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     ABSTRACT 

This research studied the feasibility of reforestation project under the Clean 
Development Mechanism (CDM) from the Kyoto Protocol, by estimating the cost of 
teak reforestation and mangrove reforestation using different spacing, and to studying 
the attitude of local people toward reforestation project participation. The study was 
conducted in a total of 196 population from 2 provinces; Uthai Thani and Surat Thani 
provinces. 

The result show that the cost of planting teak in difference spacing is not the 
same. To say, the present total cost for teak plantation with the 4x4m spacing is 
12,282.35 Baht/rai, 3x3 m is 12,851.99 Baht/rai, and 2x4m is 12,996.02 Baht/rai. 
However, only 33% of local people at Tambon Rabum, Lansak District, Uthai Thani 
province are interested in participating this project. The present value of total cost for 
growing mangrove forest with the  1x1 m spacing is 7,267.9 Baht/rai, 1.5x1.5 m is 
5,742.18 Baht/rai, and 1x2 m is 5,89.47 Baht/rai. Moreover, 73.2% of local people at 
Tumbon Takiengthong, Kanchanadit district, Surat Thani province would be interested 
in joining the project.   

If Thailand would like to join the would community to solve climate change 
problem via reforestation project, mangrove reforestation seems to be the right option. 
Such project yield equally attractive return is comparison to other land-uses and 
cooperation was received by local community.   
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CHAPTER  1 

INTRODUCTION 

 

1.1  Overview and the Principle 
 

         Since the world climate has been changed, the greenhouse effect is one of the 

main reasons. Regarding to the greenhouse gases, there are some main gases; vapour, 

carbon dioxide, ozone, methane and nitrousoxide. Including, livestock which release 

methane and nitrousoxide and halo carbon from the industrial processing as well. By 

this fact, these gases are less than 1% of the atmosphere to contain the proper climate 

for human living. All these gases influence the absorbent of the atmosphere which 

causes greenhouse effect. According to the climate change, the seasons and the 

environment which are the principle of living, are changed. Therefore, the climate 

change highly affects to natural resources and human living. The main variables of 

climate are; rain, temperature and sunshine. Any occupation related to these variables 

is more likely be affected. 

 

         According to the changing of the global climate, people are getting more 

concerned about the importance and the consequence of this matter which leads to the 

international conference in the topic of climate change for several times. The United 

Nations responded by formally launching negotiations on United Nations Framework 

Convention on Climate Change to formulate an international treaty on global climate 

protection. The ultimate objective is, stabilize atmospheric concentrations of 

greenhouse gases at safe levels. As reports from the Parties, Annex I countries could 
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not meet their emission limitation and reduction target in time due to their benefits 

without concerning about other effected. Thus, it is difficult to follow the 

implementation without any regulation, the economics and society might be effected. 

It is necessary to concern about the difference between rich and poor countries as well. 

That’s why, Kyoto Protocol was established to achieve the target by the legal 

convention. The Protocol includes 3 based on mechanisms; Joint Implementation: JI, 

Emission Trading: ET and Clean Development Mechanism: CDM, to get more 

flexibility of the emission reduction for the Parties. Besides, the measurement, 

examination and participated organizations were assigned for all these three 

mechanisms procedure. 

 

         Thailand has signature in the United Nations Framework Convention on Climate 

Change on December 28, 1994 enter into force March 28, 1995. The convention 

divides countries into two group: Annex I countries and Non-Annex I countries. 

Thailand is in the Non-Annex I countries, has signature in February 2, 1999 for Kyoto 

Protocol and has ratified in August 28, 2002. CDM is a cooperative mechanism 

between developed and developing countries as Thailand to reduce the greenhouse 

gases emission. 

      

 Even though Thailand has not participated in greenhouse gases limitation and 

reduction project for solving recent problem of climate change as Annex I countries 

have done, Thailand can participate and cooperate with the developed countries under 

the CDM projects to eliminate the problems obstructing the greenhouse gases 

reduction. Correspondingly, this research was designed to study about reforestation 

projects in order to obtain sufficient information to manage and prepare readiness and 

potential of Thailand for participating in the CDM projects. 

 

         In order to make a decision of reforestation under CDM, the various variables are 

concerned. Such as the attitude of people to the project, the cost of reforestation and 

cost per ton carbon in each period of spacing plants. The other variables are also 

mentioned such as the benefit of selling timber without reforestation project and 

benefits of reforestation for conservation. The results of this research is value because 
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of the use of data for negotiation in case of the process in sink of Land Use change and 

Forestry. 

 

1.2 Research Questions 
         1.2.1 What are the costs of planting teak and mangrove forest per ton of Carbon 

or their Biomass? 

         1.2.2 Can we calculate the cost effectiveness by comparing among teak and 

mangrove forest plantation with other activities? 

         1.2.3 How reforestation related to or attitude and sustainable development 

processes? 

 

1.3 Objectives of study 
 The objectives of this study are mainly concerned costs estimation of 

reforestation and the processes involved which will be related to the mechanisms of 

global warming as follows; 

 1.3.1 To investigate the teak and mangrove reforestation processes and their 

affects from the CDM, 

 1.3.2 To determine and calculate the costs of the plantations. 

 1.3.3 To examine the attitude of reforestation to the communities with pertaining 

to sustainable development process. 

 

1.4 Scope of study 
         The study will be investigated on; 

• This research only studies of teak and mangrove reforestation. 

• Teak (Tectona grandis), this research studies at the spacing of 

4x4m.,3x3m., and 2x4m. because of the limitation of data collection 

which employ secondary data. This research use teak as representation 

of forest. 
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• Mangrove (Rhizophora), Has been studied at the spacing of 1x1m., 

1.5x1.5m., and 1x2m. because this research use secondary data. The 

reason of choosing the study of Rhizophora is that it’s a good growth 

and has biomass product by average high. 

• The study areas are bounded for reforestation in Lansak district, Uthai 

Thani province, and abandoned shrimp farming in Kanchanadit district, 

Surat Thani province. 

• The population study will be conducted at tumbon Rabum, Lansak 

district, Uthai Thani province for 99 people from 12,420 populations 

and at tumbon Takiengthong, Kanchanadit district, Surat Thani 

province for 97 people from 3,437 populations. 

• This paper to study from proceeding decision-/CP.9 (Modalities and 

procedures for afforestation and reforestation project activities under 

the clean development mechanism in the first commitment period of the 

Kyoto Protocol). 

  

1.5 Definition term 
         1.5.1 Carbon Sequestration : must be distinguished from fossil fuel 

substitution, which can also be achieved by LULUCF option  (e.g. charcoal 

substitution for mineral coal). Fossil fuel substitution through forestry is just as 

permanent as a avoided emissions through measures such as enhancing energy 

efficiency (IPCC, 2000). 

 

         1.5.2 Annex I countries : is group of countries listed in Annex I to the United 

Nations Framework Convention on Climate Change (UNFCCC), including on the 

developed countries that in 1990 belonged to the Organization for Economic 

Cooperation and Development (OECD), and industrialized countries from the former 

Soviet Union and Eastern Europe. The division between Annex I Parties and Non-

Annex I Parties has the purpose of separating the parties according to their 

contribution to increasing atmospheric concentration of GHG. The Annex I Parties 

have targets to limit or reduce emission.  
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         1.5.3 Non-Annex I countries : is all parties to the UNFCCC not listed under 

Annex I including Thailand. These parties do not have emissions reduction target in 

the first commitment period (2008-2012). 

 

         1.5.4 Conference of the Parties (COP) : is the supreme body of the United 

Nations Framework Convention on Climate Change (UNFCCC), comprising all 

countries that have ratified or acceded to the UNFCCC. The COP meets annually and 

there have already been ninth meeting: COP-1 (Berlin); COP-2 (Geneva); COP-3 

(Kyoto); COP-4 (Buenos Aires); COP-5 (Bonn); COP-6 (The Hague, then convoked 

again in Bonn); COP-7 (Marrakech); COP-8 (New Delhi) and COP-9 (Milan). 

 

1.5.5 Conference of the Parties serving as the Meeting of the Parties 

(COP/MOP) : is the supreme body of the Kyoto protocol that will come into 

existence only when the Protocol enters into force. Some of the decisions taken by the 

CDM Executive Board will have to be endorsed by the COP/MOP.  

 

         1.5.6 Baseline : is the reference scenario against which a change in GHG 

emission or removals. There are many options for baselines, including the stock 

change that would have resulted from “business-as-usual” activities; the stock change 

that would have resulted from the continuation of current or 1990 activity levels; the 

stock change that would result in the absence of active management; performance 

benchmarks or standard management practices; or the rate of change of stock in 1990 

(IPCC, 2000).    

 

         1.5.7 Leakage : is leakage also an accounting issue for emission reduction 

projects in e.g. the power sector, the risk of carbon benefits being offset by carbon 

releases elsewhere is generally considered larger for forestry projects.  

 

         1.5.8  Biomass : biomass means the total weigh of living material in a given 

area. Biomass includes the weigh deriving from photosynthesis process of green plants 

plus other living matters living in those ecosystem in form of all fresh and ash-free dry 
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weigh which can be measured as g/m2, kg/ha, or ton/ha, or even calorie (Odum EP., 

1963). 

 

         1.5.9  Reforestation : according to an act of National Forest Reserves (issue 3, 

1995) reforestation is the forest that has precious trees remaining and this forest is also 

difficult to be rehabilitated by nature. There are plants that higher than a meters spread 

out less than 20 trees per rai. Or trees that can be measured round 50-100 cm. at 130 

cm. height, grow up less than 8 trees per rai. Or trees that can be measured round 100 

cm. at 130 cm. height, grow up less than 2 trees per rai. Or the forest area which has 

similar main trees to those 3 characteristics as mentioned above (Office of Natural 

Resources and Environment, 2002).  

 

 1.5.10  Certified Emission Reduction (CERs) : is the reductions of emissions 

of GHGs from CDM project activities that have passed all Project Cycle steps 

(validation/registration; monitoring and verification/certification), which culminates 

precisely with the ex post emission of CERs. The CERs are expressed in metric tons of 

carbon dioxide equivalent, calculated accordingly to the Global Warming Potential 

(GWP). One unit of CER is equal to one metric ton of carbon dioxide equivalent. The 

CERs can be used by Annex I Parties to partially meet their GHG emission reduction 

targets.  

       

1.6  Expected Results 
The expected output of the study will be: 

         1.6.1 The cost effectiveness of teak and mangrove reforestation in the study area. 

         1.6.2 The investigation of the attitude of reforestation to the community and the 

relationship that will lead to the sustainable development. 
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CHAPTER 2 

LITERATURE REVIEW 

 
         The research is about idea, theory, kind of United Nations Framework 

Convention on Climate Change: UNFCCC and research related about a feasibility 

study of reforestation project in Clean Development Mechanism under Kyoto 

Protocol. The details was as the following. 

 

         2.1 Carbon dioxide 

         2.2 United Nations Framework Convention on Climate Change : UNFCCC 

         2.3 Teak and mangrove forest 

         2.4 Participation 

         2.5 Sustainable development 

         2.6 Research related 

 

2.1 Carbon dioxide 

 
        Carbon dioxide has a chemical formula of CO2, a qualification of inert gas, no 

color and smell and over weight 1.5 kg. of the air, that no toxic but could be pushed O2 

out of air. CO2 is important greenhouse gases, make to global temperature increased. 

The concentration of CO2 balance when amount of CO2 use and occur that equal, but 

at present, CO2 emission over rate. The predicted CO2 increased 0.5% per annual in 

atmosphere. The most amount of CO2 used in the photosynthesis process by the plants. 

Normally, amount of CO2 is in atmosphere about 350 ppm. and life cycle 500 years 

(Jeansawut V.,1998). 
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  2.1.1 Carbon cycle  

         The nutrient dynamics in terrestrial ecosystem are mostly opened system. But for 

the carbon cycle is closed dynamic system. Carbon pools exchanged into CO2 in the 

total terrestrial ecosystem. In atmosphere, the concentration of CO2 is about 0.032% 

by volume or total carbon about 1.5 kg. by weight or amount of 320 ppm. The 

temporal changes in the carbon pools of forest ecosystems are driven mainly by the 

dynamics of the living biomass. The vegetation absorbed CO2 over 60% in the 

photosynthesis process and released to atmosphere by respiration process. When they 

dead, decomposition by micro-organisms finally, changed to CO2 and uptake to 

atmosphere by respiration. Carbon cycle in the terrestrial ecosystem is liked to the 

cycle of the essential nutrients. Consequently, forest ecosystem carbon uptake and 

storage should be tightly constrained by the availability of these nutrients (Townsend 

AR, Rastetter EB.,1996). 

 

         2.1.2 Biomass and carbon sequestration assessment 

 

         Gajaseni N. (2002) stated that it explores carbon storage as on simple indicator 

in ecosystem evaluation. Carbon storage can be defined in terms of ecosystem related 

to primary production in organic components with providing the energy to maintain 

biological needs and “ecosystem service” also involved to nutrient cycling among 

organisms in the different tropical levels through food weds. The importance of carbon 

storage can be summarized as: 

• Important feature of biological structure and function. 

• Sensitive the natural and human change. 

• Important in relation to the major global issue of climate 

change. 

 

         The carbon storage has some limitation as an indicator of ecosystem diversity 

value because ecosystem diversity encompasses the broad differences between 

ecosystem types, and diversity of habitats and ecological processes occurring within 

each ecosystem types. The carbon relates to only one of ecosystem service in 

ecosystem functions even though carbon can be stored at the different rate or capacity 
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depending on the spatial and temporal scale without relationships to the evolutionary 

process like species diversity level. However, the amount of carbon  storage can 

reflect the potential of ecosystem to store carbon in biomass, which related to 

environmental factors and also ecosystem types. The production as biomass also 

supports the flow of energy and nutrient in the whole ecosystem. Therefore, the carbon 

storage is justified as an appropriate indicator for representing the ecosystem value at 

certain period of time scale. 

 

         Table 2-1 compares the comparative costs of CO2 mitigation in the different 

options and summaries the carbon cost in relation to mitigation objective by the 

different options. It seems that the forestry option would be the cheapest option when 

compares to the high technology option. In the fact that the unit cost of C storage in 

forestry option has excluded the land costs and other transaction costs to conserve and 

store the carbon in the forest system. Especially the transaction costs may significantly 

increase these estimated carbon cost. The carbon cost of forestry option can be several 

times higher than this estimation. If the land and opportunity costs and/or the costs of 

establishing infrastructure, protective fencing, training programs, and tree nurseries are 

included, their costs can be offset by revenues from timber and non-timber product 

(Brown S, et al., 1996). Moreover, the costs of removing atmospheric CO2 basically 

emphasis on  

• The forestry option as carbon sequestration. 

• The cost of changing from fossil to non-fossil fuels. 

• The substitution of different substances for greenhouse gases. 

• The new technologies for efficiency improvements in the 

energy systems. 

• Decentralized biomass combustion and biogases. 

 

    

 

 

 

Table 2-1 A comparison of CO2 mitigation cost in the different scenarios 
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Scenarios of CO2 mitigation US$/tonneC Reference 

1. Forest plantation 

  - Teak plantation (Thailand) 

  - Eucalyptus plantation (Thailand) 

  - Teak plantation (Thailand) 

  - Eucalyptus plantation (Thailand) 

  - Agroforestry (Thailand) 

  - Tree plantation (Nepal) 

 

2-8 

4-13 

56.5 

9 

2-11 

16 

 

Wangwacharakul & Bonwanwiwat, 1995 

Wangwacharakul & Bonwanwiwat, 1995 

FIO,1999* 

FIO, 1997 

Dixon et al., 1994 

Faeth et al., 1994 

2. Reforestation 

  - Tropical forest (NE Thailand) 

  - Reforestation (South Africa) 

  - Reforestation (India) 

  - Reforestation in community forest 

(Thailand) 

 

11 

8 

15 

11 

 

Faeth et al., 1994 

Winjum et al., 1993 

Winjum et al., 1993 

TEI, 1998 

3. Energy efficiency 

  - Developed countries 

  - Developing countries 

 

Up to 40 

 

Hall & House, 1994 

Hall & House, 1994 

 

4. Nuclear energy 

  - Developed countries 

  - Developing countries 

 

35-70 

80-120 

 

Hall & House, 1994 

Hall & House, 1994 

 

5. Solar energy 

  - Developed countries 

  - Developing countries 

 

25-100 

50-200 

 

Hall & House, 1994 

Hall & House, 1994 

 

6. CO2 Scrubbing 

  - Developed countries 

  - Developing countries 

 

100-200 

100-200 

 

Hall & House, 1994 

Hall & House, 1994 

 

 
Source: Gajaseni, N. (2000)  

Note: * Carbon cost is estimated from the FIO (1999) report, which is based on the first rotation (30 

year period from 1999-2028) of teak plantation project. 

 

2.2 The United Nations Framework Convention on Climate Change 
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         Office of National Resources and Environment Policy and Planning (2000) The 

United Nations Framework Convention on Climate Change : UNFCCC is the combat 

global warming. Adopted in 1992 at the Rio Earth Summit, its ultimate objective is the 

stabilization of greenhouse gas concentrations in the atmosphere at a level that would 

prevent dangerous anthropogenic (man-made) interference with the climate system. 

Such a level should be achieved within a time-frame sufficient to allow ecosystems to 

adopt naturally to climate change, to ensure that food production is not threatened and 

to enable economic development to proceed in a sustainable manner. The convention 

sets out some guiding principles. The principle of the “common but differentiated 

responsibilities” of stages assigns the lead in combating climate change to developed 

countries. Other principles with the special need of developing countries and the 

importance of promoting sustainable development. Both developed and developing 

countries accept a number of general commitments. All parties will develop and 

submit “national communications” containing inventories of greenhouse gases 

emission by source and greenhouse gases removals by sinks. They will adopt national 

programmes for mitigating climate change and develop strategies for adapting to its 

impacts. The convention entered into force on 21 March 1994. 

 

         2.2.1 Kyoto Protocol 

 

         The Kyoto Protocol is an international agreement that stands on its own, but is 

linked directly to the Rio Summit conclusions. This means that the climate protocol 

shares the concerns and principles set out at the climate convention. It then builds on 

these by adding new commitments that are stronger and far more complex and detailed 

than those in convention. The text of the protocol to the UNFCCC was adopted at the 

third session of the Conference of the Parties to the UNFCCC in Kyoto, Japan, on 11 

December 1997. The Protocol is subject to ratification, acceptance, approval or 

accession by Parties to the convention. It shall enter into force after the participation of 

not less than 55 Parties to the Convention Parties. Under the Protocol industrialized 

countries have a legally binding commitment to reduce their collective greenhouse 

gases emission by at least 5% compared to 1990 levels by the period 2008-2012. 
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         In addition, the mechanisms of the Kyoto Protocol to reduce greenhouse gases 

emissions are Joint Implementation (JI), Emission Trading (ET) and Clean 

Development Mechanism (CDM). In particular, the last one has the objective of 

setting up a share scheme between Annex I and Non-Annex I countries in order to 

solve the greenhouse gases emission problems where Annex I countries can meet the 

target of reduced emissions in the commitment period and the Non-Annex I countries 

will meet only their sustainable development.   

 

         2.2.2 Clean Development Mechanism 

 

         The Kyoto Protocol’s Clean Development Mechanism (CDM) is an innovative 

mechanism that helps developing countries achieve sustainable development through 

cooperative projects with developed countries. The CDM allows industrialized 

countries to finance emission reduction projects in developing countries and to receive 

carbon credits towards their own Kyoto emission reduction targets. CDM project must 

be approved by the host governments and be consistent with their sustainable 

development policies. It has the potential to deliver substantial economic, social and 

environmental benefits to developing countries by boosting investment and improving 

their access to environmentally sound technology. In addition, it is envisaged that a 

“share of proceeds” derived from the carbon credits generated by CDM projects will 

be used for adaptation funding. This funding will help those developing countries most 

severely affected by the impact of climate change, particularly small island countries 

in the Pacific. These countries may not be able to host CDM projects themselves.  

 

 

 

 

 

 

2.3 A characteristic of mangrove and teak forest 

 



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

         Although, Thai government has attempted to afforest, forest areas are decreasing 

continuously. In 1993 the forest areas in Thailand had remained 83 million rai (26% of 

total country area) which is under determine of proper forest areas. To keep ecosystem 

balance, Thailand should have forest areas 40%. In the last 30 years, the forest areas in 

Thailand have been tremendously deforested. In 1961 Thailand had forest area 170 

million rai (53.3%) while in 1989 forest areas were remained 89.6 million rai 

(27.95%). Between 1976-1982 the deforestation rate of forest areas in Thailand was 

3.85% a year. Between 1982-1989 this rate was slow down to 1.25% a year and reduce 

respective to 0.3% a year in 1988-1989. It can be assumed that Thailand forest areas 

will be declined to 23.87% in 2010, the deforestation rate in 1990-2000 might be 

0.85% a year which will be 0.63% a year in 2000-2010.  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2-2 Area of forest types and its periodic change between 1988-1998 
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Region North North-

east 

Central East South Whole 

kingdom 

Total Area( sq.km.) 169,644.29 168,854.34 67,398.70 36,502.50 70,715.19 513,115.02 

National Forest 

Reserves (sq.km.) 

