangrove forest located along the Western and North Western coasts of Sri Lanka was used to estimate international recreational benefit, since this area is used extensively for recreational activities targeting foreign tourists. In this area, mangrove forests are used for mangrove based eco-tourism and traditional sea and sand based tourism and as well as for prawn farming. This region provides a good research area to study alternative land use options for mangrove forests.

In this area, there are two hotels close to a 22-hectare mangrove forest patch. One hotel preserves the mangrove forests and uses the recreation benefits to practice eco-tourism while the other hotel practices beach and sea based tourism. Both hotels provide similar facilities except for the strong focus on mangroves by one hotel. It was revealed that the prices at the hotel that practices mangrove-based tourism are higher than that of the other hotel. Therefore, the difference in price between the two hotels and the travel cost was estimated as the recreation value of mangrove forests. Hence foreign visitors visit these hotels frequently, this site was used to estimate the international recreational benefits of mangroves.   

A well-structured questionnaire was used for the travel cost survey. The questionnaire was administered to the guests of the Ranveli holiday resort, which uses the aesthetic value of mangroves to attract visitors. The survey was carried out during the months of September and November 2002. Visitors were asked to indicate the reasons for using the particular hotel, which is more expensive, when compared to the neighboring hotel. Thirty foreign visitors were interviewed during the period of two months. The consumer surplus of visitors was calculated as an estimate for the recreation benefits of mangrove forests. Total annual visits to the sites were estimated from the hotel records. Hotel bills for a period of one year from October 2001 were reviewed for this purpose. 

The Maduganga mangrove area was used to estimate the domestic recreational benefits,. Maduganga estuary and mangrove islets are a complex coastal wetland ecosystem situated on the Southern coast of Sri Lanka. The total area of the estuary is 915 hectares of which 770 ha consist of open water, while islands account for 145 ha (Bambaradeniya  et al, 2001). This site is more attractive for local visitors although foreign tourists also visit the region.

A well-structured questionnaire was administered to 100 local visitors to the Maduganga in November and December 2002. The total number of annual visits to the site was estimated using the questionnaire information and informal interviews. The consumer surplus of domestic visitors of Maduganga mangrove forests was estimated using the travel cost demand model.

Results

4.2.1
Global recreation benefits

The travel cost survey for the estimation of international recreation benefits of Ranweli mangrove forest has included respondents from 6 countries.  Summary statistics from the collected data are presented in Appendix 3.

Regression analysis was carried out using ordinary least square (OLS) method to estimate visitation rate function. 

VR = 0.01778 -  0.0000064TC  - 0.000137AGE + 0.00000.127INC  --- (9)

(0.887)          (-3.106)               (-0.357)             (9.2810)

R-Square  = 0.979                             R-Square adjusted = 0.949

Where VR = visitation rate, TC = Total travel cost, AGE = age of the respondent, and INC = monthly income. T- values of coefficients are given within parenthesis.

Using this visitation rate function in the equation 9, total visits from each region at various levels of entrance fee or travel cost were estimated. Appendix 4 presents the number of visits from each region at different levels of travel cost.

The recreation demand function for the site was estimated using the OLS regression method. In this analysis column 1 and column 8 of the Appendix 4 were used as price and quantity respectively. Regression results are given in table 6.

TABLE 6

OLS regression analysis results of recreation demand estimate

	Variable
	Coefficient
	Std. Error
	t-ratio

	Constant
	19394
	69.67
	278.4

	Number of visits
	-0.8057
	-0.00379
	-212.3


DF = 38; R-Square = 0.9992;   R-Square adjusted = 0.9991; P value 0.00000
Based on the regression analysis results, the estimated recreation demand function for mangrove  based tourism is given in the equation 10.

P    =  19394   - 0.8057 Q --- -   (10)

Where P = Entry fee and Q = Number of visitors (‘000)

The number of visits (Recreation demand) was plotted against admission fees in a graph and was used to calculate the consumer surplus (Figure 2). 

Figure 2
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It is possible to estimate the consumer surplus by integrating the equation 10. However, since the demand curve is not perfectly linear, manual calculation by dividing the area into small sections may be more accurate. Therefore, the area under the demand curve was divided into 14 sections each having a rectangle and a triangle and one having a triangle. Then the areas of all 14 sections were calculated manually. Appendix 5 presents the results of consumer surplus calculation.

The total international consumer surplus for the area is US$ 164512 per year and the travel cost survey revealed that 16% of the total utility of visitor is derived from viewing mangrove. Therefore, the total recreation value of mangroves would be 16% of the total consumer surplus of US$ 164512, which amounts to US$ 26332 per year. This is for an area of 22 hectares. Therefore, the international recreational value of a hectare of mangrove forest is estimated at US$ 1196 per year. 

4.2.2
Domestic recreational benefits

The travel cost survey conducted to estimate the domestic recreation benefits of mangrove forest included respondents from 7 Districts.  Summary statistics from the collected data are presented in Appendix 6.

Regression analysis was carried out using the Ordinary Least Square (OLS) method to estimate visitation rate function of local tourists to Maduganga mangrove. 

VR =  -0.20749 -  0.00007263TC  +  0.007186AGE  + 0.006412ED  --- (11)

(-1.635)          (-1.930)               (2.029)             (0.944)

R-Square  = 0.5828                             R-Square adjusted = 1.656

Where VR = visitation rate, TC = Total travel cost, AGE = age of the respondent, and ED = monthly income. T- values of coefficients are given within parenthesis.

Using this visitation rate function in the equation 11, total visits from each District at various levels of entrance fees or travel costs were estimated. Appendix 7 presents the number of visits from each region at different level of travel cost.

The recreation demand function for the site was estimated using the OLS regression method. For this analysis, admission fee was used as the dependent variable and the total number of visits was used as the independent variable. Regression results are given in table 7.

TABLE 7

OLS regression analysis result of recreation demand estimate

	Variable
	Coefficient
	Std. Error
	t-ratio

	Constant
	473.03
	10.83
	43.68

	Total visits
	-1.3938
	0.0593
	-23.49


DF = 20; R-Square = 0.9650;   R-Square adjusted = 0.9633; P value 0.00000
Based on this regression analysis results, recreation demand function for mangrove based tourism is estimated as in the equation 12.

P    =  473.03   - 1.3938 Q --- -   (12)

Where P = Entry fee and Q = Number of visitors (‘000)

Total visits were plotted against the admission fee in a graph which was used to calculate the consumer surplus (Figure 3).

Figure 3: Domestic recreation demand curve for Maduganaga Mangrove
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The area under the demand curve was divided into 10 sections each having a rectangle and a triangle and one section having a triangle only. Area of all these 10 sections was calculated manually to estimate the consumer surplus. Appendix 8 presents the results of the consumer surplus calculation.

According to the estimation, the total domestic consumer surplus of the recreation demand for Maduganga mangrove is Rs. 81,125,000 per year. This is for the total area of 915 hectares. Therefore the domestic recreational value of a hectare of mangrove forest is estimated to US$ 933 per year. 

Discussion

Recreation value of mangroves cannot be neglected when investigating alternative uses of mangrove forest. Mangrove forests have substantial foreign and domestic recreational values. This study using the travel cost method estimated the domestic and international recreation value of mangroves in Sri Lanka to be US$ 933 and US$ 1196 per hectare per year respectively. However, since the utility from recreational activities is conditioned by a number of socio-economic characteristics, the results of such travel cost study should be interpreted accordingly.

5.0
Valuation of non-use benefits of mangroves 

The non-use value of mangrove forest in Sri Lanka was estimated using contingent valuation method. The objective of this component of the study was: 1) to measure the willingness to pay (WTP) by residents of Sri Lanka for their existence value, bequest value and option value of mangrove forests in Sri Lanka; 2) to measure the willingness to pay (WTP) by foreign visitors to Sri Lanka for their existence value, bequest value and option value of mangrove forest in Sri Lanka and 3) to establish socio-economic factors affecting the WTP for the non-use value of mangrove protection. 

Approach

The non-use value of mangrove forests can be estimated based on welfare concepts of environmental economics. It is assumed that households maximize utility subject to an income constraint by choosing a bundle of market and non-market goods. If one of the non-market goods is the protection of mangrove forests, then WTP will be a function of the price of mangrove protection, price of other goods, income, and household tastes. The hypothesis is that these tastes will be conditioned by a variety of socio-economic characteristics, including income, age, knowledge, and education level.

Survey respondents should be willing to pay $ X amount for the protection of mangroves if their utility with protection and lower income (Y – X) is at least as great as their utility without protection. This will be when

U (0, Y; A) ( U (1, Y –X; A)  -------   (13)

Where 0 = no additional mangrove protection

           1 = additional mangrove protection

           Y = income

           A = a vector of socio-economic attributes that may affect the existence value for 

                  mangrove protection

Since the underlying utility function is unknown to the researcher, it is viewed as a random variable with a given parametric probability distribution. The hypothesis is that the respondents’ WTP is conditioned by a variety of socio-economic characteristics that can be tested using tobit regression model. 

Multivariate statistical technique is used to estimate the valuation function that relates the hypothesized determinants with WTP responses of existence values. Socio-economic and demographic characteristics of households (SE) and prices and availability of substitute goods and services (Ps) are used in this analysis.  (Q is the size changes in environmental quality and M is income. The valuation function used in the analysis is 

WTPi = f ( (Q, M, SEi, Psi)     ------   (14)

Since the payment card method used in this Contingent Valuation Method (CVM) provides a continuous measure of WTP for the existence value of mangrove, ordinary least square (OLS) model is generally used to explain the variations in the dependent variable (WTP bids). However, in this study tobit regression model was used since there were several dummy independent variables.  

Data collection and analysis

The empirical CVM model in this study used “payment card” approach (Mitchell and Carson 1989). With this approach, each respondent is presented with an array of different dollar amounts starting with zero and asked to circle the amount closest to their WTP for their existence value for mangrove conservation. One way to calculate mean WTP from payment card responses is to take simple average of circled amounts. However, in this study, expected value of WTP given the mean value of all independent variables was calculated using tobit regression model. The socio-economic factors affecting the WTP of individuals were also analysed using tobit regression model.  

A CVM payment card model questionnaire was administered using a sample of 493 local people at the Colombo Central bus stand by asking the people whether they are willing to contribute to a Mangrove Conservation Fund, which will be used for protection of mangrove forests. Colombo is the capital city of Sri Lanka where people from all over the country congregate. Generally, people from all income groups and educational groups use the public transport system especially for long distance travel. Since the highest income groups do not travel by bus, this survey does not represent the very high-income groups. The questionnaire was designed to reveal option, existence and bequest values. Using this information, the total benefit of option, existence and bequest values of local people for mangrove conservation were estimated. In the same questionnaire an open-ended question was also included to estimate the maximum WTP for the protection of mangroves.

Another questionnaire was administered to 121 foreign visitors to Sri Lanka to estimate international option, existence and bequest values for mangrove conservation. The CVM payment card method was used for this survey as well. An open-ended question was included to estimate the maximum WTP for mangrove conservation. In order to include all types of visitors in the sample, foreign visitors were selected from Colombo hotels that do not have any specializations like eco-tourism. The questionnaire was designed to reveal option, existence, and bequest values as well as the socio-economic characteristics of respondents.

Results

5.1
Local existence value estimates

From the total sample of 493 local respondents interviewed, 265 had expressed their willingness to pay for the conservation of mangroves just because they would like to see them conserved and not because the respondents or their family members would use them. Responses of these 265 respondents were analysed to estimate the local existence value of mangroves in Sri Lanka.  The payment card format yields a local existence value of US$ 883 ha-1 yr-1 and US$ 1.7 per household per year. The open-ended format gives a local existence value of US$ 1001 ha-1 yr-1 and US$ 1.9 per household per year. Table 8 presents WTP estimates for the existence value of local mangrove conservation.

TABLE 8

WTP estimate for local existence value for mangrove conservation

	Question format
	WTP per household per year (US$)
	WTP per ha per year (US$)

	Payment card
	1.7
	  883

	Open ended
	1.9
	1001


To examine factors affecting willingness-to-pay for mangrove conservation, contingent valuation (CV) questions were regressed against a number of socio-economic variables. The tobit regression analysis data appear in Table 9.

TABLE 9

Tobit regression results of local existence value estimates for mangroves

	Variable
	Regression coefficient
	Standard error
	T- Ratio

	Constant
	-0.4832
	0.2555
	-1.89

	Knowledge on mangrove
	0.6455
	0.2794
	2.3102

	Use of mangroves
	0.7940
	0.3006
	2.6408

	No of previous visits
	0.2216
	0.1837
	1.2063

	Education level
	-0.00015
	0.00015
	-1.005

	Income
	0.000066
	0.000015
	4.2588

	Y – WTP
	0.003494
	0.000211
	16.529


The predicted probability of Y given the average of independent variables is 0.79. At mean values of all independent variables expected value of Y is 267.

The dummy variable “whether or not respondents have some knowledge of mangroves” has a significant positive coefficient, which means that those who have the knowledge will have a higher existence value. Strangely, education has negative effects on the WTP, while income has the expected positive coefficient at a high significant level. As income rises, there is a shift in the demand for existence value. The dummy variable for whether or not respondent uses the mangroves has significant positive coefficient. 

5. 2 
Foreign existence value estimates

Of the total sample of 121 foreign respondents interviewed in the CV study, 48 had expressed their willingness to pay for an existence value for conservation of mangroves. These 48 respondents were used to estimate the foreign existence value of mangroves in Sri Lanka.  The payment card format yields a foreign existence value of US$ 1398 ha-1 yr-1 and US$ 24 per household per year. The open-ended format gives a foreign existence value of US$ 1630 ha-1 yr-1 and US$ 29 per household per year (Table 10).

TABLE 10

WTP for foreign existence value for mangrove conservation

	Question format
	WTP per household per year US$
	WTP per ha per year US$

	Payment card
	24
	  1398

	Open ended
	29
	  1630


To examine factors affecting willingness-to-pay for mangrove conservation, contingent valuation (CV) questions were regressed against a number of socio-economic variables. The tobit regression analysis data are given in Table 11.

TABLE 11

Tobit regression results of foreign existence value for mangroves

	Variable
	Regression coefficient
	Standard error
	T- Ratio

	Constant
	-0.04723
	0.5733
	-2.054

	Sex
	0.2383
	0.2896
	0.8231

	Age
	0.03637
	0.01709
	2.1283

	Education level
	0.1683
	0.1971
	0.8541

	Income
	0.0000547
	0.00002105
	2.6030

	Y – WTP 
	0.04723
	0.005410
	8.7290


The predicted probability of Y given the average of independent variables is 0.80. At mean values of all independent variable expected value of Y is 20.6.

Income has the expected positive effects on the WTP and it is highly significant. As income increases, there is a shift in the demand for existence value. Age also has a significant positive correlation, which means that older people are willing to pay for the existence value than the younger group.

5. 3
Local option value estimates

From the total sample of 493 local respondents interviewed for CV study, 149 had expressed their willingness to pay for conservation of mangroves to keep the option open for future use. Responses of these 149 respondents were used to estimate the local option value of mangroves in Sri Lanka.  The payment card format yields a local option value of US$ 1491 ha-1 yr-1 and US$ 2.9 per household per year. The open-ended format gives a local option value of US$ 1851 ha-1 yr-1 and US$ 3.5 per household per year. Table 12 presents WTP estimates for the option value of local mangrove conservation.

 TABLE 12

WTP estimate for local option value for mangrove conservation

	Question format
	WTP per household per year US$
	WTP per ha per year US$

	Payment card
	2.9
	  1491

	Open ended
	3.5
	1851


Contingent valuation (CV) responses were regressed against a number of socio-economic variables to examine factors affecting willingness-to-pay for options of mangrove conservation.  The tobit regression analysis data are indicated in Table 13.

TABLE 13

Tobit regression results of local option value estimates for mangroves

	Variable
	Regression coefficient
	Standard error
	T- Ratio

	Constant
	0.1567
	0.00026
	1.174

	Use of mangroves
	0.0000427
	0.0001
	0.4236

	No of previous visits
	0.3230
	0.1492
	2.165

	Income
	0.000066
	0.000015
	4.2588

	Y – WTP
	0.0059
	0.00026
	22.68


The predicted probability of Y, given the average of independent variables is 0.81. At mean values of all independent variable the expected value of Y is 170.

The dummy variable for whether or not respondents use mangroves has a significant positive coefficient, which indicates that those who already use mangrove forests have a higher option value. Income has the expected positive coefficient at high significant level. As income rises, there is a shift in the demand for option value. 
5. 4 
Foreign option value estimates

From the total sample of 121 foreign respondents interviewed for CV study, 43 had expressed their willingness to pay for conservation of mangroves to keep the option open for future use. These 43 responses were used to estimate the foreign option value of mangroves in Sri Lanka.  The payment card format yields a foreign option value of US$ 1039 ha-1 yr-1 and US$ 18 per household per year. The open-ended format gives a local option value of US$ 1178 ha-1 yr-1 and US$ 20 per household per year. Table 14 presents WTP estimates for the option value of local mangrove conservation.

TABLE 14

WTP estimate for local option value for mangrove conservation

	Question format
	WTP per household per year US$
	WTP per ha per year US$

	Payment card
	18
	  1039

	Open ended
	20
	  1178


Contingent valuation (CV) responses were regressed against a number of socio-economic variables to examine factors affecting willingness-to-pay for options of mangrove conservation.  The tobit regression analysis data are given in Table 15.

TABLE 15

Tobit regression results of local option value estimates for mangroves

	Variable
	Regression coefficient
	Standard error
	T- Ratio

	Constant
	-2.418
	0.8409
	-2.769

	Knowledge on mangrove
	2.0844
	0.7527
	2.769

	Future use of mangroves
	-0.0725
	0.1258
	-0.5767

	Age
	0.0231
	0.0202
	1.142

	Education level
	-0.00022
	0.00063
	-0.341

	Income
	0.000204
	0.00005
	4.063

	Y – WTP
	0.0613
	0.0115
	5.29


The predicted probability of Y, given the average of independent variables is 0.39. At mean values of all independent variables, expected value of Y is 4.5.

The dummy variable for whether or not respondents have knowledge of mangroves has a significant positive coefficient, which reflects that those who know about mangroves are ready to pay a higher value to keep mangrove use option. Income has the expected positive coefficient at a high significant level. As income rises, there is a shift in the demand for option value. 
5. 5
Local bequest value estimates

In the CV study of 493 local respondents, 42 had expressed their willingness to pay for conservation of mangroves in order to make sure their heirs will have the opportunity to use the mangroves in the future. These 42 respondents who had the bequest demand for mangrove conservation were used to estimate the local bequest value of mangroves in Sri Lanka.  Two methods, payment card and open-ended question format used in the CV study yield different results. The payment card format yields a local bequest value of US$ 1714 ha-1 yr-1 and US$ 3.3 per household per year. The open-ended format gives a local bequest value of US$ 2036 ha-1 yr-1 and US$ 3.9 per household per year. Table 16 presents WTP estimates for the local bequest value of mangrove conservation.

TABLE 16

WTP estimate for local bequest value for mangrove conservation

	Question format
	WTP per household per year (US$)
	WTP per ha per year (US$)

	Payment card
	3.3
	  1914

	Open ended
	3.9
	  2036


Contingent valuation (CV) responses were regressed against a number of socio-economic variables to examine factors affecting willingness-to-pay for bequest demand for mangrove conservation.  The tobit regression analysis data are given in Table 17.

