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ECONOMIC VALUATION OF MANGROVE FOREST:A CASE STUDY OF KLONG
TAM-RU SUB-DISTRICT, MUANG DISTRICT, CHONBURI PROVINCE

SIRIPORN PHUVIRIYAKUL 4736351 ENTM/M
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CHOOWAEW, Ph.D., KANCHANA NAKHAPAKORN, Ph.D.

ABSTRACT

The purpose of this study was to estimate the economic value of mangrove forest from
direct and indirect use in Klong Tam-ru sub-district, Muang district, Chonburi province. The
target population was divided into 3 groups, mangrove forest user group, commercial shrimp farm
and commercial salt pan group, and mangrove forest non-user group. Direct use values were from
fishery, tourism, crab trapping, timber and non-timber mangrove products and were valuated by
the market price method. Indirect use value was only used to assess coastline protection function
by using replacement method. Cost-benefit analysis was used to compare net benefit from
conversion of mangrove areas to commercial shrimp farm and salt pans. In addition, the attitude
and participation of local people in the conservation of mangrove forests were investigated.

The economic valuation showed that the direct use value was 22,188,871 baht and
indirect use value was 776,268,800 baht. The economic cost-benefit analysis of conversion of
mangrove forest to commercial shrimp farm with infinite life production at a 3% discount rate
showed net present value at -559,158 baht/rai, benefit-cost ratio at 0.448 and internal rate of return
was undetermined. The economic cost-benefit analysis of conversion of mangrove forest to
commercial salt pans with infinite life production and 3% discount rate showed net present value
at -587,170 baht/rai, benefit-cost ratio at 0.381 and internal rate of return was undetermined. The
results indicated that it was not worthwhile to convert mangroves to commercial shrimp farm and
salt pans. Clearly, mangrove forests should be conserved. On the participation of local people in
the conservation of mangrove forest, half of the locals actively participated in conservation

activities by planting mangrove trees.

KEY WORDS: ECONOMIC VALUATION / DIRECT USE VALUE / INDIRECT USE
VALUE / MANGROVE FOREST
122 pp.
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CHAPTERI
INTRODUCTION

1.1 Background and justification

Mangrove forests are the transitional complex ecosystem between land and
sea. Additionally, it is one of natural resources that are necessary to ecological system
because the special characteristic of ecological system of mangrove forest offers
several kinds of plants and animals and effects to abundance of seacoast and sea. A
mangrove forest is the realm of plants and animals and it provides for many kinds of
benefit to economy, society and ecological system. Moreover, mangrove forests can
provide a higher productivity per unit than other forest when it reaches its maximum
development. Mangrove forest wood can be used for firewood product especially
charcoal with a high calorific value. In fishery, mangrove forests are productive
ecosystem and play crucial roles in the life cycle of many marine species. It gives
organic matter as plant detritus which support coastal food web. Furthermore,
mangrove forests can reduce damage from storm surge, coastal erosion, flooding, high
wind, and silt toxin from land not to fall down in the sea (Yanudom, 2001).

Mangrove forests in Thailand are distributed along the eastern coast, central
region, and southern coast. A survey of the land revealed that the area of the total
mangrove forests was about 2,299,375 rais in 1961 and reduced to 1,047,390 rais in
1996. The information showed that in the recent 35 years mangrove areas had
decreased 1,251,985 rais which was down by 54.45% of total areas in 1961 and tend
to be destroyed and degraded even further (Thinjun, 2003).

Regarding eastern part of Thailand, it was found that less mangrove forest
areas were remained (79,113 rais in 1997 comparing to 81,548 rais in 1994).
Chonburi with the least area of mangrove forests in 1976 (23,750 rais) had only 575
rais of mangrove forests in 1997. In Chonburi, mangrove forests has distributed from
Ang-sila sub-district, Muang district through Klong Tam-ru sub-district, Muang
district. The distance is about 16 kilometers and the area was 2,000 rais in 2005.
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Chonburi Province has proceeded to plant and restore mangrove forests in order to
maintain ecological system of mangrove forests by separating 500 rais of mangrove
forest areas to recover and conserving 1,500 rais of natural mangrove forest areas. The
expansion and planting 100 rais of mangrove forest areas was carried out in 2005
(Mangrove Forests Resource Development 5" Station, Chonburi).

Klong Tam-ru sub-district is densed with mangrove forests and is adjacent to
Bangpakong river estuary. The mangrove forests were threaten by industrial
development and conversion of mangroves to commercial shrimp farm and salt pans.
These resulted in declining in mangrove forests and affected seashore ecological
system. The main reason was high financial return associated with such conversion.
Therefore, this research assessed net benefit of mangrove forests which included direct
use and indirect use in order to compare with net benefit from commercial shrimp
farm and salt pan. The result would hopefully strengthen local people’s positive
attitude toward mangrove forests and made them participate in conservation of

mangrove forests and utilization of mangrove forests sustainably.

1.2 Objectives
1. To assess benefit of mangrove forests including direct use value (fishery,
tourism, crab trapping, timber and non-timber mangrove products) and
indirect use value (coastline protection).
2. To compare net benefit from conversion of mangrove areas to commercial
shrimp farm and salt pans.
3. To study the attitude and participation of local people in the conservation

of mangrove forests.
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1.3 Conceptual framework

Mangrove forest

b . \ 4

Converting to commercial
aquacultures and
agricultures

Maintaining of
mangrove forest

Benefit Benefit
Fishery - Shrimp farms
Tourism - Salt pans

Crab trapping

Timber and non-timber
mangrove products
Coastline protection

Comparative study on
economic use value

Attitude and
participation of local
people conservation

group

A

Conservation and sustainable
use of mangrove forest

Figure 1-1 Conceptual framework of the studied
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1.4 Hypothesis
The net benefit of mangrove forest (baht per rai per year) is higher than that of
the conversion of mangrove forest to commercial salt pan and shrimp farm (baht per

rai per year).

1.5 Scope of the study

1. Moo 1 (Ban Na-klua), Moo 4 (Ban Klang) and Moo 6 (Ban Pak-klong) of
Klong Tam-ru sub-district, Muang district, Chonburi province was used as study area
since they were closed to mangrove forest.

2. Net benefit of mangrove forest included direct use value and indirect use
value. Direct use value was confined to coastal fishery, tourism, timber and non-
timber mangrove products and indirect use value assessed only coastline protection
function of mangrove. In this research, total value consists of direct use value and
indirect use value. Then, economic cost-benefit analysis was carried out for
mangroves sustainable used. Non-use value was not examined in this study.

3. Investigating the net benefits of commercial shrimp farms and salt pan, and
then, conducting economic cost-benefit analysis to determine viability of converting
mangrove areas to commercial shrimp farms and salt pans.

4. Examining local people participation in conservation of mangrove forest
which divided into 3 groups:

- Mangrove forest user group
- Commercial shrimp farms and salt pan group

- Mangrove forest non-user group

1.6 Definitions

Mangrove forest is referred to a tropical evergreen tree or shrub that has stilt
like root and stems and forms dense thickets in tidal regions (Wongusata, 2000).

Direct use value is referred to the valuable in terms of the goods and services
mangroves provide, such as the value of fish catches and wood products (Chong,
2005).

Fishery is referred to a fishery carried out near the shore and usually within

territorial waters.
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Non-timber forest product is referred to non-wood forest products which
include all goods of biological origin, as well as services derived from forest or any
land under similar use, and exclude wood all its forms (FAO, 1992).

Indirect use value is referred to the ecological functions which indirectly
support economic activity by mangroves function, or regulatory environmental
services, such as storm protection and shoreline stabilization (Chong, 2005).

Cost is referred to all expanses of mangrove forest for benefit and commercial
purpose. In terms of salt pans and shrimp farms, cost is referred to all expenses
required to invest in commercial shrimp farms and salt pans.

Benefit is referred to income from selling product of mangrove forest e.g.
fishery, crab trapping, timber and non-timber mangrove products and service from
mangrove forest e.g. coastline protection function. In terms of shrimp farm and salt
pans, benefit is referred to total income of shrimp farm and salt pans.

Net present value is referred to the present benefit value deducted with the
present cost value (Chanprapai, 2005).

Conservation of mangrove forest is referred to the use of and care for the
mangrove forest in order to create optimal benefits to people both directly and
indirectly way for the longest duration (Yanudom, 2001).

1.7 Expected results
1. The value of mangrove forests indicated the importance of it which should
encourage local people to conserve mangrove forests.
2. Crucial information for the related organizations for formulation policy,

solving problems and improving management of mangrove forests.
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CHAPTERII
LITERATURE REVIEW

2.1 Mangrove forest

Jindanuch (2003) defined mangroves or mangrove forest as plant community
found on the coastal zone, stream estuaries or gulf in the tidal areas or mangrove
forest mean the plant community with various family and green leaves. Mangroves
are very valuable resources among various significant natural resources in the world.
But it does not mean that mangrove forest exist in every country. Most tropical
countries are originally covered with mangrove vegetation.

In Thailand mangrove are found on the sheltered muddy shores and low-lying
bogs of river and stream estuaries at levels between low and high tides, along the bank
of the Gulf of Thailand and on the west and east coasts the peninsula. Mangroves
provide very important economic values. And it is said mangroves provide higher

values per unit of area than other terrestrial ecosystem when compared per unit.

2.2 The importance of mangroves

Mangrove forest can provide a higher productivity per unit than other forest
when it reaches its maximum development. Mangrove forest wood can be used for
firewood product especially charcoal with high calorific value. In fishery, mangrove
forest is a productive ecosystem and play crucial roles in the life cycle of many
marine species (Yanudom, 2001). For ecosystem and environmental protection,
mangroves serve as link between marine and terrestrial ecosystem. Mangrove forest
represents a unique habitat for a diverse variety of marine and terrestrial animal.
Mangroves play a very important role as habitat, nursery and food for both
commercial fishery species and other marine fauna. The amount of organic matter
produced by mangroves will support not only the mangroves ecosystem itself but also
other related ecosystems. Moreover, mangroves also play an important role in
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stabilizing shorelines in coastal streams and estuaries by protecting them against
storm surge, tidal bores and soil erosion (Aksornkoae et.al., 2004).

2.2.1 The Ecological and environmental importance of mangroves
Details of ecological and environmental value of mangroves can be discussed
as follow (Aksornkoae et.al., 2004):

1) Feeding and nursery ground for fisheries

Mangroves are habitat, nursery and a source of food for both
commercial fishery species and other marine fauna. Several studies of mangrove-
associated fish populations in Thailand provided evidence that Thai mangrove forest
are used by fish, crustacean and mollusks (a) as nursery ground, (b) as permanent

habitat, or (c) as breeding grounds in the case of some coastal species.

2) Shoreline stability

Mangroves typically establish themselves on sheltered accreting
shores. Thus the role of mangroves in protecting coastal stability against erosion and
storms is widely recognized. Their tangled root system is important in land building
because they trap sediment and the mangroves are extended.

3) Water quality control
Mangrove ecosystems play an important role in sequestering inorganic
dissolved nutrients and other potential pollutants from coastal streams and rivers that

would be discharged into neighboring nearshore ecosystems.

4) Foraging areas for birds and wildlife habitats
Mangrove forests serve as the feeding and nursery grounds for many
species of birds and as important habitats for a variety of invertebrates, reptiles and

some mammals.
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2.3 The mangrove deforestation
Choosri (2005) indicated that the main cause of the depletion of mangrove was

the change of mangrove forest to other land utilization as follows:

2.3.1 Human settlement

Human habitation in mangrove areas ranged from traditional human
settlements to large, industrialized cities. The latter often includes harbors, airports,
recreation centers, power plants, and residential development. The growth of urban

may invade mangrove areas.

2.3.2 Agriculture

Even owing many unsuitable characteristics for vegetation growth such as
pasty mud, insufficiency of air, high salinity and direct effect of sea tide, the change
of land from mangroves to agriculture was still possible. For example population
pressure in Vietnam was the main reason for the change of mangroves to agriculture
(Choosri, 2005). Without clear understanding of the characteristics and the dynamics
of the changing processes of soil, people could not use the land gainfully for any other
purpose. The land was quickly degenerated and after some years has to be left fallow,
leading farmers to clear other forest area. The nomadic life and farming practices in

coastal areas have thus become a big threat to mangrove areas.

2.3.3 Salt pans

Salt production from sea brine has been practiced for along time. Climatic
constraints on solar salt production required that such operations be implemented in
arid to semiarid coastal environments. A lot of villages in the coastal area have
specialized in salt production. They destroyed the mangroves and build dykes to form
salt pans.

Salt has been manufactured by the solar evaporation from sea water and from
inland underground or lake brines since time immemorial. In most developing
countries, this method still predominated. The extraction of salt from sea water
consisted of progressive evaporation of brine in large open ponds using solar heat and

wind. As the brine evaporated its concentration increased and the constituent salts
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crystallized in a set order. During this process, the sodium chloride fraction was
separated from the brine over a fixed concentration range in a series of flat rectangular
ponds and deposited as a uniform crust. This salt was harvested by a variety of
processes ranging from simple hand labor to the use of mechanized equipment to
scrape the salt and transfer it through a series of conveyors for storage and draining
(Venkatesh and Dunn, 1995). Result from salt manufacturing, a sizeable portion of
the wetland has been converted permanently to non-wetland because of infrastructure
required for salt production. Human interaction associated with salt production has
reduced the number of migratory birds arriving around the wetland and some aquatic
animals as compared to 30 years back (Das et.al., 2000).

2.3.4 Aquaculture
The economic marine or brackish animal farm, like shrimps, could do only in
specified site which needed to be located around the coastal area. So, many areas were

being converted to shrimp or fish pond.

2.3.4.1 The development of shrimp farming in Thailand

Shrimp farming in Thailand started from traditional extensive farming
along the coastline in the inner Gulf of Thailand, benefiting from the abundant natural
larvae of banana shrimp (Peneaus merguiensis) and school shrimp (Metapenaeus sp.).
In the early days, shrimp was a by-product of salt pans. Returns from this by-product
induced the development of extensive shrimp farming along the coast where there
used to be plenty of salt pans. The early shrimp farms were located in three provinces,
Samut Sakhon, Samut Songkarm and Samut Prakarn, which were not to far from
Bangkok and the central seafood market. Lower salt prices in the late 1940s resulted
in an increasing number of extensive shrimp farms in this area. In this early era,
farming with black tiger shrimp farming (Peneaus monodon) was largely unknown in
Thailand (Aksornkoae and Tokrisna, 2004).

The extensive shrimp farming usually converted salt pans into shrimp
farms or used parts of the pans for shrimp farming. In the late 1960s, the number of
shrimp farms increased as a result of better shrimp prices and a higher return as

compared to salt farms. These farms used large area: approximately 8-16 ha/farm.
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They had to be located near the coastline, on the bank of the canals for the
convenience of pumping water into the ponds. They relied solely on natural larvae
and feed abundance. At the early stage of development, water would be changed on a
weekly basis. As the number of shrimp farms increased, water change became more
frequent. The main cost of extensive shrimp farming was for pond construction and
fuel for pumping water into the ponds.

After 1985 with the adoption of an aquaculture promotion policy and
the first area to be intensively developed was the inner Gulf region. Particularly rapid
expansion occurred during 1986 and 1989, when the production in the major shrimp
producing countries was affected by environmental degradation. Thailand had become
the world’s largest shrimp producer by 1995 (Hossain and Lin, 2001).

High returns from such farming led to a rapid increase in farming areas
in the inner Gulf which soon spreaded to the eastern and southern coasts of Gulf.
There was a change from extensive to intensive farming, with semi-intensive farms
also in existence. For intensive farming, farmers stocked the larvae from the
hatcheries. With such stocking density, additional feed was required. The farmer
could no longer rely on natural abundance. Nevertheless, they needed water from
natural water sources. A high density of shrimp could lead to a lower quality of water,
especially with a lack of a proper water management system and management of pond
effluence including the water and sludge from shrimp ponds. Farmer solved the
problem by adding aerators to improve water quality in their rearing ponds.

For those shrimp farming in the mangroves, the mangrove
deforestation impairs other benefits derived from mangroves. Habitats for aquatic life
deteriorate, thus leading to less fish abundance and lower income for the coastal
fishermen. The loss of mangroves along the coastlines also affects negatively various
ecological functions including, for example, spawning and nursery grounds for
aquatic life, windbreaks, shoreline protection, a filter for water from, as well as to, the
sea, and carbon sequestration. Important wood and wood products from the
mangroves and collection of shellfish are also affected by mangrove deforestation,
which can important impacts on the livelihood of local communities. Figure 2-1
summarizes the important linkages and trade-offs between coastal shrimp farming and

mangrove conversion.
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Figure 2-1 Shrimp farming and mangrove conversion
Source: Aksornkoae and Tokrisna (2004)
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2.3.4.2 Shrimp farming system
The different systems of shrimp farming are distinguished by their
investment requirements and the corresponding degree of management inputs (feeds

and water) required to support corresponding stocks of shrimp as follows:

1) Extensive culture

The extensive system, the traditional system for shrimp aquaculture,
produces mostly banana shrimp. Stocking relies on the shrimp larvae that are
naturally present in seawater to initially fill ponds. Density is usually between 2-5
shrimp/m®. The natural productivity of the water provides food for the shrimp and
sometimes animal manures and chemical fertilisers are added to pond water to
accelerate the growth of plankton and sediment-dwelling micro-organisms. Pond size
is 50-100 rai. Although a small number of farms use water pumps, the system
depends predominantly on the channelling of water in and out with the tides,
controlled by sluice gates. By necessity, ponds are close to a canal or the sea. The rate
of water exchange is usually around 10-15% of the pond volume per day. Cultivation
takes 3—-4 months, there are usually two crops per year, and production varies from
310-1,560 kg/halyear. The estimated cost of production is about 50-75 baht/kg or
US$1-3/kg (Smith, 1999).