111,964.78 55,333.40 20,414.15 14,479.91 28,183.15 230,370.39 

Sq.km. 80,402 23,693 17,244 7,834 14,630 143,803 1988 

% 47.39 14.03 25.59 21.46 20.69 28.03 

Sq.km. 80,222 23,586 17,223 7,786 14,600 143,417 1989 

% 47.29 13.97 25.55 21.33 20.65 27.95 

Sq.km. 77,143 21,799 16,616 7,691 13,449 136,698 1991 

% 45.47 12.91 24.65 21.07 19.02 26.64 

Sq.km. 75,231 21,473 16,408 7,634 12,808 133,554 1993 

% 44.35 12.72 24.34 20.91 18.11 26.03 

Sq.km. 73,886 21,265 26,288 7,591 12,455 131,485 1995 

% 43.55 12.59 24.17 20.80 17.61 25.62 

Sq.km. 73,057 20,984 16,049 7,507 12,125 129,722 

 

 

 

 

 

Forest 

Area 

1998 

% 43.06 12.43 23.81 20.57 17.15 25.28 

 

Source: by Forestry Statistics of Thailand 2000, National Park, Wildlife and Plant Conservation 

Department.  
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2.3.1 Mangrove forest 

 

         In addition to define the meaning of mangrove forest L.V.Du (1962 cited in 

Aksornkoae S.,1999) defined as there are 2 aspects to define mangrove forest. The 

first aspect is the plant community that comprise with many different plants which are 

evergreen species. The second aspect is the group of plant community that grow up 

around an estuary of tropical region which comprise with Rhizophora mainly and 

others plant scatteringly. 

  
       Process of mangrove reforestations  

 

 (1) Site preparing 

In practice, litter effort is needed for site preparation before planting since clear 

felling and intensive removal practices leave very litter residue. If debris are left after 

harvest, these are sometimes chopped and heaped in rows at right angles to the 

waterway and burned. In areas where Acrostichum aureum, Acrostichum speciosum 

and Acanthus spp. are abundant, weeding and cleaning are necessary before planting. 

Muddy areas with frequent tides along the coastlines or river banks are the most 

suitable sites for Rhizophora planting. Under this condition, the planting of 

Rhizophora is quite successful because the Rhizophora seedling can grow quickly and 

also show low mortality. In areas above the normal tide level, small canals dug to 

facilitate sea water flooding and after planting, the Rhizophora seedling can grow 

successfully. 

 

(2) Spacing and planting techniques 

 In Thailand, Rhizophora species are generally planted at a spacing of 1x1 m. or 

1.5x1.5 m. Aksornkoae S. (1993) conducted a comparative study on productivity and 

mortality of Rhizophora seedling planted with different spacings and found that 

Rhizophora planted at 1x1 m. and 1.5x1.5 m. show the highest productivity and lowest 

rate of mortality. The planting techniques of Rhizophora is simple.  

 Rhizophora plantations are also maintained by villagers, particularly at 

Yeesarn village, Smut Songkram province. Plantations are mostly harvested on 8 to 10 
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years rotation, to produce small-sized charcoal. The spacing of the trees is rather 

narrow, approximately 0.6x0.6 m. The wood is mainly used for charcoal burning. 

 

(3) Maintenance 

 During the first year, very litter weeding is done. Acrostichum aureum and 

Acanthus ilicifolius can be seen in some plantations by the second year and Derris 

trifoliate and Finlaysonia maritime may also be present. Thus, by the second year, 

weeding is necessary. Herbicide is not recommended for the elimination of weeds 

(Aksornkoae S.,1993). 

 

Table 2-3 Mangrove forest in Thailand (in 2000) 
Mangrove forest area Province 

sq.km. rai 

Chon Buri 

Rayong 

Chanthaburi 

Trat 

Cha Choeng Sao 

Total of East 

10.43 

13.32 

99.78 

92.46 

11.43 

227.42 

6,518.91 

8,322.16 

62,360.05 

57,787.15 

7,142.55 

142,130.82 

Bangkok 

Samut Sakhon 

Phetchaburi 

Prachuap Khiri Khan 

Samut Songkharm 

Total of Central 

3.20 

33.83 

57.47 

1.48 

24.56 

120.54 

1,999.35 

21,144.32 

35,918.98 

921.90 

15,351.37 

75,335.92 
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Table 2-3 Mangrove forest in Thailand (in 2000) (Cont.)  
Mangrove forest area Province 

sq.km. rai 

Surat Thani 

Ranong 

Chumphon 

Nakhon Si Thammarat 

Krabi 

Phang Nga 

Phuket 

Song Khla 

Satun 

Patthalung 

Trang 

Pattani 

Narathiwat 

Total of south 

35.32 

252.72 

80.05 

98.75 

349.96 

454.58 

19.18 

46.65 

353.42 

31.60 

335.00 

35.73 

0.69 

2093.65 

22,078.05 

157,947.94 

50,028.71 

61,717.82 

218,726.59 

284,112.62 

11,989.87 

29,153.34 

220,889.86 

19,747.03 

209,374.84 

22,333.37 

430.88 

1,308,530.92 

Total 2,441.61 1,525,997.66 

 

Source: by Forestry Statistics of Thailand 2000, National Park, Wildlife and Plant Conservation 

department.  
 

  Process of teak reforestation 

 (1) Site preparing  

 Clear the site of weeds, using hand tools. Slash the weeds and dig out the roots. 

Lay the cut vegetation evenly across the soil surface as a mulch. This will help to 

inhibit regrowth of weeds. Use of a non-residual herbicide will clear the site of weeds 

more effectively than hand tools. It is also cheaper and requires less labor, but people 

must be trained to use herbicides safely and unless a great deal of care is exercise 

during spraying, herbicide will also kill naturally established seedling. Do not use fire 

to clear sites for forest restoration, as it burn naturally established seedlings. It also 

stimulates subsequent weed growth, kills beneficial soil organisms and removes the 

possibility of using slashed weeds as mulch. 
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 (2) Fertilizer 

 On sites which have been cultivated for long periods, soils lack nutrients and 

application of fertilizer can accelerate seedling growth. Any treatment which enables 

trees to grow above and shade out weeds more rapidly, reduces long-term weeding 

costs. In addition to the fertilizer given at planting time, apply about 100 gm of fast 

release, general purpose fertilizer to both planted and naturally established seedling 

immediately after weeding, at least twice during the rainy season. This will ensure that 

fertilizer is absorbed by the tree seedlings rather than stimulating new weed growth. 

Do not put fertilizer too near to seedling stems, since it can burn the stem and kill 

seedlings Place fertilizer in a circle about 30 cm away from the stem. 

 

 (3) Fire Protection 

 Fire is an annual hazard during the dry season and can completely wipe out 

years of hard work in an instant. The best way to prevent fire is to make sure that 

everyone in the vicinity supports the tree planting program and understands the need 

not to start fires anywhere near the planted sites. However, no matter how much effort 

is put into raising awareness of fire prevention amongst the local community, fire will 

always remain the most common cause of failure of forest restoration projects.  

 Establish fire breaks 10-15 m wide around the planted sites, at the beginning of 

the first dry season following planting. The quickest method is to slash the vegetation 

along two edges of the firebreak, pile it up in the centre and burn it. Make sure plenty 

of people are available, with tools and water sprayers, to prevent accidental escape of 

fire into the surrounding area. Alternatively pile up the slashed vegetation around the 

planting sites for use as a mulch around the planted trees. Employ fire watchers to alert 

local people when fires are spotted so that they can help put out the fires. Place oil 

drums full of water and fire fighting tools at strategic places around the planted site. 

Green tree branches make excellent fire beaters. If a permanent stream runs nearby, 

above the planting site, it might be possible to run water pipes into the planted sites. 

This can greatly increase the efficiency of fire fighting activities. 
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 (4) Maintenance planting  

 Monitoring will provide information on the numbers of seedlings surviving in 

the first 1-2 years after planting. Even with the best nursery and planting methods, it is 

unlikely that all seedlings will survive. Replace dead seedlings at the beginning of the 

rainy season 1 year after the initial planting and repeat after 2 years if necessary (The 

Forest Restoration Research Unit, 1998).  

 

Table 2-4 Teak plantation in Thailand (in 2000) 
Province Area (sq.km.) 

Kamphaeng Phet 

Chiang Rai 

Chiang Mai 

Tak 

Nan 

Phrae 

Lampang 

Lamphun 

Sukhothai 

Uttaradit 

Phayao 

Total of North 

79.79 

15.73 

63.24 

15.54 

3.90 

157.65 

634.95 

39.47 

109.88 

43.40 

24.33 

1,187.88 

Khon Kaen 

chaiyaphum 

Loei 

Total of North-east 

38.96 

1.25 

0.02 

40.23 

Kanchanaburi 

Ratchaburi 

Total of Central 

1.52 

11.61 

13.13 

Trat 

Prachin Buri 

Total of East 

0.17 

2.88 

3.05 

Total 1,244029 

 

Source: by Forestry Statistics of Thailand 2000, National Park, Wildlife and Plant 

Conservation department.  

 



Sima  Sanrak                                                                                                             Literature Review / 20 

2.4 Participation 
 

         2.4.1 Concept of participation 

 

         The concept of participation is an important issue for a decade. Participation is 

one part of the development success in, for instance, politic, economic, social, culture, 

etc. in national and international, even in local stage (Hongviwut T. 1986). 

 

         The trend of participation in local organization has originated after a failure of 

development in the past that activities had been interested only beyond the local and 

neglected the internal local activities. This caused the conflict between necessitation 

and requirement, and also problem of social inequality. Therefore, the existing 

development process had been reviewed, and concluded that local organization 

probably should arranged himself, especially in the development process. Local 

organization has to finalize his own problems and solution, included decision making 

and evaluation whether it is successful. 

 

         Determination of participation 

         According to the resolution 1929 of National Economic & Social Development 

Board referred to Community Participation Health and Development: The Primary 

Health Care Approach defined the community participation as the community should 

participate for supporting in any effort for developing, fairly supporting a benefit from 

developing, deciding the project activities base on its objectives, forming the policy, 

and also planning and practicing. 

 

         Taking from the aspect as mentioned above, the participation and support, which 

are given by the community for developing in report form and other resource, linking 

to the benefits that the community can receive from their efforts. Moreover, the 

community participation in making decision from locality to nationality which get on 

smoothly in the relationship between the labor and benefit of community. The result of 

the participation is an unanimous requirement and direction change (Junsawhang A., 

1979). Additionally, (Willam  E., 1976) defined the community participant as the 
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procedure that allow the community to participate in the development process, think, 

solve their problem by themselves, and support the achievement of involving 

organization. 

 

         2.4.2 Procedure and formation of participation 

 

         Taecharin P. (1984) noted that the procedure of participation for achieving goal 

and policy are; 

1. Learning and knowing the problem 

2. Brain storming and developing their idea 

3. Planning project or activity for solving the community problem 

4. Deciding to use the limited source for public advantage 

5. Organizing and developing project effectively 

6. Investing from community and organization ability 

7. Implementing a policy and project to achieve its goal 

8. Monitoring, evaluation and maintaining project 

 

Wuthikamraksa C. (1983) noted that the procedure of participation has been 

categorized into 4 levels following; 

1. Requirement specification 

2. Planning  

3. Decision 

4. Implementation 

5. Monitoring and evaluation 

 

Pinthong  J. ( 1983) classified the participation to be 4 types following; 

1. Define problems and causes 

2. Planning activities 

3. Investment and action 

4. Monitoring and evaluation 
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2.5 Sustainable development 
 

         According to World Commission on Environment and Development or it known 

as Brundtland commission, sustainable development is the form of the development 

which can be responded human needs without any exception at the present and future. 

The sustainable development in Thai context is the development which should be 

considered in all aspects base on environmental resources, knowledge and Thai culture 

including community participation (Kunthaprahp C., 2002). 

 

         The purpose of sustainable development is the development which cause balance 

of economy, social, natural resources and environment for living well of community. 

 

         Economy is the economy which is strong foundation with carrying capacity. 

 

         Social including culture and knowledge which is a formality of social that 

influence community to adjust and live with environment without damage 

environment.  

 

         Natural resource is the nation resource which can be recycle and also non-

recycle. 

 

         Environment means everything that is all around human both living and non-

living which relate to ecosystem, This environment can be beneficial or harmful, it 

depends on the balance of ecosystem. 

 

2.6 Research related 

 
         Kraenzel M., Castillo A., Moore T., Potvin C. (2002) studied on reforestation is 

being considered as a mitigation option to reduce the increase in atmospheric carbon 

dioxide and predicted climate change. Forestry-based carbon storage projects are 

being introduced in many tropical countries, and assessment of carbon storage 
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potentials is made difficult by a lack of species-level information. We measured above 

and belowground biomass and tissue carbon content of 20-year-old teak (Tectona 

grandis) trees in four Panamanian plantation to estimate carbon storage potential, A 

regression relating diameter at breast height (DBH) to total tree carbon storage was 

constructed and used to estimate plantation-level tree carbon storage, which average 

120 t/ha. Litter, undergrowth and soil compartments were estimated to contain 3.4, 2.6 

and 225 tC/ha, respectively. The soil carbon was a one-time measurement, not an 

estimate of soil C accumulation. We estimate carbon storage in Panamanian harvest  

teak plantation to be 351 tC/ha.  

 

         Vine EP., Sathaye JA., Makundi WR. (2000) studied on monitoring and 

evaluation of forestry project is needed to accurately determine their impact on 

greenhouse gases (GHG) emission and other attributes, and to ensure that the global 

climate is protected and that country obligations are met. We present an overview of 

guidelines recently developed for the monitoring, evaluation, reporting, verification 

and certification (MERVC) of forestry projects for climate change mitigation. These 

guidelines are targeted to developers, evaluations, verifications and certifications of 

forestry projects, and address several key issues, including methods for estimating 

gross and net carbon saving. 

 

         Kerr S, et al. (2002) studied on protecting tropical forests under the Clean 

Development Mechanism (CDM) could reduce the cost of emissions limitations set in 

Kyoto. However, while society must soon decide whether or not to use tropical forest-

based offsets, evidence regarding tropical carbon sinks is sparse. This paper presents a 

general method for constructing an integrated model (based on detailed historical, 

remote sensing and field data) that can produce land-use and carbon baselines, predict 

carbon sequestration supply to a carbon-offsets market an also help to evaluate optimal 

market rules. Creating such integrated models requires close collaboration between 

social and natural scientists. Our project combines varied disciplinary expertise (in 

economics, ecology and geography) with local knowledge in order to create high-

quality, empirically grounded, integrated models for Costa Rica. 
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         Tucker M. (2001) studied on under the Kyoto Protocol’s Clean Development 

Mechanism, developed countries may purchase or trade for emission reduction units or 

greenhouse gases(GHG) offsets originating either from excess quota allocations or 

from developing countries’ projects. Selling emission reduction units before a market 

has actually developed presents pricing problem for both sellers and buyers. In the 

case of sequestered carbon and in the example of a Costa Rican project, it may be 

economically beneficial to both buyer and seller alike for the buyer to purchase the 

right, but not the obligation, to purchase a carbon tradable offset (CTO). It is shown by 

valuing purchase and sales of CTO options that advantages from such an instrument 

are possible to both seller and buyer at least until a true market in GHGs offset trading 

develop. 

 

         Subak S. (2003) aimed that concern over the “non-permanence” or reversibility 

of carbon sequestration projects has been prominent in discussions over how to 

develop guidelines for forest project investments under the Clean Development 

Mechanism (CDM) of the UNFCCC Kyoto protocol. Accordingly, a number of 

approaches have been proposed that aim to help ensure that parties do not receive 

credit for carbon that it lost before project obligations are fulfilled. These approaches 

include forest carbon insurance, land reserves, and issuance of expiring credits. The 

potential costs of each of these different approaches are evaluated using a rang of 

assumptions about project length, risk and discount rate, and a comparison of costs it 

ventured based on the estimated reduction in value of these credits compared with 

uninsured, and permanent credits. Obstacles to participation in the different 

approaches are discussed related to problems of long-term commitments, project-

scale, rising replacement costs, and low credit value. It is concluded that a system of 

expiring credits, which could be coupled with insurance or reserves, could guarantee 

obligations that span time-scales longer than that of conventional insurance policies 

while incentives for long-term sequestration. 
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         Kobayashi N. (2002) studied on the role of forests as an absorber of carbon 

dioxide was fully recognized in the Kyoto Protocol adopted at the December 1997 3rd 

Conference of Parties of the United Nations Framework Convention on Climate 

Change (COP3). The agreements reached at the Kyoto Conference, and subsequently 

at the November 2001 COP7 included the recognition of forests as sinks in terms of 

absorption through afforestation, reforestation and forest management activities, with 

deforestation to be viewed as emission. Further acknowledged at the COP3 was that 

forest sinks be considered in the emission trading and the joint implementation under 

the Kyoto Mechanisms. The COP7 additionally concluded that afforestation and 

reforestation activities must be included in the clean development mechanism (CDM). 

Japan’s reduction goal of greenhouse gas emission under the Kyoto Protocol is 6%. In 

an effort to achieve this goal, the Japanese government drew up an “ Outline for 

Promotion of Efforts to Prevent Global Warming” in March 2002. The Outline aims to 

secure 3.9% of the 6% goal through forest sinks. In order to accomplish this objective, 

the Japanese government developed a policy to promote the fostering of healthy 

forests and lumber utilization. The Outline also provides for active utilization of the 

Kyoto Mechanisms. Expected, as a result, is the furtherance of collaborative efforts  

among commercial enterprises, industry as a whole, academia and the government, 

including reforestation efforts overseas which are now part of the CDM activities. 

Such collaborative efforts, especially for reforestation in the tropics, are traced back to 

the Research Association for Reforestation of Tropical Forests (RETROF) and 

Biotechnology Assisted Reforestation (BIO-REFOR). RETROF was established in 

1991 for the purpose of promoting the development of technology for tropical forest 

rehabilitation through collaboration among industry, academia and the government. 

Ten prominent corporations, including Toyota Motors, Oji Paper and Sumitomo 

Forestry, participated in the efforts. Ten years of research and technology development 

resulted in a number of successful projects, including the development of silvicultural 

techniques for dipterocarp species. BIO-REFOR started in 1991 as part of the 

IUFROSPDC project. It is a research network encompassing Asia and the Pacific Rim. 

A total of 10 workshops have been conducted thus far, attended by researchers from 

many countries. Research results of RETROF, BIO-REFOR and the network of 

researchers will be fully utilized under the CDM and joint implementation. Japan’s 
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Forestry Agency and the Ministry of Environment, together with commercial 

enterprises and researchers, are currently reviewing various case studies in connection 

with reforestation under the CDM. Results from past RETROF efforts are also fully 

utilized. Collaborative research and development for climate change mitigation among 

industry, academia, and the government is hoped to reach the entire region of Asia and 

the Pacific Rim in the near future. 

 

         Dutschke M. (2002) In the light of the development of the Malaysian forestry 

sector in recent years, the article gives an overview over the current discussions 

around the inclusion of biological carbon sink projects under the Clean Development 

Mechanism (CDM) of the Kyoto Protocol, like forest definitions, additionality, 

baselines and permanence. Some new ideas are presented, the details of which need to 

be explored in detail in further studies. As a result, the article gives twofold 

recommendations: First, which issues international climate negotiators need to tackle 

in order to make forestry projects work in practice; and second, how and under which 

conditions CDM forestry can be supportive to the Malaysian development goals. 

 

         Siyanbola WO. (2002) studied on the potential of an intensive afforestation 

program as a measure of reducting the atmospheric concentration of carbon in Nigeria. 

The results presented are based on the recently completed Nigeria Country Studies 

Program on Climate Change Mitigation. A comprehensive mitigation analysis process 

(COMAP) model was employed to carry out detailed cost/benefit evaluation of the 

mitigation option. The end-use based scenario adopted was considered the most 

appropriate strategy to sustainably implement the mitigation option in Nigeria. The 

analyses showed that the country could significantly reduce net carbon emission while 

at the same time meet all her essential domestic wood needs, if approximately 7.5x106 

ha of wasteland could be committed to an afforestation program over the 40 year 

period of projection. The initial cost of establishing such forest plantations, taking 

cognizance of the opportunity cost of land averaged at about US$ 500/ha, or in carbon 

terms, a unit cost of about $13 per tonne of carbon. In terms carbon flow, if all the 

end-product based plantations considered (i.e. fuelwood, poles, pulpwood, sawlogs 

and veneer) were fully established and maintained, it was estimated that by the year 
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2030, the total carbon stored in the afforested land would be about 638.0x106 t of 

carbon with an annual incremental rate of 16.0x106 t of carbon. Other economic 

indicators (i.e. net present value of benefits, present value of costs and benefit for 

reduced atmospheric carbon) when evaluated showed that the afforestation option 

could be economically viable even when the investment capital was discounted at rates 

ranging from 9 to 33 percent for different wood products. It should be noted, however 

that implementation of such a program would require hung sums of money and a high 

degree of commitment on the part of Federal, Stage and Local governments if the 

associated financial, social and environmental benefits were to be derived. 