TABLE 17

Tobit regression results of local bequest value estimates for mangroves

	Variable
	Regression coefficient
	Standard error
	T- Ratio

	Constant
	-1954.9
	1437.1
	-1.36

	Knowledge on mangrove
	1955.3
	1437.1
	1.36

	Use of mangroves
	0.1724
	0.4286
	0.4023

	Sex
	-0.1306
	0.3621
	-0.3606

	Age
	-0.00732
	0.1826
	-0.4007

	Education level
	0.1964
	0.1439
	1.3649

	Income
	0.000074
	0.00003
	2.441

	Family size
	-0.05451
	0.1067
	-0.5105

	Y – WTP
	0.002141
	0.0002394
	8.94


According to the tobit analysis only income has the expected positive coefficient at significant level. As income rises, there is shift in the demand for option value. 
5. 6
 Foreign bequest value estimates

In the CV study of 121 foreign respondents, 30 had expressed their willingness to pay for conservation of mangroves in order to make sure their heirs will have the opportunity to use mangroves in the future. These 30 respondents who had the bequest demand for mangrove conservation were used to estimate the foreign bequest value of mangroves in Sri Lanka.  Two methods, payment card and open-ended question format used in the CV study yielded different results. The payment card format yields a foreign bequest value of US$ 561 ha-1 yr-1 and US$ 9.8 per household per year. The open-ended format gives a foreign bequest value of US$ 638 ha-1 yr-1 and US$ 1.1 per household per year. Table 18 presents WTP estimates for the foreign bequest value of mangrove conservation.

TABLE 18

WTP estimates for foreign bequest value for mangrove conservation

	Question format
	WTP per household per year US$
	WTP per ha per year US$

	Payment card
	9.8
	561

	Open ended
	1.1
	638


Contingent valuation (CV) responses were regressed against a number of socio-economic variables to examine factors affecting willingness-to-pay for bequest demand for mangrove conservation.  The tobit regression analysis data are given in Table 19.

TABLE 19

Tobit regression results of foreign bequest value estimates for mangroves

	Variable
	Regression coefficient
	Standard error
	T- Ratio

	Constant
	-1.4297
	0.5930
	-2.41

	Knowledge of mangroves
	0.6526
	0.4781
	1.364

	Future use
	-0.02754
	0.0603
	-0.4563

	Age
	-0.037
	0.01652
	2.24

	Education level
	-0.1652
	0.2833
	-0.5832

	Y – WTP
	0.02844
	0.006695
	4.24


The predicted probability of Y given the average of independent variables is 0.31. At mean values of all independent variables, expected value of Y is 7.02. According to the tobit analysis only age has significant relationship with bequest value. Older peoples’ bequest demand for mangroves is lower than that of young group. 
6.0 Valuation of indirect use benefits of mangroves 

Benefits of providing breeding ground for fish, erosion control, biodiversity maintenance, carbon sequestration, storm protection and pollution treatment were valued as indirect use benefits of mangroves. This study did not estimate economic values of the indirect use functions of mangroves empirically. Results of studies done in other countries were used for this study using the benefit transfer method.  The benefit transfer method is not a valuation methodology per se, but rather refers to the use of values obtained in one context to estimate values in a different context. The benefit transfer method “provides a low cost way of estimating values when time and resources do not allow full valuation studies” (World Bank 1998). 

Approach

Benefit transfer involves two methods viz. benefit value approach and benefit function approach. In order to convert a damage estimate of one country (X) to a damage value of another country (Y),  an adjustment to reflect differences in real income is needed. Markandya recommends the following equation for making such an adjustment (Batagoda 2002):

Damagey  = Damagex  (PPP GNPy /PPP GNPx )E   -------   (15)

Where PPP GNP denotes the purchasing power parity GNP per capita and E is the elasticity of damages with respect to real income. Two values of the elasticity E are given in the literature (1.00 and 0.35). For example, E = 0.35 implies a 0.35% change in WTP relative to a 1% change in real income.  This method was adopted in this study for estimating non-use benefits of mangroves.

6.1
Valuing the benefits of providing breeding grounds for fish 

Mangroves provide habitats for fish, particularly as breeding grounds. It has been established that each hectare of mangrove generates between 1,100-11,800 kg of fish. This productivity is much higher than the 10-370 kg/ha/year of fish catch in coral reefs. In developing countries, the annual value of the fish caught in mangroves, varies between US$900 and US$12400 per hectare of mangrove (Rodríguez 2001). This means if the mangroves are destroyed, the fish production will decline and the price of fish will increase.

However, the direct relationship between the mangroves and offshore fisheries is not well understood. But such a link apparently exists and the offshore fishery productivity is strongly correlated with the size of the mangrove. In Sumatra, local fishermen have voluntarily replanted mangroves in places where they have been destroyed (Bann, 1997). In Bintuni Bay, Indonesia, Bann, (1997) using a mangrove area of 300,000 ha, estimated the traditional non- commercial value of mangrove at US$ 10 million per year while the value of commercial fisheries was found to be US$ 35 million per year. According to this, the annual commercal and non-commercial fisheries value of mangroves in Indonesia is US$1364 per hactare per year.  Bann (1999) estimated the direct use value of mangroves from captured fishery at US$ 526/ha/yr in Malaysia. Costanza et al (1989) established and estimated the annual economic value of coastal mangrove productivity for commercial fish harvest at US$ 62.66 per hectare per year in the United States. 

The economic value of the fisheries function of mangroves has been reviewed or estimated by several authors, Hamilton & Snedker, (1984); Ruitenbeek, (1991); Gren & Soderqvist, (1994); Hambrey, (1997); Gilbert & Janssen, (1997) and Costanza et al, (1997) whose values ranged from $66 to almost $3,000 /ha/yr. Christensen (1982) estimated the fisheries function in Thailand at 130/ha/yr.  Lal (1990) estimated the fisheries function of mangroves in Fiji at US$ 100/ha/yr while Ruitenbeek (1992) estimated the same in Indonesia at US$ 117/ha/yr. Jansen and Padilla (1996) estimated the mangrove fisheries function in Philippines at US$ 60/ha/yr. Giesen et al (1991) have calculated a net value of $600/ ha/ yr. for open water fish catches. According to the findings of Sivakumar and Fernando (1997), the cost of replacing 1 ha of mangrove is Rs. 840,000.00 and the benefit from increased fish yield is Rs. 75,000.00/ yr.  According to Amarasinghe (1996) one hectare of mangroves will generate about 750 – 2,500 kg of fish, prawns, crabs, and mollusks per year.  

The results of the research undertaken by Bann (1999) to estimate the direct use value of captured fishery in Malaysia was transferred to Sri Lanka in this study using benefit transfer method applying the equation 15. Since geographically Sri Lanka and Malaysia are similar, this transfer is valid.

US$ 526 [US$ 3460/US$ 8330] 1.00   = US$ 218  (World Banka2002)

Therefore the provision of fish breeding function of the mangrove forest in Sri Lanka is estimated at US$ 218/ha/yr.

6.2
Valuing erosion control benefits

Mangroves function as sea erosion defenders. They protect the coastlines and prevent the loss of valuable agricultural land and property. The value of the land area lost due to erosion can be estimated as the benefits of shoreline protection or the erosion control function of mangroves. The value of property lost as a result of shoreline erosion can also be estimated as the benefits of erosion control function of mangroves. In Sri Lanka, coastal areas extending up to 685 km from Kalpitiya to the Yala National Park, about 175,000 to 285,000 sq.m of coastal area is lost every year due to erosion caused by natural and manmade activities. Erosion reduces the habitat area for inter-tidal animals. Sometimes, mangroves may actually lead to land accretion. These types of positive addition of land can be valued using avoided cost approach.

Several studies have estimated the erosion control benefits of mangroves. Christensen (1982) estimated erosion control benefit of mangroves in Thailand at US$165/ha/yr while Lal (1990) estimated the erosion control benefit in Fiji at US$ 52/ha/yr.  Bann (1999) estimated the erosion control value in Malaysia at US$ 845 /ha/yr. Using replacement cost method and taking cost of breakwater construction as a replacement cost of mangrove erosion control benefit, Sathirathai (1997) estimated the erosion control benefits of Thailand’s at US$ 2987 ha/yr. 

Using the productivity change approach, Ruitenbeek (1992) estimated the benefits of erosion control at US$ 3 /ha/yr. Since the productivity change method is one of the acceptable methods for erosion control studies, the results of Indonesian study by Ruitenbeek (1992) were used in this study. Equation 16 was used to transfer the results to Sri Lankan mangroves.

US$ 3 [US$ 3460/US$ 2830] 1.00   = US$ 3.6  (World Bank 2002)

For this analysis, the value of US$ 3.6 was used as a proxy for the value of mangroves in terms of erosion control.

6.3
Valuing biodiversity maintenance benefits   

Mangrove biodiversity is a unique phenomenon of mangrove ecosystems. Mangroves store valuable genetic resources, provide habitats for migratory species. In general, biological diversity 

helps the mangroves in maintaining their Ecological (carrier) and regulatory functions. Mangroves are regarded as exhibiting high level of biodiversity in their undisturbed state. Biodiversity includes direct, indirect, option and bequest values. In most cases, economists estimate genetic resources value and medicinal value as a proxy for biodiversity value. The structural values or the “Glue Value” of mangrove ecosystem cannot be valued using this fragmented approach. The glue value is the value of the system as a whole. If the inherent structural properties of the mangroves are lost, the regulatory functions cannot occur. The only way to capture the societal WTP for the biodiversity of the mangroves as a whole is through contingent valuation studies. In this case what we measure is not the value of the biodiversity but the human preference for it.   

Several studies have estimated the economic value of biodiversity maintenance by estimating several functions of mangroves. Ruitenbeek (1992) estimated the capturable biodiversity benefits of mangroves if they are maintained intact at US$ 1,500 per square kilometer per year. Several other studies have estimated the plant based pharmaceutical value of mangroves ranging from US$0.1 to US$ 61 per hectare (Bann 1997). Ruitenbeek (1992) estimated an annual net benefit of US$ 15 per hectare for medicinal plants from mangroves in Indonesia. 

Results of the Indonesian study by Ruitenbeek (1992) were transferred to Sri Lankan mangroves using equation 16 above. 

US$ 15 [US$ 3460/US$ 2830] 1.00   = US$ 18  (World Bank 2002)

For this analysis, the value of US$ 18 was used as a proxy for the value of mangroves in terms of biodiversity maintenance.

6.4
Valuing carbon sequestration benefits

Mangroves can play an important role in regulating carbon dioxide in the global atmosphere by absorbing CO2 and storing it in their biomass. This carbon sequestration function has been a non-market since there was no mechanism to trade the carbon sequestration. Now the carbon sequestration function is no longer a non-market product. Under the Kyoto Protocol, a market has been created for carbon sequestration. At present, in the world market, a ton of Carbon is marketed around US$ 2 – 20. Therefore carbon sequestration function of the mangrove is highly significant in an economic analysis of alternative uses of mangrove forests.

Carbon sequestration benefits of a forest can be estimated calculating the total biomass per hectare and then applying appropriate conversion factors to obtain carbon equivalents.  Sathirathai (1997) has estimated the average stand density of the mangroves at 2256 trees per hectare in Thailand. Accordingly the biomass volume of mangrove was estimated to 45.24 ton/ha. The daily net CO2- fixations of several dominant mangrove species found in Thailand as well as Sri Lanka such as Avicennia marina, Rhizophora apiculata, and Excoecaria agallocha have been estimated at 14,942 mg CO2 m-2,  24,235 mg CO2 m-2,  and 14,097 mg CO2 m-2 respectively. Based on these results, average value for carbon-fixation of mangroves in Kanjanadit District in Thailand was estimated at 15.1 tonC/ha/yr.

Assuming the same carbon fixation rate of 15.1 tonC/ha/yr in mangroves in Sri Lanka, at US$ 5 per ton of carbon, the carbon sequestration benefits of mangroves in Sri Lanka can be valued at US$ 75.5/ha/yr. 

6.5
Valuing storm protection benefits 

Mangroves function as natural barriers against strong winds, tidal bores, and waves (Bann, Unpublished). From time to time local people suffer from large waves and storms that destroy property. The damages to houses can be minimized if there are mangroves. There are experiences that the damage due to tidal surges and storms is much less with the presence of mangrove. Based on this assumption, Bann (unpublished) has estimated the storm protection function of mangroves in Koh Kapik province in Cambodia at US$ 32/ha/yr. Using the equation 16, this result was transferred to Sri Lankan mangroves as follows:

US$ 32 [US$ 3460/US$ 1440] 1.00   = US$ 76.8  (World Bank 2002)

For this study, US$ 76.8/ha/yr was used as a proxy for the storm protection function of mangroves in Sri Lanka. 

6.6
Valuing pollution treatment benefits

Mangroves can store and treat pollutants from industrial and domestic waste. Organic nutrients including those that come from human and animal waste are trapped by mangroves along with sediments (Bann 1997). This would avoid adverse impacts of organic pollutants on health and morbidity effects in the downstream area.  The benefits can be significant where mangroves store a great quantity of pollutants. The pollution treatment benefits can be estimated either by measuring loss of earnings from health effects that would occur if the pollutants were released downstream or measuring the medical and other preventive expenditure required to compensate for the pollution.  

Lal (1990) has estimated the pollution treatment function of mangroves in Fiji at US$ 5820/ha/yr.  Using equation 16, these results were transferred to Sri Lankan mangroves as follows:

 US$ 5820  [US$ 3460/US$ 4480] 1.00   = US$ 4494 (World Bank 2002)

Therefore, the pollution treatment benefit of mangroves in Sri Lanka is estimated at US$ 4494/ha/yr.

7.0
Evaluation of alternative uses of mangroves – A Cost Benefit Approach

The cost benefit analysis (CBA) approach was used to evaluate feasibility of converting the three case study mangrove sites to commercial shrimp farms. Cost benefit analysis is a well-accepted technique for project or policy appraisal. The basic idea of the CBA is that the social welfare of both with project and without project, are estimated and compared. If the benefits of with project scenario outweigh the costs, then the project is socially desirable from an economic efficiency perspective. Mutually exclusive multiple projects can be investigated with a view to selecting the best project alternative through the CBA. A CBA involves estimating all of the changes in production that occur as a result of a given activity. However, historically, many CBA studies disregarded environment and social services. In some cases, they assign low values to such non-market services arbitrarily. This leads to the selection of projects that disregards social welfare. Therefore, in CBA , all key uses, functions, services both market and non-market, and interactions among them should be identified and included in the analysis.  The analyst should make sure that the real value of these functions is reflected in the CBA. This includes the estimation of direct use, indirect use, option and non-use values of project which provide environmental benefits, increase human welfare and benefits to human health at both local and global levels.

In the evaluation of alternative uses of mangroves, several analytical tools can be used i.e. financial analysis, economic analysis and environmental analysis. Decision makers may use any of these tools given their levels - private or public, local, national, or international, and each of these levels has specific objectives. The type of decision-making tool that is used has a significant influence on the selection of alternative options of mangrove use. Therefore this study undertook financial, economic and environmental analyses of converting three mangrove sites into shrimp farms (as referred to in table 1) in order to investigate the influence of different decision-making tools on alternative mangrove use decisions. 

Shrimp farming is a profitable business for a small group of people, and it is profitable because liberalized trade does not take into account the so-called "externalities". This means that those who make the profits do not pay for the destruction caused to the ecosystem. In other word, the shrimp industry makes its profits at the expense of local communities.  

Several studies have estimated the economic value of shrimp farms as an alternative use of  mangrove forests. In a study conducted in Thailand, Hambrey (1997) estimated that a well-managed intensive shrimp farm would generate a long term sustained production rate of 4-5 tons/ha/crop and a corresponding export value of  $112,000/ha/yr. Intensive shrimp farming can generate 817 tons/ha/yr while semi intensive shrimp farming generates 12 tons/ha/yr(Hambrey,1997). Under controlled conditions in aquaculture systems higher fish production levels are achieved at over 6270 kg/ha/yr in semi-intensive culture of milkfish or 2530 kg/ha/yr when rotating intensive prawn culture with extensive milkfish culture (Janssen and Padilla, 1996). The physical protection value has not been worked out for most places though it is very crucial, because it is very difficult to calculate. This value depends entirely upon the vulnerability of the location to erosion or to storms, but it may be very high, and would in many instances exceed the potential value for shrimp culture. 

An extended benefit cost analysis covering all social and environmental costs should be undertaken to see whether the conversion of mangroves into commercial shrimp farms is socially worthwhile.  

Approach

The net present value (NPV) was estimated to determine whether converting a mangrove forest into a commercial shrimp farming is beneficial from a societal perspective. The net present value (NPV) of a project is given by following equation: 

NPV=  (       (bn-cn)   ---------------------  (16)

n=0     (1+r)n

Net present value of the commercial shrimp farm was estimated using the following approach based on equation 17:

NPV = Bd + Be - Cd - Cp  ------------------ (17)
Where,     NPV  =  net present value

Bd = direct project benefits

Be = external and/or environmental benefits

Cd = direct project costs

Cp = external and or environmental costs

The present value of any future receipt or expenditure was calculated by multiplying it by1/ (1+ r)n, where r is the percentage rate of discount and n is the number of years ahead.  Through the process of discounting expenditures and receipts, costs and benefits, which occur at different times throughout the construction and operation of the project, were discounted to make them comparable to present expenditure and receipts.  Since the rate of discount was a crucial element in the evaluation, this study used the 6% discount rate, which has a more conservative value.  

Cost-benefit ratio is given by  

(B/C)  = N(n=0 bn / (1 + r)n   --------  (18)

N(n=0 cn / (1 + r)n
Where b is the benefits in the year n and the r is the discount rate. C is the cost in the year n.

Data collection and analysis

Costs and benefits data used in the estimation of NPV and B/C analysis are presented in the table 20.

TABLE 20

Benefits and Costs components of benefit cost analysis of shrimp farming

	Component
	Direct
	Indirect

	Direct Benefits
	
	

	   Revenue from shrimp yield
	   X
	      X

	External benefits
	
	

	   Employment generation
	   
	      X

	   Development of related industries and infrastructure
	  X
	

	   External environmental benefits
	
	      X

	Direct Costs
	
	

	   Construction
	X
	

	   Paddlewheels
	X
	

	   Generators and pumps
	X
	

	   Small equipment
	X
	

	   Cost of seeds
	X
	

	   Cost of feeds and fertilizer
	X
	

	   Treatment cost
	X
	

	   Salaries and fuel cost
	X
	

	External costs
	
	

	   Water pollution -wastewater treatment cost
	
	X

	   Salinisation – loss of farm income
	
	X

	Cost of mangrove rehabilitation
	
	

	    Cost of rehabilitating abandoned shrimp ponds
	X
	

	    Cost of replanting mangrove forest
	X
	

	    Cost of maintaining and protecting mangrove forest
	X
	

	Opportunity cost of land
	X
	


Data on direct costs, operational costs and direct benefits of converting a mangrove to shrimp farm were obtained from National Aquatic Research Agency (NARA) of Sri Lanka (Code of Good Management Practices for Shrimp Aquaculture NARA, 2002). 

External costs and benefits and costs of mangrove rehabilitation were estimated from studies done in other countries using the benefit transfer method. Equation (15) was used to transfer the benefits estimated in these studies. The benefits of the preservation of the same mangrove that is subjected to conversion to a shrimp farm were estimated as opportunity cost of land.

In this study, several economic and social indicators such as employment generation, opportunity cost of land, rehabilitation of abandoned shrimp ponds, replanting abandoned shrimp farms, and wastewater treatment costs were used for the economic analysis. Shrimp farming can generate between 80 – 200 man-days per ha per year (Hambrey 1996). Employment generation has significant social benefits, because the opportunity costs of labour is very low. However, this was not included in the analysis since it is already reflected in the revenue from shrimps. Major economic linkages in relation to the use of mangrove for shrimp farming including wastewater treatment cost due to shrimp ponds had been estimated in Thailand by Sathirathai (1997). Using equation (15) given above and purchasing power parity (PPP) per capita GNP of Thailand and Sri Lanka, these values were transferred to Sri Lanka according to benefit transfer method (table 21). 