The extensive, integrated systems would rank high in terms of socio-
economic sustainability, because they are usually small-scale, labour-intensive
businesses owned by local people. The crop diversification in integrated systems also
provides an insurance against production failures. The major drawback is that these
systems usually involve some mangrove conversion, although their impact on lost

mangrove goods and services has to be further assessed (Ronnback, 2001).

2) Semi-intensive culture

This system uses ponds of around 15 rai. The shrimp larvae naturally
present in the seawater are supplemented with hatchery-grown larvae to a stocking
density of between 5-30 larvae/m® Paddle aerators are used to maintain adequate
oxygenation of the water, and pumps facilitate water exchange. Predator and pest

elimination is carried out as necessary. Cultivation takes between 4-6 months,



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Technology of Environmental Management) / 13

allowing two crops per year. Production levels are between 1,800-3,125 kg/ha/year
and the cost of production was estimated in 1993 at 75-125 baht/kg or US$2-6/kg
(Smith, 1999).

3) Intensive culture

Intensive culture practices are aimed at highest possible production
from a given area to achieve maximum profit. Shrimp farms using intensive
production methods produced around 90% of the total annual farm harvest in
Thailand in 1991. Shrimp larvae from hatcheries are stocked at 30-150 shrimp/m?.
The survival rate is generally between 44-60% of this. Addition of feed to the pond is
essential, and all factors affecting production such as water quality, water exchange
and aeration require constant monitoring and regulation. The rate of water exchange is
about 30% per day. The pond size is usually about 4 rai (0.65 ha). The production cost
has been estimated to be 123-128 baht/kg or US$4-8/kg and the production per rali,
7,250 kg/halyear (Smith, 1999). Intensive ponds have a maximum life of only five to
ten years (Barraclough and Finger-Stich, 1996). The shrimp farm with sludge restored
pond and wastewater treatment had the total cost of 327,637 baht/crop and net profit
of 287,088 baht/crop, while the shrimp farm used the same source, with a public
wastewater source had the total cost of 324,231 baht/crop and net profit of 300,871
baht/crop. It could be said that if the environmental cost was included, the real cost of

farming with no wastewater treatment would be higher (Ngamlertnaphaphorn, 2001).
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2.4 Economic valuation

Economic valuation offers a way to compare the diverse benefits and costs
associated with ecosystems by attempting to measure them and expressing them in a
common denominator typically a monetary unit (IUCN, 2004). Economists typically
classify ecosystem goods and services according to how they are used. The main
framework used is the total economic value (TEV) approach (Figure 2-2). The
breakdown and terminology vary slightly from analyst to analyst, but generally
include direct use value, indirect use value, option value and non-use value as follow
(Table 2-1).

Total economic value (TEV)

|
i ¢

Use value Non-use value

- " - -
Direct use value Indirect use value Option value Existence value and
Bequest value

I “ I T

Products Services Benefits Benefits
-Consumptive: -Support for fishery -Value of increased -Value of people’s
fishery products, etc. -Storm protection information in the  feeling that place
-Non-consumptive: -Etc. future still exist
recreation, etc. -Value of assets to

future generations

Figure 2-2 Total economic value (TEV)
Source: Barbier (1993)
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Use values Non-use
values
1) ) ©)
Direct value Indirect value Option value
-Timber, firewood, | -Shoreline / riverbanks -Future use as per || -Cultural and
woodchips, stabilization (1) and (2) aesthetic
charcoal -Groundwater recharge -Spiritual and
-Fisheries and discharge religious

-Forest resources:
food, medicine,
construction
materials, tools,
dyes, wildlife
-Agricultural
resources

-Water supply
-Water transport
-Genetic resources
-Tourism and
recreation
-Human habitat
-Educational,
historic and
scientific

information

-Flood and flow control
-Human waste and
pollutants storage and
recycling

-Biodiversity
maintenance
-Migration habitat
provision

-Nursery and breeding
grounds for fish
-Nutrient retention
-Coral reef maintenance

and protection

Source: Bann, 1998
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Direct use values refer to ecosystem goods and services that are used directly
by human beings. They include the value of consumptive uses such as harvesting of
food products, timber for fuel or construction, and medicinal products and hunting of
animals for consumption; and the value of non-consumptive uses such as the
enjoyment of recreational and cultural activities that do not require harvesting of
products. Direct use values are most often enjoyed by people visiting or residing in
the ecosystem itself.

Indirect use values are derived from ecosystem services that provide benefits
outside the ecosystem itself. Examples include natural water filtration which often
benefits people far downstream, the storm protection function of mangrove forests
which benefits coastal properties and infrastructure, and carbon sequestration which
benefits the entire global community by abating climate change.

Option values are derived from preserving the option to use in the future
ecosystem goods and services that may not be used at present, either by oneself
(option value) or by others/heirs. Provisioning, regulating, and cultural services may
all form part of option value to the extent that they are not used now but may be used
in the future.

Non-use values refer to the enjoyment people may experience simply by
knowing that a resource exists even if they never expect to use that resource directly
themselves. This kind of value is usually known as existence value (IUCN, 2004).
Bequest value, as for this value people in the present time is willing to preserve an
environment or natural resources for future generation (Barbier, 1993).

In general, direct use values are the easiest to value, since they usually involve
observable quantities of products whose prices can usually also be observed in the
market-place. Recreation is also relatively easy to value as the number of visits is
directly observable. Assessing the benefit received by visitors is more difficult, but a
large literature has developed to tackle this problem, mainly using surveys of tourist’s
actual travel costs or of their stated WTP to visit particular sites.

Measuring indirect use value is often considerably more difficult than
measuring direct use values. For one thing, the quantities of the service being
provided such as the amount of carbon stored in biomass or in the soil are often hard

to measure. While their contribution of ecosystem services to the production of
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marketed goods and services may be significant, it is often difficult to distinguish it
from that of other, marketed inputs to production. Moreover, many of these services
often do not enter markets at all, so their price is also difficult to establish. The
aesthetic benefits provided by a landscape, for example, are non-rival in consumption,
meaning that they can be enjoyed by many people without necessarily detracting from
the enjoyment of others.

Non-use value is the most difficult type of value to estimate, since in most
cases it is not, by definition, reflected in people’s behavior and is thus almost wholly
unobservable (there are some exceptions, such as voluntary contributions that many
people make to good causes, even when they expect little or no advantage to
themselves). Surveys are used to estimate non-use or existence values, such as
consumer’s stated WTP for the conservation of endangered species or remote

ecosystems which they themselves do not use or experience directly.

Klong Tam-ru community had used mangrove forest for fisheries, crab
trapping, harvesting timber and non-timber mangrove products. In addition, Klong
Tam-ru community received benefit from mangrove forest in term of surge and
erosion protection. Therefore, from this utilization of the community, value of
mangrove could be calculated forest to monetary value comprising direct use value
(fisheries, crab trapping, timber and non-timber mangrove products) and indirect use

value (coastline protection). This research did not valuate non-use value.

2.5 Economic valuation methods
Vithayaveroj (2003) indicated that there were several methods of evaluation

environmental valuation, they were:

2.5.1 Market price or productivity

This method was a basis of environmental valuation with concept that
environmental and natural resources were input in production process, which would
affect product price and quantity. The followings are three valuation methods under

this concept:
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1) Production approach

Goods and services produced by the environment are transacted in the
market place and can be used to estimate the economic value. Thus, for example, the
value of forest products harvested, net costs can be estimated. To adequately use this
technique, the physical changes in environmental characteristics on the marketed
goods due to the proposed activities would need to be traced. Therefore, for example,
the quantity of different species of fish caught are dependent on mangroves, and the
species that may be affected if an area of mangrove were to be reclaimed. This,
together with the price at which they are sold commercially, can be used to estimate
the economic value, net costs of fishing, to estimate net benefits of commercial
fisheries supported by a unit area of mangroves. Market price can also be used as a

proxy for estimating the economic value of subsistence fisheries (Lal, 2003).

2) Opportunity cost approach

The opportunity cost method simply uses market prices to estimate the
value derived from using a resource in one particular way, often, simply preserving it
by examining the value of alternative uses. In other word, it estimates unpriced goods
and services from preservation by measuring the benefits forgone by not using the
same resource for other more consumptive uses. Thus, the costs of preserving forests
for a national park rather than harvesting them for timber would be measured by using
the forgone income from selling timber. This approach measures what has to be given
up for the sake of preservation and thereby takes this as at least a minimum value for
the preserved resource if it continuous be preserved.

The opportunity cost approach is a very useful technique when benefits
of certain uses, such as preservation, protection of habitats, cultural or historical sites

and aesthetics, cannot be directly estimated (Gareth and et.al., 2000).

3) Earnings approach

Where human health is affected by air or water pollution, the economic
cost of pollution is estimated using the loss in earnings approach, plus the cost of
medical expenses. Lal (2003) captures the chronic health effects, which may not result

in actual loss in earnings. Nor does it reflect the true cost of pollution on society.
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Where human life may be lost, value of human life is estimated using insurance

premiums people are willing to pay.

2.5.2 Surrogate market approach

Surrogate market approach was to use market price of substitution goods or
complementary goods as a surrogate of evaluating resources and environmental.

There were several evaluations as follows:

1) Travel cost method

The recreational and aesthetic value of mangroves could be estimated
using how much people are willing to pay to visit a site. Note that this method relies
on the actual expenses incurred by the recreational user to derive a market demand for
the resource and from which an appropriate economic value for the recreational
experience is estimated. The actual expenditure itself is not equal to the economic
value of recreational experience (Lal, 2003). The sum of the cost of traveling,
including the opportunity cost of time, and any entrance fee gives a proxy for market
price in estimating demand for the recreational opportunity provided by the site under
investigation. By observing these costs and the number of trips take place at each of
the range of prices, it is possible to derive a demand curve for the particular site being
visited (Gareth et.al., 2000).

2) Hedonic method

This method relies on people’s willingness to pay for a good, which
often depends on its characteristics. Thus, for example, the price that is paid for a
house not only depends on its size, but also on its location, e.g. whether it is in a
highly polluted area, or near an industrial site where there is excessive air pollution.
Economists use such information to determine the economic value of, for example, air

pollution, or environmental aesthetics.
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3) Replacement cost approach

This method was to study the impact of change in environmental
quality and the cost of maintaining the well being. For example, loss of forest area
caused flood problem and the consequence is people have to pay for house repair
every time a flood occurred. This expenditure might be used as a value of losing
forest area.

The replacement cost method assumes that it is possible to find
substitutes for environmental goods and ecosystem services. The cost of replacing a
function of an ecological system with a human engineered system is used as a
measure of the economic value of the function itself. However, the validity of the
method depends on the fulfillment of three conditions. The conditions that must be
met are the following (Sundberg, 2003):

1. The human engineered system provides functions that are equivalent
in quality and magnitude to the ecosystem service.

2. The human engineered system is the least cost alternative way of
replacing the ecosystem service.

3. Individuals in aggregate would in fact be willing to incur these costs
if the ecosystem service was no longer available.

Spurgeon (2002) stated the preferred method for valuation is generally
the lower of damage costs avoided and the replacement cost approach. In Egypt, the
situation is complicated by the fact that land values are artificially low. Although land
is currently occasionally traded at higher prices, this information is extremely difficult
to come by. The coast erosion function in Egypt is thus best determined using the
replacement cost approach, based on the cost of replacing the erosion function of the
mangroves, should the mangroves disappear. At many locations the mangroves may
have no erosion protection function because there is little wave action (e.g. in
protected bays) and because of the hard nature of the shoreline. In other locations,
there may be erosion, but the consequence of losing some coastal land is insignificant,
particularly in the south where there is little development. On the other hand, in
ecologically important sites (e.g. national parks) and in developed coastal areas, the
value of land may be significant. Estimated current value that was the costs for

providing a suitable simple protection structure at Nabg may be in the order of US$
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75/m. This is based on the cost of coast protection elsewhere along the Sharm El
Sheik coast, but somewhat reduced given the relatively low wave energy at the site.
Given that the length of mangroves along the Nabq coast is around 7,000m, and that
there are 52.5ha of mangroves in Nabq, this gives a one-off value (assuming no
maintenance cost) of around US$ 10,000/ha. This equivalent to US$ 1,000/ha/yr (in
perpetuity) based on 10% discount rate.

Cesar and Chong (2005) stated the replacement cost is used to value
the ecosystem service of coastal protection. Data on investments to control coastal
erosion are used as a proxy for the coastal protection service of healthy coral reef. The
cost of replacing the coral reef with protective constructions, such as revetments and
underwater wave breaker, is used. Example, in Tarawa Atoll in Kiribati, coastal
defenced costing US$90,720 has to be built to prevent coastal erosion and a case in
Bali Indonesia, where coastal protection expenditures of US$ 1 million were spent
over several years for 500 meter of coastline protection.

Sathirathai and Barbier (2001) estimated the value of coastline
protection and stabilization for the mangroves around Tha Po village in Thailand, to
be US$ 35,000/ha. This is equivalent to US$ 3,680/ha/year over 20 years at 10%
discount rate. The valuation was based on the costs of providing an offshore
breakwater to provide the same function (US$ 875/meter of coast), and an assumption

that 1/3 of the mangroves along the coast provided this function.

4) Damage costs

In the absence of coastal protection, the monetary damage to property
and infrastructure from surge and storms can be enormous. Hence, the damage cost
approach uses the value of the expected loss of the “stock at risk” as a straightforward
proxy for the value of the coastal protection service. Cesar and Chong (2005) used the
cost of land loss as a proxy for the annual cost of coastal erosion due to coral mining
in Sri Lanka. Depending on land price and use, these costs are between US$160 and
US$172,000/km of reef per year.
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5) Preventive expenditures approach

This method was to study that when there was a change in
environmental quality, what decreasing or increasing expenditure consumer had.
These changing expenditure were used as environmental value. For example, if tap
water quality decreased consumers might invest to buy water filters. Or whose air
quality made consumers use air conditioners. So expenditure on water filters or air
conditioners might be used to express drinking water quality or air quality. For
example, after mangroves are reclaimed, one may need to establish a seawall to
prevent the erosion of the coastal areas. The cost of the seawall could be used as
equivalent to the value of the storm buffering services provided by the mangrove
forests. A similar approach can be used to determine the nutrient-filtering services
valued by humankind, where the cost of establishing a solid-waste filtering device is

used as a proxy (Lal, 2003).

2.5.3 Survey base technique

1) The contingent valuation method (CVM)

This method was to estimate environmental values simply by asking
people, usually via some form of questionnaire, to state what they are willing to pay
(WTP) for an environmental benefit or what they are willing to accept (WTA) in
compansation for a loss. The questionnaire format thus simulates a hypothetical
(contingent) market of a particular good, for example landscape quality. In effect,
individuals are asked reveal their indifference between sums of money (know as bids
or responses) and the supply of the good in question. Average bids can then be
summed for the relevant affected population to give a final value for the good under
study. Its popularity can be attributed to two features. First, although it requires a
certain amount of survey work, it dose not require the huge amount of data necessary
for many of the other techniques and it relies on relatively simple estimation
techniques. Second, and perhaps more significantly, it may, in theory, be applicable to
all goods and services, including use and non-use values, and, it is the only developed
technique available for the evaluation of non-use values. This makes it particularly
significant both economically and philosophically (Gareth et.al., 2000).
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In this study valuation of mangrove forest used market price method for direct
use value because products of mangrove forest such as fishery product, timber and
non-timber product had buying-selling and exchanging in the market and could be
used to estimate the economic value. For indirect use value, Klong Tam-ru
community utilized mangrove forest which prevented their house from surge and
erosion. In addition, fisherman’s boat was protected from surging while fishing.
Therefore, without mangrove forest they required to replace the protective function of
the ecosystem, such as the costs of constructing and maintaining seawall for
protecting storm and erosion. Therefore, this study estimated indirect use by
replacement cost method. Direct use value and indirect use value were combined and

represented total benefits of mangrove forest at Klong Tam-ru sub-district.

2.6 Project analysis theory

Basic economic problems of all countries are the limitation of resources such
as labor, land, cost and natural sources. Natural resources should be effectively
utilized to be products and services for the highest net benefit on investment.
However, social demands are varied, uncertain and endless so it is necessary to
effectively utilize and economize existing natural resources. In the meantime, it
should be mostly consistent with demands or holistic purpose. Hence, prior to make
decision of using natural resources for the highest benefit. One way to analyze
economic effectiveness of natural resource utilization is feasibility study of the
project. Project analysis is one method to present effectiveness of natural resource
utilization and economization under specific purpose or social demand in convenient
and proper pattern because there are the estimation on the whole benefits and costs of
the project (Chanprapai, 2005).

Salverda and Hawkins draw a distinction between financial values and
economic values:

e A financial cost-benefit analysis is made from the perspective of a
person, group or unit directly involved in the project: a farm, for example. Only
expenses that will be made by the farm and benefits that will accrue to the farm (e.g.
not including the externalities) are taken into account in a financial analysis; this

makes a financial CBA much simpler to calculate.
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e An economic cost-benefit analysis takes the broader perspective of
society. This has various implications for calculating costs and benefits. First of all,
all costs and benefits are taken into account, including externalities (costs and benefits
that are attributable to the project but are borne or enjoyed by third parties). Secondly,
in calculating prices, it is not the market price of a cost or benefit is used but the
so-called real price, or its value to society. These prices are also called shadow prices,
opportunity costs, etc. For example, in calculating labor costs, the opportunity cost of

this labor should be used.