 

         Fearnside PM. (1999) studied on the Kyoto Protocol created global warming 

response opportunities through the clean development mechanism that allow countries 

like Brazil to receive investments from companies and governments wishing to offset 

their emissions of greenhouse gases. Brazil has a special place in strategies for 

combating global warming because its vast areas of tropical forest represent a 

potentially large source of emission if deforested. A number of issues need to be 

settled to properly assign credit for carbon in the types of options presented by the 

Brazilian forest sector. These include definition of the units of carbon (permanent 

sequestration versus carbon-ton-years, the letter being most appropriate for forest 

options), the means of crediting forest reserve establishment, adoption of discounting 

or other time-preference weighting for carbon, definition of the accounting method 

(avoided emissions versus stock maintenance). And mechanisms to allow program 

contributions to be counted, rather than restricting consideration to free- standing 

projects. Silvicultural plantation offer opportunities for carbon benefits, but these 

depend heavily on the end use of the products. Plantations for charcoal have the 

greatest carbon benefits, but have high social impacts in the Brazilian context. 

Plantation also inherently complete with deforestation reduction options for funds. 

Forest management has been proposed as a global warming response options, but the 

assignment of any value to time makes this unattractive in terms of carbon benefits. 

However, reduced-impact logging can substantially reduce emissions over those from 

traditional logging practices. Slowing deforestation is the major opportunity offered by 

Brazil. Slowing deforestation will require understanding its causes and creating 
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functional models capable of generating land-use change scenarios with and without 

different policy changes and other activities. Brazil already has number of programs 

designed to slow deforestation, but the continued rapid loss of forest highlights the 

vast gulf that exists between the magnitude of problem and the efforts to address it. 

The ups and downs of Brazil’s deforestation rate have so far had little to do with 

deliberate programs to control or influence the process. Achieving this control will 

require a major effort in which contributions from the private sector will be needs. 

Mechanisms are needed to make contributions to such programs eligible for credit. 

 

         Chen TY. (2001) studied on a computationally multi-objective programming 

approach and a Leontief inter-industry model are used to investigate the impact of 

mitigating CO2 emissions on Taiwan’s economy. The estimated result shows that 

Taiwan’s GDP will drop 34% off the targeted GDP growth rate for the year 2000and 

Taiwan’s economy will be seriously weakened if annual CO2 emissions are stabilized 

at the 1990 level. When Taiwan maintains CO2 emissions at 128% of the 1990 level, 

then Taiwan’s economy will be able to show a 5.37% average annual growth rate up to 

year 2000; a 157% CO2 emission level would mean a 5.92% annual GDP growth rate; 

and a 213% CO2 emission level from a 6.58% annual GDP growth rate. In additional, 

policy implications are presented in order to provide policy makers in economic 

planning. 

 

Antle  J.  (2000) studied on analysis of the possible market value of carbon 

range from as low as $10 per ton to as high as $100 per ton or more. Combined the 

data can see that at a price of carbon at the low value of $10 per ton, the per hectare 

values would range from $1/ha/yr  in temperate and tropical dry regions, to a high of 

$8/ha/yr in tropical wet regions. At a relatively high price of carbon of $100 per ton, 

the per hectare values would range from $10 to $80 per year. At a middle-range 

carbon price of $50 per ton, the per hectare values for tropical regions would range 

from $10 to $40 per year. 
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CHAPTER 3 

METHODOLOGY 

 
         The objective of this chapter is to describe the steps of work and their 

approaches and methodology in order to achieve the study objective as follows: 

 

Steps of work 
1. Conceptual framework 

1.1 Flow diagram of cost 

 

 

 

      

     

 

 

 

 

 

 

 

          

 

Figure 3-1 Flow diagram of cost 
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1.2  Flow diagram attitude study 

 

         

 

 

 

 

 

 

 

 

 

 

 

Figure 3-2 Flow diagram attitude study 

   

2. Data collection 

2.1 The data cost of teak and mangrove forest plantation by assembling the 

secondary data sources of Forest Industry Organization and Department of Marine and 

Coastal Resources. The details of cost breakdown are as follows: 

 

• Surveying 

• Pre-plant weeding 

• Fencing 

• Planting 

• Weeding 

• Repairing 

• Fertilizing 

• Material managing 

 

 

 
Questionnaire 

 
Attitude of population 

 
Sustainable development 

- General information 
- Income 
- Providing forest conservation and 

preservation information 
- Forest utilization 
- Interest of the CDM projects 

participation of population 
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2.1 Questionnaires 

Questionnaires about population opinions in economics and society from 

people in tumbon Rabum, Lansak district, Uthai Thani province and tumbon 

Takiengthong, Kanchanadit district, Surat Thani province, were divided into 6 aspects: 

 

1. General information of population. 

2. Income of population. 

3. Providing forest conservation and preservation information.  

4. Participation of population. 

5. Forest utilization of population. 

6. Interest of the CDM projects participation of population. 

 

3. Analysis 

3.1 The process of data analysis of teak and mangrove forest plantation for 

the purpose of calculating the cost by using the present total cost per carbon quantity 

which is from each plant biomass. Biomass is calculated from the secondary data 

(Appendix A). By assembling that only calculating the carbon unit for biomass by 

50% of biomass is carbon (IPCC, 2000). 

Equation: 

( ) ( )
( )raitonprojectthisofcontentCarbon

raibahttTotaltonbahtcarbontonperCost

/

/cos/ =
 

 

        Find out the cost of carbon sequestration in bath/ton, of the carbon 

content in reforestation. 

 

3.2 The data of cost teak and mangrove forest plantation for calculation the 

present cost as following details; 

3.2.1 Cost of teak reforestation, calculating by the planting statistic data 

from Forest Industry Organization (FIO) such as surveying, field preparing, planting, 

repairing, weeding, fertilizing, fire preventing, and etc, for teak reforestation. 
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3.2.2 Cost of mangrove reforestation, calculation by the planting 

statistic data from Department of Marine and Coastal Resources such as surveying, 

clearing, remarking, planting and weeding etc. 

 

      

         Equation:  ∑
=

−+=
T

t

trCtTC
1

)1(  

 

         Where,  TC = present total cost 

   Ct = the cost in t year 

   r = interest rate 

   t = year of the project 

 

From this equation, using the discount interest rate at 5% as in the 

present, teak reforestation for 30 years and mangrove reforestation for 15 years. 

According to the secondary data and using rotation for cost calculating, the year of the 

project will be following the rotation as in the present total cost calculation of teak and 

mangrove reforestation data. 

 

3.3 The data of attitude assembling by questionnaires as following details; 

3.3.1 The random population is from the Taro Yamane (1973) equation  

which is used for calculating the random population by random and specific groups. 

 

 

 Equation: 
( )21 eN

Nn

+

=
 

 

 Where,  n = size of random group 

   N = total population 

   e = variation of random; 0.1 
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• Tumbon Rabum, Lansak district, Uthai Thani province which is 

reforestation for teak plantation, 99 people from total 12,420 people. 

 

By   
( )21 eN

Nn

+

=
 

     

    =   
( )( )( )21.0420,121

420,12

+
  = 99 people 

           

    

• A group at tumbon Takiengthong, Kanchanadit district, Surat Thani 

province which is abandoned shrimp farming for mangrove reforestation, 97 people 

from total 3,437 people. 

 

By    

( )21 eN

Nn

+

=  

 

    = 
( )( )( )21.0437,31

437,3

+
  = 97 people 

            

 

3.3.2 The general characteristic of coresponses was presented by using 

frequency, percentage, mean, minimum and maximum. 

 

           3.3.3 The aspect of plantation project for sustainable development and 

the opinion of participation in plantation project under CDM were presented by using 

frequency, percentage, mean and standard deviation. 
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4. Costs comparison 

• Compare cost and expense (Baht/rai) of teak and mangrove plantation. 

• Compare cost (Baht/ton carbon) of teak and mangrove forest. 

• Compare of carbon credit trading and various direct and indirect benefit 

of teak and mangrove forest. 

 

5. The study of attitude for sustainable development 

 

The opinions of population living around the study sites teak plantation and 

mangrove forest toward reforestation under the CDM project for sustainable 

development were examined. 
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CHAPTER 4 

RESULTS AND DISCUSSIONS 
 

         The feasibility of reforestation projects to implement the clean development 

mechanism (CDM) under the Kyoto Protocol, was hereby examined by gathering 

distributed questionnaires and available secondary data. The results of the analysis are 

organized into 2 aspects as follows:  

 4.1 Teak and mangrove reforestation data analysis 

and the results of cost data analysis. 

 4.2 The interest in the CDM participation data analysis 

 

4.1 Teak and mangrove reforestation data analysis and the results of cost data 

analysis 

         The cost analysis of reforestation data is carried out in order to estimate the cost 

and expense of teak reforestation and mangrove reforestation, as well as to compare 

the direct and indirect benefits gaining from such reforestation. The finding are briefly 

discussed in the following perspectives. 
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• Teak reforestation  

 
Table 4-1 The calculation of cost of carbon sequestration in teak reforestation 

spacing 4x4 m. 

Year 

Carbon 
content of the 

project *1 
(ton/rai) 

Baseline*2 
(ton/rai) 

Accumulate
d costs in 
Present 
Value*3 

(Baht/rai) 

Cost per 
ton of 
carbon 
(Baht/ton) 

Net 
benefit*5 
(middle 
price) 

(Baht/ton) 

Net 
benefit*6 

(high price) 
(Baht/ton) 

1 0 0 5,674.33 0 0 0 
2 0.35 0.09 6,382.72 24,548.90 -22,498.9 -20,448.9 
3 0.70 0.18 6,883.75 13,238 -11,188 -9,137.98 
4 1.05 0.27 7,301.68 9,361.13 -7,311.13 -5,261.13 
5 1.40 0.36 7,699.71 7,403.57 -5,353.57 -3,303.57 
6 1.48 0.45 7,739.26 8,233.25 -6,183.26 -4,133.26 
7 2.96 0.54 7,776.92 3,213.60 -1,567.17 482.83 
8 4.35 0.63 7,812.79 2,100.21 -5,021 1,999.78 
9 4.57 0.72 7,846.95 2,038.17 11.83 2,061.83 

10 5.07 0.81 9,471.98 2,223.47 -173.46 1,876.53 
11 5.57 0.90 9,510.57 2,045.28 13.47 2,063.47 
12 7.50 0.99 9,547.32 1,466.56 583.43 2,633.48 
13 8.00 1.08 9,582.32 1,384.73 665.27 2,715.27 
14 8.05 1.17 9,615.65 1,397.62 652.37 2,702.37 
15 8.70 1.26 9,647.40 1,296.70 753.30 2,803.30 
16 9.28 1.35 9,684.97 1,221.31 828.69 2,878.69 
17 9.70 1.44 9,720.75 1,176.84 873.15 2,923.15 
18 10.20 1.53 9,754.82 1,125.12 924.87 2,974.87 
19 10.60 1.62 9,787.27 1,089.89 960.10 3,010.10 
20 11.10 1.71 11,950.62 1,272.69 777.30 2,827.30 
21 11.30 1.80 11,982.59 1,260.17 789.82 2,839.83 
22 11.60 1.89 12,022.81 1,249.77 800.22 2,850.22 
23 11.80 1.98 12,056.35 1,227.73 822.26 2,872.26 
24 12.10 2.07 12,088.29 1,205.21 844.78 2,894.78 
25 12.30 2.16 12,118.71 1,195.14 854.86 2,904.86 
26 12.60 2.25 12,154.71 1,174.37 875.63 2,925.63 
27 12.80 2.34 12,188.99 1,165.29 884.70 2,934.70 
28 13.10 2.43 12,225.64 1,145.42 904.57 2,954.58 
29 13.30 2.52 12,256.73 1,136.61 913.38 2,963.38 
30 13.60 2.57 12,286.35 1,113.54 936.46 2,986.46 

*1 Carbon content receiving from conducting the reforestation project (See Appendix A-1) 
 
*2 The calculation of baseline in the case of reforestation is conducted under the gathered information of  
Sahunalu P. (1993), which there’s biomass of 5.14 ton/rai the study of Tungtum N. (1971) determines 
the growth of teak forest left 13 tree/rai. 
 
*3 *4 The data cost of teak (See Appendix C-1) 
 
*5*6 Net benefit – Cost per ton of carbon = Carbon price per ton 
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Table 4-2 The calculation of cost of carbon sequestration in teak reforestation 

spacing 3x3 m. 

Year 

Carbon 
content of the 

project *1 

(ton/rai) 

Baseline*2 

(ton/rai) 
Accumulated 

costs in 
Present 
Value*3 

(Baht/rai) 

Cost per 
ton of 

carbon 
(Baht/ton) 

Net 
benefit*5 
(middle 
price) 

(Baht/ton) 

Net 
benefit*6 

(high price) 
(Baht/ton) 

1 0 0 6,089.52 0 0 0 
2 0.37 0.09 6,903.13 24,654.04 -22,604 -20,554 
3 0.74 0.18 7,453.39 13,309.63 -11,259.6 -9,209.63 
4 1.11 0.27 7,871.32 9,37.62 -7,320.62 -5,270.62 
5 1.49 0.36 8,269.35 7,318 -5,268.01 -3,218.01 
6 2.10 0.45 8,308.90 5,326.22 -3,276.22 -1,226.22 
7 2.65 0.54 8,346.56 4,131.96 -1,905.72 144.28 
8 3.20 0.63 8,382.43 3,261.64 -1,211.65 838.35 
9 3.75 0.72 8,416.59 2,777.75 -727.75 1,322.24 

10 4.95 0.81 10,041.62 2,425.51 -375.51 1,674.48 
11 6.15 0.90 10,080.21 1,920.04 129.96 2,179.96 
12 7.35 0.99 10,116.96 1,590.71 459.28 2,506.28 
13 8.55 1.08 10,151.96 1,359.03 690.96 2,740.97 
14 8.71 1.17 10,185.29 1,350.83 699.16 2,749.16 
15 8.87 1.26 10,217.04 1,342.58 707.41 2,757.42 
16 9.12 1.35 10,254.61 1,319.77 730.23 2,780.23 
17 9.37 1.44 10,290.39 1,297.65 752.34 2,802.34 
18 9.62 1.53 10,324.46 1,276.20 773.80 2,823.80 
19 9.87 1.62 10,356.91 1,255.38 794.61 2,844.61 
20 10.10 1.71 12,520.26 1,492.28 557.71 2,607.71 
21 10.40 1.80 12,557.23 1,458.28 591.71 2,641.71 
22 10.60 1.89 12,592.45 1,460.84 589.16 2,639.16 
23 10.90 1.98 12,625.99 1,415.47 634.53 2,684.53 
24 11.10 2.07 12,657.93 1,401.76 648.23 2,698.23 
25 11.40 2.16 12,688.35 1,373.20 676.80 2,726.80 
26 11.60 2.25 12,724.35 1,360.89 689.10 2,739.10 
27 11.90 2.34 12,758.63 1,334.58 715.41 2,765.41 
28 12.10 2.43 12,791.28 1,322.78 727.22 2,777.22 
29 12.40 2.52 12,822.37 1,297.81 752.19 2,802.19 
30 12.60 2.57 12,851.99 1,281.35 768.64 2,818.64 

*1 Carbon content receiving from conducting the reforestation project (See Appendix A-1) 
 
*2 The calculation of baseline in the case of reforestation is conducted under the gathered information of  
Sahunalu P. (1993), which there’s biomass of 5.14 ton/rai the study of Tungtum N. (1971) determines 
the growth of teak forest left 13 tree/rai. 
 
*3 *4 The data cost of teak (See Appendix C-1) 
 
*5*6 Net benefit – Cost per ton of carbon = Carbon price per ton 
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Table 4-3 The calculation of cost of carbon sequestration in teak reforestation  

spacing 2x4 m. 

Year 

Carbon 
content of the 

project *1 

(ton/rai) 

Baseline*2 

(ton/rai) 
Accumulated 

costs in 
Present 
Value*3 

(Baht/rai) 

cost per ton 
of carbon 

(Baht/ton) 

Net 
benefit*5 
(middle 
price) 

(Baht/ton) 

Net benefit*6 
(high price) 
(Baht/ton) 

1 0 0 6,194.29 0 0 0 
2 0.33 0.09 7,034.20 29,309.17 -27,259.2 -25,209.2 
3 0.66 0.18 7,597.42 15,827.96 -13,778 -11,728 
4 0.99 0.27 8,015.35 1,132.43 -9,082.43 -7,032.43 
5 1.30 0.36 8,413.38 8,950.40 -6,900.40 -4,850.40 
6 1.55 0.45 8,452.93 8,363.23 -6,319.24 -4,269.24 
7 1.80 0.54 8,490.59 6,738.56 -4,688.56 -2,638.56 
8 2.05 0.63 8,526.46 6,004.55 -3,954.55 -1,904.55 
9 2.39 0.72 8,560.62 5,126.12 -3,076.12 -1,026.12 

10 2.73 0.81 10,185.65 5,305.02 -3,255.03 -1,205.03 
11 3.07 0.90 10,224.24 4,711.63 -2,661.63 -661.63 
12 3.41 0.99 10,260.99 4,240.08 -2,190.08 -672.55 
13 3.77 1.08 10,295.99 3,827.50 -1,777.51 272.49 
14 5.83 1.17 10,329.32 2,216.59 -166.59 1,883.40 
15 7.50 1.26 10,361.07 1,660.42 389.57 2,439.57 
16 7.75 1.35 10,398.64 1,624.78 425.21 2,475.21 
17 8.00 1.44 10,434.42 1,590.81 459.38 2,509.38 
18 8.25 1.53 10,468.49 1,557.81 492.18 2,542.19 
19 8.50 1.62 10,500.94 1,526.30 523.70 2,573.70 
20 8.75 1.71 12,664.29 1,798.90 251.09 2,301.09 
21 9.00 1.80 12,701.26 1,761.84 288.15 2,338.15 
22 9.25 1.89 12,736.48 1,751.92 298.07 2,348.07 
23 9.50 1.98 12,770.02 1,698.14 351.86 2,401.86 
24 9.75 2.07 12,801.96 1,666.92 383.07 2,433.07 
25 10.00 2.16 12,832.38 1,636.78 413.22 2,463.21 
26 10.25 2.25 12,868.38 1,608.54 441.45 2,491.45 
27 10.50 2.34 12,902.66 1,581.20 468.79 2,518.79 
28 10.75 2.43 12,935.31 1,554.72 495.27 2,545.27 
29 11.00 2.52 12,966.40 1,529.05 520.94 2,570.94 
30 11.25 2.57 12,996.02 1,497.23 552.76 2,602.76 

*1 Carbon content receiving from conducting the reforestation project (See Appendix A-1) 
 
*2 The calculation of baseline in the case of reforestation is conducted under the gathered information of  
Sahunalu P. (1993), which there’s biomass of 5.14 ton/rai the study of Tungtum N. (1971) determines 
the growth of teak forest left 13 tree/rai. 
 
*3 *4 The data cost of teak (See Appendix C-1) 
 
 
*5*6 Net benefit – Cost per ton of carbon = Carbon price per ton 
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         The calculated result reveals that the total cost of 30-year teak reforestation in 

different spacing. For spacing 4x4m. with present value of total cost 12,282.35 

Baht/rai costs per ton of carbon 1,118 Baht/ton. For spacing 3x3m. with present value 

of total cost 12,851.99 Baht/rai costs per ton of carbon 1,278 Baht/ton and spacing 

2x4m. with present value of total cost 12,996.02 Baht/rai costs per ton of carbon 1,497 

Baht/ton. 

  

 4.1.1 Cost of teak reforestation 
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Figure 4-1 The comparison of cost in teak reforestation with different spacing 

plant 

 

Figure 4-1 shows cost of teak reforestation in different spacing. For spacing 

2x4m. with plantation of 200 tree/rai costs 19,510 Baht/rai. While spacing 3x3 m. with 

plantation of 180 tree/rai cost 19,356 Baht/rai and spacing 4x4 with plantation of 100 

tree/rai costs 18,746 Baht/rai. It can be concluded that the amount of teak growth 

affect the cost of reforestation (See Appendix C-1). 
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Figure 4-2 The comparison of carbon content in teak reforestation with different 

spacing      

 

         This figure 4-2 shows that the plantation project increase the amount of carbon 

content. In addition, comparing of baseline reforestation before doing plantation and 

teak plantation with different spacing, the amount of carbon content is also different. 