TABLE 21

Socio-economic cost of Shrimp farming in mangroves

	Cost components
	Value estimated in Thailand (US$/ha/yr*)
	Transferred value to Sri Lanka (US$/ha/yr)

	Social costs of treatment of water polluted by shrimp farms
	274
	150

	Rehabilitation of the abandoned shrimp ponds
	11458
	6273

	Replanting mangroves destroyed by shrimp farm
	788
	431

	Maintaining and protection mangrove forests
	157
	85


* Source:  Sathirathai (1997)
The opportunity costs of land are the foregone benefits of using the land for selected use. In this case, converting mangroves to shrimp farms will lose the preservation benefits. Only direct use benefits were used as opportunity costs of mangrove land in this study since only the direct benefits can be converted to real money easily that have impacts on the economic analysis. Results of valuation studies presented in the table 33 were used to estimate the opportunity costs of land.  
It was assumed that a shrimp farm would operate for five years and leaves a fallow period of 15 years. Then the next rotation of shrimp farming will commence after the 21 years. The CBA was undertaken for a 30-year period in order to compare the results with mangrove preservation options.   

First, net present values (NPV) of benefits of preservation of Kiralkele, Maduganga and Ranweli mangroves were estimated. Then financial benefits cost analyses were undertaken for the conversion of all three study sites to shrimp farms.  Next, the economic benefits cost analyses were undertaken for the conversion of all three study sites to shrimp farms. Finally, extended benefit cost analysis was undertaken for converting all three sites to shrimp farms incorporating environmental costs and benefits to the economic analysis. NPV of preservation benefits were used as opportunity costs of mangrove conversion to shrimp farms for both economic and environmental cost benefit analysis.  

7.1
Net present value of benefits of Kiralakele mangrove preservation

Net present value analysis was undertaken for Kiralakele mangrove preservation that has primarily the traditional use values and other direct, indirect and non-use values of mangroves. Valuation estimates derived in this study were used for this analysis.  The project period was assumed to be 30 years. The mangroves have different socio-economic and environmental values. The Kiralakele mangrove, which is situated in a rural area where people engage in NTFR collection activities provide more benefits from traditional uses rather than from recreation uses. Therefore, it was assumed that this area has only 10% of recreation value estimated for Sri Lankan mangroves as presented in table 33. The NTFR value estimated for the same area was used in full for the analysis. It was assumed that this area provides all other indirect and non-use benefits estimated for Sri Lanka in full (Table 33).  

Based on these assumptions and using summary valuation estimates in the Table 33, economic values of the functions of Kiralakele mangrove were estimated per hectare for one year in US$ and presented in column 2 of the Table 22.  These values were considered as the first year benefits of preservation of Kiralakele mangrove, optimising traditional uses i.e. NTFRs collection. 

It was assumed that the mangrove area provides the same level of direct, indirect and non-use benefits annually throughout the project period of 30 years. Since, monetary value of benefits depreciates over time due to inflation, the future benefits were estimated by compounding the first year benefits at estimated compound rate. Accordingly, the benefit streams for subsequent years were estimated compounding the first year benefits at the rate of 3% in the case of local benefits and 1% in the case of global benefits. Global benefits were compounded at a lower rate, as global inflation is lower than inflation in Sri Lanka. Table 22 presents benefits in 10 year intervals. The Appendix 9 presents detail data . 

TABLE 22
Estimated Benefits Flow of Kiralakele Mangrove preservation with NTFR specialisation in US$/ha/Yr

	Year
	Year 1
	Year 10
	Year 20
	Year 30
	Total

	NTFP
	92.0
	120.0
	161.3
	216.8
	4377

	Local recreation
	93.3
	121.7
	163.6
	219.9
	4439

	Global recreation
	119.6
	130.8
	144.5
	159.6
	4160

	Erosion control
	3.6
	4.7
	6.3
	8.5
	171

	Biodiversity maintenance
	18.0
	23.5
	31.6
	42.4
	856

	Breeding ground for fish
	218.0
	284.4
	382.3
	513.7
	10371

	Carbon sequestration
	75.5
	98.5
	132.4
	177.9
	3592

	Pollution treatment
	4494.0
	5863.7
	7880.3
	10590.4
	213804

	Storm protection
	76.8
	100.2
	134.7
	181.0
	3654

	Local Option
	1491.0
	1945.4
	2614.5
	3513.6
	70935

	Global option
	1039.0
	1136.3
	1255.2
	1386.5
	36142

	Local bequest 
	1714.0
	2236.4
	3005.5
	4039.2
	81544

	Global bequest
	562.0
	614.7
	679.0
	750.0
	19549

	Local existence
	833.0
	1086.9
	1460.7
	1963.0
	39630

	Global existence
	1399
	1530.1
	1690.1
	1867.0
	48664


The benefits estimates for 30 years were discounted at 6% discount rate to estimate the net present value (NPV) of the benefits. Discounted benefits are presented in Appendix 10. According to the analysis, the net present value (NPV) of the benefits of the Kiralakele mangrove preservation was estimated at US$ 223,760 per hectare.

7.2
Net present value of benefits of Maduganga mangrove preservation 

Net present value analysis was undertaken for Maduganga mangrove preservation project for optimising local recreation uses and other direct, indirect and non-use values of mangroves. The project period was assumed to be 30 years. The Maduganga mangrove, which is situated in a recreation area gain more benefits from local recreation than from other uses such as NTFRs collection. This area has a significant global recreation value as well. Therefore, it was assumed that this area has 100% of local recreation value, 10% of NTFRs value and 50% global recreation value estimated for Sri Lankan mangroves as presented in Table 33. It was assumed that this area provides all other indirect and non-use benefits estimated for Sri Lanka in full (Table 33).  

Based on these assumptions and using summary valuation estimates given in Table 33, economic values of the functions of Maduganga mangrove were estimated per hectare per year in US$ and presented in column 2 of the table 23. These values were assumed to be the first years benefits of the Maduganga conservation project. It was assumed that the mangrove area provides same level of direct, indirect and non-use benefits annually through out the project period of 30 years. Since, monetary value of benefits depreciates over the time due to inflation the future benefits were estimated compounding the first year benefits at the rate of 3% in the case of local benefits and 1% in the case of global benefits. Global benefits were compounded at a lower rate, as global inflation is lower than inflation in Sri Lanka. Table 23 presents benefits in 10 year intervals.  Appendix 11 presents detail information. 

TABLE 23

Estimated Benefits Flow of Maduganga Mangrove preservation with local recreation specialisation Values ha/yr in US$

	Year
	Year 1
	Year 10
	Year 20
	Year 30
	Total

	NTFP
	9.2
	12.0
	16.1
	21.7
	438

	Local recreation
	933.0
	1217.4
	1636.0
	2198.7
	44388

	Global recreation
	598.0
	780.3
	1048.6
	1409.2
	28450

	Erosion control
	3.6
	4.7
	6.3
	8.5
	171

	Biodiversity maintenance
	18.0
	23.5
	31.6
	42.4
	856

	Breeding ground for fish
	218.0
	284.4
	382.3
	513.7
	10371

	Carbon sequestration
	75.5
	98.5
	132.4
	177.9
	3592

	Pollution treatment
	4494.0
	5863.7
	7880.3
	10590.4
	213804

	Storm protection
	76.8
	100.2
	134.7
	181.0
	3654

	Local Option
	1491.0
	1945.4
	2614.5
	3513.6
	70935

	Global option
	1039.0
	1355.7
	1821.9
	2448.5
	49431

	Local bequest 
	1714.0
	2236.4
	3005.5
	4039.2
	81544

	Global bequest
	562.0
	733.3
	985.5
	1324.4
	26737

	Local existence
	833.0
	1086.9
	1460.7
	1963.0
	39630

	Global existence
	1399.0
	1825.4
	2453.2
	3296.8
	66558


The benefits estimates for 30 years were discounted at 6% discount rate to estimate the net present value (NPV). Discounted benefits were presented in Appendix 12. The net present value (NPV) of the benefits of the Maduganga mangrove preservation was estimated at US$ 259896 per hectare.

7.3
Net present value of benefits of Ranweli mangrove preservation 

Net present value analysis was undertaken for the Ranweli holiday village mangrove preservation project that optimises global recreation uses and other direct, indirect and non-use values of mangroves. The project period was assumed to be 30 years. Ranweli holiday village mangrove, which is situated in recreation area gain more benefits from global recreation than from other uses such as NTFRs collection. It was assumed that this area has 100% global recreation values, 10% of local recreation value, 10% of NTFRs value estimated for Sri Lankan mangroves as presented in table 33. It was also assumed that this area has 100% of other indirect and non-use benefits estimated for Sri Lanka (table 33). 

Based on these assumptions and using summary valuation estimates in the table 33, economic values of the functions of the Ranweli holiday village mangrove was estimated per hectare per year in US$ and presented in row 2 of the table 30. These values were assumed to be the benefits generated in the first year of the Ranweli mangrove conservation project. It was also assumed that the mangrove area provides same level of direct, indirect and non-use benefits annually through out the project period of 30 years. 

TABLE 24
Estimated Benefits Flow of Ranweli Holiday Village Mangrove preservation for global recreation use ha/ year in US$

	Year
	Year 1
	Year 10
	Year 20
	Year 30
	Total

	NTFP
	9.2
	12.0
	16.1
	21.7
	438

	Local recreation
	93.3
	121.7
	163.6
	219.9
	4439

	Global recreation
	1196.0
	1560.5
	2097.2
	2818.5
	56900

	Erosion control
	3.6
	4.7
	6.3
	8.5
	171

	Biodiversity maintenance
	18.0
	23.5
	31.6
	42.4
	856

	Breeding ground for fish
	218.0
	284.4
	382.3
	513.7
	10371

	Carbon sequestration
	75.5
	98.5
	132.4
	177.9
	3592

	Pollution treatment
	4494.0
	5863.7
	7880.3
	10590.4
	213804

	Storm protection
	76.8
	100.2
	134.7
	181.0
	3654

	Local Option
	1491.0
	1945.4
	2614.5
	3513.6
	70935

	Global option
	1039.0
	1355.7
	1821.9
	2448.5
	49431

	Local bequest 
	1714.0
	2236.4
	3005.5
	4039.2
	81544

	Global bequest
	562.0
	733.3
	985.5
	1324.4
	26737

	Local existence
	833.0
	1086.9
	1460.7
	1963.0
	39630

	Global existence
	1399.0
	1825.4
	2453.2
	3296.8
	66558


Since, the monetary value of benefits depreciates over  time due to inflation the future benefits were estimated compounding the first year benefits at the rate of 3% in the case of local benefits and 1% in the case of global benefits. Global benefits were compounded at a lower rate, as global inflation is lower than inflation in Sri Lanka. Table 24 presents benefits in 10 year interval and full benefits stream is given in Appendix 13. 

The benefits estimates for 30 years were discounted at 6% discount rate to estimate the net present value (NPV). Discounted benefits were presented in Appendix 14. The net present value (NPV) of the benefits from the Ranweli Village mangrove preservation was estimated at US$ 255,230 per hectare.

8.0
Financial cost benefit analysis 

Financial analysis of converting one hectare of mangrove forest is indicated tables 25 and 26. Table 25 presents financial data for the first rotation, which is five years. Table 26 presents discounted cost and benefits of values of two rotations of shrimp farming which will take place in 15 year intervals. Zero costs and benefits were assumed for the fallow period, since the private sector will not undertake rehabilitation; instead they will find another location for farming. The society will have to bear the cost of pollution and rehabilitation of ponds, water bodies and replanting of mangroves. 

TABLE 25

Costs and benefits of first rotation of Shrimp farming in US$

	Year 
	   1
	 2
	3
	4
	5

	Capital costs 
	
	
	
	
	

	    Construction
	5368.4
	
	
	
	

	    Paddlewheels
	2526.3
	
	
	
	

	    Generators
	4210.5
	
	
	
	

	     Pumps
	842.1
	
	
	
	

	     Small equipment
	315.8
	
	
	
	

	     Total capital
	13263.2
	
	
	
	

	Operational costs
	
	
	
	
	

	     Cost of feed
	10673.7
	10993.9
	11323.7
	11663.4
	12013.3

	     Cost of seeds
	1684.2
	1734.7
	1786.8
	1840.4
	1895.6

	     Cost of fertilizer
	252.6
	260.2
	268.0
	276.1
	284.3

	     Cost of treatment
	1515.8
	1561.3
	1608.1
	1656.3
	1706.0

	     Staff salary
	1515.8
	1561.3
	1608.1
	1656.3
	1706.0

	     Cost of fuel
	2526.3
	2602.1
	2680.2
	2760.6
	2843.4

	     Maintenance
	378.9
	390.3
	402.0
	414.1
	426.5

	     Manpower
	1515.8
	1561.3
	1608.1
	1656.3
	1706.0

	     Depreciation
	1210.5
	1246.8
	1284.2
	1322.8
	1362.5

	     Contingencies
	1000.0
	1030.0
	1060.9
	1092.7
	1125.5

	     Total operation cost
	22273.7
	22942.0
	23630.2
	24339.1
	25069.2

	Total cost
	35536.8
	22941.9
	23630.2
	24339.1
	25069.2

	Total Revenue
	43789.5
	45103.2
	46456.3
	47849.9
	49285.4


TABLE 26

Financial analysis: Net Present Values of Conversion of a mangrove to commercial shrimp farming

	Year
	Capital cost

US$  /ha
	Operational

Cost US$ /ha
	Total cost

US$ /ha
	Revenue from shrimp US$/ha 

	1
	13263.2
	22273.7
	35536.8
	43789.5

	2
	0.0
	20418.2
	20418.2
	40141.6

	3
	0.0
	19840.3
	19840.3
	39005.6

	4
	0.0
	19278.8
	19278.8
	37901.6

	5
	0.0
	18733.2
	18733.2
	36828.9

	21
	7046.4
	11833.5
	18879.9
	23264.4

	22
	0.0
	11498.6
	11498.6
	22605.9

	23
	0.0
	11173.2
	11173.2
	21966.1

	24
	0.0
	10856.9
	10856.9
	21344.5

	25
	0.0
	10549.7
	10549.7
	20740.4

	NPV 30 yr
	
	
	176765.6
	307588.5

	B/C Ratio
	                                         1.74


Note: Project is for 30 years and there are no values for year 5 – 20 and 26 – 30 since farm has to be abandoned after five years of operation for 15 year for rehabilitation period. The project is for two five-year rotations.

The NPV of cost of converting a hectare of mangrove to a shrimp farm was estimated to US$ 176765.7 while NPV of benefit was estimated at US$ 307,588.5 (Appendix 15).  The benefit cost ratio (B/C) for the financial analysis is therefore 1.74. This indicates that if social and environmental costs are not considered, converting a mangrove to shrimp farm is profitable.

9.0
Economic benefits costs analysis 

Economic analysis was undertaken including additional direct economic indicators to the financial analysis of converting mangroves to shrimp farms. Economic analysis includes social and economic indicators in addition to the financial cost and benefits. Since conversion of mangroves into shrimp farming involves large social costs and benefits, only an economic analysis reflects the societal perspective of the project. Main socio-economic linkages involve interactions between traditional uses of mangroves and the external formal sector economy. Expansion of wage sector economy through economic development will reduce the dependency on traditional uses. Another socio-economic linkage occurs when people lose the opportunity to catch fish on-shore due to mangrove loss. Then they will increase fishing in the near-shore, which also can collapse due to over harvesting. The social level of mangrove dependent fisherman will decline. Sometimes the government provides shrimp export subsidies, which will increase shrimp production thus destroying the livelihood of traditional fishermen. Society will also have to bear the health costs of water pollution and adverse health implications that lead to a reduction of income from agriculture.

Tables 27, 28 and 29 present the results of economic cost benefit analyses of Kiralakele mangrove conversion, Maduganga mangrove conversion and Ranweli mangrove conversion respectively. 

TABLE 27 

Economic benefit cost analysis of converting Kiralakele mangrove into a shrimp farm

(Values are in US$ per hectare discounted at 6%)

	          YEAR
	1
	5
	10
	15
	20
	25
	30

	Financial cost1
	35536.8
	18733.2
	0.0
	0.0
	0.0
	10549.7
	0.0

	Social cost2
	150.0
	5135.8
	53.4
	46.3
	40.1
	71.0
	30.1

	Opportunity of land 3
	304.9
	248.8
	208.0
	174.3
	146.4
	123.1
	103.8

	Total economic costs
	35991.7
	24117.8
	261.5
	220.6
	186.5
	10743.9
	133.9

	Total project revenue
	43789.5
	49285.4
	0
	0
	0
	89014.9
	0.0

	NPV of costs
	                    191851.1
	

	NPV of benefits
	307588.5

	B/C Ratio
	1.6


Note: Project is for 30 years and values are given in five year intervals. 1) Financial costs were obtained from the financial analysis section and from tables 25 & 26.  2) Social costs include the costs of treating polluted water, rehabilitation of abandoned shrimp ponds, replanting mangroves in the project area and protection costs of mangroves. 3) Opportunity cost of land is the direct economic benefits of this mangrove, particularly, traditional uses of NTFRs and limited local and global recreation value. 

TABLE 28

Economic benefit cost analysis of converting Maduganga mangrove into a shrimp farm 

(Values are in US$ per hectare discounted at 6%)

	    YEAR
	1
	5
	10
	15
	20
	25
	30

	Financial cost1
	35536.8
	18733.2
	0.0
	0.0
	0.0
	10549.7
	0.0

	Social cost2
	150.0
	5135.8
	53.4
	46.3
	40.1
	71.0
	30.1

	Opportunity of land 3
	1540.2
	1295.4
	1122.2
	972.1
	842.1
	729.5
	631.9

	Total economic costs
	37227.0
	25164.3
	1175.6
	1018
	882.2
	11350.2
	662.0

	Total project revenue
	43789.4
	49285.4
	0
	0
	0
	89014.9
	0.0

	NPV of costs
	216167.1

	NPV of benefits
	307588.5

	B/C Ratio
	1.42


Note: Project is for 30 years and values given are in five year intervals. 1) Financial costs were obtained from the financial analysis section and from tables 25 & 26.  2) Social costs include the costs of treating polluted water, rehabilitation of abandoned shrimp ponds, replanting mangroves in the project area and protection costs of mangroves. 3) Opportunity cost of land is the direct economic benefits of this mangrove, particularly, local recreation and limited global recreation value and traditional uses of NTFR. 

TABLE 29

Economic benefit cost analysis of converting Ranweli mangrove into a shrimp farm 

(Values are in US$ per hectare discounted at 6%)

	Year
	1
	5
	10
	15
	20
	25
	30

	Financial cost1
	35536.8
	18733.2
	0.0
	0.0
	0.0
	10549.7
	0.0

	Social cost2
	150.0
	5135.8
	53.4
	46.3
	40.1
	71.0
	30.1

	Opportunity of land 3
	1298.5
	1092.1
	946.1
	819.5
	710.0
	615.0
	532.8

	Total economic costs
	36985.3
	24961.1
	999.5
	865.8
	750.0
	11235.7
	562.9

	Total project revenue
	43789.5
	49285.4
	0
	0
	0
	89014.9
	0.0

	NPV of costs
	211501.6

	NPV of benefits
	307588.5

	B/C Ratio
	1.45


Note: Project is for 30 years and values are given in five -year intervals. 1) Financial costs were obtained from the financial analysis section and from tables 25 & 26.  2) Social costs include the costs of treating polluted water, rehabilitation of abandoned shrimp ponds, replanting mangroves in the project area and protection costs of mangroves. 3) Opportunity cost of land is the direct economic benefits of this mangrove, particularly, global recreational value and limited traditional uses of NTFRs and local recreation value. 