Economic CBA is especially important in environmental economics, because
it focuses on the value of the environment to society or a wider group of stakeholders.
It can often occur that the financial analysis turns out to be unprofitable, but the
economic analysis turns out to be profitable. For example, a forest that is conserved
without logging can be unprofitable for the owner; the forest has to be maintained but
does not generate any direct revenues. But to the wider group of stakeholders, the
benefits enjoyed by the forest, water provision, tourism, wildlife, biodiversity, scenic
beauty, etc. may outweigh the costs. Similarly, maintaining soil fertility may not be
profitable for an individual farm or group of farms, but it may be beneficial for the
whole community or area. An economic cost benefit analysis may give researchers a
bargaining tool to convince policy makers to invest in environmentally sound
practices. Nevertheless, a positive economic analysis does not mean individual farms
are profitable, so the practices involved may not be very attractive for the farmers to
adopt, and may require subsidies from society to encourage the farmer to invest in
such environmentally sound practices that lead to benefits that accrue to society and
not just the farmer.

2.6.1 Costs and benefits

Cost benefit analysis (CBA) is the most common method of economic project
and policy appraisal. CBA is a decision tool which judges projects according to a
comparison between their costs (disadvantages) and benefits (advantages). If a project
shows a net benefit, it can be approved, and different projects can be ranked according

to the size of their net benefit. Therefore, a project or policy is accepted if:
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[Ba-Ca] >0

Where: Ba = benefits of project A (including environmental benefits)

Ca = costs of project A (including environmental costs)

For CBA to be analytically sound, it should compare a given project to the
most likely outcome in the absence of the project. This is because resources that go
into a project have alternative uses. If they were not used up in a particular project
they could be used for other purposes, some of which would have a positive rate of
return. Where resources (inputs) have alternative uses they cannot, obviously, be
regarded as free or as uniquely earmarked or destined for the project in hand. Each
input has an opportunity cost, and should contribute in output to the project at least as
much as it could produce in the next best alternative (opportunity cost is the foregone
benefit or opportunity lost from undertaking a particular project).

Therefore, it is not sufficient for the net benefits of A to be positive. Because
the opportunity cost of undertaking project A must also be accounted for, the
opportunity cost of choosing option A is therefore the net foregone benefits of option
B (the next best alternative). The net benefits of A (NBa) must exceed the net benefits
of B (NBD) if A is to be the preferred option.

NBa-NBb >0

For example, consider two alternative mangrove management strategies.
option A, conversion to aquaculture, and option B sustainable traditional use. If the
mangrove is to be cleared for aquaculture (option A), the direct costs of conversion
(e.g. clearing the mangrove area and setting up ponds) and the foregone benefits
(opportunity cost) of the converted mangrove should be included as part of this
option’s costs. Without conversion, the mangrove could have been conserved closer
to its natural state through limited and sustainable use (option B). Foregone benefits
associated with option A may include the loss of important environmental functions
(e.g. support to near shore fisheries and shoreline stabilization) and resources (e.g.
forest products and wildlife) (Bann, 1998).
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2.6.2 Discounting

The value of US$ 100 now is not the same as US$ 100 in one year’s time. If
someone gave you the option: take the US$ 100 in cash now, or wait one year and
then take it, what would you prefer? Generally, people would rather have something
right away than wait for it. They are only willing to wait for something, if a bigger
reward is promised. So, you might opt for US$ 150 in one year’s time instead of US$
100 now. This is the consumption side of time preference.

There is also an investment side of time preference. The US$ 100 can be
invested and in one year’s time a profit might be expected. The rate of time
preference, or discount rate, is often equated to the interest rate. But a discount rate
can also be picked, for instance on the basis of certain expected or required rate of
return. The value of all costs and benefits will not affect the results in the terms of our
evaluation criteria: the NPV will not change its sign although the absolute magnitude
will differ depending on what year’s prices are used (Bojo et.al., 1992).

Many economists use discount rates from 8%-12%. Discounting is used in
CBA to compare costs and benefits over time. All costs and benefits are brought back
to the starting time. With the rates of 8-12%, a timeline of 25 years is usually applied
(Salverda and Hawkins, n.d.).

Gutman et.al. (2000) literatured on discounting is rich in alternative
perspectives and suggestions. A number of views regarding the correct way to
discount in economic analysis are as follows:

e To use a discount rate that reflects the social rate of time preference or the
rate at which people discount future consumption (on the order of 1-3% in many
cases).

e To use a discount rate that accommodates both the social rate of time
preference and the opportunity cost of capital (anywhere from 2-12%).

e To use the private sector rate of return as an indicator of the opportunity
cost of public funds (roughly 16-20%).
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2.6.3 Net present value

The sum of all discounted costs and benefits is called the net present value
(NPV). This sum reflects how much the project will earn. If the NPV is negative,
clearly the costs outweigh the benefits and the project is not economically feasible.

The NPV value can be calculated from (Mmopelwa, 2005);

n
NPV = I (B-C) 1

Where; B; is benefits in year t
C; is the costs in year t
r is the discount rate
t is the life of the activity or period of analysis (1,2,....,n)

The selection criterion for the NPV is to accept all independent activities with
a net present worth of zero or greater when discounted at a suitable discount rate. The
residual value (the value of an asset remaining unused at the end of the activity) was

added to the benefit stream.

2.6.4 Benefit-cost ratio
The benefit-cost ratio (BCR) is the present worth of the benefit stream divided

by the present worth of the costs stream. The formula for calculating the BCR is:
n
T By(1+r)"
BCR= 1

n
> Cd(1+1)!
=1

Where; all the variables are as explained in the NPV.

The selection criterion for the BCR is to accept all independent activities with
a BCR of 1 or greater when discounted at a suitable opportunity cost of capital
(Mmopelwa, 2005).
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2.6.5 Internal rate of return
The internal rate of return (IRR) is the discount rate at which the net present
value of a project is equal to zero, e.g. discounted benefits equal discounted costs. The

general IRR formula is as follows:

n (Bi-Cy
Yy —— =0
t=1 (1+IRR)"

Where; all the variables are as explained in the NPV.

A project is potentially worthwhile if the IRR is greater than the test discount
rate. If projects are mutually exclusive, this rule would suggest that the project with
the highest IRR should be chosen.

This research studied economic value of mangrove forests and compared with
net benefits from commercial shrimp farm and salt pans by using cost-benefit
analysis. Then, the viability of conversion of mangrove areas to shrimp farm and salt
pans was determined by using net present value (NPV), benefit-cost ratio (BCR) and
the internal rate of return (IRR). Three percent discount rate an infinite life was
assumed for mangrove forests. Commercial shrimp farm and commercial salt pans
were discount at 8% with also infinite production life for financial cost-benefit
analysis. Three percent discount rate was also assumed for economic cost-benefit

analysis of conversion of mangroves to shrimp farm and salt pans.

2.7 Related researches

Prapamontol (2001) studied the contingent valuation method applied to
conservation of fishery resources in Bung Lahan wetland, Chaiyaphim province. The
results indicated that 38.3% of the sampled households were households having over
50% of the total income derived from fisheries in Bung Lahan. The mean and the
median value which fishery households revealed their willingness to pay for
conservation of fishery resources in Bung Lahan were 417.16 and 259.04

Baht/household/year respectively. The total value which 4,035 households altogether
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in the study area were willing to pay for conservation of fishery resources in Bung
Lahan was 1,683,240.60 baht/year. In comparison, fishery households benefited
20,349.2 baht/household/year on average from capture fisheries in Bung Lahan. The
total benefit which 4,035 households altogether derived from this wetland was
82,109,022 baht/year. The research calculated benefit of fisheries from Bung Lahan
by using market price method that could be applied to valuation the net benefit by
market price method of fishery from mangrove forest.

Vithayaveroj (2003) valuated use value (value of fishery resource) from
seagrass beds by considering the net benefit of fishery. The study sample comprised
of 70 fishermen on Pha Ngan Island. The net benefit of fishery from seagrass beds
was 2,179,150.07-6,346,090.72 baht/year.

Chanprapai (2005) studied comparative analysis on economic return from
Rhizophora apiculata (R.apiculata) plantations for conservation and commercial
purposes. The result showed that the R.apiculata plantation for conservation purposes
had a net benefit less than for commercial purposes. The R.apiculata plantation for
conservation purposes had the minimum and maximum present value of the net
economic return in the 30™ year at -33,030 to -6,905 bath/ha and -28,917 to 29,581
bath/ha, respectively. The benefit came mainly from the carbon storage value. For
commercial purpose, benefit depended on patterns of wood use and carbon storage.
The present value of net economic return in the 30" year varied according to the
pattern of wood use: 100% charcoal production value was between 96,864 and
186,256 bath/ha, 99% charcoal production and 1% construction material, the
minimum was 135,878 to 262,943 baht/ha and the maximum was 153,046 to 296,689
bath/ha. 100% construction material, the minimum was 900,321 to 1,765,511 bath/ha
and the maximum was 1,358,105 to 2,665,357 bath/ha.

Chinoresyotin (2000) studied valuation of direct use benefits from fisheries,
the benefits from recreation and significances of Bung Borapat for different user.
Researcher used change productivity method for the valuation of economic benefits
from water uses in agriculture and fisheries. The sample size was 90 households from
3 amphurs which directly use the resource from Bung Borapat. For the recreation
benefit, travel cost approach was used in the studied, with 200 tourist sample. The

significances of Bung Borapat for different users in different places was considered
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by the number of benefit activities households and average net income from
households, utilizing natural resources in Bung Borapat. The study found that the total
direct uses benefits of Bung Borapat was 67,926,646.3 baht, including 36,898,640.0
baht from recreation, 13,356,122.0 baht from fisheries and 14,671,884.3 baht from
water uses in agriculture.

Ngamlertnaphaphorn (2001) studied comparison of economic benefit of
marine shrimp culture in seawater irrigated and non-irrigated areas at Kung Krabaen
bay. Thirty-seven farmers from seawater irrigated and 23 farmers from non-irrigated
areas were selected for interview in this study. The results were shrimp farmer in
seawater irrigated had total cost was 327,637.08 baht, net income was 328,027.03, net
profit over cash cost was 287.088.65 baht and return rate on fixed cost was 15.01.
And shrimp farmer in non-seawater irrigated had total cost was 324,231.61 baht, net
income was 300,871.08, net profit over cash cost was 260,292.91 baht and return rate
on fixed cost was 14.40. The study revealed that shrimp farmers in seawater irrigated
areas were successful more than in non-irrigated areas. Total cost, net income, net
profit over cash cost and return rate on fixed cost were found slightly different
because the environment cost from farming in non-irrigated areas was excluded. If the
environment cost was include, the real cost of farming in non-irrigated areas would be
higher.

Maneejak (2005) assessed the economic value of Aow Kungkrabaen
mangrove forest by appraising the direct use value of fishery derived from the net
income by market valuation method and indirect use value in term of the wind break
with replacement cost method and being a feeding source for water animals. The
result of the study has revealed that the direct use value of mangrove forest was
8,349,260 baht per annum; the indirect use value of being a feeding source for water
animals was 50,699,028 baht per annum and 14,392,800 baht per annum for the result
of wind break valuation. In terms of analysis on economic cost-benefits, the economic
suitability in changing the mangrove forest to shrimp farm was unfound with current
net value, at discount rate of 8 and 12, totaling -51,995,208 and -38,202,732 baht per

annum, respectively.
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Wongusata (2000) studied the valuation of mangrove plantation on the new
mudflat area. The result showed that the fixed cost of project was 8,810.80 bath/rai
with a benefit-cost ration less than 1. The project was not profitable. The total income
from Avincennia alba Bl and Sonneratia caseolaris Engler was 28,215 bath/rai, while

Rhizophora mucronata Poir and R.apiculata Bl was 17,325 bath/rai.
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CHAPTER III
METHODOLOGY

This research was a survey research focusing on the economic valuation and
local people’s conservation of mangrove forest. The methodology can be described as

follow:

3.1 Population

Population in this research was persons who were the head or the member of
house who could give the information. That person must be over 20 years and had
settled close to the mangrove forest area at Moo 1 (Ban Na-klua), Moo 4 (Ban Klang)
and Moo 6 (Ban Pak-klong) in Klong Tam-ru sub-district, Muang district, Chonburi
province. The population in this study was divided into 3 groups as follows:

3.1.1 Mangrove forest user group such as fishery, crab trapping and timber
non-timber mangrove products

3.1.2 Commercial shrimp farm and commercial salt pan group

3.1.3 Mangrove forest non-user group that did not utilize mangrove forest

directly and did not do commercial shrimp farm and salt pans

3.2 Sample size and selection
3.2.1 Sample size
This study used Taro Yamane’s formula to calculate the size of sampling. The

formula was as follows (Yamane, 1973):

n = N
1+ N(e)?
Where:n = Sample size
N = Population size

e Sampling error (= 0.10)
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3.2.2 Sampling
According to Yamane’s equation, the populations were sampled by using the
number of household from Moo 1 (Ban Na-klua), Moo 4 (Ban Klang) and Moo 6
(Ban Pak-klong) in Klong Tam-ru sub-district, Muang district, Chonburi province.
The population sampling was divided into 2 groups each was randomly sampled as
follow:
3.2.2.1 The local people who were mangrove forest user, commercial
shrimp farm and salt pan groups with total number of 51 samples (Table 3-1).
3.2.2.2 The local people who did not directly utilize mangrove forest
and did not belong to commercial shrimp farm and salt pan group with total number
of 109 samples (Table 3-2).

The number of samples was shown as below:

Table 3-1 Number of households and samples of mangrove forest user, commercial

shrimp farm and salt pan group

G The number of The number of
roup
households samples
Fishery 227 16
Commercial shrimp farm 1 20
Commercial salt pans Wi > 15
Total 64 51

*Data from Tambon Administrative Organization

**Data from survey
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Table 3-2 Number of households and samples of the local people who did not directly

utilize mangrove forest and did not belong to commercial shrimp farm and

salt pans group

The number of

The number of

Village
households samples
Moo 1 Ban Na-klua 1,448 73
Moo 4 Ban Klang 352 19
Moo 6 Ban Pak-klong 133 17
Total 1,933 109

* Data from Chonburi Statistical Office

The data collection used accidental sampling which collected any qualified

respondent encountered.

3.3 Instrument of the study

Tool of the research was the questionnaire for studying economic valuation of

mangrove forest and studying attitude and participation of local people in the

conservation of mangrove forest. The data was collected from 2 sample groups and

the contents as follow:

e First questionnaire for the mangrove forest user group and the commercial

shrimp farms and salt pan group (appendix A) contained 4 sections which were:

Section 1: Socio-economic including age, sex, monthly income, occupation,

marital status and education.

Section 2: Mangrove forest utilization including fishery, fishery product and

timber and non-timber mangrove product.

Section 3: Operating and investment of shrimp farm and salt pan.

Section 4: Attitude and participation in conservation of mangrove forest.
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e Second questionnaire for the non-user mangrove forest group (appendix B)
contained 2 sections which were:

Section 1: Socio-economic including age, sex, monthly income, occupation,
marital status and education.

Section 2: Attitude and participation in conservation of mangrove forest.

3.4 Data collection

3.4.1 Primary data were collected by questionnaire from local people who
lived surround mangrove forest at Klong Tam-ru sub-district, Muang district,
Chonburi province.

3.4.2 Secondary data were collected from mangrove management chonburi

department and other related sources.

3.5 Data analysis

3.5.1 Valuation of direct use value

The direct use value was estimated from direct use by local people such as
fishery, crab trapping and timber and non-timber mangrove product. This study

valuated net benefit from mangrove forest by market price method.

The direct use value = net benefit from mangrove forest

A=32(PiQi-Cy)

Where; A = Net benefit (baht per rai per year)
Pi = Price of products
Qi = Quantity of products
Ci = Cost of collecting products

i = Product
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3.5.2 Valuation of indirect use value

This study assessed indirect use value which confined to coastline protection
only and used the replacement cost approach. The approach assumed that areas along
the coastline without mangroves cover were resulted in erosion, and then required
breakwater construction to protect the coastline. Klong Tam-ru community similarly
utilized mangrove forests which prevented their house from surge and erosion. In
addition, fisherman’s boat was protected from surging while fishing. In this area there
have been no evidence of heavy storm, flooding or extreme damage. Therefore, from
this utilize (indirect use) of mangroves, replacement cost method can be applied by
estimating the construction and operation cost of seawall to provide the same function
to prevent erosion and provide wind-break and in turn used this number as benefit of
mangrove forests in term of wind-break and erosion protection (baht per rai of

mangrove forests).

3.5.3 Cost-benefit analysis
Economic cost-benefit analysis was done by comparing costs and benefits,

including externalities.

3.5.3.1 Economic cost-benefit analysis of mangrove forest

Cost at existing state only was expense incurred from conservation
activities.

Benefits of mangrove forest (baht per rai per year) included direct use
and indirect use assuming that service life of mangrove forest was infinite.

Social opportunity cost of fund that shall be used in discounting in
economic CBA in this study was assumed to be 3%. It is a common practice to use
low discount rate in economic CBA for project related to health, environment and

natural resource while the social discount rate is higher for analyzing physical project.