According to the figure, the spacing of 4x4m. shows that the amount of carbon content 

has increased. However, the amount of carbon content has slowly increased in the 

following years. For the spacing of 3x3m. and spacing of 2x4m. the amount of carbon 

content is similar with spacing of 4x4m.  
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Figure 4-3 The comparison of cost per ton of carbon 1-30 years in teak 

reforestation with different spacing  

 

         According to the figure 4-3 at spacing of 4x4 m, it shows the cost per ton of 

carbon in the first to the nineteenth year gradually decreases, and at the twentieth to 

twenty-fourth year the cost gets rising and afterward the cost goes down. At spacing of 

3x3 m and spacing of  2x4 m, the figure appears in the same way. 
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Figure 4-4 The net benefit of cost 1-30 years in teak reforestation with different 

spacing  (middle price) 
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Figure 4-5 The net benefit of cost 1-30 years in teak reforestation with different 

spacing  (high price) 

         According to the figure 4-4, 4-5 after the net benefit is subtracted by the cost per 

ton carbon,  the net benefit at the nineteenth year is highest at every spacing of (4x4 m, 

3x3 m, and 2x4 m) by comparing with the carbon cost at 50$ and 100$. 

 
 Mangrove reforestation 

Table 4-4 The calculation of cost of carbon sequestration in mangrove 

reforestation spacing 1x1m. 

Year 

Carbon 
Content 

of the 
Project*1 

(ton/rai) 

Baseline*2 

(ton/rai) 
Accumulated 

costs in 
Present 
Value*3 

(Baht/rai) 

Cost per 
ton of 

carbon 

(Baht/ton) 

Net 
benefit*5 
(middle 
price) 

(Baht/ton) 

Net 
benefit*6 

(high price) 
(Baht/ton) 

1 0 4,711.43 0 0 0 
2 0.93 5,398.05 11,734.89 -9,684.89 -7,634.89 
3 1.86 6,051.98 6,578.24 -4,528.24 -2478.24 
4 2.79 6,674.77 4,836.79 -2,786.79 -736.79 
5 3.72 7,267.90 3,971.53 -1,921.53 128.47 
6 4.65 - 2,861.37 -811.37 1,238.62 
7 5.58 - 1,444.91 605.09 2,655.09 
8 6.51 - 971.64 1,078.35 3,128.35 
9 7.49 - 731.91 1,318.08 3,368.08 

10 8.97 - 727.51 1,322.48 3,372.48 
11 9.64 - 666.78 1,383.22 3,433.22 
12 10.30 - 621.18 1,428.81 3,478.81 
13 10.97 - 605.65 1,444.34 3,494.34 
14 13.98 - 526.66 1,523.34 3,573.34 
15 15.30 

 
 
 
 
 
 
 

 
0 

- 465.89 1,584.11 3,634.10 
 
*1 Carbon content receiving from conducting the reforestation project (See Appendix A-2) 
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*2 The calculation of baseline in the area of unused shrimp farming condition which afforestation. The 
only activity in the area is only shrimp farming. Baseline value is 0. 
 
*3 *4 The data cost of mangrove (See Appendix C-2) 
 
*5*6 Net benefit – Cost per ton of carbon = Carbon price per ton 
 

Table 4-5 The calculation of cost of carbon sequestration in mangrove 

reforestation spacing 1.5x1.5m. 

 

Year 

Carbon 
Content 

of the 
Project*1 

(ton/rai) 

Baseline*2 

(ton/rai) 
Accumulated 

costs in 
Present 
Value*3 

(Baht/rai) 

Cost per 
ton of 

carbon 

(Baht/ton) 

Net 
benefit*5 
(middle 
price) 

(Baht/ton) 

Net 
benefit*6 

(high price) 
(Baht/ton) 

1 0 3,185.71 0 0 0 
2 1.28 3,872.33 3,025.25 -975.25 1,074.74 
3 2.56 4,526.26 1,768.07 281.93 2,331.93 
4 3.84 5,149.05 1,340.89 709.10 2,759.10 
5 5.12 5,742.18 1,121.52 928.48 2,978.48 
6 6.40 - 897.21 1,152.78 3,202.78 
7 10.90 - 526.80 1,523.19 3,573.19 
8 11.60 - 495.01 1,554.98 3,604.98 
9 11.90 - 482.53 1,567.46 3,617.46 

10 12.20 - 470.67 1,579.33 3,629.33 
11 13.70 - 419.13 1,630.86 3,680.86 
12 15.10 - 380.27 1,669.72 3,719.72 
13 16.60 - 345.91 1,704.08 3,754.06 
14 16.90 - 339.77 1,710.22 3,760.22 
15 17.20 

 
 
 
 
 
 
 

 
0 

- 333.84 1,716.15 3,766.15 
*1 Carbon content receiving from conducting the reforestation project (See Appendix A-2) 
 
*2 The calculation of baseline in the area of unused shrimp farming condition which afforestation. The 
only activity in the area is only shrimp farming. Baseline value is 0. 
 
*3 *4 The data cost of mangrove (See Appendix C-2) 
 
*5*6 Net benefit – Cost per ton of carbon = Carbon price per ton 
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Table 4-6 The calculation of cost of carbon sequestration in mangrove 

reforestation spacing 1x2m. 

 

Year 

Carbon 
Content 

of the 
Project*1 

(ton/rai) 

Baseline*2 

(ton/rai) Accumulated 
costs in Present 

Value*3 

(Baht/rai) 

Cost per 
ton of 

carbon 

(Baht/ton) 

Net benefit*5 
(middle price) 

(Baht/ton) 

Net 
benefit*6 

(high price) 
(Baht/ton) 

1 0 3,340.00 0 0 0 
2 0.93 4,026.62 4,329.69 -2,279.70 -229.70 
3 1.86 4,680.55 2,516.42 -466.42 1,583.57 
4 2.79 5,303.34 1,900.84 149.16 2,199.16 
5 3.72 5,896.47 1,585.07 464.92 2,514.92 
6 4.65 - 1,268.05 781.94 2,831.94 
7 5.58 - 1,056.71 993.28 3,043.28 
8 6.51 - 905.75 1,144.24 3,194.24 
9 7.49 - 787.24 1,262.75 3,312.75 

10 8.97 - 657.35 1,392.64 3,442.64 
11 9.64 - 611.66 1,438.33 3,488.33 
12 10.30 - 572.47 1,477.52 3,527.52 
13 10.97 - 537.50 1,512.49 3,562.49 
14 13.97 - 422.08 1,627.32 3,677.92 
15 15.30 

 
 
 
 
 
 
 

 
0 

- 385.39 1,664.61 3,714.61 
*1 Carbon content receiving from conducting the reforestation project (See Appendix A-2) 
 
*2 The calculation of baseline in the area of unused shrimp farming condition which afforestation. The 
only activity in the area is only shrimp farming. Baseline value is 0. 
 
*3 *4 The data cost of mangrove (See Appendix C-2) 
 
*5*6 Net benefit – Cost per ton of carbon = Carbon price per ton 
 
 
 

 According to Table 4-4, 4-5, 4-6, on the other hand, the total cost of 15-year 

mangrove reforestation in different spacing. For spacing 1x1m. with present value of 

total cost 7,267.90 Baht/rai costs per ton of carbon 466 Baht/ton. For spacing 

1.5x1.5m. with present value of total cost 5742.18 Baht/rai costs per ton of carbon 334 

Baht/ton and For spacing 1x2m. with present value of total cost 5896.47 Baht/rai costs 

per ton of carbon 386 Baht/ton However, it should be remarked that for the mangrove 

reforestation there was an expense only in the first five years and afterwards it was left 

to grow naturally.  
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Figure 4-6 The comparison of cost in mangrove reforestation with different 

spacing plants 

Figure 4-6 shows cost of mangrove reforestation in different spacing. The 

spacing of 1x1 m. with the plantation of 1,600 tree/rai costs 7,267.9 Baht/rai. The 

spacing of 1x2 m. with plantation of 800 tree/rai costs 5,896.47 Baht/rai and spacing 

of 1.5x1.5 m. with plantation of  711 tree/rai costs 5,742.18 Baht/rai. It can be 

concluded that the amount of teak growth affect the cost of reforestation (See 

Appendix C-2). 
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Figure 4-7 The comparison of carbon content in mangrove reforestation with 

different spacing      

        Figure 4-7 shows that mangrove reforestation increases carbon content 

comparing with baseline of the area of unused shrimp framing. The spacing of 

1.5x1.5m. indicates higher carbon content. Spacing of 1x1m. and spacing of 1x2m. has 

similar carbon content in the same period. The collection of secondary data of carbon 

content are limited. As a result, the results in each year are various. 
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Figure 4-8 The comparison of cost per ton of carbon 1-30 years in mangrove 

reforestation with different spacing  

 

         According to the figure 4-8, the cost per ton of carbon gradually decreases at 3 

spacing (1x1 m, 1.5x1.5 m and 1x2 m) until the fifteenth year. This shows that if there 

is an investment in reforestation project for carbon credit calculation, the cost per ton 

carbon at the fifteenth year will be reduced. 
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Figure 4-9 The net benefit of cost 1-15 years in mangrove reforestation with 

different spacing  (middle price) 
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Figure 4-10 The net benefit of cost 1-15 years in mangrove reforestation with 

different spacing  (high price) 

 

According to the figure 4-9, 4-10 after the net benefit is subtracted by the cost per ton 

carbon, the net benefit grows in positive way until the fifteenth year at all spacing of 

(4x4 m, 3x3 m, and 2x4 m) by comparing with the carbon cost at 50$ and 100$. 
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 4.1.2 The comparison of carbon credit trading and various direct and 

indirect benefits of teak and mangrove forests. 

 

 As all known, climate change and global warming are the serious 

effects of the greenhouse gases emissions, so-called greenhouse effect. The 

combustion of fossil fuel is one of human activities increasing so much gases 

emissions to the atmosphere. With this concern, the Kyoto Protocol to the United 

Nations Framework Convention on Climate Change (UNFCCC) has been launched to 

set the additionality commitments for developed countries since the climate change 

problems have not been seriously resolved. Moreover, the Clean Development 

Mechanism (CDM) under the Kyoto Protocol is only one of the three mechanisms (JI, 

ET and CDM) mentioned earlier that encourages developed countries to cooperate 

with developing countries to implement the CDM projects. Thailand, as a developing 

country, can participate in such projects under the condition of potential and readiness. 

(1) The comparison of teak forest utilization 
Teak logging and carbon credit trading are compared. 

Table 4-7 Income of teak trading  
Price 

Baht/length (m) 
Group Diameter at the 

Middle of 
Timber 

(cm) 
< 2 m > 2 < 4 m. > 4 < 6 m > 6 m 

1 

30-34 
35-39 
40-44 
45-49 

2,000 
2,250 
2,500 
2,750 

2,250 
2,500 
2,750 
3,050 

2,500 
2,750 
3,050 
3,400 

2,750 
3,050 
3,400 
3,750 

2 

50-54 
55-59 
60-64 
65-69 
70-74 
75-79 

3,500 
3,850 
4,250 
4,800 
6,450 
6,800 

3,850 
4,250 
4,800 
5,300 
6,800 
7,088 

4,250 
4,700 
5,250 
5,900 
7,100 
7,500 

4,700 
5,250 
5,850 
6,600 
7,500 
7,900 

3 

80-84 
85-89 
90-94 
95-99 

100-120 

7,150 
7,600 

10,200 
10,250 
11,350 

7,600 
7,950 
10,800 
11,350 
12,000 

7,950 
8,400 
11,350 
12,000 
12,600 

8,400 
8,850 

12,000 
12,600 
13,250 

4 More than 120 
cm. 15,450 

Source: Statistics division, Forest Industry Organization (1997) 
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 Table 4-7, it shows direct benefit of teak logging. That teak timber price is 

based upon the size of timber and the age of teak. Therefore benefit of selling teak 

timber spacing of 4x4m. 555,540 bath/rai, spacing of 3x3m. 313,725 Baht/rai and 

spacing 2x4m. 266,940 bath/rai. This income is from selling teak timber at the 30 year. 

 

 For the teak reforestation which is for commerce, has the thinning at 15 year. 

For example, in spacing of 2x4m. has the amount of 200 tree/rai. The cost of 

investment per rai is shown in appendix B-1. The amount of volume thinning at age 

11 year will be at 3 m3/rai (Detvisit S, 1993). This causes the timber price at 14,100 

m3/rai has a selling teak timber 42,300 Baht/rai. The amount of timber thinning at age 

15 year is volume about 12 m3/rai. At the income of 14,100 m3/rai has a selling teak 

timber about 169,200 Baht/rai. 
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Figure 4-11 The comparison of the net benefit in teak reforestation for 

commerce and conservation (middle price). 
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Figure 4-12 The comparison of the net benefit in teak reforestation for 

commerce and conservation (high price). 

 

         Figure 4-11, 4-12 shows the comparison of benefit of teak reforestation for 

conservation and the one of for commerce. The reforestation for commerce give more 

benefit than the reforestation for conservation. The plantation for conservation has 

main benefit from carbon credit trading and forest products. According to figure 4-3, 

cost per ton carbon with middle price and high price gives benefits from plantation for 

conservation (See Appendix C-4). As a result, The benefit of reforestation for 

conservation has higher value when calculation with high price. In addition, the 

reforestation in different spacing plants cause different benefit. Spacing of 4x4m. 

gives more benefit than spacing of 3x3m. and spacing of 2x4m. The reason is because 

the less amount of trees, the plants can grow well. The amount of volume is higher. As 

a result, The benefit in spacing of 4x4m. is higher than other. While the reforestation 

for conservation in spacing of 4x4m. gives lowest benefit, follow by spacing of 3x3m. 

and spacing of 2x4m. However, it depends on cost per ton carbon and carbon content 

of each spacing. 
 

 In comparison about reforestation for conservation and for commerce, the 

indirect economic benefits of teak reforestation for conservation obviously are 

collecting the forest products and trading carbon credits, for example. However, the 
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forest products cannot be collected throughout the year but certain seasons only, for 

example, Termitomyces fulzinosus Heim or Melientha Suavis are full-grown in only 

rainy season. Thus, if the local people expect to earn their livings just by collecting 

wild fruits or animals, it will affect the family income as it is not the certain earnings 

and cannot make money throughout the year. 

 (2)The comparison of mangrove forest utilization 
 
 The direct and indirect benefits mangrove reforestation (such as firewood 

selling, shrimp farming and carbon credit trading) are compared. 

 

• Mangrove firewood burning: Mainly Rhizophora is burnt for charcoal. 

Ceriops and Bruguiera, for example, are also burnt for firewood but not much. 

Annually, approximately 80% of trees were cut for the purpose of charcoal burning. 

To compare with other species, the Rhizophora charcoal is considered as the best 

quality: providing high heat and good price. As for Thailand, it can produce charcoal 

from Rhizophora and some other species cut from the mangrove forest around 

263,334 m3/year (179,067 ton/year) or 895 million Baht (Aksornkqae S.,1999). As 

mangrove charcoal is getting less produced every year, its price is getting higher. 

 

• Shrimp farming 

      Table 4-8 Marine shrimp farming area of Thailand during 1976-1995 
Year Area 

(rai) 
Number of 

farms 
Total Products 

(ton) 
2519 76,850 1,544 2,533.33 
2520 77,567 1,437 1,589.54 
2521 151,055 3,045 6,394.83 
2522 154,222 3,378 7,064.07 
2523 162,727 3,572 8,063.05 
2524 171,619 3,657 10,727.87 
2525 192,453 3,943 10,090.77 
2526 222,107 4,327 11,549.85 
2527 229,949 4,519 13,006.75 
2528 254,805 4,939 15,840.56 
2529 283,548 5,534 17,885.83 
2530 279,812 5,899 23,566.47 
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Table 4-8 Marine shrimp farming area of Thailand during 1976-
1995 (Cont.) 

 
Year Area 

(rai) 
Number of 

farms 
Total Products 

(ton) 
2531 342,364 10,246 55,623.84 
2532 444,785 12,545 93,494.50 
2533 403,787 15,072 118,227.05 
2534 470,826 18,998 162,069.69 
2535 454,975 19,403 184,884.32 
2536 449,292 20,027 225,514.30 
2537 457,793 22,198 263,445.96 
2538 468,386 26,145 256,540.54 

        Source: Department of Fisheries (1996), and Southeast Asian Fisheries Development Center     
(1987)  

 
 As shown in Table 4-8, the area of shrimp farming kept gradually increasing 

and its product also increased in the same direction. However, the shrimp farming 

areas occupied in Kanchanadit district, Surat Thani province, appeared decreasing 

because the productivity areas was declined. In the present some shrimp farming open 

their business just a few years and give up. The increasing of shrimp farm is the main 

cause of why the mangrove forest is declined. Moreover, the effect of this situation 

induced the numbers of shrimps in the nature decreasing. To solve this problem, 

mangrove forest conservation is important. For 150-day shrimp farming, the product 

capacity is today 600 kg/rai approximately, while the price is currently 200 Baht/kg 

(Department of Marine and Coastal Resources, 2003). 

• To consider through economic point of view, the mangrove forestation 

for conservation gives some indirect benefits. On one hand, people can find and pick 

forest products (here, meant such as shrimp, shellfish, crab, fish, etc.). There are many 

kinds of animal living in the mangrove forest. Some spend their lives since they are 

born until they die. But some live in the forest only when they are young. Being 

habitat of various aquatic animals, the mangrove forest provides economic benefits to 

local people and others in the neighborhood to find and pick such animals for selling 

or consuming throughout the year.  
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Figure 4-13 The comparison of the cost effectiveness in mangrove reforestation 

for commerce and conservation (middle price). 
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Figure 4-14 The comparison of the cost effectiveness in mangrove reforestation 

for commerce and conservation (high price). 
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         Figure 4-13, 4-14 illustrates the comparison of the cost of benefits in commerce 

of mangrove reforestation and conservation. From the figure, the conservation of 

reforestation causes higher benefit than from shrimp framing. The reason is that the 

benefit of shrimp framing takes 150 days while the plantation for conservation takes 

15 years for benefit. Figure 4-13, 4-14 shows that cost per ton carbon with middle 

price and high price gives benefit from reforestation for conservation (See Appendix 

C-5). The benefit of mangrove reforestation in different spacing plants is similar 

which depends on carbon content and cost per ton carbon.   

 

4.2 The interest in the CDM participation data analysis 
The questionnaire was designed for investigating samples of population in 2 

study areas: 99 samples in Tumbon Rabum, Lansak district, Uthai Thani province and 

97 samples in Tambon Takiengthong, Kanchanadit district, Surat Thani province. 

Referring to the results of teak forest and mangrove forest is separated into 4 aspects. 

  

 1.    Providing information about forest conservation and preservation  

2. Participation 

3. Income 

4. Forest utilization 

5. Interested in the CDM participation 

 

Table 4-9 General backgrounds of population living in the study area: Uthai 

Thani  

General Background Number 
Gender 
Male 

Female 

 
47 
52 
 

Age 
20 – 29 years old 
30 – 39 years old 
40 – 49 years old 
50-59 years old 

more than 60 years old 
X = 44.77      Min  = 20 

 
18 
22 
23 
16 
20 

Max = 78 
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Table 4-9 General backgrounds of population living in the study 

area: Uthai Thani (Cont.) 

General Background Number 
Duration of staying at the present 

village 
0-9 years old 

10-19 years old 
20-29 years old 
30-39 years old 
40-49 years old 

more than 50 years old 
X = 22.89              Min = 2 

 
 

6 
34 
33 
17 
8 
1 
 

Max = 78 
 

         Table 4-9 describes the general backgrounds of 99 samples. There were 47 males 

and 52 females. The maximum age was 78 years old and the minimum was 20 years 

old. The maximum duration of living in the study area, Uthai Thani province, was 62 

years and the minimum was 2 years.  

Table 4-10 General backgrounds of population living in the study area: Surat 

Thani  

General Background Number 
Gender 
Male 

Female 

 
46 
51 
 

Age 
20 - 29 years old 
30 - 39 years old 
40 - 49 years old 
50 - 59 years old 

more than 60 years old 
X  = 42.16             Min  = 20 

 
14 
32 
26 
13 
12 

Max = 66 
 

Duration of staying in the present 
village 

0-9 years old 
10-19 years old 
20-29 years old 
30-39 years old 
40-49 years old 

more than 50 years old 
X  = 26.67            Min  = 3 

 
 

10 
21 
23 
22 
10 
11 

Max = 63 
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         Table 4-10 shows the general backgrounds of 97 samples. There were 46 males 

and 51 females. The maximum age was 66 years old and the minimum was 20 years 

old. The maximum duration of living in the study area, Surat Thani province, was 63 

years and the minimum was 3 years.  