10.0
Extended cost benefit analysis 

An environmental analysis was undertaken including additional indirect and non-use benefits parameters to the economic analysis of converting mangroves into shrimp farming. These indirect and non-use benefits and costs are not generally included in the economic analysis since these impacts are not visible or long term. Most importantly, these benefits cannot be easily transferred to real money. In this analysis, the indirect and non-use benefits of mangroves were treated as environmental cost of shrimp farming. The assumption is that these indirect and non-use function of mangroves will be lost due to conversion of mangroves to shrimp farming. Indirect and non- use benefits used in this analysis are given in the table 33. Table 30, 31, 32 presents the results of extended benefit cost analyses of Kiralakele mangrove conversion, Maduganga mangrove conversion and Ranweli mangrove conversion respectively.

TABLE 30

Extended benefit cost analysis of converting Kiralakele mangrove into a shrimp farm

	Year
	1
	5
	10
	15
	20
	25
	30

	Financial cost1
	35536.8
	18733.2
	0.0
	0.0
	0.0
	10549.7
	0.0

	Social cost2
	150.0
	5135.8
	53.4
	46.3
	40.1
	71.0
	30.1

	Opportunity cost of land3
	304.9
	248.8
	208.0
	174.3
	146.4
	123.1
	103.8

	Environmental cost4 
	11923.9
	9838.2
	8333.9
	7069.0
	6007.3
	5112.5
	4357.1

	Total project cost
	47915.6
	33956.0
	8595.4
	7289.6
	6193.7
	15856.4
	4491.0

	Total revenue
	43789.5
	36828.9
	0.0
	0.0
	0.0
	20740.4
	0.0

	NPV of costs
	410158.3

	NPV of benefits
	307588.5

	B/C Ratio
	0.74


Note: Project is for 30 years and values are given in five years intervals. 1) Financial costs were obtained from the financial analysis section and from tables 25 & 26.  2) Social costs include the costs of treating polluted water, rehabilitation of abandoned shrimp ponds, replanting mangroves in the project area and protection costs of mangroves. 3) Opportunity cost of land is the direct economic benefits of this mangrove i.e. NTFRs values and local and global recreation value. 4) Environmental costs include indirect and non-use benefits of mangroves presented in table 33.

TABLE 31

Extended benefit cost analysis of converting Maduganga mangrove into a shrimp farm

	Year
	1
	5
	10
	15
	20
	25
	30

	Financial cost1
	35536.8
	18733.2
	0.0
	0.0
	0.0
	10549.7
	0.0

	Social cost2
	150.0
	5135.8
	53.4
	46.3
	40.1
	71.0
	30.1

	Opportunity cost of land3
	1540.2
	1295.4
	1122.2
	972.1
	842.1
	729.5
	631.9

	Environmental cost4 
	11923.9
	9838.2
	8333.9
	7069.0
	6007.3
	5112.5
	4357.1

	Total project cost
	49150.9
	35002.5
	9509.5
	8087.3
	6889.5
	16462.7
	5019.1

	Total revenue
	43789.5
	36828.9
	0.0
	0.0
	0.0
	20740.4
	0.0

	NPV of costs
	434474.3

	NPV of benefits
	307588.5

	B/C Ratio
	0.708


Note: Project is for 30 years and values are given in five years intervals. Values are in US$ per hectare discounted at 6%. 1) Financial costs were obtained from financial analysis section and from tables 25 & 26.  2) Social costs include the cost of treating polluted water, rehabilitation of abandoned shrimp ponds, replanting mangroves in the project area and protection costs of mangroves. 3 Opportunity cost of land is the direct economic benefits of this mangrove, particularly, local recreation and limited global recreation value and traditional uses of NTFR. 4. Environmental costs include indirect and non-use benefits of mangrove presented in table 33.

TABLE 32

Extended benefit cost analysis of converting Ranweli mangrove into a shrimp farm

	Year
	1
	5
	10
	15
	20
	25
	30

	Financial cost1
	35536.8
	18733.2
	0.0
	0.0
	0.0
	10549.7
	0.0

	Social cost2
	150.0
	5135.8
	53.4
	46.3
	40.1
	71.0
	30.1

	Opportunity cost of land3
	1298.5
	1092.1
	946.1
	819.5
	710.0
	615.0
	532.8

	Environmental cost4 
	11923.9
	9838.2
	8333.9
	7069.0
	6007.3
	5112.5
	4357.1

	Total project cost
	48909.2
	34799.3
	9333.4
	7934.8
	6757.3
	16348.3
	4919.9

	Total revenue
	43789.5
	36828.9
	0.0
	0.0
	0.0
	20740.4
	0.0

	NPV of cost
	429808.8
	

	NPV of benefits
	                                              307588.5

	B/C Ratio
	                                                0.715


Note: Project is for 30 years and values are given in five years intervals. Values are in US$ per ha. 1) Financial costs were obtained from the financial analysis section and from tables 25 & 26.  2) Social costs include the cost of treating polluted water, rehabilitation of abandoned shrimp ponds, replanting mangroves in the project area and protection costs of mangroves. 3) Opportunity cost of land is the direct economic benefits of this mangrove, particularly, global recreation value and limited local recreation and NTFRs value. 4. Environmental costs include indirect and non-use benefits of mangrove presented in table 33.

11.0
 Discussion Summary and conclusions

This study estimated the total economic values including direct use values, indirect use values and non-use values of preservation of three mangrove forest sites in Sri Lanka, viz. the Kiralakele mangrove, the Maduganga mangrove and the Ranweli village mangrove. The total economic values of conversion of the same three mangrove forest sites into shrimp farms were also estimated in order to compare conversion benefits of mangroves with preservation benefits. Financial cost benefit analysis, economic cost benefit analysis and environmental cost benefits analysis were undertaken on the conversion of these three mangrove sites into shrimp farms to investigate whether the conversion of mangroves into shrimp farms are beneficial from the financial, socio-economic and environment stand points. This analysis investigated the influence of different decision-making tools such as financial, economic and environmental cost benefit analyses on mangrove forest use decisions. This study also demonstrated the use of total economic valuation results for the evaluation of alternative uses of mangrove forests so that policy makers would understand the preservation benefits and development benefits of mangrove forests. Finally, a set of policy recommendations was made on evaluating alternative use options of mangrove forests, which will contribute to rational decision-making in mangrove management.    

A series of economic valuation studies were undertaken on goods and services of mangroves to estimate total economic values. These valuation studies were on non-wood forest resources, local recreation benefits, global recreation benefits, global option value, local option value, global bequest value, local bequest value, global existence value, local existence value, and benefits of providing breeding ground for fish, erosion control benefits, biodiversity maintenance benefits, carbon sequestration benefits, storm protection benefits and pollution treatment benefits. The study used contingent valuation method (CVM), travel cost method (TCM), benefit transfer method, log book survey method, socio-economic survey method, and botanical survey method for these valuation studies.  

The total stock of NTFR in the Kiralakele mangrove forest was estimated to US$ 1762 ha-1 yr-1. The socio-economic survey results revealed that the average NTFR collection from mangroves per household per year was US$ 108.21. The total economic value of the flow of NTFR from Kiralkele was estimated to range from US$ 86.96 ha-1 yr-1 to US$ 93 ha-1 yr-1 taking household survey results and forest gate survey results as upper and lower bound estimates. 

In valuing NTFR of a mangrove forest, both stock and flow should be estimated. The physical stock of NTFR in a mangrove is a good indication of the maximum potential of resource collection while the actual flow of resources indicates the actual present economic value given existing socio-economic and technological regime. The total stock of NTFR can be estimated using a forest inventory survey and daily fruit fall surveys. The total flow of NTFR can be estimated using household socio-economic survey and forest gate survey. Policy makers who decide on the alternative uses of mangrove may consider all these values including stock value and flow values of NTFR.

The study suggests that mangrove forests have substantial foreign and domestic recreational values, which cannot be neglected, in investigating alternative uses of mangrove forest. Travel cost method has estimated the domestic and international recreation value of mangroves in Sri Lanka. Consumer surpluses of both domestic and foreign visitors to mangrove forests were also estimated using the travel cost demand model. Therefore recreation demand functions for the study sites were estimated using OLS regression method. The study estimated the domestic recreational benefits of Maduganga mangrove forest at US$ 933 per hectare per year. Global recreation benefits of Ranweli village mangrove forest were estimated at US$ 1196 per hectare per year. However, the study suggests that since the utility to an individual from recreational activities is conditioned by a number of his/her socio-economic characteristics, the results of such travel cost studies should be interpreted accordingly.

Mangrove forests provide a great deal of non-use benefits, both existence and bequest values. Using the payment card CVM format and open-ended CVM format, the study estimated the local existence value of mangroves to range from US$ 1.7 to US$ 1.9 per household and US$ 883 ha-1 yr-1 to US$ 1001 ha-1 yr-1 and year. Foreign existence value of mangroves was estimated to range from US$ 24 to US$ 29 per household per year and from US$ 1398 ha-1 yr-1 to US$ 1630 ha-1 yr-1. Minimum and maximum values of local bequest benefits of mangroves were estimated to US$ 3.3 – US$ 3.9 per household per year and US$ 1714 ha-1 yr-1 to US$ 2036 ha-1 yr-1. Foreign bequest value of mangroves was estimated to range from US$ 561 ha-1 yr-1 to US$ 638 ha-1 yr-1 and US$ 1.1to US$ 9.8 per household per year. Older peoples’ bequest demand for mangroves is lower than that of the young people and as income rises there is a shift in the demand for local bequest value.
Local option value of mangroves was estimated to range from US$ 2.9 to US$ 3.5 per household per year. This gives the local option value for a hectare of mangrove forests as ranging from US$ 1491 to US$ 1851 per year. The study estimated that the foreign option values of mangroves would range from US$ 18 to US$ 20 per household per year. Based on this, foreign option value of mangroves was estimated to range from US$ 1039 ha-1 yr-1 to US$ 1178 ha-1 yr-1. Tobit analysis found that those who know about mangroves are ready to pay higher value to keep the mangrove use option. 

This study did not estimate economic values of the indirect use functions of mangroves empirically. Results of studies undertaken in other countries were adopted using the benefit transfer method.  The provision of fish breeding function of mangrove forests in Sri Lanka was estimated to US$ 218 ha-1 yr-1 using the results of a study in Indonesia.  Erosion control benefits were estimated to US$ 3.6 ha-1 yr-1.  Biodiversity value was estimated at US$ 18 ha-1 yr-1. Assuming the carbon fixation rate of 15.1 ton C/ha/yr in mangroves in Sri Lanka, at US$ 5 per ton of carbon, the carbon sequestration benefits of mangroves in Sri Lanka was estimated at US$ 75.5 ha-1 yr-1. The storm protection function of mangroves in Sri Lanka was estimated to be US$ 76.8 ha-1 yr-1. Lal (1990) has estimated the pollution treatment function of mangroves in Fiji at US$ 5820/ha/yr. Based on this study the pollution treatment benefit of mangroves in Sri Lanka was estimated at US$ 4494/ha/yr.

According to the valuation studies, the total economic value (TEV) of preservation of a mangrove forest in Sri Lanka is estimated at US$ 12229 per hectare per year. Obviously, this is highly site specific. Rather than taking total economic value of a hectare of mangrove attempts should be made to consider economic values of each component of TEV appropriate to each site since each mangroves site provides different goods and services. Therefore, the three study areas used in this study were selected to represent three different goods and services of mangrove, viz., traditional use of minor forest products, local recreation use and global recreation use. 

Each category of goods and services (Figure 1) of the three study areas were quantified separately and used in the net present value estimates and cost benefits analyses. Table 33 presents the results of valuation studies undertaken in this study. Table 33 classifies the study results into direct, indirect, option, bequest, and existence values. Where relevant, global and local values were estimated and presented separately. Where both minimum and maximum values were estimated, they could be interpreted as minimum and maximum value ranges. These values can be used in financial, economic and environmental analyses of mangrove use project evaluations with appropriate adjustments. 

TABLE 33
Valuation of Mangrove Forests in Sri Lanka

	Value component
	Value per hectare per year in US$
	Value per household per year in US$
	Valuation technique

	1. DIRECT USE VALUE

	        NTFRs
	
	
	 

	       Stock of Kirala fruits     

             (Sonneratia species.)
	  751
	
	Forest inventory survey and logbook yield survey

	       Stock of  karan koku 

             (lacrostichum species)


	3784
	
	Forest inventory survey 

	       Flow of Kirala fruits 
	    24
	23
	Forest gate survey

	       Flow of Karan leaves
	    35
	43
	Household survey

	       Flow of green leaves vegetable
	    11
	14
	Household survey

	       Flow of fish
	    13
	17
	Household survey

	       Flow of raw fuelwood
	      4
	5
	Household survey

	       Flow of dried fuelwood
	      5
	7
	Household survey

	      Total flow of NTFRs
	     92 
	108
	Forest gate & Household surveys

	RECREATIONAL VALUE
	
	
	

	        Local recreation value
        Global recreation value
	  933

1196
	10*

0.00013*
	Travel cost survey

Travel cost survey

	2. OPTION VALUE
	
	

	     Local option value 

        WTP minimum 

        WTP maximum
	1491

1851
	2.9


	CVM payment card

CVM open ended 

	     Global option value

         WTP minimum

         WTP maximum
	1039

1179
	18
	CVM payment card

CVM open ended

	3. NON-USE VALUE
	
	

	        Local Bequest value

             WTP minimum

             WTP maximum
	1714

2037
	3.3
	CVM payment card

CVM open ended

	        Global Bequest value

            WTP minimum

            WTP  maximum
	562

638
	1.1


	CVM payment card

CVM open ended

	        Local Existence value

            WTP minimum

            WTP maximum
	883

1001
	1.7
	CVM payment card

CVM open ended

	        Global Existence value

               WTP minimum

               WTP maximum
	1399

1630
	24
	CVM payment card

CVM open ended

	4. INDIRECT USE VALUE
	
	

	        Erosion control
	3.6
	
	Benefit transfer from Ruitenbeek (1992)

	        Biodiversity maintenance 
	18
	
	Benefit transfer from Ruitenbeek (1992)

	        Breeding ground for Fish
	218
	
	Benefit transfer from Bann (1999)

	        Carbon sequestration
	75.5
	
	Estimated from Sathirathai (1997)

	        Pollution treatment and   

             Nutrient retention
	4494
	
	Benefit transfer from Lal (1990)

	        Windbreaker and Storm 

             Protection
	76.8
	
	Benefit transfer from Bann (unpublished)

	Economic value of mangrove taking minimum value
	12229
	
	Estimated taking all minimum values – only Total flow NTFRs used


Note: * Average consumer surplus per person

The results of valuation studies presented in table 33 were used to estimate the net present value (NPV) of the preservation benefits of three mangrove forest sites selected. The net present value (NPV) of benefits of the Kiralakele mangrove preservation was estimated at US$ 223760 per hectare for a 30-year period. Since it is located in a rural setting the Kiralakele mangrove has higher traditional minor forest products collection value than the other two case study area. The net present value (NPV) of benefits of the Maduganga mangrove preservation was estimated at US$ 259,896 per hectare (for 30 years). Maduganga mangrove has higher local recreation benefits than the other two sites. The net present value (NPV) of benefits of the Ranweli village mangrove preservation was estimated at US$ 255,230 per hectare (for 30 years). These net present values of preservation benefits were considered as opportunity costs in the cost benefit analyses undertaken on converting these three mangrove forests into shrimp farms. 

The study estimated that the financial benefit cost ratio (B/C) for converting a hectare of mangrove into a shrimp farm to be 1.74. This indicates that if social and environmental costs are not considered, converting a mangrove forest to a shrimp farm is profitable in private point of view. Financial analysis results were assumed to be same for all three sites. 

Economic cost benefits analysis of converting a hectare of Kiralakele mangrove into a shrimp farm estimated the B/C Ratio to be 1.6.  Cost benefit ratio for the conversion of Maduganga mangrove to a shrimp farm was estimated to 1.42.  Converting a hectare of Ranveli mangrove forest into a shrimp farm had B/C Ratio of 1.45. This indicates that the conversion of all three-mangrove sites into shrimp farms is acceptable from an economic viewpoint. 

Environmental B/C Ratios for converting a hectare of Kiralakele mangrove, a hectare of Maduganga and a hectare of Ranweli mangrove were estimated at 0.74, 0.71 and 0.71 respectively. This indicates that when environmental costs are included, conversion of mangroves into shrimp farming is not at all profitable. Table 34 summarises the benefit cost analyses results.

TABLE 34
Comparison of B/C Ratios of alternative uses of mangrove

	Alternative use of mangrove
	Financial 

B/C Ratio
	Economic 

B/C Ratio
	Extended 

B/C Ratio

	Converting a hectare of Kiralkele mangrove to a shrimp farm
	1.74
	1.60
	0.74

	Converting a hectare of Maduganga mangrove into a shrimp farm
	1.74
	1.42
	0.708

	Converting a hectare of Ranweli mangrove into a shrimp farm
	1.74
	1.45
	0.715


When cost-benefit ratio is higher than 1, we believe that the project is beneficial. Therefore, according to the results of financial cost-benefit analyses and economic cost- benefit analyses, the conversions of all three mangrove forests into shrimp farms are beneficial. However, the environmental cost-benefit ratios for conversion of all three mangrove forests into shrimp farms were found to be lower than 1, which indicates that conversion of mangroves into shrimp farms is not beneficial in societal and environmental standpoints.    

Based on these results a set of policy recommendations was made below to enable rational decision-making on mangrove management and to promote conservation of mangroves.  

12.0 Recommendations

· The evaluation of mangrove forests use options should be conducted taking all social, economic and environmental variables into considerations including the direct use values, indirect use values and non-use values.

· Policy makers should not neglect the value of socio-economic benefits of minor forest products collection by villagers. The minor forest products collection has impacts on poverty level in the region. 

· A market for non-destructive traditional uses of mangroves by local people should be developed and streamlined to address poverty alleviation issues. This will provide incentives for villagers to protect mangroves.    

· Both international recreation benefits and domestic recreation benefits of mangroves should be quantified separately and included in the mangrove use options evaluation. 

· A mechanism should be developed to transfer some recreation benefits or the income of mangrove-based tourism for the conservation and management of mangroves. Relevant regulatory guidelines and financial arrangements need to be introduced.

· Since the utility to an individual from recreational activities of mangroves is conditioned by his/her socio-economic characteristics, socio-economic variables of recreation users of mangroves should be studied and used in the evaluation.
· The development of a mechanism similar to a fund to collect non-use benefits should be seriously considered. This money can be used for protection of mangroves.
· Both international non-use value and domestic non-use value should be quantified and included in the mangrove use evaluation since such values vary depending on the characteristics of the site in question. 
· Socio-economic characteristics of people who are willing to pay for the non-use benefits of mangroves should be studied.

· A mechanism should be developed to internalise the benefits of ecological functions into mangrove evaluations. Estimation of indirect use benefits of mangrove is expensive. In order to avoid high costs, it is recommended to use benefit transfer method and transfer the results of studies undertaken in other countries on ecological services of mangroves to local situation. 

· A mechanism should be developed to create a market for ecological functions of mangroves through introducing tax or user charge systems. 

· The “Polluter pays” principle should be introduced the mangrove management and legislations and guidelines should be introduced for shrimp farmers to pay the costs of pollution through a load based pollution charge system.