3.5.3.2 Financial cost-benefit analysis of shrimp farm
Cost was total cost of shrimp farm.
Benefit was income (baht per rai per year) from commercial shrimp

farm assuming infinite production life of commercial shrimp farm.
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In this study, 8% discount rate will be used in financial CBA. The
opportunity cost of fund for farmer in 2006 was more or less equal to the borrowing
rate charged by Bank for Agriculture and Agricultural Cooperatives which was

approximately 8%.

3.5.3.3 Financial cost-benefit analysis of salt pans
Cost was total cost of salt pans.
Benefit was income from commercial salt pans (baht per rai per year)

assuming infinite production life of commercial salt pans.

3.5.3.4 Economic cost-benefit analysis when converting of
mangroves to shrimp farm
Cost was total cost of shrimp farm which included external cost
(treatment cost such as sludge restored pond will be used as proxy value of external
cost of shrimp farm) and benefit of mangrove forests.
Benefit was income (baht per rai per year) from commercial shrimp

farm.

3.5.3.5 Economic cost-benefit analysis when converting of
mangroves to salt pans
Cost was total cost of salt pans which included externality cost and loss
of benefit of mangrove forests.

Benefit was income (baht per rai per year) from commercial salt pans.

3.5.4 Analysis of converting mangroves to shrimp farm and salt pan

Socially optimal use of mangrove forests was judged by comparing net benefit
among competing alternatives and selected one with the highest net economic benefit.
Net present value (NPV), benefit-cost ratio (BCR) and internal rate of return (IRR)

were used to compare projects as follows:
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- Net present value (NPV)
n n
NPV = = By(1+r) '- = Cy(1+r) ™
t=1 t=1

Where; Bt was benefits in year t
Ct was the costs in year t

r was the discount rate

t was the life of the activity or period of analysis (1,2,....,n)

In some cases such as conservation project infinite life of project was assumed

with constant annual receipts and outlays. Present value of an annuity with infinite life
can be calculated as follow (Piputsitee, 1997):

o0
RSN A Y = (1+r)/r
=0
(1+r)"

The formula to calculate NPV with infinite life was as follows;

o0
P=A*R = A*X _1
t=0 )
(1+r)
Where; P was net present value
A was an annual benefit every year
R was annuity discount factor

r was discount rate

This study used discount rate of 8% in part of financial cost-benefit analysis,
which was considered as the lending discount rate. For economic cost-benefit analysis

was used discount rate of 3%, which was considered appropriate for project related to
environmental goods and services.
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- Benefit-cost ratio (BCR)

n

¥ By/(1+r)"
BCR= t1
n

> Cd(1+1)!
=1

Where; B was benefits in year t
Ct was the costs in year t
r was the discount rate

t was the life of the activity or period of analysis (1,2,....,n)

- Internal rate of return (IRR)

n o (Bi-Cy
> ———— =0
=1 (1+IRR)"

Where; all the variables were as explained in the BCR.

3.5.5 Conservation of mangrove forests by local people

The study on the attitude and participation of local people in the conservation
of mangrove forests used the questionnaire for interviewed local people which were
divided into 3 groups that were:

e Mangrove forest user group

e Commercial shrimp farm and salt pan group

e Mangrove forest non-user group who did not directly utilize mangrove
forest and did not belong to commercial salt pans and shrimp farm group

Then after the completion of questionnaires, each one was coded and then
recorded in computer. Finally, these were analyzed by SPSS (Statistic Package for the
Social Sciences) for windows. Frequency, percentage and descriptive statistics will be
employed to explain each group’s attitude and participation in the conservation of

mangrove forests.
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CHAPTER IV
RESULTS AND DISCUSSION

The results of study of economic valuation of mangroves forests were

presented in 7 sections;

4.1 Socio-economic characteristics of sample groups
4.1.1 Mangrove forest user group
4.1.2 Commercial shrimp farm and salt pan group
4.1.3 Mangrove forest non-user group
4.2 Benefit of direct use value
4.2.1 Fishery
4.2.2 Tourism (service for watching dolphin)
4.2.3 Crab trapping
4.2.4 Timber and non-timber mangrove products
4.2.5 Total value of direct use
4.3 Benefit of indirect use value as coastline protection
4.4 Economic cost-benefit analysis of mangrove forest
4.5 Net benefit of commercial shrimp farm
4.5.1 Cost of commercial shrimp farm
4.5.2 Comparative net benefit from conversion of mangrove areas to
commercial shrimp farm
4.6 Net benefit of commercial salt pans
4.6.1 Cost of commercial salt pans
4.6.2 Comparative net benefit from conversion of mangrove areas to
commercial salt pans
4.7 The attitude and participation of local people in the conservation of

mangrove forests
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The data collection has been done during November - December 2006. A total
of 184 samples were sampled including 16 samples of fishermen, 14 samples of
people who trapped crab, 8 samples of people who harvested timber mangrove
products, 2 samples of people who harvested non-timber mangrove products, 15

samples of salt farmers, 20 samples of shrimp farmers and 109 samples of non-users.

4.1 Socio-economic characteristics of sample groups
The sample groups of this research were divided into 3 groups that were
mangrove forest user group, commercial shrimp farm and salt pans group and

non-user group and each group had characteristic as follow;

4.1.1 Mangrove forest user group (included fisherman, crab trapper and
collector of timber non-timber mangrove products)

The result of study showed that 64.7% of mangrove forest users group were
male. Majority of the age range were 41-50 years old (41.2%), were married (82.4%),
had number of household’s members at 5-8 people (54.5%) and finished primary
school (58.8%). The main occupation was fishery (32.4%) and hiring (20.6%).
Sample group did have secondary occupation (35.3%) which crab trapping was
accounted for 25.0%. Sixty point seven percent had monthly income of 5,000-10,000
baht per month (Table 4-1).

4.1.2 Commercial shrimp farm and salt pans group

Commercial shrimp farm group

The result of study showed that only 15.0% of the salt farmer group was
female. Majority of the age range were 31-40 years old (44.5%), were married
(80.0%) and had 5-8 people in the household (55.0%). They had primary school
diploma while equal percentage had junior high school diploma (42.1%). Forty-five
percent of shrimp farmer group had secondary occupation. Ninety-three point eight
percent had monthly income at 5,000-10,000 baht per month (Table 4-1).
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Commercial salt pans group

The result of study showed that 53.3% of salt farmer group was male.
Majority of the age range were 41-50 years old (35.7%), were married (71.4%), had
1-4 people in household (64.3%) and finished primary school (40.0%). Salt farmer
group with secondary occupation was accounted for 26.7%. Fifty-eight point three
percent of them had monthly income at 5,000-10,000 baht per month (Table 4-1).

4.1.4 Mangrove forest non-user group that did not utilize mangrove forest
directly and did not do commercial shrimp farm and salt pans

The result of study showed that 71.6% of non-users group were female.
Majority of the age range was 41-50 years old (36.1%), were married (73.2%), had
number of household’s member at 1-4 people (61.3%) and finished primary school
(48.1%). The main occupation was hiring (37.0%), private business or merchant
(27.8%) and housewife or retirement (25.0%). Seven point three percent of sample
group did have secondary occupation which hiring accounted for 50.0%. Thirty one
point six percent had monthly income of 5,000-10,000 baht per month while equal
percentage had monthly income lower than 5000 baht (Table 4-1).
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Table 4-1 General characteristics of sample groups

Sample groups

Factors Utilized
Shrimp farmer Salt farmer Non-user
mangroves
Person Per person Per person Per person Per
centage centage centage centage
Sex
Male 22 64.7 17 85.0 8 53.3 31 28.4
Female 12 35.3 3 15.0 7 46.7 78 71.6
Age (year)
20-30 5 14.7 2 11.1 1 Tl 16 14.8
31-40 9 23.5 8 44.5 4 28.6 26 24.1
41-50 14 41.2 5 27.7 5 35.7 39 36.1
51-60 3 8.8 3 16.7 0 0.0 8 7.4
Over 60 4 11.8 0 0 4 28.6 19 17.6
Status
Single 4 11.8 4 20.0 3 21.4 17 15.7
Married 28 82.4 16 80.0 10 714 79 73.2
Divorce/widow 2 59 0 0.0 1 7.1 12 111
Number of
household’s family
(persons)
1-4 12 36.4 9 45.0 9 64.3 65 61.3
5-8 18 54.5 11 55.0 5 35.7 37 34.9
More than 8 3 9.1 0 0.0 0 0.0 4 3.8
Education
No education 1 2.9 0 0.0 1 6.7 4 3.8
Primary school 20 58.8 8 42.1 6 40.0 51 48.1
Junior high school 7 20.6 8 42.1 2 13.3 21 19.8
Senior high school 5 14.7 2 10.5 4 26.7 20 18.9
Diploma/certificate 1 2.9 0 0.0 0 0.0 5 4.7
Bachelor’s degree 0 0.0 1 5.3 2 13.3 5 4.7
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Sample group

Factors Utilized
Shrimp farmer Salt farmer Non-user
mangroves
Person Per person Per Person Per person Per
centage centage centage centage
Main occupation
Fisherman/crab trapping 11 32.4 0 0.0 0 0.0 0 0.0
Harvest mangrove product 2 5:9 0 0.0 0 0.0 0 0.0
Shrimp farmer 1 29 5 75.0 0 0.0 0 0.0
Salt farmer 0 0.0 0 0.0 12 80.0 0 0.0
Civil servant/employee 0 0.0 0 0.0 1 6.7 9 8.3
Merchant 5 14.7 0 0.0 1 6.7 30 27.8
Hiring 7 20.6 0 0.0 0 0.0 40 37.0
Student 0 0.0 0 0.0 0 0.0 2 1.9
Housewife/retirement 5 14.7 0 0.0 0 0.0 27 25.0
Other 0 0.0 0 0.0 1 6.7 0 0.0
More than 1 occupational 3 8.8 5 25.0 0 0.0 0 0.0
Secondary occupation
Did 12 853 9 45.0 4 26.7 8 7.3
Occupation
Fishery/animal capture 3 25.0 2 22.2 0 0.0 0 0.0
Salt farmer 0 0.0 0 0.0 2 50.0 0 0.0
Civil servant/employee 0 0.0 1 LI 0 0.0 0 0.0
Merchant 0 0.0 3 33.3 2 50.0 3 37.5
Hiring 7 58.3 3 33.3 0 0.0 4 50.0
Other 2 16.7 0 0.0 0 0.0 1 125
Monthly income
(Baht/month)
Lower than 5000 4 14.3 0 0.0 0 0.0 30 31.6
5,000-10,000 17 60.7 15 93.8 6 58.3 30 31.6
10,001-20,000 3 10.7 1 6.2 2 16.7 18 18.9
20,001-30,000 1 3.6 0 0.0 3 25.0 9 9.5
30,001-40,000 3 10.7 0 0.0 0 0.0 4 4.2
40,001-50,000 0 0.0 0 0.0 0 0.0 2 2.1
More than 50,001 0 0.0 0 0.0 0 0.0 2 2.1
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4.2 Benefit of direct use value

Sample group who utilized mangroves in Klong Tam-ru sub-district, Muang
district, Chonburi province were local people utilizing mangroves as coastal fishery,
servicing tourist watching dolphin around estuary, crab trapping which mostly was
secondary occupation and harvesting timber and non-timber mangrove products. The

results were as followed:

4.2.1 Fishery

Most of the fishery group stayed in moo 6 (Ban Pak-klong). They had done
fishery for 26 years on average using their family labor. They did coastal fishery
approximately 2-15 kilometers from the coast. They fished during January to
September while due to windy condition from October to December there was less

quantity of fish. The products were sold to the merchant.

Figure 4-1 Fishery village

Marine animals that fishermen caught were trash fish, anchovy, squirrelfish,
mullet, snappers, western king prawn, banana prawn, giant tiger prawn, and smooth
shelled swimming crab. The main product was trash fish and sold to merchant for
producing animal food product. Total average quantity of trash fish was 20,655
kilogram per household per year, shrimp was 2,377 kilogram per household per year,
large size fish was 324 kilogram per household per year and crab was 4 kilogram per

household per year. Therefore, total benefit of fishery was equal to 271,717 baht per
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household per year (Table 4-2) and total benefit equaled to 5,977,774 baht per year or

equaled to 4,981 baht per rai per year.

Table 4-2 Yield and total benefit of fishery per household per year

Products Quantity Average price Total benefit
(kg/household/year) (baht/kg) (bath/household/year)
Trash fish 20,655 5.5 113,603
Shrimp 2,377 63.8 151,612
Large size fish 324 20.0 6,482
Crab 4 6.0 21
Total 271,717

4.2.1.1 Cost of fishery

Cost of fishing could be categorized into 2 types as follow;

Initial cost

Initial cost consisted of fishing boat and fishing gear (such as rod and
ring net). The study found that the total initial cost was 69,291 baht per household.
Average cost of fishing boat was 52,462 baht per household and its useful life was 10
years. Average cost of rod was 7,875 baht per household and its useful life was 5
years. Average cost of ring net was 8,955 baht per household and its useful life was 5
years (Table 4-3).

Operating cost

Operating costs of fishery was expenses which consisted of fuel cost,
opportunity cost of household labor, fishing boat maintenance cost, fishing gear
maintenance cost, fishing tax and others cost such as ice for freezing fish.

The study found that the total operating cost was 243,830 baht per
household per year. Average cost of fuel was 135,494 baht per household per year.
One round trip required approximately 20-60 liters of diesel fuel depending on the
size of fishing boat (average price of diesel fuel in 2006 was 26.23 baht per liter).
Average cost of labor was 57,908 baht per household per year. There were 2 types of
labor wages. They were payment as daily labor wage and payment as share of value

of daily catch. Opportunity cost of household labor was 33,207 baht per household
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per year by calculating opportunity cost of labor in household from minimum wage
rate in Chonburi province (August 2005 - December 2006), which was 163 baht per
day. Average fishing boat maintenance cost was 8,909 baht per household per year,
average fishing gear maintenance cost was 6,003 baht per household per year.
Average value of fishing tax was 235 baht per household per year and other
expenditures were 2,074 baht per household per year on average (Table 4-3).

Table 4-3 Cost of fishery per household

Cost of fishery Baht/household
Initial cost
- Fishing boat (useful life 10 years) 52,462
- Rod (useful life 5 years) 7,875
- Ring net (useful life 5 years) 8,955
Total initial cost 69,291

Operating cost (per year)

- Fuel cost 135,494
- Labor wage 57,908
- Opportunity cost of household labor 33,207
- Boat maintenance cost 8,909
- Tool and equipment maintenance cost 6,003
- Fishing tax 235
- Others 2,074
Total operating cost 243,830

4.2.1.2 Net benefit of fishing

From the above, fishery had total benefit 271,717 baht per household
per year, initial cost was 69,291 baht per household and operating cost was 243,830
baht per household per year. Therefore, it could be calculated the net benefit of
fishery over an infinite lifetime period (appendix C). The net benefit of fishery
equaled to 322.36 baht per rai per year. Present value of fishery equaled to 11,068
baht per rai or 13,281,062 baht when multiply with mangroves forest area of 1,200 rali
as showed in table 4-4.



Siriporn Phuviriyakul Results and Discussion / 48

Table 4-4 Value of fishery

Item Value
Net benefit (infinite life time, R 3%)
Net benefit of fishery per mangrove area (baht per rai per year) 322.36

Present value (infinite life time, R 3%)
Present value of fishery (baht per rai) 11,068
Present value of fishery (bath) 13,281,062*

*Total area of mangrove 1,200 rai

** Calculation in appendix C

4.2.2 Tourism (service for watching dolphin)

The Irrawaddy dolphins migrate from the Gulf of Thailand to the Bang
Pakong River in Chachoengsao province every November, where they stay until the
end of February searching for food, a mate and to give birth to their calves. The
Irrawaddy dolphins can live in salt-water, brackish water and freshwater. Ecosystem
of Bang Pakong estuary is salt-water, brackish water and freshwater with mangroves
along the coastline and, thus from natural factors with many food supplies around
Bang Pakong estuary especially catfish, are suit for Irrawadddy dolphins. Without the
mangrove, food supplies around Bang Pakong estuary will be loss which inevitable
affect the dolphin (WWF, 2005). From the mentioned linkage fishermen can earn
extra income by providing dolphin sightseeing tour.

Mangrove forests at Klong Tam-ru sub-district were adjacent to Bangprakong
estuary and connected ecosystem. Some fishermen in Klong Tam-ru did secondary
occupation providing service for watching dolphin. The fishermen set up a group to
establish the pier to serve tourist for watching dolphin and the pier was at moo 6 Ban
Pak-klong. They served dolphin watching on holiday during November — February
using their fishing boat by taking out all their equipment. The average rate of service
was 668 baht per trip and calculated benefit from tourism equaled to 20,603 baht per

household per year.
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4.2.2.1 Cost of tourism

Cost was only operating cost which consisted of pier fee, fuel cost and
opportunity cost of household labor. Cost was not included initial cost because they
already had boat and equipment in their households.

Operating cost

Total costs was 12,208 baht per household per year which consisted of
pier fee at 849 baht per household per year (pier fee per day was 20 baht), the fuel
cost at 6,336 baht per household per year and opportunity cost of household labor at
5,023 baht per household per year as shown in table 4-5.