 The reason why there were more female samples than male samples was that at 

the time of data surveying men went out to work, while women and the old stayed at 

their homes. 
 

(1) Providing information about conservation and preservation of both 

forest and mangrove forest 

 

 Referring to the result of this study, it reveals how much people in the sample 

groups understand how to conserve and preserve of both forest and mangrove forest. 

In the light of these results, it could be further applied to get some more ideas leading 

to sustainable forest management.     

 

Table 4-11 Providing information about forest conservation and preservation :       

Uthai Thani 

General Background Number Percentage 
Knowing about the 

dominant species in the 
study area 

  

Yes 
 

89 
 

89.9 

No 
 

10 
 

10.10 
 

Conservation information 
receiving 

  

 
Yes 
No 

 
76 
23 

 
76.8 
23.2 

Participation in training 
courses 

Yes 
No 

 

 
 

55 
44 

 
 

55.6 
44.4 
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Table 4-11 Providing information about forest conservation and preservation :   

Uthai Thani (Cont.) 

General Background Number Percentage 
Understanding of plant 
growth follow-up and 

monitoring 

  

Yes 
 

40 
 

40.4 

No 
 

59 
 

59.6 
 

  
        Table 4-11 showing the information about forest conservation and preservation 

provided to local people in the study site: Uthai Thani province, the results are 

analyzed as follows: 

 - 89.9% of local people knew about the forest condition in the Hauy Kha 

Kaeng wildlife Sanctuary  and its dominant species; but 10.1% knew nothing about 

those facts. The reasons that most local people knew about forest condition and 

dominant species are they frequently entered into the forest area and naturally learned 

about species and wood for utilization. For the people who did not realize about their 

forest, however, this is probably because they have never entered into the forest.  

 - 76.8% of local people have been informed about forest conservation; whereas 

23% have never been informed about such information. People have been perceived 

the information mostly from government sector, other concerned organizations 

coming to provide knowledge, or mass media like television and radio. Some local 

people did not realize about any conservation information, because they were limited 

by their jobs that they had to work so hard that there was no time left to catch on any 

information.   

- 55.6 % of local people have been trained about forest conservation and other 

training. People who have never entered any training are 44.4%. Most of the training 

topics provided to those people were about forest conservation, public utility, and 

agriculture. Moreover, most of those people were in the committee of the village, 

Tambon Administration Organization (TAO) or being the concerned people. On the 

other hand, some people have never entered any training because they have no time 
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available as the result of their work and some have not been informed anything about 

training activities.    

 - 40.4 % of local people understood about individual species growth 

monitoring process because they have been trained and often practiced so that they 

knew how to do it or otherwise they maybe just noticed each species when planting. 

But there are 59.6% of those who had no idea about it. One reason that makes they not 

to know about the species growth follow-up is that they have never been trained or 

never noticed when they cultivated crops. Another reason is that their career is mostly 

agriculture-main species is agro-crop not perennial plant, therefore, they are skillful 

only crop growth follow-up, did not pay attention to the growth or change of perennial 

trees.     

 

Table 4-12 Providing information about mangrove forest conservation and 

preservation : Surat Thani  

General Background Number Percentage 
Knowing about the 

dominant species in the 
study area 

  

Yes 
 

87 
 

89.7 

No 
 

10 
 

10.3 
 

Conservation information 
receiving 

  

Yes 86 88.7 
No 11 11.3 

 
Participation in training 

courses 
  

Yes 78 80.4 
No 19 19.6 

 
Understanding of plant 
growth follow-up and 

monitoring 
Yes 
No 

 
 
 

76 
21 

 
 
 

78.4 
21.6 
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      Table 4-12 shows the results of providing information concerning about mangrove 

forest conservation in the chosen study area, Surat Thani province. The analyses are as 

follows: 

- 89.7% of local people knew about the forest condition and its dominant 

species growing in the mangrove forest; but 10.1% did not know anything about forest 

condition and the dominant tree. The reasons that most of local people realized about 

those facts are that they often entered into the mangrove forest area for their career and 

gathering the forest product and therefore they learned and could identify the species, 

naturally. For the people who did not know about their forest, however, it is probably 

because they have never entered into the forest and did not do a job concerning about 

mangrove forest.  

 

 - 88.7% of local people whom have been informed about mangrove forest 

conservation; whereas 23% have never been informed about such information. People 

have been perceived the information mostly from the concerned sectors and 

organizations coming frequently to provide training courses and most of people were 

willing to cooperate with them. But there were some local people who did not know 

anything about conservation, as they did not catch on any information.   

 

 - 80.4% of local people have been trained about forest conservation and other 

training. People who have never entered any training were 19.6%. Most of people 

have ever been trained about forest conservation, public utility, and shrimp farming.   

 

 - 78.4% of local people understood about individual species growth monitoring 

process. But there are 21.6% of those who did not understand about it. It is evidently 

most of local people in the study area comprehended the monitoring process. This is 

because, as indicated above, they have been participated in various training and those 

people in the chosen study area paid great important to forest conservation. So they 

realized that to increase the mangrove forest area they have to understand and know 

about each species growth. But for those who did not understand about the monitoring 

process maybe because of their hard working that made them have no time to learn 

about mangrove forest 
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(2) The results of population participation analysis showing how much 

the requirement of people on participating in forest preservation and 

conservation   

Table 4-13 Population participation in the study area: Uthai Thani province 

General background Number Percentage 
Willingness of 
Participation 

Yes 
No 

 
Participation of searching 
the causes of the loss of 

forest area 
Yes 
No 

 
Participation in project 

planning 
Yes 
No 

 
Participation in 

conducting the project 
Yes 
No 

 
Participation in follow-up 

and monitoring 
Yes 
No 

 
 

73 
26 
 
 
 
 

41 
58 
 
 
 

45 
54 
 
 
 

72 
27 
 
 
 

47 
52 

 
 

73.7 
26.3 

 
 
 
 

41.4 
58.6 

 
 
 

45.5 
54.5 

 
 
 

72.7 
27.3 

 
 
 

47.5 
52.5 

 

The participation of local people in the study area, Uthai Thani, showing in 

Table 4-13 is discussed as follows: 

 - 41.4% of local people required participating in the project of searching causes 

of the problem; whereas 58.6% of local people would not like to join such project. 

Conversely, there are 73.7% of local people who were interested in the project but 

most of them had to spend their most of time to work and judged that to find the 

causes of problems was the responsibility of government sector or the concerned 

organizations, not citizen as them. There is less cooperation of local people, 

consequently.    
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 - 45.5% of local people were willing to participate in planning project; whereas 

54.5% of people were not willing to join the project. It is noticed that the percentage of 

planning project participation of people is relatively the same as the participation in 

the project of searching causes of the problem and with the same reasons. 

 - 72.7% of local people agreed to practically participate in conducting the 

project, but 27.3% of local people disagreed to take part in the project practices. It is 

obviously that most of people were pleased to collaborate for running the project, 

whereas some could not participate in the project under the primary reason that most 

of their time was spent only to work. Particularly, these people did not participate in 

any other projects as well because they thought that job is the most important thing 

providing income to them and their family. 

 - 47.5% of local people were interested in joining the project of follow-up and 

monitoring and 52.5% of people were not interested in the project. Also, the 

percentage of participation of this project shows relatively the same rate as the projects 

of searching causes and the problem and of project planning. Some considered that it 

was not their duty to follow and monitor but some agreed that after participating in the 

project it should also be followed up and monitored the consequences. 

 

Table 4-14 Population participation in the study area: Surat Thani province 

General background Number Percentage 
Willingness of 
Participation 

Yes 
No 

 
 

76 
21 

 
 

78.4 
21.6 

 
Participation of searching 
the causes of the loss of 

forest area 
Yes 
No 

 
 
 

64 
33 

 
 
 

66 
34 
 

Participation in project 
planning 

Yes 
No 

 
 

65 
32 

 
 

67 
33 
 

 



Sima Sanrak   Results and Discussions / 62 

Table 4-14 Population participation in the study area: Surat Thani province 

(Cont.) 

General background Number Percentage 
Participation in conducting 

the project 
Yes 
NO 

 
 

84 
13 

 
 

86.6 
13.4 

Participation in follow-up 
and monitoring 

Yes 
No 

 
 

81 
16 

 
 

83.5 
16.5 

 

The participation of people in the chosen study area, Surat Thani province, 

showing in Table 4-14 is analyzed as follows: 

 - 66% of people willing participating in the project of searching causes of the 

problem; whereas 34% of people would not like to join the project. After asking about 

the willingness, it is found that 78.4% of people were interested in participating in this 

project as the result that they, as the member of conservative group, also needed to 

know what are the causes of the problems and would like to find the ways to solve 

those problems. For the people did not participate in the project, it is probably because 

of their limit of time. 

 - 67% of people were willing to participate in planning project; whereas 33% 

of people were not willing to join the project. It is noticed that many local people were 

pleased to take part in the planning project as the result mentioned earlier that most of 

them were in the conservative group. Not only participating in searching causes of the 

problem, they certainly had to join in the planning project as well. Some people did 

not participated in the project because of time limitation and their career that were not 

supported for participating in the project such as official, merchant, and so on.   

 - 86.6% of local people agreed to practically participate in the implementation 

of the project, but only 13.4% of local people disagreed to take part in the project 

practices. It is remarkably that most of people were pleased to give collaboration. 

Every time running the project, such as mangrove reforestation, the local people were 

informed in advance. Educational institutes and other organizations, for example, were 

asked for the collaboration such as students or other people to reinforce manpower to 
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conduct the projects. Whereas some could not participate in the project as they were 

too old to help anything. 

 - 83.5% of local people were interested in joining the project of follow-up and 

monitoring and 16.5% of local people were not interested in the project. Those 

interested people would like to follow up their work since the beginning and all the 

process of implementation practices. But some did not enter the project mostly 

because of the limitation of age and time. 

  

(3) Population income in the study areas: Uthai Thani and Surat Thani 

provinces. 

 The income of population was studied to know the total income earning from 

the local people’s careers and to find out if they are satisfied with the current income 

or not. These outcomes express the way of life and living condition of the population 

in the study areas as the following table.  

 

Table 4-15 Career and income of population in the study area: Uthai Thani 

province 

General Background Number Percentage 
Major Career 
Agriculture 
Livestock 

Trade 
Unskilled labor for hire 

 
75 
5 
7 

12 
 

 
75.8 
5.05 
7.07 
12.1 

Minor Career 
Agriculture 
Livestock 

Trade 
Unskilled labor for hire 

 
1 
- 

10 
30 

 
1.01 

- 
10.1 
30.3 
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Table 4-15 Career and income of population in the study area: Uthai Thani 

province (Cont.) 

General Background Number Percentage 
Land Utilization types 

ALRO 
Rented land 

NS.3 
Title deed 

 
72 
10 
- 
- 

 
72.7 
10.1 

- 
- 
 

Income 
10,000-50,000 Baht 

50,001-100,000 Baht 
100,001-500,000 Baht 

 
X = 42,600   Min = 10,000 

 
86 
9 
4 
 

Max = 300,000 

 
86.9 
9.09 
4.04 

Satisfactory of the present 
income 

Yes 
No 

 
 

78 
21 

 
 

78.8 
21.2 

 

The information from Table 4-15 can be explained as follows: 

- Agriculture was the major career of most people in the study area, Uthai 

Thani. To say, 75 samples (75.8%) worked in agricultural field. The next major career 

was unskilled labor for hire engaged by 12 samples (12.1%). The third next major 

career was trade engaged by 7 samples (7.07%). And 5 samples (5.05%) worked in 

livestock field.        

- Unskilled labor for hire was the minor career of most people in the study 

area, to say, 30 samples (30.3%) did. The next minor career was trade which done by 

10 samples (10.1%). 

- The most type of land holding of population was under the Agricultural Land 

Reform Office (ALRO). It was held by 72 samples (72.7%). The next type was rental 

holding with 10 people (10.1%). 

- The highest income of the population in the study area was 300,000 Baht. 

The lowest income was 10,000 Baht. 86 samples had their income ranging from 

10,000-50,000 Baht. Next, 9 samples had 50,001-100,000 Baht and 4 samples had 

100,001-500,000 Baht. 
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- 78 samples (78.8%) felt satisfied their own income but 21 samples (21.2%) 

was unsatisfied the income they have earned.       

The major career of the most local people engaged was agriculture. The next 

career was general employee, trade, and livestock, respectively. The minor careers that 

the most of local people did were employer and trade. The type of land holding of 

local people was mostly the land authorized by the Agricultural Land Reform Office 

(ALRO), and next was rented land holding. The mean income of local people was 

about 40,000 Baht a year. But most people did not satisfy with their income because 

they had to spend for debts and other expenses. Agriculture that the local people 

mostly did were corn and cotton farming which had to cultivate seasonally. After 

ending of farming season, they had to work for other jobs or pick the forest product for 

selling. 

 

Table 4-16 Career and income of population in the study area: Surat Thani 

province 

General Background Number Percentage 
Major Career 

Shrimp farming 
Government official 

Trade 
Own business 

 
43 
18 
11 
25 
 

 
44.3 
18.6 
11.3 
25.8 

Minor Career 
Shrimp farming 

Government official 
Trade 

Own business 

 
11 
8 
- 
- 

 
11.3 
8.25 

- 
- 
 

Land Utilization Types 

ALRO 
Rented land 

NS.3 
Title deed 

 

 
 
- 
- 
- 

97 

 
 
- 
- 
- 

100 
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Table 4-16 Career and income of population in the study area: Surat Thani 

province (Cont.) 

General Background Number Percentage 
Income 

50,001-100,000 Baht 
100,001-500,000 Baht 

500,001-1,000,000 Baht 
 

X = 236,700  Min = 100,000 

 
3 

89 
5 

 
Max = 800,000 

 
3.09 
91.8 
5.15 

Satisfactory of the present 
income 

Yes 
No 

 
 

64 
33 

 
 

66 
34 

 

Here is the analysis of career and income of population in the study area, Surat 

Thani province, according to Table 4-16. 

- Shrimp farming was the major career of most people in the study area, Uthai 

Thani. To say, 43 samples (44.3%) did shrimp farming. 25 samples (25.8%) had their 

own business. The third next major career was trade engaged by 18 samples (18.6%). 

And 11 samples (11.3%) were officers.        

- Shrimp farming was also the minor career of most people in the study area, to 

say, 11 samples (11.3%) were shrimp farmers. The next minor career was trade which 

engaged by 8 samples (8.25%) 

- Land holding of population in the study area was only by title deed of land. 

That is, it was held by 97 samples (100%). 

- The highest income of the population in the study area was 800,000 Baht. 

The lowest income was 100,000 Baht. 89 samples had their income ranging from 

100,001-500,000 Baht. Next, 5 samples had 500,001-1,000,000 Baht and 3 samples 

had 50,001-100,000 Baht. 

- 64 samples (66%) felt satisfied their own income but 33 samples (34%) was 

unsatisfied the income they earned.       

 The most major careers of local people were shrimp farming, own business, 

government official, and trade, respectively. On the other hand, the most minor careers 

were also shrimp farmer and government official, respectively. Most of land holding 
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type is title deed holding. The average income shows 240,000 Baht/year, 

approximately, and most of local people felt satisfied with their income. 

 

(4) Forest utilization of population in the study areas: Uthai Thani and Surat 

Thani provinces. 

 

The study about forest utilization of population was designed to know how much 

the forest and mangrove forest were utilized and if those forest areas are increasing 

whether the people will enter to gain benefits of the forest products or not. The forest 

utilization of people is one of the causes making the forest disturbed and declined. In 

this aspect, the results of the study are showed in the following table. 

 

Table 4-17 Forest utilization of population in the study site: Uthai Thani province 

General Background Number Percentage 
Entering into the forest to 
find and collect the forest 

products 

Yes 
No 

 
 
 
 

53 
46 

 
 
 
 

53.5 
46.5 

 
Quantity of forest products 

taken out each time 
1 – 10 kg. 

11 – 20 kg. 
21 –30 kg. 

more than 30 kg. 
X   = 5.83            Min  = 1 

 
 

38 
10 
5 
- 

Max = 40 
 

 
 

38.4 
10.1 
5.05 

- 

Wood utilization during  30 
years ago 

Forest 
Own land 

Buy 
Wood utilization in the 

present 
Forest 

Own land 
Buy 

 
 

52 
18 
29 
 
 
- 

16 
83 

 
 

52.5 
18.2 
29.3 

 
 
- 

16.2 
83.8 
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According to Table 4-17 above, the results of the study are described as 

follows: 

 - 53 samples (53.5%) have ever entered into the forest to find and pick some 

forest products such as mushroom, bamboo shoot, wildlife and so on, for use or sale; 

whereas 46 samples (46.5%) have never entered the forest for finding and picking any 

forest products. 

 - The highest quantity of forest products have been taken out each time was 40 

kg.  and the lowest quantity was 1 kg. To say respectively, 38 samples have ever taken 

1-10 kg a time; 10 samples taken 11-20 kg.; 5 samples taken 21-30 kg.; and one 

sample have ever taken more than 30 kg a time.     

 - Asking about wood utilization (such as house building, firewood cutting, 

charcoal burning) in the old days, it is found that 52 samples (52.5%) mostly used 

wood taken from forest. Next, 26 samples (29.3%) bought wood for utilization. And 

18 samples (18.2%) used wood from their own land.    

 - In the present days, on the other, wood purchasing is the most favorite source 

taken for utilization. And wood utilization from the own land is the next favorite 

source. According to the table above, 83 samples (83.8%) buy wood for utilization and 

16 samples (16.2%) use wood from their own land. 

Most of local people have ever been entered to find and pick the forest 

products The forest products carried out each time was about 6 kg. Some were sold. 

Some were consumed. But local people could not gather greater amount of forest 

products as the result that the study area is the Hauy Kha Kaeng Wildlife Sanctuary it 

is forbidden to invade into the forest area. Though local people are permitted to enter 

of gather some forest products, the gathered products are examined and limited the 

quantity of the product as just enough for consumption. In the old days, the forest was 

abundant with various species, wood utilization was taken from the forest to use in 

several benefits like building houses or being fuel, for example. But some people 

bought wood for utilization or cut from their own land. However, today the forest area 

has been decreased and the area is forbidden to enter and not allowed to cut any tree 

and take out of the forest. If anyone violates the prohibition, there is the legal 

punishment. Consequently, now people have to buy wood from the sawmill or cut 

from their own land instead of cutting from the forest.    
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 Table 4-18 Forest utilization of population in the study site: Surat Thani 

province 

General Background Number Percentage 
Entering into the forest to 
find and collect the forest 

products 

Yes 
No 

 
 
 
 

74 
23 

 
 
 
 

76.3 
23.7 

 
Quantity of forest products 

taken out each time 
1 – 10 kg. 

11 – 20 kg. 
21 –30 kg. 

more than 30 kg. 
X   = 6.35          Min  = 2 

 
 

57 
15 
1 
1 

Max = 30 
 

 
 

58.8 
15.5 
1.03 
1.03 

Wood utilization during  30 
years ago 

Forest 
Own land 

Buy 
Wood utilization in the 

present 
Forest 

Own land 
Buy 

 
 

41 
42 
14 
 
 
- 

25 
72 

 
 

42.3 
43.3 
14.4 

 
 
- 

25.8 
74.2 

 

         According to Table 4-18, the discussions are as follows: 

 - 74 samples (76.3%) have ever entered into the mangrove forest to find and 

collect some forest products such as wood, shrimp, shellfish, crab, fish and so on, for 

use or sale; whereas 23 samples (23.7%) have never entered the forest for finding and 

collecting forest products. 

 - The highest quantity of mangrove forest products have been taken was 30 kg. 

per one time and the lowest quantity was 2 kg. To say respectively, 57 samples have 

ever taken 1-10 kg a time; 15 samples for 11-20 kg.; one sample for 21-30 kg.; and 

one sample for more than 30 kg a time.     

 - Asking about wood utilization (such as house building, firewood cutting, 

charcoal burning) in the old days, it is found that 42 samples (43.3%) mostly used 
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wood taken from their own land. Next, 41 samples (42.3%) used wood taken from 

mangrove forest. And 14 samples (14.4%) bought wood for utilization.    

 - In the present days, wood purchasing is the most favorite source taken for 

utilization. And wood from the own land is the next favorite source. According to the 

table above, 72 samples (74.2%) buy wood for utilization and 25 samples (25.8%) use 

wood from their own land. 

Most of local people have been entered the forest to find and gather forest 

products and the amount of forest products taken out was about 7 kg/time. Mostly, the 

products (such as shrimp, crab, and fish) were taken to consume than to sell. In the old 

days, wood utilization mostly was taken from the people’s land or forest (at relatively 

the same rate), but some bought it. Most of taken mangrove wood was used as fire 

wood and foundation pole , for example. However, today most of people buy wood 

from sawmill and some cut down from their own land.  

