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ABSTRACT 

 The objective of this research was to carry out the comparative analysis on economic return
from Rhizophora apiculata (R.apiculata) plantations for conservation and commercial purposes.
The R.apiculata plantation for conservation purposes provided benefits only from carbon storage
value but R.apiculata  plantation for commercial purposes provided benefit from 3 patterns of wood
use: 100% charcoal production, 99% charcoal production plus 1% construction materials, and 100%
construction materials, including carbon storage value. 

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

The R.apiculata plantation for commercial purposes (100% construction material) had the
highest carbon storage at 138.78 tc./ha..  The carbon storage value of R.apiculata plantation for
conservation purposes was 104.78 tc./ha., and R.apiculata plantation for commercial purposes (99%
charcoal production and 1% construction material) was 1.23 tc./ha..  R.apiculata plantation for
commercial purposes (100% charcoal production) had no carbon storage. 

 In conslusion, if Thailand would like to participate in solving the climate change problem
by mangrove manaement, R.apiculata plantation may be considered because it gives a considerable
economic return. 
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 ECONOMIC RETURN / RHIZOPHORA APICULATA  
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CHAPTER 1 

INTRODUCTION 
 

 

1.1 Background and Justification 
According to the present global change and global warming situation, the 

United Nations accomplished the United Nations Framework Convention on Climate 

Change (UNFCCC) in 1992 at Rio Dejanero, Brazil, influencing countries which 

produced greenhouse gases to stop.  However, it seemed rather difficult because there 

was no clarified amount of greenhouse gases needed to reduce and no legal 

enforcement.  At the third Conference of Parties (COP-3) in Kyoto, Japan, the Kyoto 

Protocol was introduced dealing with reduction of greenhouse gases e.g., carbon 

dioxide, methane, nitrous oxide, hydrofluorocarbon, perfluorocarbon and sulfer 

hexafluoride. 

 

The Kyoto Protocol provides 3 major mechanisms for greenhouse gases 

reduction: Clean Development Mechanism (CDM), Joint Implementation (JI) and 

Emission Trading (ET).  CDM is the only mechanism that opens for participation to 

reduce greenhouse gases between Annex I Parties and Non-Annex I Parties. 

 

 An activity of CDM involves with forest, especially forest plantation that can 

absorb greenhouse gases.  Mangrove plantation, for example Rhizophora apiculata, 

can be harvested in 10 or 15 years and wood can be sold for use as firewood and 

construction materials, creating benefit by reducing the cost of plantation and offering 

the benefit on investment. If the value of carbon storage was counted as a benefit, 

Rhizophora apiculata plantation would make even more benefit.  In addition, 

communities which established Rhizophora apiculata plantation, could have job 

opportunity and earn direct and indirect benefits from Rhizophora apiculata 

plantation.  Rhizophora apiculata plantation is not only a source of wooden goods but  
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also a source of construction materials, agriculture, paper production, household 

goods, clothes, tourist attraction, food resources, traditional medicines and fisheries 

that support people’s livelihood (1). 

 

Therefore, the researcher aimed at studying and analyzing the cost and benefit 

from trading Rhizophora apiculata including value of carbon storage for determining 

the benefit on investment of Rhizophora apiculata plantations for conservation and 

commercial purpose.  The results may be useful for decision on greenhouse gases 

control project or negotiation on carbon trading in the world market.  Furthermore, the 

derived data may help proper decision on forest plantation and management as sources 

of energy, construction materials, foods and income for the communities and their 

sustainable development. 

 

 

1.2 Conceptual Framework 
The cost and benefit of Rhizophora apiculata (R.apiculata) plantation, for the 

conservation and commercial purposes, may be different.  In this study, commercial 

plantation is considered to provide benefit in 3 forms: firstly, 100% charcoal 

production (selling charcoal and carbon storage value); secondly, 99% charcoal 

production (selling charcoal and carbon storage value) and another 1% of wood as 

construction materials (selling woods and carbon storage value); and thirdly, 100% 

construction materials (selling woods and carbon storage value).  Meanwhile, 

conservation plantation provides income in the form of carbon storage value only.  A 

comparative study on the economic return from these 2 types of Rhizophora apiculataI 

plantation, will provide better understanding about the values of mangrove 

conservation and utilization.  See Figure 1-1. 
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1.3 Research Objectives 
 1. To compare the net economic return from two types of R.apiculata 

plantation: conservation and commercial plantations. 