· The decision-making criteria and methodology used for the evaluation, such as financial cost benefits analysis, economic cost benefits analysis, and environmental cost benefit analysis have significant influence on the mangrove use decisions. Therefore, a right decision-making tool has to be selected for mangrove use options evaluation. 

· The extended benefit cost analysis should be made mandatory across the world as a matter of priority when mangroves are converted into a development activities even small patch of mangrove. 
· Since there are high social costs involved in the conversion of mangroves into any development activity, public participation in mangrove use decision-making should be made mandatory. 
· Legislations and guidelines should be put in place to regulate the assessment procedure of alternative uses of mangroves particularly to include the extended cost benefits analysis in the environmental impacts assessment (EIA).
· Undertaking extended benefits cost analysis of mangrove use is difficult due to non-availability of data for such an analysis. Particularly, there are no data on ecological function for economists to put values. Global non-use values are also difficult to estimate. Measures should be taken to study ecological functions of mangroves quantitatively in a selected region, which may be used with adjustments as necessary. It is recommended that factors to convert ecological functions and global non-use benefits of mangroves into monetary terms should be developed and made available for mangrove options analysts to use with correction for the local conditions. This may be undertaken by international organizations given magnitude of the task.

· A directory of economic values of goods and services of mangroves should be developed and made available for public sensitisation programs and for use by mangrove option evaluation professionals.
· Awareness creation programs on the functional benefits of mangrove forests, particularly the monetary values of indirect ecological functions and non-use benefits should be regularly conducted at all levels.  
· Property rights of mangrove forests should be well defined to rescue mangroves from tragedy of commons situation.

· The possibility of setting up of Community Mangrove Management Trusts (or societies) for the management of all remaining mangroves should be explored. These community trustees can easily be made aware of the possible impacts of alternative uses of mangroves and take decisions accordingly. They also can develop a mechanism to convert all functional benefits of mangroves including market and non-market into real money. 
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APPENDIX 1

List of Fauna Recorded From Mangroves

Phylum: Arthropoda

Class:  Crustacea

No.
Order


Scientific Name


Common Name

01
Decapoda

Thalamita crenata


Kaberiya

02
- Do -


Portunus pelagicus


Sinnakkali

03
- Do -


Scylla serrata



Kalapu Kakuluwa

04
- Do -


Macropthalamus depressus


05
- Do -


Uca lactea



Fiddler Crab

06
- Do -


U. dussumieri



07
- Do -


Neosermatium malbaricum


08
- Do -


Metapograpsus messor
09
- Do -


Chiromantes indiarum



10
- Do -


C. bidens
11
- Do -


C. darwinensis
12
- Do -


Thalassina anomala


Mud Lobster

13
- Do -


Penaeus indicus


White Prawn

14
- Do - 


P. monodon



Tiger Prawn

15
- Do -


P. semisulcatus



16
- Do -


Metapenaeus dobsoni
17
- Do -


M. monoceros
18
- Do -


Macrobrachium spp.

Class: Insecta

No.
Order


Scientific Name


Common Name

01
Lepidoptera

Acraea violae



Tawny Coster

02
-Do-


Arhopala amantes


Large Oak Blue

03
-Do-


Zizeeria karsandra


Dark Grass Blue

04
-Do-


Zizinia otis



Lesser Grass Blue

05
-Do-


Zizula hylax



Tiny Grass Blue

06
-Do-


Jamedes coruscan


Dark Cerulean

07
-Do-


Jamedes alecto


Common Cerulean

08
-Do-


Curetis thetis



Indian Sunbeam

09
-Do-


Melanitis leda



Common Evening Brown

10
-Do-


Mycalesis mineus


Dark Banded Bush Brown

11
-Do-


Ypthima ceylonica


White Four Ring

12
-Do-


Elymnias hypermnestra

Common Palm Fly

13
-Do-


Orsotriaena medus


Nigger

14
-Do-


Euploea core



Double Banded Crow

15
-Do-


Parantica aglea


Glassy Tiger

16
-Do-


Danaus chrysippus


Plain Tiger

17
-Do-


Danaus genutia


Common Tiger

18
-Do-


Euploea klugii



Brown King Crow

19
-Do-


Leptosia nina



Psyche

20
-Do-


Delias eucharis


Jezebel

21
-Do-


Colotis danae



Crimson Tip

22
-Do-


Papilio polymnester


Blue Mormon

23
-Do-


Papilio polytes


Common Mormon

24
-Do-


Pachliopta aristolochiae

Common Rose

25
-Do-


Graphium sarpedon


Common Jay

Phylum: Chordata

Class: Osteichthyes (Bony Fishes)

No.
Family


Scientific Name


Common Name

01
Anguillidae

Anguilla bicolour


Short Finned Eel

02
Cyprinidae

Rasbora daniconis


Stripped Rsbora

03
- Do -


Danio malabaricus


Giant Danio

04
- Do -


Puntius chola



Swamp Barb

05
- Do -


P. sinhalaya



Filamented Barb

06
- Do -


P. bimaculatus



Redside Barb

07
- Do -


P. vittatus



Siver Barb

08
- Do - 


Horadandiya atukorali

Horadandiya

09
Clupeidae

Sardinella sp.



Sardine

10
- Do -


Anodontosoma chacunda

Chacunda-gizzard Shad

11
Heterpneustidae
Heteropneustes fossilis

Stinging Catfish

12
Hemiramphidae
Hyporhamphus limbatus

Congaturt Halfbeak

13
Oryziidae

Oryza melastigma


Blue-eye

14
Aplocheilidae

Aplocheilus parvus


Dwarf Panchax

15
Ambassidae

Ambassis commersoni


Common Glassfish

16
- Do -


A. gmnocephalus


Naked-head Glass Perch

17
- Do -


A. urotaenia



Glass Perchlet

18
Carangidae

Caranx sexfasciatus


Big-eye Trevally

19
- Do -


C. heberi



Black-tipped Trevally

20
Monodactylidae
Monodactylus argenteus

Mono

21
Cichlidae

Etroplus maculatus


Orange Chromid

22
- Do -


E. suratensis



Pearl Spot

23
- Do -


Sarotherodon mossambicus

Tilapia

24
Gobiidae

Glossogobius giuris


Bar-eyed Goby

25
- Do -


Awaous melanocephalus

Scribbled Goby

26
- Do -


Redigobius balteatops


Rhino-horned Goby

27
Anabantidae

Anabas testudineus


Climbing Perch

28
Channidae

Channa striata


Murrel

29
Lutjanidae

Lutjanus argentiaculatus

Red Snapper

30
- Do -


L. ehrenbergii



Ehrenberg’s Snapper

31
- Do -


L. fulviflamma



Black-spot Snapper

32
- Do -


L. rivulatus



Blubber-lip Snapper

33
Clariidae

Clarius brachysoma


Walking Catfish

34
Therapontidae

Therapon jabua


Target Fish

35
Gerreidae

Gerres abbreviatus


Deep-bodied Silver Beddy

36
- Do - 


G. oyana



Common Silver Beddy

37
- Do -


G. filamentosus


Whip-finned Silver Beddy

38
Scatophagidae

Scatophagus argus


Spotted Scat

39
Soleidae

Euryglossa orientalis


Oriental Sole

40
Leiognathidae

Secutor insidiator


Pug-nosed Pony Fish

41
- Do -


Leiognathus brevirostris

Short-nosed Pony Fish

42
- Do -


L. leuciscus



Whip-finned Pony Fish

43
Belonidae

Strongylura strongylura

Spot-tail Needle Fish

44
Sphyraenidae

Sphyraena barracuda


Great Barracuda

45
- Do -


S. jello




Pick-handle Barracuda

46
Apogonidae

Apogon thermalis


Translucent Cardinal Fish

47
Tetraodontidae
Chelonodon patoca


Gangetic Blow Fish

48
- Do -


Tetraodn fluviatilis


Puffer Fish

49
Pomacentridae

Abudefduf sexfasciatus

Waigeu Demoiselle

50
Triacanthidae

Triacanthus biaculeatus

Short-nosed Tripod Fish

51
Centropomidae
Lates calcarifer


Giant Sea Perch

52
Serranidae

Cephalopholis argus


Peacock Grouper

53
- Do -


Epinephelus malabaricus

Malabar Grouper

54
Engraulididae

Stolephorus indicus


Indian Anchovy

55
Periopthalmidae
Periopthalmus koelreuteri

Mudskipper

56
Siganidae

Siganus javus



Streaked Spinefoot

57
- Do -


S. lineatus



Gold-lined Spinefoot

58
Chaetodontidae
Chaetodon decesatus



59
- Do -


C. trifascialis
60
Haemulidae

Plectorhinchus schotaf

Minstrel Sweetlip

61
- Do -


P. gibbosus



Harry Hotlips

62
Muglidae

Liza subviridis



Green-backed Mullet

63
- Do -


Oedalechilus labiosus


Horn-lip Mullet

64
Dasyatididae

Himantura uarnak


Honeycomb Stingray



65
Acanthuridae

Acanthurus mata


Elongate Surgeon Fish

66
- Do -


A. nigricauda



Epaulette Surgeon Fish

67
Muraenesocidae
Congresox talabonoides

Indian Pike Conger

68
Bagridae

Mystus gulio



Long-whiskered Catfish

69
Eleotrididae

Butis butis



Upside-down Sleeper

70
Chanidae

Chanos chanos


Milk Fish 

Class: Amphibia

No.
Family


Scientific Name

Common Name

01
Bufonidae

Bufo melanostictus

Common Toad

02
- Do -


B. atukoralei


Athukorala’s Dwarf Toad

03
Microhylidae

Kaloula taprobanica

Common Bull Frog

04
Ranidae

Limnonectes limnocharis
Common Paddy Field Frog

05
- Do -


Hoplobatracuhus crassus
Indian Bull Frog

06
- Do -


Rana temporalis

Common Wood Frog

07
- Do -


R. aurantiaca


Small Wood Frog

08
- Do -


R. gracilis


Sri Lanka Wood Frog

09
- Do -


Euphlyctis hexadactyla
Six-toad Green Frog

10
- Do -


E. cyanophlyctis

Skipper Frog

11
Rhacophoridae
Polypedates cruciger

Hour-glass Tree Frog

12
- Do -


Philautus variabilis

Variable Pigmy Tree Frog
APPENDIX  2
Results of  Kirala (Sonneratia) Fruit Yield Survey Results

	Fruit Collection of Tree – 1

	Month
	Number of nuts

	 
	Undamaged
	Weight
	Damaged
	Weight
	Total
	Weight

	February
	4
	320
	18
	800
	22
	1120

	March
	25
	855
	14
	675
	39
	1530

	April
	19
	557
	6
	215
	25
	772

	May
	35
	1150
	13
	365
	48
	1515

	June
	21
	735
	14
	515
	35
	1250

	July
	10
	345
	0
	0
	10
	345

	August
	11
	430
	7
	215
	18
	645

	Average/month
	
	
	
	28.14286
	1025.286

	Total/year
	
	
	
	337.7143
	12303.43


	Fruit Collection of Tree – 2

	Month
	Number of nuts

	 
	Undamaged
	Weight
	Damaged
	Weight
	Total
	Weight

	February
	12
	495
	25
	1075
	37
	1570

	March
	25
	635
	29
	1350
	54
	1985

	April
	28
	885
	5
	190
	33
	1075

	May
	16
	680
	8
	190
	24
	870

	June
	18
	805
	14
	415
	32
	1220

	July
	9
	325
	2
	65
	11
	390

	August
	13
	455
	3
	105
	16
	560

	Average/month
	
	
	
	29.57143
	1095.714

	Total/year
	
	
	
	354.8571
	13148.57


	Fruit Collection of Tree –3

	Month
	Number of nuts

	 
	Undamaged
	Weight
	Damaged
	Weight
	Total
	Weight

	February
	17
	660
	21
	735
	38
	1395

	March
	24
	1100
	24
	385
	35
	1485

	April
	26
	915
	26
	450
	39
	1365

	May
	26
	810
	26
	365
	37
	1175

	June
	24
	860
	24
	250
	32
	1110

	July
	15
	490
	15
	80
	19
	570

	August
	8
	290
	1
	25
	9
	315

	Average/month
	
	
	
	29.85714
	1059.286

	Total/year
	
	
	
	
	358.2857
	12711.43


APPENDIX  3
Summary statistics of respondents of international travel cost survey at  Ranweli mangrove

	Country
	% of sample
	Visit rate in 10000
	Population
	Average travel cost per trip US$
	Average age
	Average income US$

	Austria
	14
	0.104965
	8000000
	2936
	55
	8915

	Germany
	44
	0.044785
	60000000
	1996
	40
	2988

	France
	6
	0.005693
	59000000
	6662
	59
	3000

	Netherlands
	6
	0.022393
	15000000
	2547
	49
	2327

	UK
	28
	0.028956
	58000000
	2122
	46
	3072

	Switzerland
	3
	0.023992
	7000000
	1962
	67
	20416


APPENDIX   4

Number of Visits per Year at Various Travel Costs from each country to Ranweli mangrove

	Entry fee levels US$
	Austria
	Germany
	France
	Netherlands
	UK
	Switzerland
	Total visits (demand)

	0
	960
	7559
	5677
	1837
	7261
	883
	24177

	15
	959
	7553
	5671
	1836
	7255
	883
	24157

	30
	958
	7548
	5665
	1834
	7249
	882
	24137

	45
	958
	7542
	5660
	1833
	7244
	881
	24117

	60
	957
	7536
	5654
	1831
	7238
	881
	24098

	75
	956
	7530
	5649
	1830
	7233
	880
	24078

	90
	955
	7525
	5643
	1828
	7227
	879
	24058

	105
	955
	7519
	5637
	1827
	7222
	879
	24038

	120
	954
	7513
	5632
	1826
	7216
	878
	24018

	135
	953
	7507
	5626
	1824
	7211
	877
	23999

	150
	952
	7502
	5620
	1823
	7205
	877
	23979

	200
	950
	7483
	5602
	1818
	7187
	874
	23913

	300
	945
	7444
	5564
	1808
	7150
	870
	23781

	400
	939
	7406
	5526
	1799
	7113
	866
	23649

	500
	934
	7368
	5489
	1789
	7076
	861
	23517

	600
	929
	7329
	5451
	1780
	7039
	857
	23384

	700
	924
	7291
	5413
	1770
	7002
	852
	23252

	800
	919
	7253
	5376
	1760
	6965
	848
	23120

	900
	914
	7215
	5338
	1751
	6928
	843
	22988

	1000
	909
	7176
	5300
	1741
	6891
	839
	22856

	2000
	858
	6794
	4924
	1646
	6520
	794
	21536

	3000
	807
	6411
	4548
	1550
	6150
	749
	20215

	4000
	756
	6028
	4171
	1454
	5780
	705
	18894

	5000
	705
	5645
	3795
	1359
	5410
	660
	17574

	6000
	654
	5262
	3418
	1263
	5040
	615
	16253

	7000
	603
	4880
	3042
	1167
	4670
	571
	14932

	10000
	450
	3731
	1913
	880
	3560
	437
	10970

	15000
	194
	1817
	30
	402
	1710
	214
	4367

	17000
	92
	1052
	0
	210
	970
	124
	2448

	18000
	41
	669
	0
	114
	600
	80
	1504

	18500
	16
	477
	0
	67
	415
	57
	1032

	18780
	1
	370
	0
	40
	311
	45
	767

	18800
	0
	363
	0
	38
	304
	44
	748

	19000
	0
	286
	0
	19
	230
	35
	569

	19500
	0
	95
	0
	0
	45
	13
	152

	19600
	0
	56
	0
	0
	8
	8
	72

	19700
	0
	18
	0
	0
	0
	4
	22

	19745
	0
	1
	0
	0
	0
	2
	2

	19747
	0
	0
	0
	0
	0
	2
	2

	19775
	0
	0
	0
	0
	0
	0
	0


* Fee in this column mean an additional premium or charge that may include per each trip to the hotel. At present there is a US$ 15 difference between mangrove-based hotel and non-mangrove based adjacent hotel 

APPENDIX   5
Calculation of Consumer surplus of international recreation benefits of Ranweli mangrove

	Section N0.
	Rectangle
	Triangle
	Section total

	1
	19569
	1344
	20913

	2
	18934
	1934
	20868

	3
	17944
	1944
	19888

	4
	16919
	3919
	20838

	5
	16603
	11603
	28206

	6
	10962
	6962
	17924

	7
	7641
	4641
	12282

	8
	5641
	4641
	10282

	9
	3641
	4641
	8282

	10
	1096
	696
	1792

	11
	796
	696
	1492

	12
	464
	464
	928

	13
	230
	220
	450

	14
	124
	139
	263

	15
	
	104
	104

	Total recreation value US$ per year
	164512


APPENDIX 6 

Summary statistics of respondents of domestic travel cost survey at Maduganga

	District
	% of sample
	Visit rate in 10000
	Population
	Average travel cost per trip (Rs)
	Average age
	Average income (Rs)

	Colombo
	30
	0.0134
	2234000
	694.00
	27.53
	24433.33

	Galle
	27
	0.0272
	991000
	453.70
	26.11
	13629.63

	Kalutara
	3
	0.0028
	1061000
	550.00
	25.00
	21333.33

	Kandy
	11
	0.0086
	1273000
	1340.91
	33.18
	18727.27

	Kegalle
	10
	0.0128
	780000
	580.00
	29.00
	14950.00

	Kurunagala
	1
	0.0007
	1452000
	600.00
	25.00
	18000.00

	Ratnapura
	18
	0.0179
	1008000
	1158.33
	33.33
	14527.78


APPENDIX 7

Number of visits per year at various admission fees per year at Manduganga mangrove

	Entry fee level $
	Colombo
	Gall
	Kalutara
	Kandy
	Kegalle
	Kurunagala
	Ratnapura
	Total visits (Demand)

	0
	50
	89
	73
	16
	68
	65
	26
	387

	25
	46
	85
	69
	0
	64
	61
	0
	325

	50
	42
	81
	65
	0
	60
	57
	0
	305

	75
	38
	77
	61
	0
	56
	53
	0
	285

	100
	34
	73
	57
	0
	52
	49
	0
	265

	125
	30
	69
	53
	0
	48
	45
	0
	245

	150
	26
	64
	49
	0
	44
	41
	0
	224

	175
	17
	56
	41
	0
	36
	33
	0
	183

	200
	13
	52
	37
	0
	32
	29
	0
	163

	250
	9
	48
	33
	0
	28
	25
	0
	143

	275
	5
	44
	29
	0
	24
	21
	0
	123

	300
	1
	40
	25
	0
	20
	16
	0
	102

	325
	0
	36
	21
	0
	16
	12
	0
	85

	350
	0
	32
	16
	0
	12
	8
	0
	68

	375
	0
	28
	12
	0
	8
	4
	0
	52

	400
	0
	24
	8
	0
	3
	0
	0
	35

	425
	0
	20
	4
	0
	0
	0
	0
	24

	450
	0
	16
	0
	0
	0
	0
	0
	16

	475
	0
	12
	0
	0
	0
	0
	0
	12

	500
	0
	8
	0
	0
	0
	0
	0
	8

	525
	0
	4
	0
	0
	0
	0
	0
	4

	550
	0
	0
	0
	0
	0
	0
	0
	0


Note: At present there is no admission fee charged to enter the Maduganga

APPENDIX 8
Calculation of domestic consumer surplus of Maduganga local recreation

	Section N0.
	Rectangle
	Triangle
	Total area

	1
	4000
	200
	4200

	2
	3600
	200
	3800

	3
	7600
	475
	8075

	4
	11550
	825
	12375

	5
	10200
	850
	11050

	6
	10250
	1025
	11275

	7
	12000
	1500
	13500

	8
	7750
	2325
	10075

	9
	3000
	1000
	4000

	10
	1000
	1000
	2000

	11
	
	775
	775

	Total in Rs (‘000)
	