Table 4-5 Benefit and cost of tourism (service for watching dolphin)

Tourism Baht/household/year
Benefit 20,603
Operating cost

- Pier fee 849

- Fuel cost 6,336

- Opportunity cost of household labor 5,023

Total cost 12,208

Net benefit of tourism 8,394

4.2.2.2 The net benefit of tourism

The net benefit of tourism in term of service tourist for watching
dolphin could be calculated by deducting total cost from benefit and it equaled to
8,394 baht per household per year. Total value per year equaled to 92,337 baht which
calculated from total household that provided service. The value per mangroves area
was calculated from net benefit of tourism per year divided with mangroves area

equaled to 76.95 baht per rai per year (as shown in table 4-6).
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Item Value
Net benefit of tourism per household 8 304
(baht per household per year) ’
Net benefit of tourism
92,337*
(bath per year)
Net benefit of tourism per mangrove area
: 76.95**
(baht per rai per year)

* There were servicing dolphin watching 11 households

**Total area of mangrove 1,200 rai

4.2.3 Crab trapping

Local people mostly trapped crab as secondary occupation when they did not

do their work. The equipment for trapping crab were the trapped can which they made

by themselves.

Figure 4-2 Trapped can

They put trapped can in the mangroves in the morning and picked up in the

evening. Average quantity of crab was 5 kilogram per time. Therefore, benefit of crab

trapping equaled to 27,000 baht per household per year (table 4-7).

Table 4-7 Yield and total benefit of crab trapping per household

Product Quantity Average price Total benefit
(kglyear) (baht/kg) (bath/year)
crab 540 50 27,000
Total 27,000
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4.2.3.1 Cost of crab trapping

Cost of crab trapping consisted of operating cost which was trapped
can and opportunity cost of household labor.

Operating cost

The cost of crab trapping was low because they used can for trapping
and average cost of trapped can was 7,020 baht per household per year. Opportunity
cost of household labor which calculated from minimum wage rate in Chonburi
province (August 2005 - December 2006) was 163 baht per day (or 20.37 baht per
hour). Opportunity cost of household labor calculated from the working times which
they spent to set trapped can in mangroves. The average was 4 hours per day and
therefore, opportunity cost of household labor equaled to 8,802 baht per household

per year as shown in table 4-8.

Table 4-8 Benefit and cost of crab trapping per household

Item Baht/household/year
Benefit 27,000
Operating cost
- Trapped can 7,020
- Household labor 8,802
Total cost 15,822
Net benefit of crab trapping 11,178

4.2.3.2 The net benefit of crab trapping

Calculating the net benefit of crab trapping by deducted total benefit
with total cost of crab trapping equaled to 11,178 baht per household per year. The
value per year equaled to 156,492 baht per year which calculated from total
households that did crab trapping and then value per mangroves area was calculated
by divided value per year with mangroves area which equaled to 130.41 baht per rai

per year (table 4-9).



Siriporn Phuviriyakul Results and Discussion / 52

Table 4-9 Net benefit of crab trapping

Item Value
Net benefit of crab trapping per household
PRINg P 11,178
(baht per household per year)
Net benefit of crab trapping
156,492*
(bath per year)
Net benefit of crab trapping per mangrove area
. 130.41**
(baht per rai per year)

* 14 households trapped crab

**Total area of mangrove 1,200 rai

4.2.4 Timber and non-timber mangrove products

From survey, local people harvested product from mangroves namely wood
(timber product) and nipa leaves (non-timber product). The group which harvested
timber and non-timber mangrove products was mostly the fishermen group. They cut
wood for sell to merchant traders in quantities depending on the order from merchant
traders. For nipa leaves, they harvested for sewing to make thatches. Total benefit
from timber and non-timber product was 840 baht per household per year and 10,800
baht per household per year, respectively (as shown in table 4-10). The equipment for
collecting the products consisted of knives and boat which they had in their
households.

Table 4-10 Quantity and total income of timber and non-timber mangrove products

per household

Products Quantity Price Total income
(unit per year) | (baht per unit) | (bath per year)
Timber
- Wood (trunk) 70 12 840
Non-timber

- Nipa leaves (bundle) 360 30 10,800
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4.24.1 Cost of harvesting timber and non-timber mangrove

products

Cost of harvesting timber and non-timber mangrove products consisted
of operating cost which was equipment, collecting fee and opportunity cost of
household labor.

Operating cost

For the cost of harvesting timber mangrove products, there was only
opportunity cost of household labor because they had equipment and boat in their
household which could calculate opportunity cost of household labor from minimum
wage rate in Chonburi province (August 2005 - December 2006). That was 163 baht
per day. Opportunity cost of labor to harvest timber mangrove products was 163 baht
per household per year because they harvested on average once time a year.

For cost of harvesting non-timber mangrove products, they were
expenses for equipment that use for sewing to make thatches equaled to 320 baht per
year, collecting fee equaled to 2,000 baht per year and opportunity cost of household
labor equaled to 5,868 baht per household per year which were more than opportunity
cost of household labor of harvesting timber products because they did sewing
thatches as main occupation (table 4-11).

Table 4-11 Benefit and cost of timber and non-timber mangrove products

Baht/household/year
Item Timber Non-timber
product product
Benefit 840 10,800
Operating cost
- Equipment 0 320
- Collecting fee 0 2,000
- Opportunity cost of household labor 163 5,868
Total operating cost 163 8,188
Net benefit of mangrove products 677 2,612
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4.2.4.2 Net benefit of Timber and non-timber mangrove products

From above, deducting total cost from total benefit of each product, the

net benefit of timber mangrove products was 677 baht per household per year or

equaled to 5,400 baht per year (shown in table 4-12). The net benefit of non-timber

mangrove products was 2,612 baht per household per year or equaled to 5,224 baht

per year (shown in table 4-12). Therefore, the total value of timber and non-timber

mangrove products was 10,624 baht per year. Then, dividing by mangrove area of

1,200 rai obtained the value of timber and non-timber mangrove products per

mangroves area equaled to 8.85 baht per rai per year as shown in table 4-12.

Table 4-12 Total value from timber and non-timber mangrove products

Value
Item Timber non-timber
product product
Net benefit of mangrove products 677 2,612
(baht/household/year)
Net benefit of mangrove products 5,400* 5,224**
(baht/year)
Total net benefit of mangrove products
(baht/year) St
Total net benefit of mangrove products per p—_—

mangrove areas (baht/rai/year)

* 8 households harvested timber mangrove product
** 2 households harvested non-timber mangrove product

***Total area of mangrove 1,200 rai
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4.2.5 Total value of direct use

The direct use value of mangrove forests at Klong Tam-ru sub-district can be
summarized as in table 4-13 which were value of fishery equaled to 322.36 baht per
rai per year or 386,831 baht per year, value of tourism (servicing dolphin watching)
equaled to 76.95 baht per rai per year or 92,337 baht per year, value of crab trapping
equaled to 130.41 baht per rai per year or 156,492 baht per year and value of
harvesting timber and non-timber products equaled to 8.85 baht per rai per year or
10,624 baht per year. Therefore, direct use value of mangrove forest at Klong Tam-ru
sub-district could be summed up to 538.57 baht per rai per year or 646,284 baht per
year. The present value of the annuity of the aforementioned amount at 3% discount
rate equaled to 18,491 baht per rai or equaled to 22,188,871 baht by multiply with
mangroves area of 1,200 rai (Table 4-13) and calculation of present value was in

appendix C.

Table 4-13 Net benefit and present value of direct use value of mangrove forest

i PV of mangrove forest
Net benefit :
g (3% discount rate,
Benefit of mangrove forest iy /
infinite lifetime)
Baht/railyear | Baht/year Baht/rai Baht
Direct use value
- Fishery 322.36 386,831 11,068 13,281,062
- Tourism 76.95 92,337 2,642 3,170,215
- Crab trapping 130.41 156,492 4,477 5,372,840
- Timber and non- 8.85 10,624 304 364,754
timber products
Total 538.57 646,284* 18,491 22,188,871*

* Total area of mangrove 1,200 rai

Table 4-13 showed total direct use value of mangrove forests at Klong Tam-ru
sub-district at 646,284 baht per year (including fishery, tourism, crab trapping and
mangroves products). Comparing with the result of Maneejak (2005) who assessed

the direct use value at Aow Kungkrabaen mangrove forests showed value at
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8,349,260 baht per annum (including value of fishery), it was found that total direct
use value of mangrove forests at Klong Tam-ru was lower than direct use value at
Aow Kungkrabaen because Klong Tam-ru sub-district was near industrial area and
the city. As a result, local people no longer do traditional occupation (fishermen, crab
trapping and harvest mangroves product for using in household). They changed
occupation to work in industrial sector. Therefore, value of direct uses of mangrove
forests at Klong Tam-ru sub-district was rather low. But, value in term of direct use
may be higher if Tambon Administrative Organization will encourage other tourism
activities such as building pathway along mangroves for recreation and education,
which based on eco-tourism concept.

4.3 Value of indirect use (coastline protection)

For the value of coastline protection function of mangroves a replacement
method was applied. This research selected a protection structure from Bangsan
coastline in Chonburi province because Bangsan coastline was closed to Klong
Tam-ru mangroves. Then both sites should have same character and were affected by
similar energy of wave and therefore, structure of seawall at Bangsan coastline should
be suitable for the site. Data from San-suk Municipality (2006) provided the unit cost
of breakwater at Bangsan beach at 30,323 baht per meter for preventing waves and
erosion. The length of mangroves along the Klong Tam-ru coast is around 6,000
meters and, therefore, value of mangroves as coastline protector was around
181,938,000 baht.

Sathirathai (2004) referred to the Cabinet Resolution of 15 December 1987
stated that based on ecological studied, it is necessary to preserve mangrove forests
with at least 75 meters along the coastline in order to stabilize the shore. The length of
mangroves along the Klong Tam-ru coast is around 6,000 meters and, therefore, there
are 450,000 square meters of mangroves at Klong Tam-ru protected coastline which
value equaled to 181,938,000 baht. Then, it can be calculated value mangroves at 404
baht per square meters or 646,891 baht per rai (1 rai equal to 1,600 square meters).
Over an infinite lifetime period and 3% discount rate, the annualized value of
coastline protection function of mangroves was 18,842 baht per rai per year as in
table 4-14.
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Table 4-14 Indirect use value of mangrove forest

Item Indirect use value

Net benefit
Net benefit of coastline protection (baht per rai per year) 18,842

Present value (infinite life time, R 3%)
Present value of coastline protection (bath per rai) 646,891
Present value of coastline protection (bath) 776,268,800*

* Area mangrove 1,200 rai

4.4 Economic cost-benefit analysis of mangrove forest

For economic cost-benefit analysis of mangrove forest, cost was expense from
conservation activities of Klong Tam-ru mangroves and benefits of mangroves were
mangroves goods (directly use) and mangrove services (indirectly use). Mangrove
Forests Resource Development 5" Station, Chonburi (2005-2006) provided the
average cost of conservation Klong Tam-ru mangrove activities at 527 baht per rai
year. Benefits of mangroves were estimated from total direct use value of mangrove at
539 baht per rai per year and indirect use value (coastline protection function) at
18,842 baht per rai per year. Then, assuming project life of mangrove forest
conservation was infinite life time with 3% discount rate, it could be calculated
present value of mangrove forest cost equaled to 18,093 baht per rai, direct use value
equaled to 18,491 baht per rai and indirect use value equaled to 646,891 baht per rai

as shown in table 4-15.
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Table 4-15 Cost and benefit of mangrove forest

tem Value Present value*
(baht/railyear) (baht/rai)
Cost
- Cost of conservation mangroves 527 18,093
activities in Klong Tam-ru
Benefit
- Direct use value 539 18,491
- Indirect use value 18,842 646,891
Total mangrove benefit 19,380 665,381

* Present value was calculated based on infinite life time and 3 % of discount rate

Then, deducting present value of total benefit with present value of cost, the
result showed net present value of mangrove forest conservation (with total mangrove
benefit) equaled to 647,288 baht per rai or 776,745,482 baht (total mangrove area
1,200 rais) as shown in table 4-16. If considered economic CBA of mangrove forests
with only direct use value, the present value was 397 baht per rai or 476,682 baht
(total mangrove area 1,200 rais) (table 4-16). The economic CBA of mangrove forests
conservation indicated that it was worthwhile to conserve the mangroves even if

considered only direct use value.

Table 4-16 Economic cost-benefit analysis of mangrove forest

tem Economic CBA
of mangrove forest

Direct use value only

Present value (3% discount rate) (baht/rai) 397

Present value (3% discount rate) (baht) 476,682*
Total value

Present value (3% discount rate) (baht/rai) 647,288

Present value (3% discount rate) (baht) 776,745,482*

* Mangrove area 1,200 rai
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4.5 Net benefit of commercial shrimp farm

Commercial shrimp farming in Klong Tam-ru sub-district was distributed
around moo 1 (Ban Na-klua), moo 4 (Ban Klang) and moo 6 (Ban Pak-klong). The
system of shrimp farming in Klong Tam-ru sub-district was extensive system. Shrimp

farmer had one shrimp pond per household with average pond size of 29 rai per farm.

Figure 4-3 Commercial shrimp farming in Klong Tam-ru sub-district

Shrimp farmer in Klong Tam-ru bred shrimp and crab. Some farmer bred only
shrimp, some bred only crab and some bred shrimp together with crab but majority of
them bred shrimp with crab (in this research called all that shrimp farming). For the
source of larvae, shrimp larvae were natural larvae or added stock shrimp larvae while
for crab they were added stock crab larvae. Food feeding was natural feed or added
food (they added food 1-2 times per week). For shrimp farmer can harvest around 5-6
crops per year and around 3-4 crops per year for crab. The average yield of shrimp
products were 1,550 kilogram per household per year (or average was 287 kilogram
per crop) and the average price was around 80-150 baht per kilogram. Average yield
of crab products were 983 kilogram per household per year (or average was 269
kilogram per crop) and the average price was around 130-250 baht per kilogram. The
benefit of shrimp farming was 397,482 baht per household per year (shown in table

4-17) or equaled to 13,612 baht per rai per year.
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Item Baht/household/year Baht/railyear
Benefit
- Shrimp 198,141 6,786
- Crab 186,230 6,378
- Fish (by-product) 8 111, 449
Total benefit 397,482 13,612

The result of commercial shrimp farming showed that yield of shrimp product
was low (only 287 kilogram per crop) when compared with yield of shrimp farming in
non-irrigated areas at Kung Krabaen Bay at 1,957 kilogram per crop
(Ngamlertnaphaphorn, 2000). The yield at Klong Tam-ru was much less than shrimp
yield at Kung Krabaen Bay. The operation of commercial shrimp farming at Kung
Krabaen Bay was intensive system with high rate of shrimp larvae stocked (150,000-
400,000 shrimp per crop) and food feeding (4-5 times a day) while the farmers in
Klong Tam-ru sub-district were extensive farm which were natural shrimp farming.
Some farmer used natural larvae or some used low stocked of shrimp larvae (around
75,000-250,000 shrimp per crop) and low frequency food feeding (1-2 times per

week). In addition, farmers in Klong Tam-ru did not use drug, chemical and vitamin.

45.1 Cost of shrimp farm

Cost of shrimp farm could be categorized into 2 types as follow;

4.5.1.1 Initial cost

Initial cost was cost from initial investment consisted of equipment and
construction such as pond construction, sluice gate, water pumping and other
equipment.

The result showed that the total initial cost was 118,926 baht per
household or 4,073 baht per rai (from average shrimp farm area 29 rai). Average cost
of pond construction was 62,409 baht per household and sluice gate was 25,917 baht
per household. Water pumping machine was around 27,550 baht per household but
there were some farmers using the tides controlled by sluice gates. Tools and

equipment for harvesting shrimp and crab were stainless frame, spoon net and ring
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net. Average cost of all equipment was 3,050 baht per household (Table 4-18). The
average useful period of water pumping machine, sluice gates and equipment was 5
years.

4.5.1.2 Operating cost

Operating cost consisted of expense which incurred every year such as
shrimp larvae, crab larvae, fuel, food, labor, tea seed powder, maintenance cost,
dredging mud cost land fee and opportunity cost of land.