 

(5) Interested in the CDM participation 

 The interest of the CDM participation in forest and mangrove reforestation 

projects 

To study about the interest of reforestation participation under the CDM 

projects, the chosen study area in Uthai Thani province is used to be the representative 

of terrestrial forest population; whereas the chosen study area in Surat Thani province 

is used to be the representative of mangrove forest population. As mentioned earlier, 

the CDM is a mechanism in the Kyoto Protocol that Thailand and other developing 

countries can participate to implement the projects. Interested people or organizations 

could participate in the projects under the conditions and agreements between those 

persons or organizations and the investing country. In this study, the interest of 

population toward the implementation of the CDM projects was investigated in order 

to study the feasibility of conducting the reforestation projects in the future. The 

results are numerically showed as follows: 
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Table 4-19 The results of the interest of the CDM participation of population in 

the study area in Uthai Thani province, the representative of forest 

population 

General Background Number Percentage 
Interest of the participation 

in the CDM project 
Yes 
No 

 
 

33 
66 

 
 

33.3 
66.7 

 
Land distribution for 

participating in the CDM 
project 

1 - 5 rais 
6 – 10 rais 
11 – 15 rais 
16 – 20 rais 

 
 X   = 4.64           Min  = 2 

 
 
 

27 
6 
- 
- 
 

Max = 10           SD = 1.86 

 
 
 

27.3 
6.06 

- 
- 

Type of the project 
Temporary CERs 
Long-term CERs 

 
20 
13 

 
20.2 
13.1 

 
Reforestation requirement 

With harvesting 
Without harvesting 

 
25 
8 

 
25.3 
8.08 

 
Requirement of 

conducting the CDM 
project 

Individual 
Group 

 
 
 
- 

33 

 
 
 
- 

33.3 
 

Benefits of reforestation 
project 
Money 

Public Utilities 
School 

 
 

33 
- 
- 

 
 

33.3 
- 
- 
 

Insurance of  the CDM 
project 

Forest fire 
Flood 

Human invasion 
None 

 
 

25 
- 
- 
8 

 
 

25.3 
- 
- 

8.08 
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The analysis of the results showing in Table 4-19 are discussed as follows: 

 - 33.3% of people were interested in participating in the CDM projects but 

66.7% were not interested in the participation. As agricultural farming could not 

anticipate the certain products which depended upon climate, the interested people 

would like to try the new activities like distributing some small piece of land for 

reforestation, for instance. The reason that some local people were not interested in the 

CDM project participation are they did not know accurate details and there was no 

organizations coming to give any knowledge and make them understand in such 

topics. The disagreement on participation of people depended on their uncertainty on 

the project itself, as there have been anything concretely and clearly happened, so far. 

The action and decision of neighbor countries were one factor that they had to look 

into before making decision on participating in the projects.           

 

 The interested people would like to participate in the CDM projects under the 

following requirements: 

 - The average of land distributed by the interest people for the project 

participation was about 5 rais because they would just like to try the project for the 

first time in order to discover good and bad effects. If the outcome appeared 

unsatisfied, they would not be badly affected. As trees must be chosen to plant in the 

participated lands, therefore, the people must pay attention to the cost and expense of 

each species before deciding to choose as some species carry high cost of planting.   

 - As for the very first stage, the most of the interested local people would like 

to run the project in terms of Temporary CERs with short duration. But some preferred 

Long-terms CERs. These people mostly occupied many pieces of land and being the 

member of Tambon Administration Organization and Tambon committee. They 

realized that the project corresponded to the organization’s policy, Long-terms CERs 

without harvesting was then required. Whereas the common people preferred 

Temporary CERs with some harvested but replanted.  

 - Most of the interested people would like to implement the CDM projects in 

group, because they thought that doing any project, teamwork might be better than 

doing alone. Teamwork would help to think and manage more carefully. The only 
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benefit the local people needed to gain back was money for it could be used in many 

ways. But as for the other benefits like public utility, school, there were enough. 

 - Concerning about the insurance of the project if needed, most people agreed 

that the forest fire insurance was chosen to do. Forest fire occurs every year and it can 

bring about the damage to the project area, importantly, it is also hard to protect. But 

some thought that there was no need to do any insurance because every damage could 

be protected. Fire protecting line and great attention could protect the fire forest and it 

was not watchful for human invasion, as there was no invasion in the individual area.  

 - The direct benefit the local people would receive was money, the additional 

income besides the agricultural earnings. The indirect benefits provided the increment 

of forest products and forest areas, friendly environment and being water sources. 

Moreover, it caused rainy season occurs in the certain time and then the agriculture 

grows well.   

 

Table 4-20 The results of the interest of the CDM participation of population in 

the study area in Surat Thani province, the representative of 

mangrove forest population 

General Background Number Percentage 
Interest of the participation 

in the CDM project 
Yes 
No 

 
 

71 
26 

 
 

73.2 
26.8 

 
Land distribution for 

participating in the CDM 
project 

1 – 5 rais 
6 – 10 rais 
11- 15 rais 
16 – 20 rais 

more than 20 rais 
 

X  = 9.51           Min  = 5 

 
 
 

31 
26 
7 
5 
2 
 

Max = 30           SD = 5.39 

 
 
 

32 
26.8 
7.22 
5.15 
2.06 
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Table 4-20 The results of the interest of the CDM participation of population in 

the study area in Surat Thani province, the representative of 

mangrove forest population (Cont.) 

General Background Number Percentage 
Type of the project 
Temporary CERs 
Long-term CERs 

 
21 
50 

 
21.6 
51.5 

 
Reforestation requirement 

With harvesting 
Without harvesting 

 
26 
45 

 
26.8 
46.4 

 
Requirement of 

conducting the CDM 
project 

Individual 
Group 

 
 
 
- 

71 

 
 
 
- 

73.2 
 

Benefits of reforestation 
project 
Money 

School 
Road 

 
 

40 
- 

31 

 
 

41.2 
- 

32 
 

Insurance of  the CDM 
project 

Forest fire 
Flood 

Human invasion 
Rainstorm 

 
 
- 
- 

36 
35 

 
 
- 
- 

37.1 
36.1 

 
The results showing in Table 4-20 are analyzed and discussed as follows: 

 - 73.2% of people were interested in participating in the CDM projects but 

26.8% were not interested in the participation. The interested people (mostly were 

shrimp farmers) were aware that the mangrove forest area was decreasing. As both 

mangrove forest and environment were getting declined by the shrimp farming, the 

local people agreed then that the increment of mangrove reforestation, by receiving 

funds under the CDM project, would bring about the better environment and restore 

the declined mangrove forest as well. Especially, the local people have already 

established the mangrove forest conservation and restoration group, most of them 

satisfyingly agreed with the reforestation projects under the CDM.    
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 The interested people would like to participate in the CDM projects under the 

following requirements: 

 - The average of land distributed by the interest people for the project 

participation was about 10 rais because they would like to increase the mangrove 

forest area. Moreover, those lands distributed were declined by the shrimp farming and 

could not do any benefit anymore. In addition, the most of the interested local people 

would like to run the project in terms of Long-terms CERs both harvesting and 

without harvesting. But the tiny minority of local people preferred Temporary CERs 

both harvesting and without harvesting. They gave the reason that wood should be 

utilized but after that always replanted.  

 - Most of the interested people would like to implement the CDM projects in 

group, because they thought that to increase or expand the mangrove forest areas 

should do by teamwork for the concrete outcome. If the mangrove reforestation 

project was implemented by single people, it would probably cause no concrete 

outcome and it used the larger area for implementing the project. The benefit most of 

the local people need to gain back was money for it could be used in many ways. But 

some required public utility such as road leading to the village or bridges around the 

mangrove area in order to be convenient for the interested person to come studying the 

mangrove species and to support the ecotourism that could produce new career and 

additional income as well.   

 - Most people regarded that the insurance of the project if needed should be the 

human invasion insurance to protect the loss of wood by the local people themselves 

and people from other nearby area. As there are very large area of mangrove forest and 

so far away from the coastal line that it is difficult for throughout check and 

inspection. So it is easy for some to cut down and take the trees out. However, there 

are some people suggested for the natural disaster insurance such as rainstorm should 

be done, because the mangrove forest area located in the opening area that could be 

damaged by the monsoons, rainstorm and fierce winds and waves.      

 - The direct and indirect benefit towards local people was firstly increasing 

income. Since the distributed lands have been the declined area and could not utilize in 

any benefits-no income earning from those land use anymore, the reforestation project 

would provide them revenue to replace the losing income. Besides the local people 
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could earn extra money by gathering forest products for selling and consuming. Being 

the ecotourism attraction, making better environment, being aquatic animals habitats 

and blocking winds and waves were other benefits the local people would gain from 

mangrove reforestation project. 

 - Likewise the forest, the problem and obstruction of the project 

implementation was the uncertainty and unclearify of the project including the 

understanding of local people towards the conduct of the project as well as the 

regulations and principles that will be set after the project will be launched.  

 
 According to the investigation of people opinion towards reforestation project 

under the CDM, it was found that the people living around the study site in Uthai 

Thani province were less interested in participating in reforestation project than the 

people living around the study site in Surat Thani. This is because most people living 

in the study site in Uthai Thani province were agricultural farmers and piece of land 

was needed. Each family had the limited piece of land only for their career, therefore, 

most people were rarely interested in participating in such project. Furthermore, those 

people did not understand how to implement the project and had little idea about how 

to monitor and follow-up the tree growth. This is the result that they had no time to 

attend the training courses as they spent their whole time to work   
 

Lots of people living around the study site in Surat Thani were interested in 

participating in the project implementation under the CDM. This is because they used 

their land for shrimp farming and those disturbed areas were so declined that there 

were useless for doing anything. Moreover, the rapid reduction of mangrove area 

affected coastal aquatic animals and local people’s career. Therefore, the local people 

would like to give their hands to run the mangrove reforestation project to increase 

their mangrove area. Even though they had not much idea about the CDM, they need 

available money for increasing the forest area. That is why they were interested in the 

project implementation.     
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         According to the study cost of teak and mangrove reforestation and the study 

of attitude of population in Uthai Thani and Surat Thani province to the participation 

in joining the CDM project, the studies’ results can be divided as following: 

 

• The cost of reforestation 

      According to the cost of reforestation, net present value of total cost of 

teak reforestation is higher than mangrove reforestation. For teak reforestation with 

spacing of 4x4m. 12,282.35 Baht/rai, spacing of 3x3m. 12,851.99 Baht/rai and spacing 

of 2x4m. 12,996.02 Baht/rai. For mangrove reforestation with spacing of 1x1m. 

7,267.90 Baht/rai, spacing of 1.5x1.5m. 5,742.18 Baht/rai and spacing of 1x2m. 

5,896.47 Baht/rai. The cost of teak reforestation much more than mangrove 

reforestation’s because the time of maintenance. Teak forest takes 30 years while 

mangrove forest usually takes only 5 years. The result is relevant to the study of the 

Office of Natural Resources and Environment (2002) cost (Present value) of teak and 

mangrove reforestation have different cost of reforestation for teak reforestation with 

spacing of 4x4m. 23,994 Baht/rai and spacing of 2x4m. 22,262 Baht/rai. For 

mangrove reforestation with spacing of 1x1m. 9,705 Baht/rai and spacing of 1.5x1.5m. 

9,254 Baht/rai.   

 

The study of cost in teak and mangrove forest found that cost per ton of 

carbon of teak forest is more cost than mangrove forest. For teak forest with spacing of 

4x4m. 1,118 Baht/ton ($27.27 per ton carbon: $1 = 41 Baht), spacing of 3x3m. 1,278 

Baht/ton ($31.17 per ton carbon: $1 = 41 Baht) and spacing of 2x4m. 1,497 Baht/ton 

($36.50 per ton carbon: $1 = 41 Baht). For mangrove forest with spacing of 1x1m.466 

Baht/ton ($11.40 per ton carbon: $1 = 41 Baht), spacing of 1.5x1.5m. 334 Baht/ton 

($8.15 per ton carbon: $1 = 41 Baht) and spacing of 1x2m. 386 Baht/ton ($9.41 per 

ton carbon: $1 = 41 Baht). The result is relevant to the study of the Office of Natural 

Resources and Environment (2002) mentioned cost per ton of carbon of teak forest 

much more than mangrove forest. For teak forest with spacing of 4x4m. 3,102 

Baht/ton ($75.70 per ton carbon) and spacing of 2x4m. 1,936 Baht/ton ($47.20 per ton 

carbon). For mangrove forest with spacing of 1x1m. 328 Baht/ton ($8 per ton carbon) 
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and spacing of 1.5x1.5m. 194 Baht/ton ($4.73 per ton carbon). The study of  Antle 

J.(2000) mentioned that relatively high price of carbon of $100 per ton, the per hectare 

values would range from $10 to $80 pre year. At a middle-range carbon price of $50 

per ton, the per hectare values for tropical regions would range from $10 to $40 per 

year. The study of Maggior C. (2002) mentioned that carbon prices will be in the 

range of $9.6 to $36.7 ton/C.     

 

• Attitude of population 

The study of population’s attitude to reforestation under CDM is divided 

into 5 parts;  

1. Providing information about forest conservation and preservation. 

2. Participation 

3. Income 

4. Forestation utilization 

5. Interested in the CDM participation 

The result of this study can be explained as following        

 

1. Providing information about forest conservation and 

preservation 

The study of the relationship between Providing information about forest 

conservation and preservation and cooperation in population found that information 

obtain about conservation and preservation defends on the frequency of information 

receivable. The population in Uthai Thani province are lower in information 

receivable than Surat Thani province’s. As a result, have different understanding in 

forest conservation and preservation.  

This study the relevant to Untrakul D. (1989) in “knowledge and opinion of 

population in natural resource of Khokeaw Khochompoo” sampling population has 

been identified that they follow current event every day so they have the best opinion 

about natural resource conservation. Follow by, the group who sometimes receive 

information and never obtain any information. The study of Pisertsakolkit J. (1991) 

also have similar conclusion. The sampling who have good knowledge in 
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conservation, give more opinion than group to sampling who have low knowledge in 

conservation. 

 

2. Participation 
According to the study of the participation of population in forest 

conservation and preservation, population want to join the process of it. The level of 

participation can be divided in to 4 levels; define problems and causes, planning, 

action, and monitoring (Pinthong J, 1983). However, populations are variable in time 

and participation. Moreover, the campaign of information is important so that 

population can gain information about detail of participation.  

This study’s result supports by Namtep J. (1999) in aspect of the local people 

participation in forest fire control in the Hauy Kha Kaeng Wildlife Sanctuary area. It 

was also suggested that the information should be more provided and promoted to 

local people and it should support the participation in forest fire control in all 

procedures from the planning process to the last process the assessment and evaluation 

process.  It corresponds to the study of Kumngae S. (1998) mentioned that the 

mangrove forest of a community is presently increasing in many areas as the result 

that local people are much more aware of the importance of mangrove forest 

conservation and the benefits providing many good consequences in the future. 

Thereforeม they have been willing to cooperate with government and concerned 

private sectors to implement the sustainable forest conservation and management. 

 

3. Income 
According to the study of population’s income, career and income of 

population effect the participation in each activity differently. Population with high 

income spends more time in public activities than population with low income. The 

study on Glinsukon A. (1991) found that group to low-income population have 

average opinion to the construction of Budhamontol Highway. While group of high-

income population have good opinion in the same public activity. It can be concluded 

that different income the way of opinion’s giving. Silavarawait P.(1985) studies the 
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opinion of population to public park found that population with high income have 

better opinion to the public park management than low income.   

 

4. Forestation utilization 

According to the study of forest utilization of population, forest important directly to 

the living in this area such as wood utilization and forest product. The study also 

shows that forest and population have concerned more on conservation and 

preservation. In the part, forest area were mainly used for wrong reasons. Nowadays, 

forest areas have been employed in a better way. Population know how to use their 

own land effectively. This study the relevant to Kumngae S. (1998) mentioned that the 

mangrove forest of a community is presently increasing in many areas as the result 

that local people are much more aware of the importance of mangrove forest 

conservation and the benefits providing many good consequences in the future. 

Thereforeม they have been willing to cooperate with government and concerned 

private sectors to implement the sustainable forest conservation and management. The 

study of Pongert J. (1996) also shows the relevant result in “the opinion of producer in 

management environmental”: the study of Kudua Beach, Amphur Muang, 

Ubonrajathani. The study result found that producer who has different knowledge in 

environmental tourisms preservation, they concern about environmental management 

differently. 

 

5. Interested in the CDM participation 
According to the study of interested in project of reforestation in order to 

reduce the greenhouse gases, populations are interested in this project. However, the 

campaign of the activity is not clear so populations don’t know about details, policy 

and expense of the project. This study the relevant to Subak S. (2003) studied on 

“replacing carbon lost from forest: an assessment of insurance, reserves, and expiring 

credits” found that obstacles to participation in the different approaches are discussed 

related to problems of long-term commitments, project-scale, rising replacement costs, 

and low credit value. The study of Kraenzel M., et al . (2002) studied on “carbon 

storage of havest-age teak (Tectona grandis) Plantatins, Panama” found that forest-



Fac. of Grad. Studies, Mahidol Univ.                M. Sc. (Technology of Environmental Management) / 81 

based carbon storage projects are being introduced in many tropical countries, and 

assessment of carbon storage potentials is made difficult by a lack of species-level 

information. The study of Kerr S et al. (2000) studied on “the Kyoto Protocol and 

payments for tropical forest: An interdisciplinary method for estimating carbon – 

offset supply and increasing the feasibility of a carbon market under the CDM” found 

that predict carbon sequestration by using constructing an integrated model detailed 

historical, remote sensing and field data that can produce land-use and carbon 

baselines. 

 

         For this study, the carbon content of teak and mangrove forest is increasing in 

each spacing, but the suitable spacing for teak planting is 4x4 m. due to the lowest 

operated cost (12,282.35 Baht/rai), wherease the cost of teak planting in 3x3 m. and 

4x4 m. spacing are 12,851.99 and 12,996.02 Baht/rai, respectively. From the table 4-1 

to 4-3, the net benefitis is continuouly increasing from 1-19 years, but the net benefit 

of 20 years is decreasing. Moreover, due to the quality of teak wood, it could be used 

for the purpose of house and furniture construction. Teak wood utilization as furniture 

is another choice for carbon fixation, but Detchvisit S. (1993) stated that the age of 

teak, which is suitable for this purpose is 25 years or more. On the other hand, the 

suitable spacing for mangrove planting is 1.5x1.5 m. due to the lowest operated cost 

(5,742.18 Baht/rai), wherease the cost of mangrove planting in 1x1 m. and 1x2 m. 

spacing are 7,267.90 and 5,896.47 Baht/rai, respectively. From the table 4-4 to 4-6, the 

net benefitis is continuouly increasing from 1-15 years. Moreover, the indirect benefit 

of mangrove reforestration is to be a nursery of the aquatic animals and can be used as 

firewoods.                 

  

         According to the study, however, it is found that if the reforestation project under 

the CDM is implemented, it will probably bring about these following effects: 

 

• Loss of some opportunities and benefits: According to the contract, it 

takes very long time to implement the reforestation project under the CDM, local 

people who give their land for joining the project cannot gain or make any benefit 

from the land they decide to give throughout the contract. The finding from Figure 4-3 
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to 4-5 and 4-8 to 4-10, however, suggest that the net benefit from 20 year project is not 

significant different from that from 30 year reforestation project. 

 

• Economic effect: Economics will be affected by the long-term 

implementation of the project. That is, if the national inflation occurs during the 

project implementation, the local people will ask for higher wage. Of course, this will 

affect the project investor to gain less benefit. However, looking through the 

international economics aspect, bath value might be changed and varied. The current 

exchange will be not stable. These will directly affect the person who runs the project.   

 

• Biodiversity loss: As the tree species that is chosen to plant for the 

project must be able to well absorb and store carbon dioxide, therefore, if there is only 

one species growing the area for a long time, the bad soil quality and pesticide hazards 

will occur. 

 

         To implement the reforestation project, the problem that might probably occur is 

the land provided by local people. In the case that local people hold their own land, 

they will be possessive the land for farming or earning their living. But if local people 

have no any pieces of land, and the reforestation project is launched, they may invade 

the land and not keep the reforest land in the same condition. However, under the 

contract of reforestation project, people are legally forbidden to bring any timber or 

wood outside and make use of it.  Therefore, the owner of the project should inform 

and clarify the local people about the way the project is run. The local people should 

be informed about the indirect benefits they will gain from the project such as the 

reforested area will give fresh and green forest, be the fresh water source, and cause 

the rain fall according to its season. Moreover, the local people can earn extra money 

by finding and picking forest products for consuming or selling. Furthermore, local 

people who reserve and preserve the reforested area will probably earn income and 

benefit according to the following distributions: 

 

• The reforested land will probably be distributed to those local people 

who are responsible for forest preservation, but under the condition that they are not 
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allowed to use any timber or wood of the forest in every case. However, the local 

people will gain indirect benefit, instead. For example, people can grow rotating plants 

or find and pick some forest products, but it is only limited in their own distributed 

area not invaded the nearby area. 