	
	81125


APPENDIX 9

Estimated Benefits Flow of Kiralakele Mangrove preservation optimising traditional use 

Values in US$/ ha  

	Year
	NTFP
	Local recreation
	Global recreation
	Erosion control
	Biodiversity maintenance
	Breeding ground for fish
	Carbon se-quesration
	Pollution treat-ment
	Storm protection
	Local Option
	Global option
	Local bequest 
	Global bequest
	Local existence
	Global 

existence

	1
	92.0
	93.3
	119.6
	3.6
	18.0
	218.0
	75.5
	4494.0
	76.8
	1491.0
	1039.0
	1714.0
	562.0
	833.0
	1399.0

	2
	94.8
	96.1
	120.8
	3.7
	18.5
	224.5
	77.8
	4628.8
	79.1
	1535.7
	1049.4
	1765.4
	567.6
	858.0
	1413.0

	3
	97.6
	99.0
	122.0
	3.8
	19.1
	231.3
	80.1
	4767.7
	81.5
	1581.8
	1059.9
	1818.4
	573.3
	883.7
	1427.1

	4
	100.5
	102.0
	123.2
	3.9
	19.7
	238.2
	82.5
	4910.7
	83.9
	1629.3
	1070.5
	1872.9
	579.0
	910.2
	1441.4

	5
	103.5
	105.0
	124.5
	4.1
	20.3
	245.4
	85.0
	5058.0
	86.4
	1678.1
	1081.2
	1929.1
	584.8
	937.5
	1455.8

	6
	106.7
	108.2
	125.7
	4.2
	20.9
	252.7
	87.5
	5209.8
	89.0
	1728.5
	1092.0
	1987.0
	590.7
	965.7
	1470.4

	7
	109.9
	111.4
	127.0
	4.3
	21.5
	260.3
	90.2
	5366.1
	91.7
	1780.3
	1102.9
	2046.6
	596.6
	994.6
	1485.1

	8
	113.1
	114.7
	128.2
	4.4
	22.1
	268.1
	92.9
	5527.1
	94.5
	1833.7
	1113.9
	2108.0
	602.5
	1024.5
	1499.9

	9
	116.5
	118.2
	129.5
	4.6
	22.8
	276.2
	95.6
	5692.9
	97.3
	1888.8
	1125.1
	2171.2
	608.6
	1055.2
	1514.9

	10
	120.0
	121.7
	130.8
	4.7
	23.5
	284.4
	98.5
	5863.7
	100.2
	1945.4
	1136.3
	2236.4
	614.7
	1086.9
	1530.1

	11
	123.6
	125.4
	132.1
	4.8
	24.2
	293.0
	101.5
	6039.6
	103.2
	2003.8
	1147.7
	2303.5
	620.8
	1119.5
	1545.4

	12
	127.3
	129.1
	133.4
	5.0
	24.9
	301.8
	104.5
	6220.7
	106.3
	2063.9
	1159.2
	2372.6
	627.0
	1153.1
	1560.8

	13
	131.2
	133.0
	134.8
	5.1
	25.7
	310.8
	107.6
	6407.4
	109.5
	2125.8
	1170.8
	2443.8
	633.3
	1187.7
	1576.4

	14
	135.1
	137.0
	136.1
	5.3
	26.4
	320.1
	110.9
	6599.6
	112.8
	2189.6
	1182.5
	2517.1
	639.6
	1223.3
	1592.2

	15
	139.2
	141.1
	137.5
	5.4
	27.2
	329.7
	114.2
	6797.6
	116.2
	2255.3
	1194.3
	2592.6
	646.0
	1260.0
	1608.1

	16
	143.3
	145.4
	138.9
	5.6
	28.0
	339.6
	117.6
	7001.5
	119.7
	2322.9
	1206.2
	2670.4
	652.5
	1297.8
	1624.2

	17
	147.6
	149.7
	140.2
	5.8
	28.9
	349.8
	121.2
	7211.6
	123.2
	2392.6
	1218.3
	2750.5
	659.0
	1336.7
	1640.4

	18
	152.1
	154.2
	141.6
	6.0
	29.8
	360.3
	124.8
	7427.9
	126.9
	2464.4
	1230.5
	2833.0
	665.6
	1376.8
	1656.8

	19
	156.6
	158.8
	143.1
	6.1
	30.6
	371.1
	128.5
	7650.7
	130.7
	2538.3
	1242.8
	2918.0
	672.2
	1418.1
	1673.4

	20
	161.3
	163.6
	144.5
	6.3
	31.6
	382.3
	132.4
	7880.3
	134.7
	2614.5
	1255.2
	3005.5
	679.0
	1460.7
	1690.1

	21
	166.2
	168.5
	145.9
	6.5
	32.5
	393.7
	136.4
	8116.7
	138.7
	2692.9
	1267.8
	3095.7
	685.7
	1504.5
	1707.0

	22
	171.1
	173.6
	147.4
	6.7
	33.5
	405.5
	140.5
	8360.2
	142.9
	2773.7
	1280.5
	3188.5
	692.6
	1549.6
	1724.1

	23
	176.3
	178.8
	148.9
	6.9
	34.5
	417.7
	144.7
	8611.0
	147.2
	2856.9
	1293.3
	3284.2
	699.5
	1596.1
	1741.4

	24
	181.6
	184.1
	150.4
	7.1
	35.5
	430.2
	149.0
	8869.3
	151.6
	2942.6
	1306.2
	3382.7
	706.5
	1644.0
	1758.8

	25
	187.0
	189.7
	151.9
	7.3
	36.6
	443.1
	153.5
	9135.4
	156.1
	3030.9
	1319.3
	3484.2
	713.6
	1693.3
	1776.4

	26
	192.6
	195.3
	153.4
	7.5
	37.7
	456.4
	158.1
	9409.4
	160.8
	3121.8
	1332.4
	3588.7
	720.7
	1744.1
	1794.1

	27
	198.4
	201.2
	154.9
	7.8
	38.8
	470.1
	162.8
	9691.7
	165.6
	3215.5
	1345.8
	3696.4
	727.9
	1796.4
	1812.1

	28
	204.4
	207.2
	156.5
	8.0
	40.0
	484.2
	167.7
	9982.5
	170.6
	3311.9
	1359.2
	3807.3
	735.2
	1850.3
	1830.2

	29
	210.5
	213.5
	158.0
	8.2
	41.2
	498.8
	172.7
	10281.9
	175.7
	3411.3
	1372.8
	3921.5
	742.6
	1905.8
	1848.5

	30
	216.8
	219.9
	159.6
	8.5
	42.4
	513.7
	177.9
	10590.4
	181.0
	3513.6
	1386.5
	4039.2
	750.0
	1963.0
	1867.0

	Total
	4376.9
	4438.8
	4160.3
	171.3
	856.4
	10371.4
	3591.9
	213803.9
	3653.8
	70934.9
	36141.5
	81544.3
	19549.1
	39630.3
	48664.1


Note: The base values were estimated and compounded at 3% to derive benefit flow for a 30 year period. But global values were compounded at 1% since global inflation is much less than Sri Lanka

APPENDIX 10
Discounted Benefits Flow of Kiralakele Mangrove preservation optimising traditional use 

Values in US$/ ha  (discounted at 6%)
	Year
	NTFP
	Local recreation
	Global recreation
	Erosion control
	Biodiversity maintenance
	Breeding ground for fish
	Carbon sequestration
	Pollution treatment
	Storm protection
	Local Option
	Global option
	Local bequest 
	Global bequest
	Local existence
	Global 

existence

	1
	92.0
	93.3
	119.6
	3.6
	18.0
	218.0
	75.5
	4494.0
	76.8
	1491.0
	1039.0
	1714.0
	562.0
	833.0
	1399.0

	2
	84.3
	85.5
	107.5
	3.3
	16.5
	199.8
	69.2
	4119.6
	70.4
	1366.8
	934.0
	1571.2
	505.2
	763.6
	1257.6

	3
	81.9
	83.1
	102.4
	3.2
	16.0
	194.2
	67.3
	4003.0
	68.4
	1328.1
	889.9
	1526.7
	481.4
	742.0
	1198.2

	4
	79.6
	80.8
	97.6
	3.1
	15.6
	188.7
	65.3
	3889.7
	66.5
	1290.5
	847.9
	1483.5
	458.6
	721.0
	1141.7

	5
	77.4
	78.5
	93.0
	3.0
	15.1
	183.3
	63.5
	3779.7
	64.6
	1254.0
	807.9
	1441.6
	437.0
	700.6
	1087.9

	6
	75.2
	76.2
	88.6
	2.9
	14.7
	178.2
	61.7
	3672.7
	62.8
	1218.5
	769.8
	1400.8
	416.4
	680.8
	1036.5

	7
	73.1
	74.1
	84.4
	2.9
	14.3
	173.1
	60.0
	3568.7
	61.0
	1184.0
	733.5
	1361.1
	396.8
	661.5
	987.7

	8
	71.0
	72.0
	80.5
	2.8
	13.9
	168.2
	58.3
	3467.7
	59.3
	1150.5
	698.9
	1322.6
	378.0
	642.8
	941.1

	9
	69.0
	70.0
	76.7
	2.7
	13.5
	163.5
	56.6
	3369.6
	57.6
	1118.0
	665.9
	1285.2
	360.2
	624.6
	896.7

	10
	67.0
	68.0
	73.0
	2.6
	13.1
	158.8
	55.0
	3274.2
	56.0
	1086.3
	634.5
	1248.8
	343.2
	606.9
	854.4

	11
	65.1
	66.1
	69.6
	2.5
	12.7
	154.3
	53.5
	3181.6
	54.4
	1055.6
	604.6
	1213.4
	327.0
	589.7
	814.1

	12
	63.3
	64.2
	66.3
	2.5
	12.4
	150.0
	51.9
	3091.5
	52.8
	1025.7
	576.1
	1179.1
	311.6
	573.0
	775.7

	13
	61.5
	62.4
	63.2
	2.4
	12.0
	145.7
	50.5
	3004.0
	51.3
	996.7
	548.9
	1145.7
	296.9
	556.8
	739.1

	14
	59.8
	60.6
	60.2
	2.3
	11.7
	141.6
	49.0
	2919.0
	49.9
	968.5
	523.0
	1113.3
	282.9
	541.1
	704.2

	15
	58.1
	58.9
	57.4
	2.3
	11.4
	137.6
	47.7
	2836.4
	48.5
	941.0
	498.3
	1081.8
	269.6
	525.7
	671.0

	16
	56.4
	57.2
	54.7
	2.2
	11.0
	133.7
	46.3
	2756.1
	47.1
	914.4
	474.8
	1051.2
	256.8
	510.9
	639.4

	17
	54.8
	55.6
	52.1
	2.1
	10.7
	129.9
	45.0
	2678.1
	45.8
	888.5
	452.4
	1021.4
	244.7
	496.4
	609.2

	18
	53.3
	54.0
	49.6
	2.1
	10.4
	126.2
	43.7
	2602.3
	44.5
	863.4
	431.1
	992.5
	233.2
	482.4
	580.5

	19
	51.8
	52.5
	47.3
	2.0
	10.1
	122.7
	42.5
	2528.7
	43.2
	839.0
	410.8
	964.4
	222.2
	468.7
	553.1

	20
	50.3
	51.0
	45.1
	2.0
	9.8
	119.2
	41.3
	2457.1
	42.0
	815.2
	391.4
	937.1
	211.7
	455.4
	527.0

	21
	48.9
	49.6
	42.9
	1.9
	9.6
	115.8
	40.1
	2387.6
	40.8
	792.1
	372.9
	910.6
	201.7
	442.6
	502.1

	22
	47.5
	48.2
	40.9
	1.9
	9.3
	112.5
	39.0
	2320.0
	39.6
	769.7
	355.3
	884.8
	192.2
	430.0
	478.5

	23
	46.2
	46.8
	39.0
	1.8
	9.0
	109.4
	37.9
	2254.3
	38.5
	747.9
	338.6
	859.8
	183.1
	417.9
	455.9

	24
	44.8
	45.5
	37.1
	1.8
	8.8
	106.3
	36.8
	2190.5
	37.4
	726.8
	322.6
	835.5
	174.5
	406.0
	434.4

	25
	43.6
	44.2
	35.4
	1.7
	8.5
	103.3
	35.8
	2128.5
	36.4
	706.2
	307.4
	811.8
	166.3
	394.5
	413.9

	26
	42.3
	42.9
	33.7
	1.7
	8.3
	100.3
	34.7
	2068.3
	35.3
	686.2
	292.9
	788.8
	158.4
	383.4
	394.4

	27
	41.1
	41.7
	32.1
	1.6
	8.0
	97.5
	33.8
	2009.8
	34.3
	666.8
	279.1
	766.5
	151.0
	372.5
	375.8

	28
	40.0
	40.5
	30.6
	1.6
	7.8
	94.7
	32.8
	1952.9
	33.4
	647.9
	265.9
	744.8
	143.8
	362.0
	358.0

	29
	38.8
	39.4
	29.2
	1.5
	7.6
	92.1
	31.9
	1897.6
	32.4
	629.6
	253.4
	723.7
	137.0
	351.7
	341.2

	30
	37.7
	38.3
	27.8
	1.5
	7.4
	89.4
	31.0
	1843.9
	31.5
	611.8
	241.4
	703.3
	130.6
	341.8
	325.1

	Total
	1775.9
	1801.0
	1837.4
	69.5
	347.5
	4208.0
	1457.4
	86747.3
	1482.5
	28780.6
	15962.3
	33085.2
	8634.1
	16079.3
	21493.0


APPENDIX 11

Estimated Benefits Flow of Maduganga Mangrove preservation optimising local recreation 

Values in US$/ha 
	Year
	NTFP
	Local recreation
	Global recreation
	Erosion control
	Biodiversity maintenance
	Breeding 

ground for

 fish
	Carbon sequestration
	Pollution treatment
	Storm protection
	Local Option
	Global option
	Local bequest 
	Global bequest
	Local existence
	Global 

existence

	1
	9.2
	933.0
	598.0
	3.6
	18.0
	218.0
	75.5
	4494.0
	76.8
	1491.0
	1039.0
	1714.0
	562.0
	833.0
	1399.0

	2
	9.5
	961.0
	615.9
	3.7
	18.5
	224.5
	77.8
	4628.8
	79.1
	1535.7
	1070.2
	1765.4
	578.9
	858.0
	1441.0

	3
	9.8
	989.8
	634.4
	3.8
	19.1
	231.3
	80.1
	4767.7
	81.5
	1581.8
	1102.3
	1818.4
	596.2
	883.7
	1484.2

	4
	10.1
	1019.5
	653.5
	3.9
	19.7
	238.2
	82.5
	4910.7
	83.9
	1629.3
	1135.3
	1872.9
	614.1
	910.2
	1528.7

	5
	10.4
	1050.1
	673.1
	4.1
	20.3
	245.4
	85.0
	5058.0
	86.4
	1678.1
	1169.4
	1929.1
	632.5
	937.5
	1574.6

	6
	10.7
	1081.6
	693.2
	4.2
	20.9
	252.7
	87.5
	5209.8
	89.0
	1728.5
	1204.5
	1987.0
	651.5
	965.7
	1621.8

	7
	11.0
	1114.1
	714.0
	4.3
	21.5
	260.3
	90.2
	5366.1
	91.7
	1780.3
	1240.6
	2046.6
	671.1
	994.6
	1670.5

	8
	11.3
	1147.5
	735.5
	4.4
	22.1
	268.1
	92.9
	5527.1
	94.5
	1833.7
	1277.8
	2108.0
	691.2
	1024.5
	1720.6

	9
	11.7
	1181.9
	757.5
	4.6
	22.8
	276.2
	95.6
	5692.9
	97.3
	1888.8
	1316.2
	2171.2
	711.9
	1055.2
	1772.2

	10
	12.0
	1217.4
	780.3
	4.7
	23.5
	284.4
	98.5
	5863.7
	100.2
	1945.4
	1355.7
	2236.4
	733.3
	1086.9
	1825.4

	11
	12.4
	1253.9
	803.7
	4.8
	24.2
	293.0
	101.5
	6039.6
	103.2
	2003.8
	1396.3
	2303.5
	755.3
	1119.5
	1880.1

	12
	12.7
	1291.5
	827.8
	5.0
	24.9
	301.8
	104.5
	6220.7
	106.3
	2063.9
	1438.2
	2372.6
	777.9
	1153.1
	1936.5

	13
	13.1
	1330.2
	852.6
	5.1
	25.7
	310.8
	107.6
	6407.4
	109.5
	2125.8
	1481.4
	2443.8
	801.3
	1187.7
	1994.6

	14
	13.5
	1370.1
	878.2
	5.3
	26.4
	320.1
	110.9
	6599.6
	112.8
	2189.6
	1525.8
	2517.1
	825.3
	1223.3
	2054.5

	15
	13.9
	1411.2
	904.5
	5.4
	27.2
	329.7
	114.2
	6797.6
	116.2
	2255.3
	1571.6
	2592.6
	850.1
	1260.0
	2116.1

	16
	14.3
	1453.6
	931.7
	5.6
	28.0
	339.6
	117.6
	7001.5
	119.7
	2322.9
	1618.7
	2670.4
	875.6
	1297.8
	2179.6

	17
	14.8
	1497.2
	959.6
	5.8
	28.9
	349.8
	121.2
	7211.6
	123.2
	2392.6
	1667.3
	2750.5
	901.8
	1336.7
	2245.0

	18
	15.2
	1542.1
	988.4
	6.0
	29.8
	360.3
	124.8
	7427.9
	126.9
	2464.4
	1717.3
	2833.0
	928.9
	1376.8
	2312.3

	19
	15.7
	1588.4
	1018.1
	6.1
	30.6
	371.1
	128.5
	7650.7
	130.7
	2538.3
	1768.8
	2918.0
	956.8
	1418.1
	2381.7

	20
	16.1
	1636.0
	1048.6
	6.3
	31.6
	382.3
	132.4
	7880.3
	134.7
	2614.5
	1821.9
	3005.5
	985.5
	1460.7
	2453.2

	21
	16.6
	1685.1
	1080.1
	6.5
	32.5
	393.7
	136.4
	8116.7
	138.7
	2692.9
	1876.5
	3095.7
	1015.0
	1504.5
	2526.7

	22
	17.1
	1735.7
	1112.5
	6.7
	33.5
	405.5
	140.5
	8360.2
	142.9
	2773.7
	1932.8
	3188.5
	1045.5
	1549.6
	2602.6

	23
	17.6
	1787.7
	1145.8
	6.9
	34.5
	417.7
	144.7
	8611.0
	147.2
	2856.9
	1990.8
	3284.2
	1076.9
	1596.1
	2680.6

	24
	18.2
	1841.4
	1180.2
	7.1
	35.5
	430.2
	149.0
	8869.3
	151.6
	2942.6
	2050.6
	3382.7
	1109.2
	1644.0
	2761.0

	25
	18.7
	1896.6
	1215.6
	7.3
	36.6
	443.1
	153.5
	9135.4
	156.1
	3030.9
	2112.1
	3484.2
	1142.4
	1693.3
	2843.9

	26
	19.3
	1953.5
	1252.1
	7.5
	37.7
	456.4
	158.1
	9409.4
	160.8
	3121.8
	2175.4
	3588.7
	1176.7
	1744.1
	2929.2

	27
	19.8
	2012.1
	1289.6
	7.8
	38.8
	470.1
	162.8
	9691.7
	165.6
	3215.5
	2240.7
	3696.4
	1212.0
	1796.4
	3017.1