The result found that the total operating cost was 235,573 baht per
household per year or equaled to 8,068 baht per rai per year (from average shrimp
farm area 29 rai). Average cost of shrimp larvae was 19,620 baht per household per
year. The average rate of shrimp larvae per crop was 90,833 shrimps and the price of
shrimp larvae was around 0.04 baht per larvae. Average cost of crab larvae was
59,553 baht per household per year. The average rate of crab larvae per crop was 196
kilogram and the price of crab larvae was around 83.2 baht per kilogram. Farmer fed
food around 1-2 times per week and average feeding cost was 26,192 baht per
household per year but there were some farmers who used natural feeding. Average
fuel cost was 16,299 baht per household per year. The labors in commercial shrimp
farm were household labor and hired labor. The main labor was their household labor.
The opportunity cost of household labor was calculating by using minimum wage rate
in Chonburi province (August 2005 - December 2006), which equaled to 163 baht per
day and, therefore, opportunity cost of household labor was 72,018 baht per
household per year. Shrimp farmer sometimes hired labor for harvesting and selecting
product size. Some of shrimp farmers in Klong Tam-ru used tea seed powder for
preventing fishes from eating shrimp larvae. Tea seed powder is harmless to shrimp
and the cost of tea seed powder was 1,150 baht per household per year (used once a
year), but farmer did not used chemical, drug and vitamin at all. The maintenance cost
was 7,396 baht per household per year and they had to dredge pond around 1-2 times
per year with average cost of 9,456 baht per household per year. Average land fee was
283 baht per household per year. Opportunity cost of land was around 9,591 baht per
household per year (table 4-18).
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Table 4-18 Cost of commercial shrimp farming

Item Baht/household Baht/rai
Initial cost

- Pond construction 62,409 2,137
- Sluice gate (useful life was 5 years) 25,917 888
- Water pumping (useful life was 5 years) 27,550 943
- Equipment (useful life was 5 years) 3,050 104

Total initial cost 118,926 4,073

Operating cost (per year)

- Shrimp breeding 19,620 672

- Crab breeding 59,553 2,039
- Food 26,192 897
- Fuel 16,299 558
- Transport 819 28
- Labor 13,195 452

- Household labor 72,018 2,466
- Tea seed powder 1,150 39
- Maintenance cost 7,396 202
- Dredging mud 9,456 324
- Land fee 283 10
- Opportunity cost of land 9,591 328

Total operating cost 235,573 8,068

Total cost 354,498 12,140

4.5.2 Comparative net benefit from conversion of mangrove areas to
shrimp farm

This section undertook financial cost-benefit analysis of shrimp farm

and economic cost-benefit analysis when conversion of mangrove areas to

commercial shrimp farm.
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4.5.2.1 Financial cost-benefit analysis of shrimp farm

Cost of commercial shrimp farm included initial cost at 4,073 baht per
rai and operating cost at 8,068 baht per rai per year. Benefit of shrimp farm included
income from commercial shrimp farm which was 13,612 baht per rai per year. From
the cost and benefit, and financial CBA with infinite life production and discount rate
8%, the net present value was 59,451 baht per rai and BCR was 1.537 and IRR was
136% (shown in appendix D). The result of financial CBA of shrimp farm showed

that it was financially attractive to invest (table 4-19).

4.5.2.2 Economic cost-benefit analysis of conversion mangroves to

shrimp farm

Economic cost-benefit analysis included externality cost (external cost
in this research used water treatment cost as proxy value of external cost of shrimp
farm) and included net benefit of mangrove forests as cost of shrimp farm when
converted the mangroves area. The survey found that shrimp farming in study site was
extensive system and minority of shrimp farmer used tea seed powder (only 3 farms
and they used once a year) and tea seed powder was natural product which was not
harmful to the environment and quickly decomposed (Thanbuppha, 1981). The
literature review showed that in extensive system, disease outbreaks are rare, due to
low stocking densities and supplementary food (Ronnback, 2001). As a result,
extensive shrimp farming had less problem of water discharge, and, the external cost
incurred from water discharged could be said to be quite insignificant but
consequence of converting mangroves to commercial shrimp farm would be loss of
benefit from mangroves that local people utilized. Therefore, cost of conversion
mangrove areas was calculated from total cost of commercial shrimp farm and cost of
lost benefit of mangrove forest goods and services.

Economic CBA in the research consisted of initial cost at 4,073 baht
per rai, operating cost at 8,068 baht per rai per year, cost of lost benefit of mangroves
from direct use at 539 baht per rai per year and cost of lost total benefit of mangroves
at 19,380 baht per rai per year. As for benefit of conversion mangroves to commercial
shrimp farm, income from commercial shrimp farm was 13,612 baht per rai per year.

From total cost and benefit, it could be estimated economic CBA of conversion
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mangroves to shrimp farm (appendix D) that when considering only lost of direct use
value, net present value was 142,521 baht per rai, BCR was 1.458 and IRR was 102%.
When considering total mangroves value net present value was -559,158 baht per rai,
BCR was 0.448 and IRR was indetermined.

The result indicated that economic CBA which considered cost from
losing total benefit of mangroves into account showed that conversion of mangroves

to commercial shrimp farm was not worthwhile (table 4-19).

Table 4-19 Summarize cost-benefit analysis of commercial shrimp farm and

conversion mangroves to commercial shrimp farm

Economic CBA of conversion
Item Financial CBA mangroves to shrimp farm
of shrimp farm (R =3%)
(R =8%) Only Direct use and

direct use indirect use
Net present value 59,451 142,521 -559,158
BCR 1.537 1.458 0.448
IRR 136% 102% -

*Calculation in appendix D

4.5.2.3 Comparative net benefit from conversion of mangrove areas
to shrimp farm

Although financial CBA indicated that commercial shrimp farming was
financially attractive to investment and even if considered cost of losing benefit from
mangroves that utilization by local people (direct use value), the result was still
economically attractive because the utilization by local people was small and gave
less benefit of directly value of mangroves. But, when included coastline protection
value (indirect use value), it was not economically worthwhile to convert mangroves
to commercial shrimp farm because total value of mangroves was higher than
commercial shrimp farm. Therefore, mangrove forest should be conserved rather than
conversion to commercial shrimp farm. In addition, benefit of mangroves in this

research was only partial benefit of mangroves, therefore, if combined other benefits
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of mangroves (such as carbon sequestration and nursery ground for fisheries etc.) into
cost of conversion mangrove to commercial shrimp farm, it was certain that it was not

worthwhile to convert mangroves to commercial shrimp farm.

4.6 Net benefit of commercial salt pans

Commercial salt pans in Klong Tam-ru sub-district was located in moo 1 (Ban
Na-klua) and salt farmer did salt pans for 21 years on average. The process simply
used evaporation of sea water to extract salt from sea water. The progressive
evaporation of sea water was underwent in large open ponds using solar heat and
wind. Commercial salt pans depended on weather conditions which was suited during
winter or dry season. Farmer did salt pans 1-2 times per year on average depending on
the weather and the cycle to do salt pans was 4-6 months. The average farm area was
36 rai per household where farms were divided into several plots. Each plot was used
for various processes to produce salt but the plots that produced salt product was only

4 plots.

Figure 4-4 Commercial salt pans in Klong Tam-ru sub-district

The unit of salt product was called kwien where 1 kwien equaled to 1,500
kilogram. Quantity of salt product was on average 68 kwien per plot per year.
Quantity of salt product per household per year was on average 397 kwien
(approximately 595.5 ton per household per year). The average price of salt was 997
baht per kwien and therefore, benefit of salt pans was 395,265 baht per year or
equaled to 10,859 baht per rai per year as shown in table 4-20.
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Table 4-20 Total benefit of salt farming per household

Products Quantity Average price | Total income | Total income
(kwien/year) (baht/kwien) (bath/year) (bath/railyear)
Salt 397 997 395,265 10,859

4.6.1 Cost of salt pans

Cost of salt pans could be categorized into 2 types as follow;

4.6.1.1 Initial cost

Initial cost of salt pans was initial investment including pond
preparation, barn construction and water pumping machine. Others cost was
equipment for preparation plot and harvesting salt product such as spade, board,
wheel vehicle and roller machine.

The result showed the total initial cost was 186,356 baht per household
or 5,118 baht per rai (from average salt pans area 36 rai). Average cost of pond
construction was 67,399 baht per household, barn construction was 74,557 baht per
household and water pumping machine was 23,400 baht per household. The average
of other equipment cost was 21,000 baht per household (Table 4-21). The average
service life of water pumping machine and other equipments was 5 years.

4.6.1.2 Operating cost

Operating cost was expense that incurred every year consisted of cost
of electricity, fuel, labor, household labor, maintenance cost, opportunity cost of land
and land fee.

The result found that the total operating cost was 222,193 baht per
household per year or equaled to 6,102 baht per rai per year (from average salt pans
area 36 rai). The average cost of electricity was 2,533 baht per household per year.
Average cost of fuel was 16,324 baht per household per year (used average price in
the year 2006 of diesel fuel price, which was 26.23 baht per liter). For labor wage of
salt pans, there were 2 types; permanent employee and temporary employee. Average
cost of labor wage was 44,573 baht per household per year. Temporary employee
were hired for digging shallow canal, preparing salt plots, harvesting salt, carrying

salt into barn and packing salt product. Average cost of household labor was 60,688
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baht per household per year by calculating opportunity cost of labor in household
from minimum wage rate in Chonburi province (August 2005 - December 2006),
which equaled to 163 baht per day. Average maintenance cost was 14,833 baht per
household per year. Average cost of land fee was 350 baht per household per year and
opportunity cost of land was 82,540 baht per household. The payment of land lease
could be in money or salt products (around 25-80 kwien per year) (Table 4-21).

Table 4-21 Cost of commercial salt pans

Item Baht/household Baht/rai
Initial cost
- Construction pond 67,399 1,852
- Barn construction 74,557 2,048
- Water pumping (useful life was 5 years) 23,400 643
- Equipment (useful life was 5 years) 21,000 577
Total initial cost 186,356 5,118
Operating cost (per year)
- Electricity 2,533 70
- Fuel 16,324 448
- Labor 44,573 1,224
- Household labor 60,688 1,667
- Maintenance cost 14,833 407
- Land fee 350 10
- Opportunity cost of land 82,540 2,276
Total operating cost 222,193 6,102
Total cost 408,549 11,220

4.6.2 Comparative net benefit from conversion of mangrove areas to
commercial salt pans
This section undertook cost-benefit analysis by of commercial salt

pans and conversion of mangrove areas into salt pans.
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4.6.2.1 Financial cost-benefit analysis of salt pans

The cost of salt pans included initial cost at 5,118 baht per rai and
operating cost at 6,102 baht per rai per year. Benefit of salt pans was 10,859 baht per
rai per year. For the financial cost-benefit analysis (appendix E) with infinite life
production of commercial salt pans and discount rate 8%, net present value of salt
pans was 48,493 baht per rai, BCR was 1.556 and IRR was 92% (table 4-22). Thus,
result of financial CBA showed that commercial salt pans was financially attractive to

invest.

4.6.2.2 Economic cost-benefit analysis when converting mangroves
to salt pans

The cost of conversion mangroves to salt pans were total cost of
commercial salt pans and cost from lost benefit of mangrove goods and service
because of conversion of mangroves to salt pans. For external cost of salt pans, there
had been no report about environmental problem. Gammage et.al. (2001) stated that
the expansion of salt production has resulted in a direct loss of mangrove coverage.
The external costs of deforestation, drainage interruption, habitat and biodiversity loss
impact primarily upon the surrounding community and the marine fisheries.
Therefore, external cost of conversion mangroves to salt pans was only loss of goods
and services from mangroves when mangroves were converted to agricultures. Total
cost consisted of initial cost of commercial salt pans at 5,118 baht per rai, operating
cost at 6,102 baht per rai per year, lost of benefit from directly use of mangroves was
539 baht per rai per year and cost of lost total benefit of mangroves was 19,380 baht
per rai per year. The benefit was income from commercial salt pans that was 10,859
baht per rai per year. Thus, from data of total cost and total benefit of salt pans, the
economic CBA when converting mangroves to salt pans (appendix E) was shown in
table 4-22. When considering only direct use value, net present value was 114,508
baht per rai, BCR was 1.463 and IRR was 69%. And, if considering with direct and
indirect value, the net present value was -587,170 baht per rai, BCR was 0.381 and
IRR could not be estimated.

The result of economic CBA when converting mangroves to salt pan

indicated that, considering only direct mangrove value, commercial salt pans was still
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profitable, but this included only partial benefit of mangroves. If considering cost of
total benefit of mangroves (both direct use and indirect use benefit) into account,

conversion of mangroves to commercial salt pans was not worthwhile (table 4-22).

Table 4-22 Summarize cost-benefit analysis of commercial salt pans and conversion

mangroves to commercial salt pans

Economic CBA of conversion
Item Financial CBA mangroves to salt pans
of salt pans (R =3%)
(R =8%) Only Direct use and

direct use indirect use
Net present value 48,493 114,508 -587,170
BCR 1.556 1.463 0.381
IRR 92% 69% -

* Calculation in appendix E

4.6.2.3 Comparative net benefit from conversion of mangrove
areas to salt pans

The result of cost-benefit analysis of commercial salt pans and cost-
benefit of commercial shrimp farm was similar. The commercial salt pans was
financially attractive to invest and if including benefit from mangroves (direct use
value) that utilized by local people in economic CBA, the result was still
economically worthwhile. But, when considering total benefit of mangroves from
both benefit from mangroves that directly utilized and benefit from coastline
protection (indirect use value), the result of economic CBA indicated that it was not
economically worthwhile to convert mangroves to commercial salt pans because total
value of mangroves exceeded that of commercial salt pans. Therefore, mangrove
forests should be conserved.

In addition, benefit of mangroves in this research was only partial
benefit of mangroves, therefore, if combined other benefits of mangroves into cost of
conversion of mangroves into commercial farm, it was affirmed that was not

worthwhile to convert mangroves to commercial shrimp farm and salt pans.
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4.7 The attitude and participation of local people in the conservation of

mangrove forest

This research interviewed 3 groups of local people namely directly utilized
mangrove group, conversion of mangroves to commercial farming group and
non-user group who did not utilize mangrove forest and were not belong to
commercial farmer group. The 34 samples from utilized mangrove group were
fishermen, crab trapping and harvesting mangrove products. The 35 samples were
from conversion of mangroves to commercial shrimp farm and salt pans group. The

109 samples were taken from the non-user group. The study results were as follows:

4.7.1 Participation in the conservation of mangrove forest

The utilized mangroves group had participated in conservation of mangrove
forest (50.0%) with activities such as mangrove planting (94.1%), meeting and
planning in conservation of mangrove (52.9%) and protecting trespasser who
exploited mangroves which equaled to donation money or equipment for activities
(11.8%). The utilized mangroves group had heard about information of conservation
mangrove (88.2%) which, mostly receiving information from community leader
(72.4%) and second, receiving from neighbor (55.2%). For participation in the
conservation of mangrove forest with local conservation group, this group knew about
conservation group (94.1%) and they were member of conservation group (46.7%).
They always participated with conservation group (40.0%), never participated with
conservation group (36.7%) and sometimes participated (23.3%). The activity which
they did with conservation group was planting mangroves tree (100%), releasing fish
or crab (48.1%) and protecting and restoring mangrove (33.3%). People who did not
participate gave reason that they did not have time and news were sometimes not up
to date.

The conversion of mangroves to commercial farm group had participated
(45.7%), and all in the group who participated planted tree (100%) and they attended
meeting and planning about conservation of mangrove (84.2%). The group had heard
about information of local conservation mangrove (94.3%) which, mostly receiving

information from community leader (87.9%) and second, receiving it from neighbor
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(27.3%). For participation in the conservation of mangrove forests with local
conservation group, this group knew about conservation group (97.1%) and was
member of the conservation group (41.2%). They never participated with
conservation group (50.0%), always participated with conservation group (38.2%) and
sometimes participated (11.8%). The activity which they did with conservation group
was planting mangroves tree (93.9%), releasing fish and crab (42.4%) and protecting
and restoring mangrove (24.2%).

Non-user group had participated in conservation of mangrove forest (52.3%)
with activities were mostly planting (85.2%). They heard about information of local
conservation of mangrove forest (89.0%) which mostly, received information from
community leader (75.3%) and second, receiving from neighbor (30.2%). About local
conservation mangrove group, they heard about conservation group (79.6%) and were
member of conservation group (30.7%). They never participated with conservation
group (43.0%), sometimes participated with conservation group (30.2%) and always
participated (26.7%). The activity which they did with the conservation group was
planting mangroves tree (88.9%), releasing fish and crab (51.9%) and protecting and

restoring mangrove (42.0%).
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Table 4-23 The participation in the conservation of mangroves by local people

User group
Participation in the conservation Mangrove Conversion Non-user
of mangrove forest utilization to commercial | (percentage)
by local people (percentage) farm
(percentage)

Participation in conservation of

mangrove forest

- Not participate 50.0 45.7 52.3
Wanted to participate
-No 35.3 73.3 22.6
- Yes 64.7 26.7 77.4

- Participate 50.0 54.3 47.7
Activities
- Planting 94.1 100.0 85.2
- Protecting trespasser who 11.8 15.8 241

exploit mangroves
- Donation in money/equipment 11.8 10.5 27.8
- Meeting/planning in 529 84.2 55.6
conservation of mangrove

Receiving information about local

conservation of mangrove forest

- Never 11.8 5.7 11.0

- Ever 88.2 94.3 89.0
Source
- Community leader 72.4 87.9 75.3
- Neighbor/relation 55.2 27.3 30.2
- Government official 10.3 12.1 115
- Radio broadcast 6.9 9.1 16.7
- Television 27.6 9.1 26.0
- Newspaper 10.3 3.0 10.4
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Table 4-23 The participation in the conservation of mangroves by local people (cont.)

User group

Participation in the conservation of Conversion to Non-user

mangrove forest with local Mfelhgr?ve commercial (percentage)

conservation group tilization farm
(percentage)
(percentage)

Perception about conservation
group
- Not know 5.9 0.0 18.5
- Had no conservation group 0.0 2.9 0.9
- Had conservation group 94.1 97.1 79.6
Member of conservation group
- Yes 46.7 41.2 30.7
-No oo 58.8 69.3

Wanted to be member

-No 70.6 100.0 50.9

- Yes 29.4 0.0 49.1
Frequency to participated with
conservation group
- Never 36.7 50.0 43.0
- Sometimes 23.3 11.8 30.2
- Always 40.0 38.2 26.7
Activities of conservation group
- Planting mangroves tree 100.0 93.9 88.9
- Releasing fish/crab 48.1 42.4 51.9
- Raising young plants 14.8 15.2 27.2
- Protecting and restoring mangrove 33.3 24.2 42.0
- Observing operation of mangrove 6.7 6.1 1.1

elsewhere

- Not know 0.0 9.1 6.2
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4.7.2 The attitude of local people in the conservation of mangrove forest

The utilized mangroves groups attitude about cause of mangrove declination
was cutting off mangrove forest (58.8%), agricultural and aquaculture expansion
(44.1%) and wastewater from household and industry (38.2%). The problem of
mangrove depletion was aquatic animal decreasing (85.3%), coastline erosion
(58.8%) and no breakwater line (55.9%). They thought local people should participate
in conservation because it would save the balance of mangroves ecosystem (58.8%)
and at the same percentage (52.9%) they thought that because mangrove forest was
source of fishery, they wanted to save mangrove for children and it was their duty to
conserve. The approach for mangroves maintenance by local peoplewas replanting
mangrove trees (61.8%), saving mangroves by local people participation (47.1%) and
preventing trespass into mangroves as well as should campaign about mangroves
maintenance among themselves (44.1%). All groups thought that government should
support the activities concerning local conservation of mangroves by advising local
people about mangrove forest (58.8%), managing mangroves area (52.9%) and
rehabilitating and replanting mangroves (50.0%).