 

• The government will make an agreement about the income with local 

people for the forest preservation. After the project implementation is completed, and 

the mature trees can be cut and sell but under the condition that they have to replant 

afterward. Then the government will provide the local people some money getting 

from selling wood. For example, it is agreed that people will gain 40% and the 

government will gain 60% of the income. But during the project implementation, the 

government will pay the local people periodically in advance. When the project ends, 

the wage that the government already gives to people will be subtracted from 40%.   

 

• The government will allow private sector to bid for the reforestation 

project. However, the private sector has to do exactly what is said in the project 

agreement under the CDM. After the private sector take over the project, local people 

will be hired to take care of the forest area. So they can earn income both direct and 

indirect ways. 
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CHAPTER 5 

CONCLUSIONS AND RECOMMENDATIONS 
 

 
 This research was designed to study the cost of reforestation and opinions of 

population (local people) toward the participation in the CDM projects. Such 

information would be beneficial for strengthening the potential and readiness for 

implementing  reforestation project under the CDM scheme in Thailand.  The research 

findings are concluded as follows: 

  

The conclusions of the study 
 
Table 5-1 The summary of teak forest  
 

Categories Teak 
Spacing (m.) 4x4 3x3 2x4 

Cost (Baht/rai) 18,746 19,356 19,510 
Present value of total cost 

(Baht/rai) 
12,282.35 12,851.99 12,996.02 

Net benefit commerce (Baht/rai) 536,794 294,369 247,430 
Net benefit conservation (Baht/rai) 

Middle price 18,178.60 15,292.64 11,776.90 
High price 45,956 41,163.64 34,839.40 

 
 

Table 5-2 The summary of mangrove forest 
 

Categories Mangrove 
Spacing (m.) 1x1 1.5x1.5 1x2 

Cost (Baht/rai) 7,975 6,370 6,535 
Present value of total cost 

(Baht/rai) 
7,267.90 5,742.18 5,896.47 

Commerce (Baht/rai) 
Net benefit shrimp Farming 27,537 

Net benefit firewood 5,083 6,607.82 6,453.53 
Net benefit conservation (Baht/rai) 

Middle price 31,863 36,799 32,613 
High price 63,843 72,059 63,978 
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The study is to identify cost and expense in teak and mangrove reforestation. It 

mainly concerns in teak and mangrove reforestation processes and their affects to the 

CDM. The net benefit of teak reforestation for commerce with spacing of 4x4m. 

,3x3m. and 2x4m. are 536,794 Baht/rai, 294,369 Baht/rai, 247,430 Baht/rai 

respectively. The net benefit of teak reforestation for conservation with  spacing of 

4x4m., 3x3m. and 2x4m. are 18,178.60 Baht/rai, 15,292.64 Baht/rai, 11,776.90 

Baht/rai respectively (middle price). For high price, spacing of 4x4m., 3x3m., 2x4m. 

low yield the net benefit of 45,956 Baht/rai, 41,163 Baht/rai and 34,839.40 Baht/rai 

respectively (See Appendix C-4). The net benefit of mangrove reforestation for 

commerce from shrimp farming is 27,537 Baht/rai, from firewood  spacing of 

1x1m.,1.5x1.5m. and 1x2m are 5,083 Baht/rai, 6,607.82 Baht/rai, and 6,453.53 

Baht/rai respectively.  For conservation with spacing of 1x1m., 1.5x1.5m. and 1x2m. 

are 31,863 Baht/rai, 36,799 Baht/rai, 32,613 Baht/rai respectively. Which high price 

spacing of 1x1m., 1.5x1.5m. and 1x2m. are 63,843 Baht/rai, 72,059 Baht/rai,  63,978 

Baht/rai respectively  (See Appendix C-5).   

  

 The results from the study reveal that  local people are more interested to join 

reforestation under CDM in mangrove forest than teak forest. Since the quality of soil 

in shrimp farm areas have been destroyed, nowadays, those areas can’t be utilized 

properly. At the mean time, the area of mangrove forest continue to decrease. As a 

result, local people should concern in increasing area of forest by switching area of 

shrimp farming to mangrove forest reforestation.  However, the people in Uthai Thani 

whom own relatively small size of land parcels, so they prefer to use their land for 

agricultural rather than reforestation. In addition, these people are lack of information 

about reforestation under CDM and have less interest in project of reforestation. 

 

The study showed that it is more attractive to invest is mangrove forest than 

teak forest. There are two reasons for such tendency. First, the cost of mangrove 

plantation is lower than teak’s.  Second, people can gain both ecological direct and 

indirect benefit from mangrove and lead to sustainable use of the coastal zone 

resources. 
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For this study, the suitable spacing and timing for teak and mangrove 

reforestration project are 4x4 m. with the project life 19 years and 1.5x1.5 m. with 

project life 15 years.  

 

 Recommendations 

 
1. Since there is no standard for  baseline calculation, in this study the 

researcher calculated the baseline by comparing with the carbon sequestration after 

reforestation. Hence, the further study should be focused on baseline study with 

various techniques.    

 

2. This study investigate only the net benefit of teak and mangrove 

reforestation. Future study should be conducted with other types of  forest in order to 

get more comparative results in various forests. 

 

3. The detail of the reforestation projects under the CDM has not been  

finalized yet and most of people have little knowledge about details, regulations, and 

conditions of project implementation.  Therefore, if the project will be launched in the 

future it is necessary that both of the concerned government and private sectors have 

to inform and clarify the details, regulations and condition of reforest project 

implementation to people in order to increase public participation.   

 

4. In order to get more options in cost and benefit comparisons from 

reforestation, the further study with varying in spacing and management approaches 

should  be concerned.  

 

5. The specific experts or concerned organizations should provide the training 

courses and knowledge for all local people to participate. Such activities include 

providing knowledge about forest conservation and preservation, giving careers advice 

and guidance, and supporting the extra jobs after harvesting season.      
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6. In Thailand, there has never been the forest insurance, if requiring to do so, 

the subject should be intensively studied and pay great attention about an insurance 

premium and how to do the insurance including the criteria and regulations in operate 

details as it is new to Thailand. 

 

7. For the discount rate, this study was calculated base on 5%. Therefore, other 

studies should be calculated by using other discount rates due to the reason of the 

suitable operated time and cost changing.  
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Table A-1 Biomass of Teak  

Spacing Age 

(years) 

Biomass Reference 

1 0 By calculate*1 

2 0.70 By calculate*1 

3 1.40 By calculate*1 

4 2.10 By calculate*1 

5 2.80 Chittachumnonk P. et al. (2000) (To plant 100 tree/rai at 

Kanchanaburi) 

6 2.96 By calculate*1 

7 5.92 By calculate*1 

8 8.70 Chittachumnonk P. et al. (2000) (To plant 100 tree/rai at 

Kanchanaburi) 

9 9.14 Chittachumnonk P. et al. (2000) (To plant 100 tree/rai at 

Kanchanaburi) 

10 10.10 By calculate*1 

11 11.10 By calculate*1 

12 15.00 Chittachumnonk P. et al. (2000) (To plant 100 tree/rai at 

Lumpang) 

13 16.00 Chittachumnonk P. et al. (2000) (To plant 100 tree/rai at 

Kanchanaburi) 

14 16.10 By calculate*1 

15 17.40 Chittachumnonk P. et al. (2000) (To plant 100 tree/rai at 

Kanchanaburi) 

16 18.40 By calculate*1 

17 19.40 By calculate*1 

18 20.40 By calculate*1 

19 21.28 Chittachumnonk P. et al. (2000) (To plant 100 tree/rai at 

Kanchanaburi) 

20 22.20 By calculate*1 

21 22.60 By calculate*1 

22 23.20 By calculate*1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4x4 

23 23.60 By calculate*1 
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Table A-1 Biomass of Teak (Cont.) 

Spacing Age 

(years) 

Biomass Reference 

24 24.20 By calculate*1 

25 24.70 By calculate*1 

26 25.20 By calculate*1 

27 25.60 By calculate*1 

28 26.20 By calculate*1 

29 26.60 By calculate*1 

 

 

 

4x4 

30 27.10 By calculate*1 

1 0 By calculate*1 

2 0.74 By calculate*1 

3 1.48 By calculate*1 

4 2.22 By calculate*1 

5 2.98 Chittachumnonk P. et al. (2000) (To plant 180 tree/rai at 

Kanchanaburi) 
6 4.20 Petmark P., Sahunalu P. (1980) (To plant 180 tree/rai) 

7 5.30 By calculate*1 

8 6.40 Petmark P., Sahunalu P. (1980) (To plant 180 tree/rai) 

9 7.50 Petmark P., Sahunalu P. (1980) (To plant 180 tree/rai) 

10 9.90 By calculate*1 

11 12.30 By calculate*1 

12 14.70 By calculate*1 

13 17.10 By calculate*1 

14 17.40 By calculate*1 

15 17.73 Petmark P., Sahunalu P. (1980) (To plant 180 tree/rai) 

16 18.20 By calculate*1 

17 18.70 By calculate*1 

18 19.20 By calculate*1 

19 19.70 By calculate*1 

 

 

 

 

 

 

 

 

 

 

 

3x3 

20 20.20 By calculate*1 
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Table A-1 Biomass of Teak (Cont.) 

Spacing Age 

(years) 

Biomass Reference 

21 20.80 By calculate*1 

22 21.20 By calculate*1 

23 21.80 By calculate*1 

24 22.20 By calculate*1 

25 22.80 By calculate*1 

26 23.20 By calculate*1 

27 23.80 By calculate*1 

28 24.20 By calculate*1 

29 24.80 By calculate*1 

 

 

 

 

 

3x3 

30 25.20 By calculate*1 

1 0 By calculate*1 

2 0.66 By calculate*1 

3 1.32 By calculate*1 

4 1.98 By calculate*1 

5 2.60 Chittachumnonk P. et al. (2000) (To plant 200 tree/rai at 

Kanchanaburi) 
6 3.10 By calculate*1 

7 3.60 By calculate*1 

8 4.10 Chittachumnonk P. et al. (2000) (To plant 200 tree/rai at 

Kanchanaburi) 
9 4.78 By calculate*1 

10 5.46 By calculate*1 

11 6.14 By calculate*1 

12 6.82 By calculate*1 

13 7.54 Chittachumnonk P. et al. (2000) (To plant 200 tree/rai at 

Kanchanaburi) 
14 11.70 Chittachumnonk P. et al. (2000) (To plant 200 tree/rai at 

Kanchanaburi) 

 

 

 

 

 

 

 

 

2x4 

15 15.00 Chittachumnonk P. et al. (2000) (To plant 200 tree/rai at 

Kanchanaburi) 
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Table A-1 Biomass of Teak (Cont.) 

Spacing Age 

(years) 

Biomass Reference 

16 15.50 By calculate*1 

17 16.00 By calculate*1 

18 16.50 By calculate*1 

19 17.00 Chittachumnonk P. et al. (2000) (To plant 200 tree/rai at 

Kanchanaburi) 
20 17.50 By calculate*1 

21 18.00 By calculate*1 

22 18.50 By calculate*1 

23 19.00 By calculate*1 

24 19.50 By calculate*1 

25 20.00 By calculate*1 

26 20.50 By calculate*1 

27 21.00 By calculate*1 

28 21.50 By calculate*1 

29 22.00 By calculate*1 

 

 

 

 

 

 

 

 

2x4 

30 22.50 By calculate*1 

 
*1The data of Petmark P. and Sahunalu P. (1980) mentions biomass of teak with ages more than 10 
years old has growth rate 0.5 ton/rai/year. 
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Table A-2 Biomass of Mangrove  

 

Spacing Age 

(years) 

Biomass Reference 

1 0 By calculate*1 

2 0.92 By calculate*1 

3 1.84 By calculate*1 

4 2.76 By calculate*1 

5 3.65 Kongsangchai P. et al. (1991) (To plant 1,600 tree/rai at Patani) 

6 5.08 Kongsangchai P. et al. (1991) (To plant 1,600 tree/rai at Patani) 

7 10.10 Kongsangchai P. et al. (1991) (To plant 1,600 tree/rai at Patani) 

8 15.00 By calculate*1 

9 19.90 By calculate*1 

10 19.97 Kongsangchai P. et al. (1991) (To plant 1,600 tree/rai at Patani) 

11 21.80 By calculate*1 

12 23.38 Kongsangchai P. et al. (1991) (To plant 1,600 tree/rai at Patani) 

13 24.41 Kongsangchai P. et al. (1991) (To plant 1,600 tree/rai at Patani) 

14 27.60 By calculate*1 

 

 

 

 

 

 

 

 

1x1 

15 31.20 Kongsangchai P. et al. (1991) (To plant 1,600 tree/rai at Patani) 

1 0 By calculate*1 

2 2.56 By calculate*1 

3 5.12 By calculate*1 

4 7.68 By calculate*1 

5 10.24 By calculate*1 

6 12.80 Kongsangchai P. et al. (1991) (To plant 711 tree/rai at Nakhon Si 

Thammarat) 

7 21.80 Kongsangcha P. et al. (1991) (To plant 711 tree/rai at Nakhon Si 

Thammarat) 

8 23.20 Kongsangchai P. et al. (1991) (To plant 711 tree/rai at Nakhon Si 

Thammarat) 

 

 

 

 

 

1.5x1.5 

9 23.80 Kongsangchai P. et al. (1991) (To plant 711 tree/rai at Nakhon Si 

Thammarat) 
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Table A-2 Biomass of Mangrove (Cont.) 
 

Spacing Age 

(years) 

Biomass Reference 

10 24.40 Kongsangchai P. et al. (1991) (To plant 711 tree/rai at Nakhon Si 

Thammarat) 

11 27.40 By calculate*1 

12 30.20 By calculate*1 

13 33.20 Kongsangchai P. et al. (1991) (To plant 711 tree/rai at Nakhon Si 

Thammarat) 

14 33.80 By calculate*1 

 

 

 

1.5x1.5 

15 34.40 By calculate*1 

1 0 By calculate*1 

2 1.86 By calculate*1 

3 3.72 By calculate*1 

4 5.58 By calculate*1 

5 7.44 By calculate*1 

6 9.30 By calculate*1 

7 11.16 By calculate*1 

8 13.02 By calculate*1 

9 14.98 Kongsangchai P. et al. (1991) (To plant 800 tree/rai at Nakhon Si 

Thammarat) 

10 17.58 Kongsangchai P. et al. (1991) (To plant 800 tree/rai at Nakhon Si 

Thammarat) 

11 19.28 By calculate*1 

12 20.60 By calculate*1 

13 21.94 Kongsangchai P. et al. (1991) (To plant 800 tree/rai at Nakhon Si 

Thammarat) 

14 27.94 Kongsangchai P. et al. (1991) (To plant 800 tree/rai at Nakhon Si 

Thammarat) 

 

 

 

 

 

 

 

1x2 

15 30.60 Kongsangchai P. et al. (1991) (To plant 800 tree/rai at Nakhon Si 

Thammarat) 
 

*1 Growth rate of mangrove 2.60 ton/rai/year. (Office of Natural Resources and Environment (2002)). 
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Table B-1 Cost of Teak reforestation 
           
          Baht/rai 

Year Equipments 
for 
 plantation 

Operation Plants Total Operation Plants Total Operation Plants Total 

1 3,621 1,991 345 5,957 2,152 621 6,394 2,193 690 6,504 
2  721 60 781 789 108 897 806 120 926 
3  550 30 580 583 54 637 592 60 652 
4  508  508 508  508 508  508 
5  508  508 508  508 508  508 
6  53  53 53  53 53  53 
7  53  53 53  53 53  53 
8  53  53 53  53 53  53 
9  53  53 53  53 53  53 
10 2,594 53  53 53  53 53  53 
11  66  66 66  66 66  66 
12  66  66 66  66 66  66 
13  66  66 66  66 66  66 
14  66  66 66  66 66  66 
15  66  66 66  66 66  66 
16  82  82 82  82 82  82 
17  82  82 82  82 82  82 
18  82  82 82  82 82  82 
19  82  82 82  82 82  82 
20 5,658 82  5,740 82  5,740 5,740  5,740 
21  103  103 103  103 103  103 
22  103  103 103  103 103  103 
23  103  103 103  103 103  103 
24  103  103 103  103 103  103 
25  103  103 103  103 103  103 
26  128  128 128  128 128  128 
27  128  128 128  128 128  128 
28  128  128 128  128 128  128 
29  128  128 128  128 128  128 
30  

 
 
 
 
 
 
 
 
 
 
 
 
 
4
x
4 

128  128 

 
 
 
 
 
 
 
 
 
 
 
 
 
3
x
3

128  128 

 
 
 
 
 
 
 
 
 
 
 
 
 
2
x
4 

128  128 
 
Source: Forest Industry Organization. (1997) 
 

 
         According to table B-1, it shows the cost and the process of teak reforestation. 
The process of teak reforestation includes surveying, site preparing, planting, 
repairing, weeding, fertilizing, fencing, fire protecting, other expense.  
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Table B-2 Cost of mangrove reforestation 
                     Baht/Rai 

Year 1 2 3 4 5 
1x1 m 

Survey 
Pre-plant weed 

Fencing 
Plants 

Weeding 
Repairs 

Others expense 

20 
817 
331 

2,880 
73 
120 
706 

 
 
 

252 
325 
81 
99 

 
 
 

252 
325 
81 
99 

 
 
 

252 
325 
81 
99 

 
 
 

252 
325 
81 
99 

Total 4,947 757 757 757 757 
1.5x1.5 m 

Survey 
Pre-plant weed 

Fencing 
Plants 

Weeding 
Repairs 

Others expense 

20 
817 
331 
1278 
73 
120 
706 

 
 
 

252 
325 
81 
99 

 
 
 

252 
325 
81 
99 

 
 
 

252 
325 
81 
99 

 
 
 

252 
325 
81 
99 

Total 3,345 757 757 757 757 
1x2 m 

Survey 
Pre-plant weed 

Fencing 
Plants 

Weeding 
Repairs 

Others expense 

20 
817 
331 

1,440 
73 
120 
706 

 
 
 

252 
325 
81 
99 

 
 
 

252 
325 
81 
99 

 
 
 

252 
325 
81 
99 

 
 
 

252 
325 
81 
99 

Total 3,507 757 757 757 757 
* The year of 6-15, the forest has been grown naturally. 
Source: Department of Marine and Coastal Resources. (2003) 
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APPENDIX C-1 
Calculate cost of teak forest 

 
 
 Cost of teak forest  
 

∑
=

−+=
T

t

trCtTC
1

)1(  

  
Where,  TC = present total cost 

  Ct = the cost in t year 

  r = interest rate 

  t = year of the project  

 

When  r = 5%  

  t = year 1,2,3,……,30 

   
Spacing 4x4 m 
 
TC =         

 

( ) ( )[ ] ( ) ( )[ ] ( ) ( )[ ]
( ) ( )[ ] ( ) ( )[ ] ( ) ( )[ ]

( ) ( )[ ] ( ) ( )[ ] ( ) ( )[ ]

( ) ( )[ ] ( ) ( )[ ]∑ ∑

∑ ∑

∑∑

= =

−−

=

−

=

−−

−

=

−

=

−

−−−

+×++×+

+×++×++×+

+×++×++×+

+×++×++×

25

21

30

26

15

11

20
19

16

10
9

6

5

4

321

05.0112805.01103

05.01740,505.018205.0166

05.01647,205.015305.01508

05.0158005.0178105.01957,5

t t

tt

t t

tt

t

t

t

t

 

 
 TC = 12,286.35 baht/rai 

 
 
When TC = 12,282.35 baht/rai 

 

 Carbon content of this project (30 years) = 10.98 ton/rai 
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Here is the equation for estimating the cost per ton carbon: 

 

 
( ) ( )

( )raitonprojectthisofcontentCarbon

raibahttTotaltonbahtcarbontonperCost

/

/cos/ =
 

     = 
( )

( )raiton

raibaht

/98.10

/35.282,12
 

Spacing 3x3 m        
  

TC  =

 

( ) ( )[ ] ( ) ( )[ ] ( ) ( )[ ]
( ) ( )[ ] ( ) ( )[ ] ( ) ( )[ ]

( ) ( )[ ] ( ) ( )[ ] ( ) ( )[ ]

( ) ( )[ ] ( ) ( )[ ]∑ ∑

∑ ∑

∑∑

= =

−−

=

−

=

−−

−

=

−

=

−

−−−

+×++×+

+×++×++×+

+×++×++×+

+×++×++×

25

21

30

26

15

11

20
19

16

10
9

6

5

4

321

05.0112805.01103

05.01740,505.018205.0166

05.01647,205.015305.01508

05.0163705.0189705.01394,6

t t

tt

t t

tt

t

t

t

t

 