	28
	20.4
	2072.5
	1328.3
	8.0
	40.0
	484.2
	167.7
	9982.5
	170.6
	3311.9
	2307.9
	3807.3
	1248.4
	1850.3
	3107.6

	29
	21.0
	2134.6
	1368.2
	8.2
	41.2
	498.8
	172.7
	10281.9
	175.7
	3411.3
	2377.2
	3921.5
	1285.8
	1905.8
	3200.8

	30
	21.7
	2198.7
	1409.2
	8.5
	42.4
	513.7
	177.9
	10590.4
	181.0
	3513.6
	2448.5
	4039.2
	1324.4
	1963.0
	3296.8

	Total
	437.7
	44387.9
	28450.1
	171.3
	856.4
	10371.4
	3591.9
	213803.9
	3653.8
	70934.9
	49430.9
	81544.3
	26737.4
	39630.3
	66558.0


 Note: The base values were estimated and compounded at 3% to derive benefit flow for a 30 year period. But global values were compounded at 1% since global inflation is much less than Sri Lanka

APPENDIX 12
Discounted Benefits Flow of Maduganga Mangrove preservation optimising local recreation use 

Values in US$/ha (Discounted at 6%)

	Year
	NTFP
	Local recreation
	Global recreation
	Erosion control
	Biodiversity maintenance
	Breeding ground for fish
	Carbon sequestration
	Pollution treatment
	Storm protection
	Local Option
	Global option
	Local bequest 
	Global bequest
	Local existence
	Global 

existence

	1
	9.2
	933.0
	598.0
	3.6
	18.0
	218.0
	75.5
	4494.0
	76.8
	1491.0
	1039.0
	1714.0
	562.0
	833.0
	1399.0

	2
	8.4
	855.3
	548.2
	3.3
	16.5
	199.8
	69.2
	4119.6
	70.4
	1366.8
	952.4
	1571.2
	515.2
	763.6
	1282.5

	3
	8.2
	831.1
	532.7
	3.2
	16.0
	194.2
	67.3
	4003.0
	68.4
	1328.1
	925.5
	1526.7
	500.6
	742.0
	1246.2

	4
	8.0
	807.6
	517.6
	3.1
	15.6
	188.7
	65.3
	3889.7
	66.5
	1290.5
	899.3
	1483.5
	486.4
	721.0
	1210.9

	5
	7.7
	784.7
	502.9
	3.0
	15.1
	183.3
	63.5
	3779.7
	64.6
	1254.0
	873.8
	1441.6
	472.7
	700.6
	1176.6

	6
	7.5
	762.5
	488.7
	2.9
	14.7
	178.2
	61.7
	3672.7
	62.8
	1218.5
	849.1
	1400.8
	459.3
	680.8
	1143.3

	7
	7.3
	740.9
	474.9
	2.9
	14.3
	173.1
	60.0
	3568.7
	61.0
	1184.0
	825.1
	1361.1
	446.3
	661.5
	1111.0

	8
	7.1
	719.9
	461.4
	2.8
	13.9
	168.2
	58.3
	3467.7
	59.3
	1150.5
	801.7
	1322.6
	433.7
	642.8
	1079.5

	9
	6.9
	699.6
	448.4
	2.7
	13.5
	163.5
	56.6
	3369.6
	57.6
	1118.0
	779.0
	1285.2
	421.4
	624.6
	1049.0

	10
	6.7
	679.8
	435.7
	2.6
	13.1
	158.8
	55.0
	3274.2
	56.0
	1086.3
	757.0
	1248.8
	409.5
	606.9
	1019.3

	11
	6.5
	660.5
	423.4
	2.5
	12.7
	154.3
	53.5
	3181.6
	54.4
	1055.6
	735.6
	1213.4
	397.9
	589.7
	990.4

	12
	6.3
	641.8
	411.4
	2.5
	12.4
	150.0
	51.9
	3091.5
	52.8
	1025.7
	714.8
	1179.1
	386.6
	573.0
	962.4

	13
	6.1
	623.7
	399.7
	2.4
	12.0
	145.7
	50.5
	3004.0
	51.3
	996.7
	694.5
	1145.7
	375.7
	556.8
	935.2

	14
	6.0
	606.0
	388.4
	2.3
	11.7
	141.6
	49.0
	2919.0
	49.9
	968.5
	674.9
	1113.3
	365.0
	541.1
	908.7

	15
	5.8
	588.9
	377.4
	2.3
	11.4
	137.6
	47.7
	2836.4
	48.5
	941.0
	655.8
	1081.8
	354.7
	525.7
	883.0

	16
	5.6
	572.2
	366.7
	2.2
	11.0
	133.7
	46.3
	2756.1
	47.1
	914.4
	637.2
	1051.2
	344.7
	510.9
	858.0

	17
	5.5
	556.0
	356.4
	2.1
	10.7
	129.9
	45.0
	2678.1
	45.8
	888.5
	619.2
	1021.4
	334.9
	496.4
	833.7

	18
	5.3
	540.3
	346.3
	2.1
	10.4
	126.2
	43.7
	2602.3
	44.5
	863.4
	601.6
	992.5
	325.4
	482.4
	810.1

	19
	5.2
	525.0
	336.5
	2.0
	10.1
	122.7
	42.5
	2528.7
	43.2
	839.0
	584.6
	964.4
	316.2
	468.7
	787.2

	20
	5.0
	510.1
	327.0
	2.0
	9.8
	119.2
	41.3
	2457.1
	42.0
	815.2
	568.1
	937.1
	307.3
	455.4
	764.9

	21
	4.9
	495.7
	317.7
	1.9
	9.6
	115.8
	40.1
	2387.6
	40.8
	792.1
	552.0
	910.6
	298.6
	442.6
	743.3

	22
	4.7
	481.7
	308.7
	1.9
	9.3
	112.5
	39.0
	2320.0
	39.6
	769.7
	536.4
	884.8
	290.1
	430.0
	722.2

	23
	4.6
	468.0
	300.0
	1.8
	9.0
	109.4
	37.9
	2254.3
	38.5
	747.9
	521.2
	859.8
	281.9
	417.9
	701.8

	24
	4.5
	454.8
	291.5
	1.8
	8.8
	106.3
	36.8
	2190.5
	37.4
	726.8
	506.4
	835.5
	273.9
	406.0
	681.9

	25
	4.4
	441.9
	283.2
	1.7
	8.5
	103.3
	35.8
	2128.5
	36.4
	706.2
	492.1
	811.8
	266.2
	394.5
	662.6

	26
	4.2
	429.4
	275.2
	1.7
	8.3
	100.3
	34.7
	2068.3
	35.3
	686.2
	478.2
	788.8
	258.7
	383.4
	643.9

	27
	4.1
	417.2
	267.4
	1.6
	8.0
	97.5
	33.8
	2009.8
	34.3
	666.8
	464.6
	766.5
	251.3
	372.5
	625.6

	28
	4.0
	405.4
	259.9
	1.6
	7.8
	94.7
	32.8
	1952.9
	33.4
	647.9
	451.5
	744.8
	244.2
	362.0
	607.9

	29
	3.9
	394.0
	252.5
	1.5
	7.6
	92.1
	31.9
	1897.6
	32.4
	629.6
	438.7
	723.7
	237.3
	351.7
	590.7

	30
	3.8
	382.8
	245.4
	1.5
	7.4
	89.4
	31.0
	1843.9
	31.5
	611.8
	426.3
	703.3
	230.6
	341.8
	574.0

	Total
	177.6
	18009.6
	11543.1
	69.5
	347.5
	4208.0
	1457.4
	86747.3
	1482.5
	28780.6
	20055.7
	33085.2
	10848.2
	16079.3
	27004.8


APPENDIX 13
Estimated Benefits Flow of Ranweli Holiday Village Mangrove preservation optimising global recreation use 

Values in US$/ha

	Year
	 NTFP
	Local recreation
	Global recreation
	Erosion control
	Biodiversity maintenance
	Breeding ground for fish
	Carbon sequestration
	Pollution treatment
	Storm protection
	Local Option
	Global option
	Local bequest 
	Global bequest
	Local existence
	Global 

existence

	1
	9.2
	93.3
	1196.0
	3.6
	18.0
	218.0
	75.5
	4494.0
	76.8
	1491.0
	1039.0
	1714.0
	562.0
	833.0
	1399.0

	2
	9.5
	96.1
	1231.9
	3.7
	18.5
	224.5
	77.8
	4628.8
	79.1
	1535.7
	1070.2
	1765.4
	578.9
	858.0
	1441.0

	3
	9.8
	99.0
	1268.8
	3.8
	19.1
	231.3
	80.1
	4767.7
	81.5
	1581.8
	1102.3
	1818.4
	596.2
	883.7
	1484.2

	4
	10.1
	102.0
	1306.9
	3.9
	19.7
	238.2
	82.5
	4910.7
	83.9
	1629.3
	1135.3
	1872.9
	614.1
	910.2
	1528.7

	5
	10.4
	105.0
	1346.1
	4.1
	20.3
	245.4
	85.0
	5058.0
	86.4
	1678.1
	1169.4
	1929.1
	632.5
	937.5
	1574.6

	6
	10.7
	108.2
	1386.5
	4.2
	20.9
	252.7
	87.5
	5209.8
	89.0
	1728.5
	1204.5
	1987.0
	651.5
	965.7
	1621.8

	7
	11.0
	111.4
	1428.1
	4.3
	21.5
	260.3
	90.2
	5366.1
	91.7
	1780.3
	1240.6
	2046.6
	671.1
	994.6
	1670.5

	8
	11.3
	114.7
	1470.9
	4.4
	22.1
	268.1
	92.9
	5527.1
	94.5
	1833.7
	1277.8
	2108.0
	691.2
	1024.5
	1720.6

	9
	11.7
	118.2
	1515.1
	4.6
	22.8
	276.2
	95.6
	5692.9
	97.3
	1888.8
	1316.2
	2171.2
	711.9
	1055.2
	1772.2

	10
	12.0
	121.7
	1560.5
	4.7
	23.5
	284.4
	98.5
	5863.7
	100.2
	1945.4
	1355.7
	2236.4
	733.3
	1086.9
	1825.4

	11
	12.4
	125.4
	1607.3
	4.8
	24.2
	293.0
	101.5
	6039.6
	103.2
	2003.8
	1396.3
	2303.5
	755.3
	1119.5
	1880.1

	12
	12.7
	129.1
	1655.5
	5.0
	24.9
	301.8
	104.5
	6220.7
	106.3
	2063.9
	1438.2
	2372.6
	777.9
	1153.1
	1936.5

	13
	13.1
	133.0
	1705.2
	5.1
	25.7
	310.8
	107.6
	6407.4
	109.5
	2125.8
	1481.4
	2443.8
	801.3
	1187.7
	1994.6

	14
	13.5
	137.0
	1756.4
	5.3
	26.4
	320.1
	110.9
	6599.6
	112.8
	2189.6
	1525.8
	2517.1
	825.3
	1223.3
	2054.5

	15
	13.9
	141.1
	1809.1
	5.4
	27.2
	329.7
	114.2
	6797.6
	116.2
	2255.3
	1571.6
	2592.6
	850.1
	1260.0
	2116.1

	16
	14.3
	145.4
	1863.3
	5.6
	28.0
	339.6
	117.6
	7001.5
	119.7
	2322.9
	1618.7
	2670.4
	875.6
	1297.8
	2179.6

	17
	14.8
	149.7
	1919.2
	5.8
	28.9
	349.8
	121.2
	7211.6
	123.2
	2392.6
	1667.3
	2750.5
	901.8
	1336.7
	2245.0

	18
	15.2
	154.2
	1976.8
	6.0
	29.8
	360.3
	124.8
	7427.9
	126.9
	2464.4
	1717.3
	2833.0
	928.9
	1376.8
	2312.3

	19
	15.7
	158.8
	2036.1
	6.1
	30.6
	371.1
	128.5
	7650.7
	130.7
	2538.3
	1768.8
	2918.0
	956.8
	1418.1
	2381.7

	20
	16.1
	163.6
	2097.2
	6.3
	31.6
	382.3
	132.4
	7880.3
	134.7
	2614.5
	1821.9
	3005.5
	985.5
	1460.7
	2453.2

	21
	16.6
	168.5
	2160.1
	6.5
	32.5
	393.7
	136.4
	8116.7
	138.7
	2692.9
	1876.5
	3095.7
	1015.0
	1504.5
	2526.7

	22
	17.1
	173.6
	2224.9
	6.7
	33.5
	405.5
	140.5
	8360.2
	142.9
	2773.7
	1932.8
	3188.5
	1045.5
	1549.6
	2602.6

	23
	17.6
	178.8
	2291.7
	6.9
	34.5
	417.7
	144.7
	8611.0
	147.2
	2856.9
	1990.8
	3284.2
	1076.9
	1596.1
	2680.6

	24
	18.2
	184.1
	2360.4
	7.1
	35.5
	430.2
	149.0
	8869.3
	151.6
	2942.6
	2050.6
	3382.7
	1109.2
	1644.0
	2761.0

	25
	18.7
	189.7
	2431.2
	7.3
	36.6
	443.1
	153.5
	9135.4
	156.1
	3030.9
	2112.1
	3484.2
	1142.4
	1693.3
	2843.9

	26
	19.3
	195.3
	2504.2
	7.5
	37.7
	456.4
	158.1
	9409.4
	160.8
	3121.8
	2175.4
	3588.7
	1176.7
	1744.1
	2929.2

	27
	19.8
	201.2
	2579.3
	7.8
	38.8
	470.1
	162.8
	9691.7
	165.6
	3215.5
	2240.7
	3696.4
	1212.0
	1796.4
	3017.1

	28
	20.4
	207.2
	2656.7
	8.0
	40.0
	484.2
	167.7
	9982.5
	170.6
	3311.9
	2307.9
	3807.3
	1248.4
	1850.3
	3107.6

	29
	21.0
	213.5
	2736.4
	8.2
	41.2
	498.8
	172.7
	10281.9
	175.7
	3411.3
	2377.2
	3921.5
	1285.8
	1905.8
	3200.8

	30
	21.7
	219.9
	2818.5
	8.5
	42.4
	513.7
	177.9
	10590.4
	181.0
	3513.6
	2448.5
	4039.2
	1324.4
	1963.0
	3296.8

	Total
	437.7
	4438.8
	56900.2
	171.3
	856.4
	10371.4
	3591.9
	213803.9
	3653.8
	70934.9
	49430.9
	81544.3
	26737.4
	39630.3
	66558.0


Note: The base values were estimated and compounded at 3% to derive benefit flow for a 30 year period. But global values were compounded at 1% since global inflation is much less than Sri Lanka Since this area is mostly used for global recreation and have little NTFRs or local recreation it was assumed that this area has only 10% of estimated NTFR value and local recreation benefit

APPENDIX 14
Discounted Benefits Flow of Ranweli Holiday Village Mangrove preservation optimising global recreation  

Values in US$/ha (Discounted at 6%)

	Year
	 NTFP
	Local recreation
	Global recreation
	Erosion control
	Biodiversity maintenance
	Breeding ground for fish
	Carbon sequestration
	Pollution treatment
	Storm protection
	Local Option
	Global option
	Local bequest 
	Global bequest
	Local existence
	Global 

existence

	1
	9.2
	93.3
	1196.0
	3.6
	18.0
	218.0
	75.5
	4494.0
	76.8
	1491.0
	1039.0
	1714.0
	562.0
	833.0
	1399.0

	2
	8.4
	85.5
	1096.4
	3.3
	16.5
	199.8
	69.2
	4119.6
	70.4
	1366.8
	952.4
	1571.2
	515.2
	763.6
	1282.5

	3
	8.2
	83.1
	1065.3
	3.2
	16.0
	194.2
	67.3
	4003.0
	68.4
	1328.1
	925.5
	1526.7
	500.6
	742.0
	1246.2

	4
	8.0
	80.8
	1035.2
	3.1
	15.6
	188.7
	65.3
	3889.7
	66.5
	1290.5
	899.3
	1483.5
	486.4
	721.0
	1210.9

	5
	7.7
	78.5
	1005.9
	3.0
	15.1
	183.3
	63.5
	3779.7
	64.6
	1254.0
	873.8
	1441.6
	472.7
	700.6
	1176.6

	6
	7.5
	76.2
	977.4
	2.9
	14.7
	178.2
	61.7
	3672.7
	62.8
	1218.5
	849.1
	1400.8
	459.3
	680.8
	1143.3

	7
	7.3
	74.1
	949.8
	2.9
	14.3
	173.1
	60.0
	3568.7
	61.0
	1184.0
	825.1
	1361.1
	446.3
	661.5
	1111.0

	8
	7.1
	72.0
	922.9
	2.8
	13.9
	168.2
	58.3
	3467.7
	59.3
	1150.5
	801.7
	1322.6
	433.7
	642.8
	1079.5

	9
	6.9
	70.0
	896.8
	2.7
	13.5
	163.5
	56.6
	3369.6
	57.6
	1118.0
	779.0
	1285.2
	421.4
	624.6
	1049.0

	10
	6.7
	68.0
	871.4
	2.6
	13.1
	158.8
	55.0
	3274.2
	56.0
	1086.3
	757.0
	1248.8
	409.5
	606.9
	1019.3

	11
	6.5
	66.1
	846.7
	2.5
	12.7
	154.3
	53.5
	3181.6
	54.4
	1055.6
	735.6
	1213.4
	397.9
	589.7
	990.4

	12
	6.3
	64.2
	822.8
	2.5
	12.4
	150.0
	51.9
	3091.5
	52.8
	1025.7
	714.8
	1179.1
	386.6
	573.0
	962.4

	13
	6.1
	62.4
	799.5
	2.4
	12.0
	145.7
	50.5
	3004.0
	51.3
	996.7
	694.5
	1145.7
	375.7
	556.8
	935.2

	14
	6.0
	60.6
	776.8
	2.3
	11.7
	141.6
	49.0
	2919.0
	49.9
	968.5
	674.9
	1113.3
	365.0
	541.1
	908.7

	15
	5.8
	58.9
	754.9
	2.3
	11.4
	137.6
	47.7
	2836.4
	48.5
	941.0
	655.8
	1081.8
	354.7
	525.7
	883.0

	16
	5.6
	57.2
	733.5
	2.2
	11.0
	133.7
	46.3
	2756.1
	47.1
	914.4
	637.2
	1051.2
	344.7
	510.9
	858.0

	17
	5.5
	55.6
	712.7
	2.1
	10.7
	129.9
	45.0
	2678.1
	45.8
	888.5
	619.2
	1021.4
	334.9
	496.4
	833.7

	18
	5.3
	54.0
	692.6
	2.1
	10.4
	126.2
	43.7
	2602.3
	44.5
	863.4
	601.6
	992.5
	325.4
	482.4
	810.1

	19
	5.2
	52.5
	673.0
	2.0
	10.1
	122.7
	42.5
	2528.7
	43.2
	839.0
	584.6
	964.4
	316.2
	468.7
	787.2

	20
	5.0
	51.0
	653.9
	2.0
	9.8
	119.2
	41.3
	2457.1
	42.0
	815.2
	568.1
	937.1
	307.3
	455.4
	764.9

	21
	4.9
	49.6
	635.4
	1.9
	9.6
	115.8
	40.1
	2387.6
	40.8
	792.1
	552.0
	910.6
	298.6
	442.6
	743.3

	22
	4.7
	48.2
	617.4
	1.9
	9.3
	112.5
	39.0
	2320.0
	39.6
	769.7
	536.4
	884.8
	290.1
	430.0
	722.2