The conversion group had attitude about cause of mangrove declination as
wastewater from household and industrial (57.1%), agricultural and aquaculture
expansion (51.4%) and cutting off mangrove forest (48.6%). The problem of
mangrove depletion was aquatic animal decreasing (65.7%), no breakwater line

(48.6%) and damaged mangrove ecosystem 45.7%). All thought that local people

should participate in conservation of mangrove because it would save the balance of
ecosystem (65.7%), it was duty that everyone should do (57.1%) and they wanted to
save for children (51.4%). The method for maintaining mangroves by local people
was replanting mangrove trees (80.0%), preventing trespass into mangroves (45.7%)
and saving mangroves by local people participation (34.3%). This group had attitude
that the government should support local conservation of mangroves (97.1%), by
managing mangroves forest (48.6%), rehabilitating and replanting (42.9%) and should
advice local people about mangrove as well as campaign about mangroves

maintenance (37.1%).
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The non-user group had attitude about cause of mangrove declination as
cutting off mangrove forest (66.7%), wastewater from household and industrial
(50.0%) and agricultural and aquaculture expansion (48.1%). The problem of
mangrove depletion was aquatic animal decreasing (78.0%), damaged mangrove
ecosystem (59.6%) and coastline erosion (56.9%). All thought that local people
should participate in conservation mangrove because it would save the balance of
ecosystem (73.4%), should be saved for children (63.3%) and for recreation place
(52.3%). The method for maintenance mangroves by local peoplewas replanting
mangrove trees (80.7%), preventing trespass into mangroves (51.4%) and saving
mangroves by local people participation as well as campaign about mangroves
maintenance among themselves (48.6%). This group had attitude that the government
should support the activities of conservation (98.2%), by should support by advising
local people about mangrove forest (65.1%), rehabilitating and replanting (57.8%)
and managing mangroves area (49.5%).
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Table 4-24 The attitude of local people on the conservation of mangrove forest

User group
The attitude of local people on the Mangrove Conversion Non use
conservation of mangrove forest utilization mangrove (percentage)

(percentage) | (percentage)

The cause of mangrove declination

- Agricultural and aquaculture expansion 441 514 48.1
- Wastewater from household/industrial 38.2 57.1 50.0
- Cutting off mangrove forest 58.8 48.6 66.7
- Utilization mangroves by local people 8.8 20.0 26.9
- Industrial expansion 5.9 5.7 2.8
- Disaster/storm 235 8.6 0.0
- Not know 0.0 5.7 0.9

The problem when depletion of

mangroves

- Aquatic animal decreasing 85.3 65.7 78.0
- Damaged mangrove ecosystem 50.0 45.7 59.6
- No breakwater line 5589 48.6 50.5
- Coastline erosion 58.8 40.0 56.9
- Not know 5.9 17.1 3.7

Participation in the conservation of

mangrove forest by local people

- Should 100.0 100.0 100.0
Reason
- Saving the balance of ecosystem 58.8 65.7 73.4
- Fishery source 52.9 40.0 50.5
- Saving for children 52.9 51.4 63.3
- Preventing trespasser who exploit 20.6 34.3 31.2

mangroves

- Recreation place 35.3 42.9 52.3
- Duty that everyone should do 52.9 57.1 47.7

- Not know 5.9 8.6 2.0
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Table 4-24 The attitude of local people on the conservation of mangrove forest (cont.)

User Group
The attitude of local people on the Mangrove Conversion Non use
conservation of mangrove forest utilization mangrove | (percentage)
(percentage) | (percentage)
The approach for mangroves maintenance
by local people
- Replanting mangrove trees 61.8 80.0 80.7
- Preventing trespass into mangroves 44.1 45.7 51.4
- Saving mangroves by local people 47.1 34.3 48.6
participation
- Campaign about mangroves maintenance 44.1 22.9 48.6
by themselves
- Helping rehabitate mangroves 5.9 0.0 1.8
- Releasing fish/crab 2.9 0.0 0.9
- No catching aquatic animals larvae 2.9 8.6 1.8
- Not know 2.9 8.6 1.8
The attitude of local people in conservation
and maintaining of mangrove forest
concerning the government
- Should not 0.0 2.9 0.9
- Should 100.0 97.1 98.2
The approach to maintaining and
protecting mangroves by government
- Managing mangroves area 52.9 48.6 49.5
- Rehabilitating and replanting 50.0 42.9 57.8
- Advising local people about mangrove 58.8 37.1 65.1
- Campaign about mangroves maintenance 47.1 37.1 45.0
- Support budget 11.8 314 11.0
- Support seed and plants 2.9 14.3 6.4
- Control wastewater from industrial 5.9 0.0 1.8
- Building pathway along mangrove 0.0 2.9 2.8
- Not know 0.0 5.7 2.8
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When comparing all 3 groups regarding participation in the conservation of
mangrove forest by local people, all groups used to join with equal percentage in
activity such as planting mangrove. Although, commercial shrimp farm group
converted mangroves areas, they did not participate only planting activity but they
also participated in the conservation of mangrove by supporting sustainable shrimp
farm which were extensive farm and stop using chemical. All groups received
information from community leader and from neighbors. The problem to participate
was the receiving of information because information was not circulated through
village and was sometimes out of date. The activity that all groups mostly join was
planting mangroves and next participating in meeting and planning in conservation of
mangrove, which was activity for member of conservation groups. For people who
participated they gave the reasons that conserving the mangrove help maintain
balance of ecosystem. For people who did not participate they did not have time.
People who are member of the group concerned about conservation of mangrove
more than people who were not member because they were trained and educated
about importance of mangrove and they wanted to be example for children in
conservation of mangroves.

Concerning the attitude of local people in the conservation of mangrove forest,
majority of the utilized mangrove group and non-use group thought that cause of
mangrove declination was cutting off mangrove forest, while, majority of the
conversion of mangrove group thought that cause of mangrove declination was
wastewater from household and industrial. Local people had no attitude against
commercial shrimp farm and salt pan, even though they were aware of importance of
mangroves, because commercial farm group encouraged not using chemical for
sustaining local environmental. Majority of all groups thought that mangrove forest
should be saved because preserving ecosystem of mangroves shall keep aquatic
animal abundant. The result showed all groups thought that government should
encourage conservation of mangrove forest. Majority of the utilize mangrove and
non-use group thought that government should advice local people about mangrove
because they were still lack of knowledge about conservation of mangroves. For the
conversion of mangroves group, they thought that government should manage

mangroves area because there were outsiders who exploited the mangroves.
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CHAPTER V
CONCLUSION AND RECOMMENDATION

5.1 Conclusion

This research studied economic value of mangrove forest in Klong Tam-ru
sub-district, Muang district, Chonburi province in term of direct use value and indirect
use value by using market price method and replacement method, respectively. The
conversion of mangrove areas to commercial shrimp farm and commercial salt pan
were then analyzed. The research also studied about attitude and participation of local
people in the conservation of mangrove forest.

The economic value of mangrove forest estimated was total direct use value of
mangrove forest by local people, which included fishery value at 322.36 baht per rai
per year, tourism value at 76.95 baht per rai per year, crab trapping value at 130.41
baht per rai per year and timber and non-timber mangrove products value at 8.85 baht
per rai per year. Therefore, direct use value could be summed up to 538.57 baht per
rai per year and present value of direct use value at 3% discount rate was equal to
18,491 baht per rai or equaled to 22,188,871 baht. As for the indirect use value, the
coastline protection value was 18,842 baht per rai per year with present value equaled
to 646,891 baht per rai. Therefore, the total economic value of mangrove forest in
Klong tam-ru sub-district was 19,380 baht per rai per year and present value equaled
to 665,381 baht per rai. Then, the economic CBA of mangrove forest conservation
(considering only direct use value) was 397 baht per rai or 476,682 baht and
economic CBA of mangrove forest conservation (with total mangrove benefit) was
647,288 baht per rai or 776,745,482 baht. The CBA results indicated that it was
worthwhile to conserve the mangrove even if considering only direct use value.

The financial CBA of conversion of mangrove forest to commercial shrimp
farm with infinite life production at 8% discount rate showed that it was financially
attractive to invest with NPV at 59,451 baht per rai, BCR at 1.537 and IRR at 136%.
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The economic CBA of conversion of mangrove forest to commercial shrimp farm
with infinite life production and 3% discount rate, if considering only lost of direct
use value, the NPV was 142,521 baht per rai, BCR was 1.458 and IRR was 102%.
And if considering total benefit, NPV was -559,158 baht per rai, BCR was 0.448 and
IRR was undetermined which indicated that it was not worthwhile to convert
mangroves to commercial shrimp farm.

The financial CBA of conversion of mangrove forest to commercial salt pans
with infinite life production at 8% discount rate showed that it was financially
attractive to invest. The NPV of salt pans was 48,493 baht per rai, BCR was 1.556 and
IRR was 92%. The economic CBA when conversion mangrove forest to salt pans
with infinite life production at 3% discount rate, if considered only lost of direct use
value showed that NPV was 114,508 baht per rai, BCR was 1.463 and IRR was 69%.
But if considering total benefit of mangrove, NPV was -587,170 baht per rai, BCR
was 0.381 and IRR was undetermined which indicated it was not economically

worthwhile to convert mangroves into commercial salt pans.

The attitude and participation of local people in the conservation of mangrove
forest was divided into 3 groups which were the utilized mangroves group, converting
mangroves into commercial purpose group and non-user group.

The mangrove utilization group had attitude about cause of mangrove
declination as cutting down mangrove forest (58.8%) and problem of depletion of
mangrove as decreasing aquatic animal (85.3%). They mostly participated in
conservation of mangrove forest (50.0%) by planting mangroves tree (94.1%). All of
them thought that local people should participate in conservation because it
maintained the balance of mangroves ecosystem (58.8%), could save mangrove forest
by replanting mangrove trees (61.8%) and all of them thought that government should
support the local activities to conserve mangroves (100.0%) by advising local people
about mangrove forest (58.8%).

The conversion of mangroves to commercial purpose group had attitude about
cause of mangrove declination as wastewater from household and industrial (57.1%)
and the problem of depletion of mangrove as decreasing aquatic animal (65.7%). The

conversion groups had participated in conservation of mangroves (54.3%) and
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participated by planting mangrove tree (100%). All in the group thought that local
people should participate in conservation of mangrove because it would maintain the
balance of ecosystem (65.7%) by replanting mangrove trees (80.0%). This group
thought government should support conservation of mangroves (97.1%) and
government agency should manage mangroves forest (48.6%).

Non-user group had attitude about cause of mangrove declination as cutting
down mangrove forest (66.7%) and the problem of depletion of mangrove as aquatic
animal decreasing (78.0%). Non-user group had participated in conservation of
mangrove forest (47.7%) and activities were planting mangroves (85.2%). All thought
that local people should participate in conservation mangrove because it would
maintain balance of ecosystem (73.4%) by replanting mangrove trees (80.7%). This
group (98.2%) had attitude that government should support the activities of

conservation by advising local people about mangrove forest (65.1%).

5.2 Recommendation
5.2.1 Recommendation for policy implementation

1. Tambon Administrative Organization should publicize information
about conservation and reforestation mangroves in community to encourage local
people to realize the benefit of mangroves and to participate in conservation of
mangrove forests.

2. Total benefit of mangroves especial indirect use values should be
publicized and understood by local people.

3. Children should be especially educated about the importance of
mangroves. Activities such as conservation of mangroves should be mentioned in the
class.

4. The government should cooperate with Tambon Administrative
organization in managing and conserving mangroves by supporting budget, replanting

mangroves and advising local people about mangroves.
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5.2.2 Recommendation for future study

1. Value of indirect use in this research was not included value of
mangrove forests such as carbon sequestration, groundwater recharge and discharge,
waste and pollutants storage, non-use value and other value. Therefore, the future
study should value environmental value which has not been included in this study for
complete economic valuation of mangrove forests.

2. Using other method, such as damage cost to estimated valuation of
coastline protection function to compare the result with this study.

3. Any conversion should consider the total economic values not just
direct use value.

4. Using Remote Sensing to extract various attributes like species,
various products of mangroves used by the local people, assess the distribution and
extent of the mangroves over period of time.

5. Opinion about the expansion of shrimp farm and salt pans at the site

in the future should be examined.
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CALCULATION OF DIRECT USE VALUE

APPENDIX C

Table 1-C Cash flow of fishery (r =3%)

Appendix / 106

Item
(baht/rai/year)
Year
Operating
Benefit Initial cost Total cost | Net benefit
cost
0 0 1,270 0 1,270 -1,270
1 4,981 0 4,470 4,470 511
2 4,981 0 4,470 4,470 511
3 4,981 0 4,470 4,470 511
4 4,981 0 4,470 4,470 511
5 4,981 0 4,470 4,470 511
6 4,981 309 4,470 4,779 203
7 4,981 0 4,470 4,470 511
8 4,981 0 4,470 4,470 511
9 4,981 0 4,470 4,470 511
10 4,981 0 4,470 4,470 511
NPV 2,833

* Considering period of cash flow from longest useful life of fishing boat that was 10 years

From above, net present value of fishery was 2,833 baht per rai which was

equivalent net benefit of fishery of every 10 years. Then, it was possible to calculate

the present value of fishery with infinite lifetime period by discounting every 10 years

(300 years was used because after 300 years the value was stable) as shown in table

2-C.
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Table 2-C Calculation of the present value (PV) of fishery (r =3%)

Year (t) 1/(1+r)" Benefit every NPV
10 years
0 1 2,833 2,833
10 0.744093915 2,833 2,108
20 0.553675754 2,833 1,568
30 0.41198676 2,833 1,167
40 0.306556841 2,833 868
50 0.22810708 2,833 646
60 0.16973309 2,833 481
70 0.126297359 2,833 358
80 0.093977097 2,833 266
90 0.069927786 2,833 198
100 0.05203284 2,833 147
110 0.03871732 2,833 110
120 0.028809322 2,833 82
130 0.021436841 2,833 61
140 0.015951023 2,833 45
150 0.011869059 2,833 34
160 0.008831695 2,833 25
170 0.00657161 2,833 19
180 0.004889895 2,833 14
190 0.003638541 2,833 10
200 0.002707416 2,833 8
210 0.002014572 2,833 6
220 0.001499031 2,833 4
230 0.00111542 2,833 3
240 0.000829977 2,833 2
250 0.000617581 2,833 2
260 0.000459538 2,833 1
270 0.00034194 2,833 1
280 0.000254435 2,833 1
290 0.000189324 2,833 1
300 0.000140875 2,833 0
SUM =PV = 11,068 baht/rai
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The result of present value with infinite time of fishery was 11,068 baht per rai

and could calculate the annualized value of fishery as follow;

P = A*R 1)
Where; P = Present value

A = Annual benefit every year

R = Annuity discount factor

r = Discount rate
o0

R = > = (1+r)/r )
t=0

(+n"
This research used 3% discount rate to calculate an annuity.

R

(a+n/r
(1+0.03)/0.03
34.333

So, annuity discount factor with perpetual life was 34.333.