 
 TC = 12,851.99 baht/rai 

 
When TC = 12,851.99 baht/rai 

 Carbon content of this project (30 years) = 10.05 ton/rai 

 

Here is the equation for estimating the cost per ton carbon: 

 

 
( ) ( )

( )raitonprojectthisofcontentCarbon

raibahttTotaltonbahtcarbontonperCost

/

/cos/ =
 

 

           = 
( )

( )raiton

raibaht

/05.10

/99.851,12
  

 Cost per ton carbon          =  1,278 baht/ton 
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Spacing 2x4 m         
  

TC  =

 

( ) ( )[ ] ( ) ( )[ ] ( ) ( )[ ]
( ) ( )[ ] ( ) ( )[ ] ( ) ( )[ ]

( ) ( )[ ] ( ) ( )[ ] ( ) ( )[ ]

( ) ( )[ ] ( ) ( )[ ]∑ ∑

∑ ∑

∑∑

= =

−−

=

−

=

−−

−

=

−

=

−

−−−

+×++×+

+×++×++×+

+×++×++×+

+×++×++×

25

21

30

26

15

11

20
19

16

10
9

6

5

4

321

05.0112805.01103

05.01740,505.018205.0166

05.01647,205.015305.01508

05.0165205.0192605.01504,6

t t

tt

t t

tt

t

t

t

t

 

 
 TC = 12,996.02 baht/rai 

 
When TC = 12,996.02 baht/rai 

 Carbon content of this project (30 years) = 8.68 ton/rai 

 

Here is the equation for estimating the cost per ton carbon: 

 

 
( ) ( )

( )raitonprojectthisofcontentCarbon

raibahttTotaltonbahtcarbontonperCost

/

/cos/ =
 

 

           =  
( )

( )raiton

raibaht

/68.8

/02.996,12
 

 Cost per ton carbon          =  1,497 baht/ton 

 

 

 

 

 

 

 

 

 

 

 



Sima Sanrak                                                                                                                        Appendix / 106  

APPENDIX C-2 

 
Calculate cost of mangrove forest 

 

 Cost of mangrove forest 

  ∑
=

−+=
T

t

trCtTC
1

)1(      

  
Where,  TC = present total cost 

  Ct = the cost in t year 

  r = interest rate 

  t = year of the project  

 

When  r = 5%  

  t = year 1,2,3,……,5 

Spacing 1x1 m 
         

  TC = ( )( )[ ] ( ) ( )[ ]∑
=

−− +×++×
5

2

1 05.0175705.01947,4
t

t  

           
  TC =  7,267.9 baht/rai 

 

When TC = 7,267.9 baht/rai 

 Carbon content of this project (15 years) = 15.60 ton/rai 

 

Here is the equation for estimating the cost per ton carbon: 

( ) ( )
( )raitonprojectthisofcontentCarbon

raibahttTotaltonbahtcarbontonperCost

/

/cos/ =

 

           = 
( )

( )raiton

raibaht

/60.15

/90.267,7
 

 Cost per ton carbon          = 466 baht/ton 
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Spacing 1.5x1.5 m 

  TC = ( )( )[ ] ( ) ( )[ ]∑
=

−− +×++×
5

2

1 05.0175705.01345,3
t

t  

  TC =  5,742.18 baht/rai 

 

When TC = 5,742.18 baht/rai 

 Carbon content of this project (15 years) = 17.20 ton/rai 

 

Here is the equation for estimating the cost per ton carbon: 

 

 
( ) ( )

( )raitonprojectthisofcontentCarbon

raibahttTotaltonbahtcarbontonperCost

/

/cos/ =
 

 

           = 
( )

( )raiton

raibaht

/20.17

/18.742,5
  

 Cost per ton carbon          =  334 baht/ton 

 

Spacing 1x2 m 
         

  TC = ( )( )[ ] ( ) ( )[ ]∑
=

−− +×++×
5

2

1 05.0175705.01947,4
t

t  

           
  TC =  5,896.47 baht/rai 

 

When TC = 5,896.47 baht/rai 

 Carbon content of this project (15 years) = 15.30 ton/rai 
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Here is the equation for estimating the cost per ton carbon: 

( ) ( )
( )raitonprojectthisofcontentCarbon

raibahttTotaltonbahtcarbontonperCost

/

/cos/ =
 

  

           = 
( )

( )raiton

raibaht

/30.15

/47.896,5
 

      

 Cost per ton carbon          = 386 baht/ton 
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APPENDIX C-3 

 
Calculate cross sectional area 

 

 Table 4-5 Diameter at the middle of timber low level 30 cm.  

 Where; Cross sectional area = ¶ r2 

     = 22 * (0.15)2 

       7 

     = 0.071 m2 

 

When teak length < 2 m  = 2,000 baht 

Therefore Cross sectional area = 0.071 m2 * 2 m 

     = 0.142 m3 

 

When teak 0.142 m3  =2,000 baht 

Therefore  1 m3   approximate 14,100 baht/m3 

 

    The study of Sahunalu P. (1977) studied on growth rate of teak 30 year found that 

volume the  spacing of 3x3m. 22.25 m3/rai, spacing of 4x4m. 39.4 m3/rai and spacing 

of 2x4 18.9 m3/rai (Junpaisang S, 1977) 

 

When volume of teak   1 m3/rai   =  14,100 baht/m3  

Therefore volume of teak  spacing of 4x4m. = 14,100*39.40 

      = 555,540 baht/rai 

Therefore volume of teak  spacing of 3x3m. = 14,100*22.25 

      = 313,725 baht/rai 

Therefore volume of teak  spacing of 2x4m. = 14,100*18.90 

      = 266,940 baht/rai 
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APPENDIX C-4 

 
Calculate net benefit in teak reforestation for commerce and conservation. 

 

• Commerce 

 

When; benefit of teak reforestation spacing of 4x4m. = 555,540 baht/rai 

        spacing of 3x3m. = 313,725 baht/rai 

        spacing of 2x4m. = 266,940 baht/rai 

     Cost of teak reforestation (Spacing 4x4m) = 12,282.35 baht/rai (See Appendix B-1) 

     Cost of teak reforestation (Spacing 3x3m) = 12,851.99 baht/rai (See Appendix B-1) 

     Cost of teak reforestation (Spacing 2x4m) = 12,996.02 baht/rai (See Appendix B-1) 

 

Where;  Profit  = benefit – cost 

   = 555,540-12,282.35 (Spacing 4x4 m) 

   = 543,257.65 baht/rai  

   = 313,725-12,851.99 (Spacing 3x3 m) 

   = 300,873.01 baht/rai 

   = 266,940-12,996.02 (Spacing 2x4 m) 

   = 253,937.98 baht/rai 

 

• Conservation 

Spacing 4x4 m 

When; cost per ton carbon  = 1,118 baht/ton ($27.27 per ton: $1 = 41 baht) 

 Middle price of carbon =  $50per ton 

 High price of carbon = $100 per ton  

Therefore; Profit = credit – cost 

   = $50 - $27.27 

   = $22.73   (932 baht/ton) 

   = $100 - $22.27 

   = $72.73 (2,982 baht/ton) 
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When carbon content of teak 30 year = 13.55 ton/rai 

   = 932 baht/ton * 13.55 ton/rai (middle price) 

   = 12,628.60 baht/rai 

   = 2,982 baht/ton * 13.55 ton/rai (high price) 

   = 40,406 baht/rai 

 

When quantity of forest product 30 year = 5,550 baht/rai 

Therefore profit of conservation forest  = 12,628.60 + 5,550 (middle price) 

        = 18,178.60 baht/rai 

           = 40,406 + 5,550 (high price) 

        = 45,956 baht/rai 

 

Spacing 3x3 m 

When; cost per ton carbon  = 1,278 baht/ton ($31.17 per ton: $1 = 41 baht) 

 Middle price of carbon =  $50 per ton 

 High price of carbon = $100 per ton  

Therefore; Profit = credit – cost 

   = $50 - $31.17 

   = $18.83   (772 baht/ton) 

   = $100 - $31.17 

   = $68.83 (2,822 baht/ton) 

 

When carbon content of teak 30 year = 12.62 ton/rai 

   = 722 baht/ton * 12.62ton/rai (middle price) 

   = 9,742.64 baht/rai 

   = 2,822 baht/ton * 12.62 ton/rai (high price) 

   = 35,613.64 baht/rai 

 

When quantity of forest product 30 year = 5,550 baht/rai 

Therefore profit of conservation forest  = 9,742.64 + 5,550 (middle price) 

        = 15,292.64 baht/rai 

        = 35,613.64 + 5,550 (high price) 
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        = 41,163.64 baht/rai 

 

Spacing 2x4 m 

When; cost per ton carbon  = 1,497 baht/ton ($36.50 per ton: $1 = 41 baht) 

 Middle price of carbon = $50 per ton 

 High price of carbon = $100 per ton  

Therefore; Profit = credit – cost 

   = $50 - $36.50 

   = $13.50   (553.50 baht/ton) 

   = $100 - $36.50 

   = $63.50 (2603.50 baht/ton) 

 

When carbon content of teak 30 year = 11.25 ton/rai 

   = 553.50 baht/ton * 11.25 ton/rai (middle price) 

   = 6,226.90 baht/rai 

   = 2,603.50 baht/ton * 11.25 ton/rai (high price) 

   = 29,289.40 baht/rai 

 

When quantity of forest product 30 year = 5,550 baht/rai 

Therefore profit of conservation forest  = 6,226.90 + 5,550 (middle price) 

        = 11,776.90 baht/rai 

        = 29,289.40 + 5,550 (high price) 

        = 34,839.40 baht/rai 
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APPENDIX C-5 

 
Calculate net benefit in mangrove reforestation for commerce and conservation. 

 

• Commerce 

 

When; benefit of shrimp framing = 120,000 baht/rai 

 Cost of shrimp framing = 92,463 baht/rai 

 

Where;    Profit = benefit – cost 

     = 120,000 – 92,463 

     =  27,537 baht/rai 

 

When; benefit of firewood  = 12,350 baht/rai 

Cost of mangrove forest = 7,267 baht/rai (Spacing 1x1) 

    = 5,742.18 baht/rai (Spacing 1.5x1.5) 

    = 5,896.47 baht/rai (Spacing 1x2) 

Where;    Profit = benefit – cost 

     = 12,350 – 7,267 (Spacing 1x1) 

     = 5,083 baht/rai 

     = 12,350 – 5,742.18(Spacing 1.5x1.5) 

     = 6,607.82 baht/rai 

     = 12,350 – 5,896.47 (Spacing 1x2) 

     = 6,453.53 baht/rai 
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• Conservation 

Spacing 1x1m 

When; cost per ton carbon = 466 baht/ton  ($11.40 per ton: $1 = 41 baht)  

 Middle price of carbon = $50 per ton 

 High price of carbon  = $100 per ton  

Therefore; Profit = credit – cost 

   = $50 - $11.40  

                Profit(middle price) = $38.02 (1,580 baht/ton)   

     Profit(high price)  =  $100 - $11.40 

     = $88.60 (3,630  baht/ton)           

 

When carbon content of teak 15 year = 15.60 ton/rai 

   = 1,580 baht/ton * 15.60 ton/rai 

   = 24,648 baht/rai (middle price) 

   = 3,630 baht/ton * 15.60 ton/rai 

   = 56,628 baht/rai  (high price) 

When quantity of forest product 15 year = 7,215 baht/rai 

Therefore profit of conservation forest  = 24,648 + 7,215 (middle price) 

         = 31,863 baht/rai      

         = 56,628 + 7,215 (high price) 

         = 63,843 baht/rai       

 

Spacing 1.5x1.5m 

When; cost per ton carbon = 334 baht/ton  ($8.15 per ton: $1 = 41 baht)  

 Middle price of carbon = $50 per ton 

 High price of carbon  = $100 per ton  

Therefore; Profit = credit – cost 

   = $50 - $8.15  

                Profit(middle price) = $41.85 (1,720 baht/ton)   

     Profit(high price)  =  $100 - $11.40 

     = $91.85 (3,770 baht/ton)           
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When carbon content of teak 15 year = 17.20 ton/rai 

   = 1,720 baht/ton * 17.20 ton/rai 

   = 29,584 baht/rai (middle price) 

   = 3,770 baht/ton * 17.20 ton/rai 

   = 64,844 baht/rai  (high price) 

When quantity of forest product 15 year = 7,215 baht/rai 

Therefore profit of conservation forest  = 29,584 + 7,215 (middle price) 

         = 36,799 baht/rai      

         = 64,844 + 7,215 (high price) 

         = 72,059 baht/rai       

 

Spacing 1x2 m 

When; cost per ton carbon = 386 baht/ton  ($9.41 per ton: $1 = 41 baht)  

 Middle price of carbon = $50 per ton 

 High price of carbon  = $100 per ton  

Therefore; Profit = credit – cost 

   = $50 - $9.41  

                Profit(middle price) = $40.59 (1,660 baht/ton)   

     Profit(high price)  =  $100 - $9.41 

     = $90.59 (3,7710  baht/ton)           

 

When carbon content of teak 15 year = 15.30 ton/rai 

   = 1,660 baht/ton * 15.30 ton/rai 

   = 25,398 baht/rai (middle price) 

   = 3,710 baht/ton * 15.30 ton/rai 

   = 56,763 baht/rai  (high price) 

When quantity of forest product 15 year = 7,215 baht/rai 

Therefore profit of conservation forest  = 25,398 + 7,215 (middle price) 

         = 32,613 baht/rai      

         = 56,763 + 7,215 (high price) 

         = 63,978 baht/rai       
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Questionnaires 

The Study of the Feasibility of the Sustainable Reforestation 
 

Population questionnaires divided into 5 parts: 

 Part 1 :  General information of population 

 Part 2 :  Income  

 Part 3 :  Providing forest conservation and preservation information 

  Part 4 :  Participation  

 Part 5 :  Forest utilization  

 Part 6 :  Interest of the CDM projects participation of population 

 

Part 1 :  General information of population 

 1.   Gender   (  ) Male   (  ) Female 

2.   Age ................ years old 

3.  Duration of living in the area  ................ years 

 

Part 2 :  Income of population 

1. What do you do as the major career? 

(  ) Agriculture  (please identify) ........................................ 

(  ) Government official        

(  ) Trade 

(  ) General employment   (please identify) ........................................ 

(  ) Other      (please identify) ........................................ 

 

2. What is your land holding type and how many do you have? 

(  ) Certificate of utilization (N.S.3)..................rais 

(  ) Claim Certificate (S.K. 1) ..................rais 

(  ) Agricultural Land Reform Office (ALRO) .................. rais 

(  ) Rented land ................ rais 

(  ) Others   ................ rais 
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3. How do you annually earn your income and how much do you earn a year? 

(approximately) 

........................................................................................................................ 

........................................................................................................................ 

 

4. Are you satisfied with your income you gaining at the present?  

(  ) Satisfied because ...................................................................................... 

........................................................................................................................ 

(  ) Unsatisfied because.................................................................................. 

........................................................................................................................ 

 

Part 3 :  Providing forest conservation and preservation information  

1.  Do you know that what are the benefits you could gain from forests and how 

much forests are worth to you? 

........................................................................................................................ 

........................................................................................................................ 

 

2.   Do you know what is the dominant species of the forest in your area? 

.............................................................................................................................

................................................................................................................... 

 

3.   Have you ever received the information about forest conservation? 

(  ) No, never. 

(  ) Yes.  (please identify the media or sources …….................................) 

 

4. Have you ever participated in the training about forest conservation?  

(  ) No, never. 

(  ) Yes.  ........... times   from ..................................................... organization 

5. Would you like the organizations to come and provide knowledge and 

information about forest conservation and preservation? Why? 

.............................................................................................................................

............................................................................................................................. 
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Part 4 :  Participation of population  

1. If there is group/organization establishment for forest management and 

conservation, do you think if you participate in the group or organization or 

not? 

(  ) Yes, because.............................................................................................. 

........................................................................................................................ 

(  ) No, because............................................................................................... 

........................................................................................................................ 

 

2. Would you like to participate in forest area management in the following 

aspect?   

 

Participation in forest 

area management 

Yes No Reasons 

- Participation in 

searching the causes 

of problems 

   

- Participation in 

planing the project 

   

- Participation in 

conducing the project 

   

 

 

- Participation in 

follow-up and 

monitoring the project 
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3. Do you have any suggestions about the participation in forest management? 

How? 

.............................................................................................................................

.............................................................................................................................

................................................................................................................ 

 

Part 5 :  Forest utilization of population  

1. Have you ever entered to find forest products, so far, such as firewood,  

mushroom, wildlife, bamboo shoot and so on?  

(  ) Yes. 

(  ) No, never. Because ................................................................................... 

........................................................................................................................ 

 

2. How much forest products (such as mushroom, bamboo shoot and wildlife)  

do you take out each time (on the average)?  

.............................................................................................................................

.............................................................................................................................

................................................................................................................. 

 

3. Where have you taken wood for utilization, and for what activities or 

particular uses. How much do you use each time? (past, present, and future) 

.............................................................................................................................

.............................................................................................................................

.............................................................................................................................

.............................................................................................................................

............................................................................................................................. 
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Part 6 :  Interest of the CDM projects participation of population 

1. If there is reforestation project under the CDM in your area, are you 

interested in participating in that project? 

 (  ) Yes, 

because............................................................................................................ 

.............................................................................................................................

..................................................................................................................... 

(  ) No,  

because ........................................................................................................... 

.............................................................................................................................

..................................................................................................................... 

 

2. According to the question 1 above, in case that you are interested in 

reforestation project, how much can you distribute your land for being the 

reforested area in the project?  ............................ rais. 

 

3. If you are interested in participating in the project, how would you like to 

conduct the project? 

(  ) Temporary CERs  Because........................................................................ 

......................................................................................................................... 

......................................................................................................................... 

 

(  ) Long-term CERs  Because........................................................................ 

......................................................................................................................... 

......................................................................................................................... 

 

4. What kind of tree species would you like to plant? Why? 

......................................................................................................................... 

......................................................................................................................... 

......................................................................................................................... 
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5. Do you have any knowledge about tree growth following up and monitoring, 

and choosing the suitable tree species for planting? 

(  ) No. 

(  ) Yes. How?  

(please describe)............................................................................................. 

......................................................................................................................... 

......................................................................................................................... 

 

6. Do you prefer reforestation with harvesting for utilization or without 

harvesting? 

 (  ) With harvesting 

because............................................................................................................ 

......................................................................................................................... 

......................................................................................................................... 

(  ) Without harvesting 

because........................................................................................................... 

......................................................................................................................... 

......................................................................................................................... 

 

7. If you would like the reforestation with harvesting, how long do you think the 

harvest rotation should be? ................... years 

Because............................................................................................................ 

......................................................................................................................... 

 

8. How would you like to conduct the project? 

(  ) Individual, 

because............................................................................................................ 

......................................................................................................................... 

(  ) Group,  

because............................................................................................................ 

......................................................................................................................... 
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9. What kinds of benefits would you or your local place like to receive from 

conducting project? 

(  ) Money, 

because............................................................................................................ 

......................................................................................................................... 

(  ) Public utilities,  

because................................................................................................................

.................................................................................................................... 

(  ) School,  

because ........................................................................................................... 

......................................................................................................................... 

(  ) Hospital,  

because  .......................................................................................................... 

......................................................................................................................... 

(  ) Others,  

because ........................................................................................................... 

......................................................................................................................... 

 

10. Do you think what are the greatest problems obstructing the project 

implementation and what are the most important factors supporting the 

project implementation?          

......................................................................................................................... 

......................................................................................................................... 

......................................................................................................................... 

......................................................................................................................... 

 

11. What are the good direct and indirect benefits you will receive from 

conducting the project? 

 (  ) Environment, 

because............................................................................................................ 

......................................................................................................................... 
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(  ) Finance, 

because............................................................................................................ 

......................................................................................................................... 

(  ) Forest products, 

because............................................................................................................ 

......................................................................................................................... 

(  ) Others, 

because............................................................................................................ 

......................................................................................................................... 

 

12. If you participate in the project and then there are the agreement to do the 

insurance, do you think what kind of risks that your project should be 

essentially done the insurance? 

(  ) Forest fire, 

 because .......................................................................................................... 

......................................................................................................................... 

(  ) Flood, 

because............................................................................................................ 

......................................................................................................................... 

(  ) People, because 

......................................................................................................................... 

......................................................................................................................... 

(  ) Others, 

because............................................................................................................ 

......................................................................................................................... 

 

13. Are there any methods or directions to reduce the risks or disasters that would 

probably be happened if there is no insurance? How?   

…………………………………………………………………………………

…………………………………………………………………………………

…………………………………………………………………………............ 
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