	23
	4.6
	46.8
	600.0
	1.8
	9.0
	109.4
	37.9
	2254.3
	38.5
	747.9
	521.2
	859.8
	281.9
	417.9
	701.8

	24
	4.5
	45.5
	583.0
	1.8
	8.8
	106.3
	36.8
	2190.5
	37.4
	726.8
	506.4
	835.5
	273.9
	406.0
	681.9

	25
	4.4
	44.2
	566.5
	1.7
	8.5
	103.3
	35.8
	2128.5
	36.4
	706.2
	492.1
	811.8
	266.2
	394.5
	662.6

	26
	4.2
	42.9
	550.4
	1.7
	8.3
	100.3
	34.7
	2068.3
	35.3
	686.2
	478.2
	788.8
	258.7
	383.4
	643.9

	27
	4.1
	41.7
	534.9
	1.6
	8.0
	97.5
	33.8
	2009.8
	34.3
	666.8
	464.6
	766.5
	251.3
	372.5
	625.6

	28
	4.0
	40.5
	519.7
	1.6
	7.8
	94.7
	32.8
	1952.9
	33.4
	647.9
	451.5
	744.8
	244.2
	362.0
	607.9

	29
	3.9
	39.4
	505.0
	1.5
	7.6
	92.1
	31.9
	1897.6
	32.4
	629.6
	438.7
	723.7
	237.3
	351.7
	590.7

	30
	3.8
	38.3
	490.7
	1.5
	7.4
	89.4
	31.0
	1843.9
	31.5
	611.8
	426.3
	703.3
	230.6
	341.8
	574.0

	Total
	177.6
	1801.0
	23086.3
	69.5
	347.5
	4208.0
	1457.4
	86747.3
	1482.5
	28780.6
	20055.7
	33085.2
	10848.2
	16079.3
	27004.8


APPENDIX 15
Financial Cost benefit analysis for conversion of mangroves into shrimp farm

	Year
	Capital (Rs)
	Operation

Cost (Rs)
	Total cost

(Rs)
	Discounted

Cost at 6%
	Revenue

(Rs)
	Discounted

Revenue at 6%
	Discounted

Cost US$
	Discounted

Revenue US$

	1
	1260000
	2116000
	3376000
	3376000.0
	4160000
	4160000.0
	35536.84
	43789.47

	2
	0
	2116000
	2116000
	1883232.5
	4160000
	3702385.2
	20418.2
	40141.65

	3
	0
	2116000
	2116000
	1776634.4
	4160000
	3492816.2
	19840.33
	39005.57

	4
	0
	2116000
	2116000
	1676070.2
	4160000
	3295109.6
	19278.81
	37901.63

	5
	0
	2116000
	2116000
	1581198.3
	4160000
	3108594.0
	18733.19
	36828.95

	6
	0
	0
	0
	0.0
	0
	0.0
	0
	0

	7
	0
	0
	0
	0.0
	0
	0.0
	0
	0

	8
	0
	0
	0
	0.0
	0
	0.0
	0
	0

	9
	0
	0
	0
	0.0
	0
	0.0
	0
	0

	10
	0
	0
	0
	0.0
	0
	0.0
	0
	0

	11
	0
	0
	0
	0.0
	0
	0.0
	0
	0

	12
	0
	0
	0
	0.0
	0
	0.0
	0
	0

	13
	0
	0
	0
	0.0
	0
	0.0
	0
	0

	14
	0
	0
	0
	0.0
	0
	0.0
	0
	0

	15
	0
	0
	0
	0.0
	0
	0.0
	0
	0

	16
	1260000
	2116000
	3376000
	1253726.3
	4160000
	1544876.0
	0
	0

	17
	0
	2116000
	2116000
	741327.5
	4160000
	1457430.2
	0
	0

	18
	0
	2116000
	2116000
	699365.5
	4160000
	1374934.1
	0
	0

	19
	0
	2116000
	2116000
	659778.8
	4160000
	1297107.7
	0
	0

	20
	0
	2116000
	2116000
	622432.8
	4160000
	1223686.5
	0
	0

	21
	0
	0
	0
	0.0
	0
	0.0
	18879.91
	23264.36

	22
	0
	0
	0
	0.0
	0
	0.0
	11498.59
	22605.93

	23
	0
	0
	0
	0.0
	0
	0.0
	11173.16
	21966.14

	24
	0
	0
	0
	0.0
	0
	0.0
	10856.94
	21344.46

	25
	0
	0
	0
	0.0
	0
	0.0
	10549.67
	20740.37

	26
	0
	0
	0
	0.0
	0
	0.0
	0
	0

	27
	0
	0
	0
	0.0
	0
	0.0
	0
	0

	28
	0
	0
	0
	0.0
	0
	0.0
	0
	0

	29
	0
	0
	0
	0.0
	0
	0.0
	0
	0

	30
	0
	0
	0
	0.0
	0
	0.0
	0
	0

	Total
	
	
	
	14269766.3
	
	24656939.5
	176765.6
	307588.5


APPENDIX 16

Cost & Benefit Data used in the Economic & Environment Analysis

	Year
	Total financial cost
	Social cost
	Opportunity cost/NTFR
	Opportunity cost/Local recreation 
	Opportunity cost/global recreation
	Total environment cost

	1
	35536.8
	150
	304.9
	1540.2
	1298.5
	11923.9

	2
	20418.2
	137.5
	277.3
	1411.8
	1190.3
	10877.1

	3
	19840.3
	133.6
	267.4
	1371.9
	1156.6
	10518.4

	4
	19278.8
	129.8
	257.9
	1333.1
	1123.9
	10172.2

	5
	18733.1
	5135.7
	248.8
	1295.3
	1092.0
	9838.2

	6
	0
	59.9
	240.0
	1258.7
	1061.1
	9515.7

	7
	0
	58.2
	231.5
	1223.0
	1031.1
	9204.4

	8
	0
	56.5
	223.4
	1188.4
	1001.9
	8904.0

	9
	0
	54.9
	215.5
	1154.8
	973.6
	8613.9

	10
	0
	53.4
	208.0
	1122.1
	946.0
	8333.8

	11
	0
	51.9
	200.7
	1090.3
	919.2
	8060.9

	12
	0
	50.4
	193.7
	1059.5
	893.2
	7799.8

	13
	0
	49.0
	187.0
	1029.5
	867.9
	7547.6

	14
	0
	47.6
	180.5
	1000.4
	843.4
	7304.1

	15
	0
	46.2
	174.3
	972.1
	819.5
	7068.9

	16
	0
	44.9
	168.3
	944.5
	796.3
	6841.7

	17
	0
	43.6
	162.5
	917.8
	773.8
	6622.2

	18
	0
	42.4
	156.9
	891.8
	751.9
	6410.1

	19
	0
	41.2
	151.5
	866.6
	730.6
	6205.2

	20
	0
	40.1
	146.3
	842.1
	709.9
	6007.2

	21
	18879.9
	79.6
	141.3
	818.2
	689.8
	5815.9

	22
	11498.5
	77.4
	136.5
	795.1
	670.3
	5631.0

	23
	11173.2
	75.2
	131.9
	772.6
	651.3
	5452.2

	24
	10856.9
	73.1
	127.4
	750.7
	632.9
	5279.5

	25
	10549.6
	71.0
	123.1
	729.4
	615.0
	5112.5

	26
	0
	2741.3
	118.9
	708.8
	597.6
	4951.0

	27
	0
	32.7
	114.9
	688.7
	580.6
	4795.0

	28
	0
	31.8
	111.1
	669.2
	564.2
	4644.1

	29
	0
	30.9
	107.4
	650.3
	548.2
	4498.1

	30
	0
	30.0
	103.8
	631.9
	532.7
	4357.0


A man carrying a load of fuel wood from a Mangrove 
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A fruit of Sonneratiya species used for fruit drinks
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A fishermen in a Mangrove
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Ground water regulation


Flood and flow control


Treatment of pollutants


Maintenance of biodiversity
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A women serving fruit drink Prepared from Sonneratiya Spp.





Acrostichum aureum, used for green vegetable








This review was carried out under the Physical Alterations and Destruction of Habitats (PADH) Programme of the UNEP/GPA Coordination Office.





UNEP gratefully acknowledges the financial contribution of the Government of Belgium for the PADH Programme through which this review study was undertaken.
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Sheet1

		

												TRAVEL COST RANWELI FOREING SUMMARY RESULTS FOR OLS ANALYSIS

																																														Entry fee		Total demand

										Visits		%sample		Totalvist		Population		Visitrate		Avtcost		Avage		Avincom		Avedc																																						40		20		0		0		20		20		100

						Austria				5		13.8888888889		839.7222222222		8000000		0.1049652778		2936		55		8915		3.3																																						20		0		0		0		40		40

						Germany				16		44.4444444444		2687.1111111111		60000000		0.0447851852		1996		40		2988		3.7																				0		24177		59		19775		775										30		20		0		0		0		50

						France				2		5.5555555556		335.8888888889		59000000		0.005693032		6662		59		3000		5																				45		24117		79		19000		1000										30		20		0		0		0		50

						Netherland				2		5.5555555556		335.8888888889		15000000		0.0223925926		2547		49		2327		3																				105		24038		125		18000		1000										0		30		10		0		30		30

						UK				10		27.7777777778		1679.4444444444		58000000		0.0289559387		2122		46		3072		4.5																				200		23913		264		17000		2000										0		40		20		0		20		20

						Switzerland				1		2.7777777778		167.9444444444		7000000		0.0239920635		1962		67		20416		5																				400		23649		396		15000		5000										10		80		0		0		0		10

										36				6046																																700		23252		396		10000		3000										20		0		40		0		40		0

																																														1000		22856		2641		7000		2000										20		0		40		0		40		0

																																														3000		20215		2641		5000		2000										20		20		40		10		10		0

																																														5000		17574		2641		3000		2000										60		10		10		10		10		0

																																														7000		14932		3962		1000		300										40		0		0		0		40		20

										X1 =		average cost																																		10000		10970		6603		700		300										20		40		0		0		0		40

										x2 =		average age																																		15000		4367		1919		400		200										10		20		30		0		40		0

										x3 =		average income																																		17000		2448		944		200		95										50		20		0		0		0		30

																																														18000		1504		934		105		60										30		40		0		20		0		10

												Switzeland										Entryfee		Ausrtria		Germany		France		Netherland		UK		Switzeland		Total demand		Entry fee								19000		569		569		45		45										20		20		0		0		50		10

						0		1947		0.12620279		883.41953										0		960		7559		5677		1837		7261		883		24177		0								19775		0		0.26803		0		0										30		30		20		0		0		20

						15		1962		0.12610709		882.74963										15		959		7553		5671		1836		7255		883		24157		15																										40		0		20		0		0		40

						30		1977		0.12601139		882.07973										30		958		7548		5665		1834		7249		882		24137		30																										60		20		0		0		20		0

						45		1992		0.12591569		881.40983										45		958		7542		5660		1833		7244		881		24117		45																										0		60		0		0		0		40

						60		2007		0.12581999		880.73993										60		957		7536		5654		1831		7238		881		24098		60						Strip				AREA				Traingle												60		0		0		0		20		20

						75		2022		0.12572429		880.07003										75		956		7530		5649		1830		7233		880		24078		75						19000		569		19569				775		569		1344								60		0		0		0		20		20

						90		2037		0.12562859		879.40013										90		955		7525		5643		1828		7227		879		24058		90						18000		934		18934				1000		934		1934								40		30		10		10		10		0

						105		2052		0.12553289		878.73023										105		955		7519		5637		1827		7222		879		24038		105						17000		944		17944				1000		944		1944								20		50		20		0		0		10

						120		2067		0.12543719		878.06033										120		954		7513		5632		1826		7216		878		24018		120						15000		1919		16919				2000		1919		3919								20		0		0		0		0		80

						135		2082		0.12534149		877.39043										135		953		7507		5626		1824		7211		877		23999		135						10000		6603		16603				5000		6603		11603								40		20		0		0		40		0

						150		2097		0.12524579		876.72053										150		952		7502		5620		1823		7205		877		23979		150						7000		3962		10962				3000		3962		6962								60		10		10		10		10		0

						200		2147		0.12492679		874.48753										200		950		7483		5602		1818		7187		874		23913		200						5000		2641		7641				2000		2641		4641								50		10		10		10		20		0

						300		2247		0.12428879		870.02153										300		945		7444		5564		1808		7150		870		23781		300						3000		2641		5641				2000		2641		4641								15		75		0		0		0		10

						400		2347		0.12365079		865.55553										400		939		7406		5526		1799		7113		866		23649		400						1000		2641		3641				2000		2641		4641								915		685		280		70		480		570

						500		2447		0.12301279		861.08953										500		934		7368		5489		1789		7076		861		23517		500						700		396		1096				300		396		696								30.5		22.8333333333		9.3333333333		2.3333333333		16		19		100

						600		2547		0.12237479		856.62353										600		929		7329		5451		1780		7039		857		23384		600						400		396		796				300		396		696

						700		2647		0.12173679		852.15753										700		924		7291		5413		1770		7002		852		23252		700						200		264		464				200		264		464

						800		2747		0.12109879		847.69153										800		919		7253		5376		1760		6965		848		23120		800						105		125		230				95		125		220

						900		2847		0.12046079		843.22553										900		914		7215		5338		1751		6928		843		22988		900						45		79		124				60		79		139

						1000		2947		0.11982279		838.75953										1000		909		7176		5300		1741		6891		839		22856		1000														45		59		104

						2000		3947		0.11344279		794.09953										2000		858		6794		4924		1646		6520		794		21536		2000

						3000		4947		0.10706279		749.43953										3000		807		6411		4548		1550		6150		749		20215		3000

						4000		5947		0.10068279		704.77953										4000		756		6028		4171		1454		5780		705		18894		4000

						5000		6947		0.09430279		660.11953										5000		705		5645		3795		1359		5410		660		17574		5000						Section N0.		Rectangle		Triangle		Section total

						6000		7947		0.08792279		615.45953										6000		654		5262		3418		1263		5040		615		16253		6000						1		19569		1344		20913

						7000		8947		0.08154279		570.79953										7000		603		4880		3042		1167		4670		571		14932		7000						2		18934		1934		20868

						10000		11947		0.06240279		436.81953										10000		450		3731		1913		880		3560		437		10970		10000						3		17944		1944		19888

						15000		16947		0.03050279		213.51953										15000		194		1817		30		402		1710		214		4367		15000						4		16919		3919		20838

						17000		18947		0.01774279		124.19953										17000		92		1052		0		210		970		124		2448		17000						5		16603		11603		28206

						18000		19947		0.01136279		79.53953										18000		41		669		0		114		600		80		1504		18000						6		10962		6962		17924

						18500		20447		0.00817279		57.20953										18500		16		477		0		67		415		57		1032		18500						7		7641		4641		12282

						18780		20727		0.00638639		44.70473										18780		1		370		0		40		311		45		767		18780						8		5641		4641		10282

						18800		20747		0.00625879		43.81153										18800		0		363		0		38		304		44		748		18800						9		3641		4641		8282

						19000		20947		0.00498279		34.87953										19000		0		286		0		19		230		35		569		19000						10		1096		696		1792

						19500		21447		0.00179279		12.54953										19500		0		95		0		0		45		13		152		19500						11		796		696		1492

						19600		21547		0.00115479		8.08353										19600		0		56		0		0		8		8		72		19600						12		464		464		928

						19700		21647		0.00051679		3.61753										19700		0		18		0		0		0		4		22		19700						13		230		220		450

						19745		21692		0.00022969		1.60783										19745		0		1		0		0		0		2		2		19745						14		124		139		263

						19747		21694		0.00021693		1.51851										19747		0		0		0		0		0		2		2		19747						15				104		104

						19775		21722		0.00003829		0										19775		0		0		0		0		0		0		0		19775						Total recreation value US$ per year						164512

																																												16% of total value is mangrove price								26321.92

																																												Total value ha $								1196.4509090909
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Sheet1

		

										VISIST AT VARIOUS ADMISSION FEES FOR ONE YEAR

						Population		Totalcost		Avage		Avyear		0		25		50		75		100		125		150		175		200		250		275		300		325		350		375		400		425		450		475		500		525		550

				Colombo		2234000		694.00		27.53		12.80		50.00		46.00		42.00		38.00		34.00		30.00		26.00		17.00		13.00		9.00		5.00		1.00		0.00		0.00		0.00		0.00		0		0		0		0		0		0

				Gall		991000		453.70		26.11		12.11		89.00		85.00		81.00		77.00		73.00		69.00		64.00		56.00		52.00		48.00		44.00		40.00		36.00		32.00		28.00		24.00		20.00		16.00		12.00		8.00		4.00		0.00

				Kalutara		1061000		550.00		25.00		12.33		73.00		69.00		65.00		61.00		57.00		53.00		49.00		41.00		37.00		33.00		29.00		25.00		21.00		16.00		12.00		8.00		4.00		0.00		0.00		0.00		0.00		0.00

				Kandy		1273000		1340.91		33.18		12.64		16.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

				Kegalle		780000		580.00		29.00		11.00		68.00		64.00		60.00		56.00		52.00		48.00		44.00		36.00		32.00		28.00		24.00		20.00		16.00		12.00		8.00		3.00		0.00		0.00		0.00		0.00		0.00		0.00

				Kurunagala		1452000		600.00		25.00		11.00		65.00		61.00		57.00		53.00		49.00		45.00		41.00		33.00		29.00		25.00		21.00		16.00		12.00		8.00		4.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

				Ratnapura		1008000		1158.33		33.33		11.22		26.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

														387.00		325.00		305.00		285.00		265.00		245.00		224.00		183.00		163.00		143.00		123.00		102.00		85.00		68.00		52.00		35.00		24.00		16.00		12.00		8.00		4.00		0.00

																				Price - Quantity

																		Number visitors		Entry fee

				0		694		0.022329				50						387		0

				25		719		0.020514				46						325		25

				50		744		0.018699				42						305		50

				75		769		0.016884				38						285		75

				100		794		0.015069				34						265		100

				125		819		0.013254				30						245		125

				150		844		0.011439				26						224		150

				200		894		0.007809				17						183		200

				225		919		0.005994				13						163		225

				250		944		0.004179				9						143		250

				275		969		0.002364				5						123		275

				300		994		0.000549				1						102		300

				325		1019		-0.001266				-3						85		325

				350		1044		-0.003081				-7						68		350

				375		1069		-0.004896				-11						52		375

				400		1094		-0.006711				-15						35		400

				425		1119		-0.008526				-19						24		425

																		16		450

																		12		475

																		8		500

																		4		525

				Maximum Q														0		550

								2.788

										Strip								Triangle		N0.		Trip		Trainagle		Area

				1		500		8		4000				8		50		200		1		4000		200		4200

				2		450		8		3600				8		50		200		2		3600		200		3800

				3		400		19		7600				19		50		475		3		7600		475		8075

				4		350		33		11550				33		50		825		4		11550		825		12375

				5		300		34		10200				34		50		850		5		10200		850		11050

				6		250		41		10250				41		50		1025		6		10250		1025		11275

				7		200		60		12000				60		50		1500		7		12000		1500		13500

				8		125		62		7750				62		75		2325		8		7750		2325		10075

				9		75		40		3000				40		50		1000		9		3000		1000		4000

				10		25		40		1000				40		50		1000		10		1000		1000		2000

														62		25		775		11				775		775

																						Total				81125

						473.03 - 2.788Q = 0

						Q = 473.03/2.788

				Q =		169.6664275466

				P =		473.03 - 1.394 * 169.6664

				P =		236.5150384

				Total value		RS		81125000

				Total value yr RS				88661.2021857924

				Total value yr ha US$				933.275812482
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