The present value of the aforementioned amount was 11,068 baht per rai and

the annualized value of fishery could be calculated from the formula (1) as follow;

P = A*R
11,068 = A *34.333
A = 322.36 baht/rai/year

Therefore, the annualized benefit of fishery equaled to 322.36 baht per rai per

year.
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The value of tourism, crab trapping and timber and non-timber can be

computed from the formula (1) as follow;

Table 3-C Calculation of net present value of direct use value of mangrove forest

Net benefit Present value
Item (baht/rai/year) (baht/rai)
A) (R) (P)
Tourism 76.95 34.333 2,642
Crab trapping 130.41 34.333 4,477
Timber and non-timber > - - 304

products
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APPENDIX D
COST-BENEFIT ANALYSIS OF COMMERCIAL SHRIMP FARM

Table 1-D Cash flow of commercial shrimp farm (r =8%)

Item
Year (Baht/rai/year)
Benefit Initial cost Spepng Total cost Net benefit
cost
0 0 4,073 0 4,073 -4,073
1 13,612 0 8,068 8,068 5,545
2 13,612 0 8,068 8,068 5,545
3 13,612 0 8,068 8,068 5,545
4 13,612 0 8,068 8,068 5,545
5 13,612 0 8,068 8,068 5,545
6 13,612 1,936 8,068 10,003 3,609
7 13,612 0 8,068 8,068 5,545
8 13,612 0 8,068 8,068 5,545
9 13,612 0 8,068 8,068 5,545
10 13,612 0 8,068 8,068 5,545
NPV 91,340 59,426 31,914

Therefore, benefit of commercial shrimp farm every 10 years equaled to
91,340 baht per rai per year and cost of commercial shrimp farm every 10 years was
equal to 59,426 baht per rai per year. Then, financial CBA with infinite life
production discounting at 8% every 10 years can be carried out (200 years was used
for estimated because after 200 years the value was stable) as shown in table 2-D.
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Table 2-D Calculation of financial CBA of commercial shrimp farm (r = 8%)

Year (t) 1/(1+r)" Benefit Cost NPV
0 1 91,340 59,426 31,914
10 0.463193 91,340 59,426 14,782
20 0.214548 91,340 59,426 6,847
30 0.099377 91,340 59,426 3,172
40 0.046031 91,340 59,426 1,469
50 0.021321 91,340 59,426 680
60 0.009876 91,340 59,426 315
70 0.004574 91,340 59,426 146
80 0.002119 91,340 59,426 68
90 0.000981 91,340 59,426 31
100 0.000455 91,340 59,426 15
110 0.000211 91,340 59,426 7
120 9.75E-05 91,340 59,426 3
130 4.52E-05 91,340 59,426 1
140 2.09E-05 91,340 59,426 1
150 9.69E-06 91,340 59,426 0
160 4.49E-06 91,340 59,426 0
170 2.08E-06 91,340 59,426 0
180 9.63E-07 91,340 59,426 0
190 4.46E-07 91,340 59,426 0
200 2.07E-07 91,340 59,426 0
NPV 59,451
BCR 1.537
IRR 136%
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Table 3-D Cash flow of conversion mangroves area to commercial shrimp farm

(considering only lost of direct use value) (r =3%)

Item
(baht/rai/year)
Year Cost of
Benefit Initial Operating B axoves Total Net

cost cost @R cost benefit
0 0 4,073 0 539 4,611 -4,611
1 13,612 0 8,068 539 8,606 5,006
2 13,612 0 8,068 539 8,606 5,006
3 13,612 0 8,068 539 8,606 5,006
4 13,612 0 8,068 539 8,606 5,006
5 13,612 0 8,068 539 8,606 5,006
6 13,612 1,936 8,068 539 10,542 3,071
1 13,612 0 8,068 539 8,606 5,006
8 13,612 0 8,068 539 8,606 5,006
9 13,612 0 8,068 539 8,606 5,006
10 13,612 0 8,068 539 8,606 5,006
NPV 116,117 79,644 36,472

Therefore, benefits of conversion of mangroves area to commercial shrimp
farm every 10 years were equal to 116,117 baht per rai per year and costs were equal
to 79,644 baht per rai per year. Then, economic CBA (considering only lost of direct
use value) with infinite life production discounting at 3% every 10 years (400 years

was used because after 400 years the value was stable) was shown in table 4-D.
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Table 4-D Economic CBA of conversion mangroves area to commercial shrimp farm

(considering only lost of direct use value) (r =3%)

Year (t) 1/(1+r)" Benefit Cost NPV
0 1 116,117 79,644 36,472
10 0.744094 116,117 79,644 27,139
20 0.553676 116,117 79,644 20,194
30 0.411987 116,117 79,644 15,026
40 0.306557 116,117 79,644 11,181
50 0.228107 116,117 79,644 8,320
60 0.169733 116,117 79,644 6,191
70 0.126297 116,117 79,644 4,606
80 0.093977 116,117 79,644 3,428
90 0.069928 116,117 79,644 2,550

100 0.052033 116,117 79,644 1,898
110 0.038717 116,117 79,644 1,412
120 0.028809 116,117 79,644 1,051
130 0.021437 116,117 79,644 782
140 0.015951 116,117 79,644 582
150 0.011869 116,117 79,644 433
160 0.008832 116,117 79,644 322
170 0.006572 116,117 79,644 240
180 0.00489 116,117 79,644 178
190 0.003639 116,117 79,644 133
200 0.002707 116,117 79,644 99
210 0.002015 116,117 79,644 73
220 0.001499 116,117 79,644 55
230 0.001115 116,117 79,644 41
240 0.00083 116,117 79,644 30
250 0.000618 116,117 79,644 23
260 0.00046 116,117 79,644 17
270 0.000342 116,117 79,644 12
280 0.000254 116,117 79,644 9
290 0.000189 116,117 79,644 7
300 0.000141 116,117 79,644 5
310 0.000105 116,117 79,644 4
320 7.8E-05 116,117 79,644 3
330 5.8E-05 116,117 79,644 2
340 4.32E-05 116,117 79,644 2
350 3.21E-05 116,117 79,644 1
360 2.39E-05 116,117 79,644 1
370 1.78E-05 116,117 79,644 1
380 1.32E-05 116,117 79,644 0
390 9.85E-06 116,117 79,644 0
400 7.33E-06 116,117 79,644 0
NPV 142,521
BCR 1.458
IRR 102%
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Table 5-D Cash flow of conversion mangroves area to commercial shrimp farm

(considering lost of total value) (r =3%)

Item
(baht/rai/year)
Year Cost of
Benefit rizs SEELati mangroves Total Net benefit
cost cost cost
(total benefit)
0 0 4,073 0 19,380 23,453 -23,453
1 13,612 0 8,068 19,380 27,448 -13,835
2 13,612 0 8,068 19,380 27,448 -13,835
3 13,612 0 8,068 19,380 27,448 -13,835
4 13,612 0 8,068 19,380 27,448 -13,835
5 13,612 0 8,068 19,380 27,448 -13,835
6 13,612 1,936 8,068 19,380 29,383 -15,771
7 13,612 0 8,068 19,380 27,448 -13,835
8 13,612 0 8,068 19,380 27,448 -13,835
9 13,612 0 8,068 19,380 27,448 -13,835
10 13,612 0 8,068 19,380 27,448 -13,835
NPV 116,117 259,209 -143,093

Therefore, benefit of conversion of mangroves area to commercial shrimp

farm every 10 years was equal to 116,117 baht per rai per year and costs were equal to

259,209 baht per rai per year. Then, economic CBA (considering lost of total value)

with infinite life production discounting at 3% every 10 years (400 years was used

because after 400 years the value was stable) was shown in table 6-D.
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Table 6-D Economic CBA of conversion mangroves area to commercial shrimp farm

(consider lost of total value) (r =3%)

Year (t) 1/(1+r)" Benefit Cost NPV
0 1 116,117 259,209 -143,093
10 0.744094 116,117 259,209 -106,474
20 0.553676 116,117 259,209 -79,227
30 0.411987 116,117 259,209 -58,952
40 0.306557 116,117 259,209 -43,866
50 0.228107 116,117 259,209 -32,640
60 0.169733 116,117 259,209 -24,288
70 0.126297 116,117 259,209 -18,072
80 0.093977 116,117 259,209 -13,447
90 0.069928 116,117 259,209 -10,006

100 0.052033 116,117 259,209 -7,446
110 0.038717 116,117 259,209 -5,540
120 0.028809 116,117 259,209 -4,122
130 0.021437 116,117 259,209 -3,067
140 0.015951 116,117 259,209 -2,282
150 0.011869 116,117 259,209 -1,698
160 0.008832 116,117 259,209 -1,264
170 0.006572 119 259,209 -940
180 0.00489 116,117 259,209 -700
190 0.003639 116,117 259,209 -521
200 0.002707 116,117 259,209 -387
210 0.002015 116,117 259,209 -288
220 0.001499 116,117 259,209 -215
230 0.001115 116,117 259,209 -160
240 0.00083 116,117 259,209 -119
250 0.000618 116,117 259,209 -88
260 0.00046 116,117 259,209 -66
270 0.000342 116,117 259,209 -49
280 0.000254 116,117 259,209 -36
290 0.000189 116,117 259,209 -27
300 0.000141 116,117 259,209 -20
310 0.000105 116,117 259,209 -15
320 7.8E-05 116,117 259,209 -11
330 5.8E-05 116,117 259,209 -8
340 4.32E-05 116,117 259,209 -6
350 3.21E-05 116,117 259,209 -5
360 2.39E-05 116,117 259,209 -3
370 1.78E-05 116,117 259,209 -3
380 1.32E-05 116,117 259,209 -2
390 9.85E-06 116,117 259,209 -1
400 7.33E-06 116,117 259,209 -1
NPV -559,158

BCR 0.448

IRR -




Siriporn Phuviriyakul

APPENDIX E
COST-BENEFIT ANALYSIS OF COMMERCIAL SALT PANS

Table 1-E Cash flow of commercial salt pans (r =8%)

Appendix / 116

Item
(baht/rai/year)
Year :
Benefit Fixed cost Varlatble Total cost | Net benefit
0 0 5,118 c%s 5,118 -5,118
1 10,859 0 6,102 6,102 4,757
2 10,859 0 6,102 6,102 4,757
3 10,859 0 6,102 6,102 4,757
4 10,859 0 6,102 6,102 4,757
5 10,859 0 6,102 6,102 4,757
6 10,859 1,220 6,102 7,322 3,537
7 10,859 0 6,102 6,102 4,757
8 10,859 0 6,102 6,102 4,757
9 10,859 0 6,102 6,102 4,757
10 10,859 0 6,102 6,102 4,757
NPV 72,864 46,833 26,031

Therefore, benefit of commercial salt pans every 10 years was equal to 72,864

baht per rai per year and cost of commercial salt pans every 10 years were equal to

46,833 baht per rai per year. Then, financial CBA with infinite lifetime discounting at

8% every 10 years can be carried out (200 years was used for estimated because after

200 years the value was stable) as shown in table 2-E.
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Table 2-E Calculation of financial CBA of commercial salt pans (r =8%)

Year (t) 1/(1+r)" Benefit Cost NPV
0 1 72,864 46,833 26,031
10 0.463193 72,864 46,833 12,058
20 0.214548 72,864 46,833 5,585
30 0.099377 72,864 46,833 2,587
40 0.046031 72,864 46,833 1,198
50 0.021321 72,864 46,833 555
60 0.009876 72,864 46,833 257
70 0.004574 72,864 46,833 119
80 0.002119 72,864 46,833 55
90 0.000981 72,864 46,833 26

100 0.000455 72,864 46,833 12
110 0.000211 72,864 46,833 5
120 9.75E-05 72,864 46,833 3
130 4.52E-05 72,864 46,833 1
140 2.09E-05 72,864 46,833 1
150 9.69E-06 72,864 46,833 0
160 4.49E-06 72,864 46,833 0
170 2.08E-06 72,864 46,833 0
180 9.63E-07 72,864 46,833 0
190 4.46E-07 72,864 46,833 0
200 2.07E-07 72,864 46,833 0
NPV 48,493

BCR 1.556

IRR 92%
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Table 3-E Cash flow of conversion mangroves area to commercial salt pans

(considering only lost of direct use value) (r =3%)

Item
(baht/rai/year)
Year Cost of
Benefit Fixed Variable o s Total Net
cost cost e cost benefit
0 0 5,118 0 539 5,657 -5,657
1 10,859 0 6,102 539 6,641 4,218
2 10,859 0 6,102 539 6,641 4,218
3 10,859 0 6,102 539 6,641 4,218
4 10,859 0 6,102 539 6,641 4,218
5 10,859 0 6,102 539 6,641 4,218
6 10,859 1,220 6,102 539 7,860 2,999
r 10,859 0 6,102 539 6,641 4,218
8 10,859 0 6,102 539 6,641 4,218
9 10,859 0 6,102 539 6,641 4,218
10 10,859 0 6,102 539 6,641 4,218
NPV 92,629 63,325 29,304

Therefore, benefit of conversion of mangroves area to commercial salt pans
every 10 years was equal to 92,629 baht per rai per year and costs were equal to
63,325 baht per rai per year. Then, economic CBA (considering only lost of direct use
value) with infinite life production discounting at 3% every 10 years (400 years was

used because after 400 years the value was stable) was shown in table 4-E.
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Table 4-E Economic CBA of conversion mangroves area to commercial salt pans
(considering only lost of direct use value) (r =3%)

Year (t) 1/(1+r)" Benefit Cost NPV
0 1 92,629 63,325 29,304
10 0.74409391 92,629 63,325 21,805
20 0.55367575 92,629 63,325 16,225
30 0.41198676 92,629 63,325 12,073
40 0.30655684 92,629 63,325 8,983
50 0.22810708 92,629 63,325 6,684
60 0.16973309 92,629 63,325 4,974
70 0.12629736 92,629 63,325 3,701
80 0.0939771 92,629 63,325 2,754
90 0.06992779 92,629 63,325 2,049

100 0.05203284 92,629 63,325 1,525
110 0.03871732 92,629 63,325 1,135
120 0.02880932 92,629 63,325 844
130 0.02143684 92,629 63,325 628
140 0.01595102 92,629 63,325 467
150 0.01186906 92,629 63,325 348
160 0.00883169 92,629 63,325 259
170 0.00657161 92,629 63,325 193
180 0.0048899 92,629 63,325 143
190 0.00363854 92,629 63,325 107
200 0.00270742 92,629 63,325 79
210 0.00201457 92,629 63,325 59
220 0.00149903 92,629 63,325 44
230 0.00111542 92,629 63,325 33
240 0.00082998 92,629 63,325 24
250 0.00061758 92,629 63,325 18
260 0.00045954 92,629 63,325 13
270 0.00034194 92,629 63,325 10
280 0.00025444 92,629 63,325 7
290 0.00018932 92,629 63,325 6
300 0.00014087 92,629 63,325 4
310 0.00010482 92,629 63,325 3
320 7.7999E-05 92,629 63,325 2
330 5.8038E-05 92,629 63,325 2
340 4,3186E-05 92,629 63,325 1
350 3.2134E-05 92,629 63,325 1
360 2.3911E-05 92,629 63,325 1
370 1.7792E-05 92,629 63,325 1
380 1.3239E-05 92,629 63,325 0
390 9.851E-06 92,629 63,325 0
400 7.3301E-06 92,629 63,325 0
NPV 114,508
BCR 1.463
IRR 69%
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Table 5-E Cash flow of conversion mangroves area to commercial salt pans

(considering lost of total value) (r =3%)

Item
(baht/rai/year)
Year Fixed | Variable i Total
Benefit o o mangroves cost Net benefit
(total benefit)
0 0 5,118 0 19,380 24,498 -24,498
1 10,859 0 6,102 19,380 25,482 -14,624
2 10,859 0 6,102 19,380 25,482 -14,624
3 10,859 0 6,102 19,380 25,482 -14,624
4 10,859 0 6,102 19,380 25,482 -14,624
5 10,859 0 6,102 19,380 25,482 -14,624
6 10,859 1,220 6,102 19,380 26,702 -15,843
i 10,859 0 6,102 19,380 25,482 -14,624
8 10,859 0 6,102 19,380 25,482 -14,624
9 10,859 0 6,102 19,380 25,482 -14,624
10 10,859 0 6,102 19,380 25,482 -14,624
NPV 92,629 242,890 -150,261

Therefore, benefit of conversion mangroves area to commercial salt pans

every 10 years was equal to 92,629 baht per rai per year and costs were equal to

242,890 baht per rai per year. Then, economic CBA (considering lost of total value)

with infinite life production discounting at 3% every 10 years (400 years was used

because after 400 years the value was stable) was shown in table 6-E.
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Table 6-E Economic CBA of conversion mangroves area to commercial salt pans
(considering lost of total value) (r = 3%)

Year (t) 1/(1+r)" Benefit Cost NPV
0 1 92,629 242,890 -150,261
10 0.74409391 92,629 242,890 -111,809
20 0.55367575 92,629 242,890 -83,196
30 0.41198676 92,629 242,890 -61,906
40 0.30655684 92,629 242,890 -46,064
50 0.22810708 92,629 242,890 -34,276
60 0.16973309 92,629 242,890 -25,504
70 0.12629736 92,629 242,890 -18,978
80 0.0939771 92,629 242,890 -14,121
90 0.06992779 92,629 242,890 -10,507

100 0.05203284 92,629 242,890 -7,819
110 0.03871732 92,629 242,890 -5,818
120 0.02880932 92,629 242,890 -4,329
130 0.02143684 92,629 242,890 -3,221
140 0.01595102 92,629 242,890 -2,397
150 0.01186906 92,629 242,890 -1,783
160 0.00883169 92,629 242,890 -1,327
170 0.00657161 92,629 242,890 -987
180 0.0048899 92,629 242,890 -735
190 0.00363854 92,629 242,890 -547
200 0.00270742 92,629 242,890 -407
210 0.00201457 92,629 242,890 -303
220 0.00149903 92,629 242,890 -225
230 0.00111542 92,629 242,890 -168
240 0.00082998 92,629 242,890 -125
250 0.00061758 92,629 242,890 -93
260 0.00045954 92,629 242,890 -69
270 0.00034194 92,629 242,890 -51
280 0.00025444 92,629 242,890 -38
290 0.00018932 92,629 242,890 -28
300 0.00014087 92,629 242,890 -21
310 0.00010482 92,629 242,890 -16
320 7.7999E-05 92,629 242,890 -12
330 5.8038E-05 92,629 242,890 -9
340 4,3186E-05 92,629 242,890 -6
350 3.2134E-05 92,629 242,890 -5
360 2.3911E-05 92,629 242,890 -4
370 1.7792E-05 92,629 242,890 -3
380 1.3239E-05 92,629 242,890 -2
390 9.851E-06 92,629 242,890 -1
400 7.3301E-06 92,629 242,890 -1
NPV -587,170

BCR 0.381

IRR -
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