 2. To compare the potential of carbon storage of two types of R.apiculata 

plantations. 
 

1.4 Hypothesis 
 1. R.apiculata plantation for conservation purpose gives the lower net 

economic return (baht / ha.) than for commercial purpose. 

 2. R.apiculata plantation for conservation purpose has the lower amount of 

carbon storage (tons / ha.) than for commercial purpose. 
 

1.5 Scope of Research 
1. The cost, benefit and net economic return of R.apiculata plantations were 

compared, between conservation and commercial types. 

2. The study area of R.apiculata plantations for conservation and commercial 

purposes was at Yaring district, Pattani Province. 

3. The age of conservation plantation was 30 years. The age of commercial 

plantation was 15 years for 1 cycle.  For comparison, 2 cycles of commercial 

plantation were analysed. 

4. The total cost of plantation include fixed cost and variable cost. 

5. The benefit includes the carbon storage value, charcoal and wood selling 

values. 

6. The carbon storage value was calculated from the surface biomass only. 
 

1.6 Research Expectations 
1. Comparative result between the net economic return from R.apiculata 

plantations for conservation and commercial purposes. 

2. Comparative result between the carbon storage potential of R.apiculata 

plantations for conservation and commercial purpose. 

3. Better understanding of the R.apiculata plantation for commercial purpose 

(a concession). 
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1.7 Definitions 

For the purpose of this study, the following definitions were used: 

Cost: All expenses of R.apiculata plantation for conservation and commercial 

purpose i.e. fixed cost and variable cost. 

Net present cost value: The present value of cost deducted with discount rate. 

Benefit: It is income from selling product of R.apiculata i.e. wood product, 

carbon storage value. 

Net present benefit value:  The present value of benefit deducted with discount 

rate. 

Net economic return: The net present benefit value deducted with the net 

present cost value. 

Rhizophora apiculata plantation for conservation purpose: The R.apiculata 

plantation with no cutting for 30 years. 

Rhizophora apiculata plantation for commercial purpose: The R.apiculata 

plantation with systematical maintenance and cutting. 

Carbon storage value: The value of carbon storage in above ground biomass, 

quantity of carbon storage multiplied by price of carbon. 
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CHAPTER 2 

LITERATURE REVIEW 
 

2.1 Kyoto Protocol 
The Kyoto Protocol was adopted at the third Conference of the Contracting 

Parties (COP-3) of the UNFCCC on December 11, 1997 in Kyoto, Japan, and was an 

initial step to have legal binding of climate change in greenhouse gases release of 

Annex I countries.  If the perfect implementation was done according to the yielded 

volume of greenhouse gases under legal binding (2008-2012), greenhouse gases from 

Annex I countries under the ratification would be decreased by 5.2% from 1990.  Non-

annex countries were not under the ratification so they had no need to follow the rules.  

Common but different responsibility offered an opportunity to non-annex countries to 

develop without any limit on greenhouse gases (2). 

 

From the legal binding on greenhouse gases for Annex I countries, the Kyoto 

Protocol has 3 mechanisms to control and assist those countries as follows: 

1. Joint Implementation (JI) (Article 6) is a mechanism that Emission 

Reduction Units (ERUs) can be transferred from projects among Annex I countries.  

Some countries, which received ERUs, would add ERUs with greenhouse gases 

volume but some countries, which transferred ERUs would reduce it from greenhouse 

gases volume instead. 

2. Emission Trading (ET) (Article 7) is a mechanism that Assigned Amount 

Units (AAUs) can be traded among Annex B countries.  Annex I country list is in the 

UNFCCC.  Annex B countries are listed in the Kyoto Protocol. 

3. Clean Development Mechanism (CDM) (Article 12) is a mechanism that 

Certified Emission Reduction Units (CERs) can be transferred from projects among 

Annex I countries and non-annex I countries (2). 
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2.2 The Clean Development Mechanism (CDM) 
 

The CDM allows Annex I Parties to implement projects that reduce emissions 

in the territory of a Non-Annex I Party.  The certified emission reduction units (CERs) 

generated by such projects can be used by Annex I Parties to help meet their emission 

targets while the projects also help Non-Annex I Parties to achieve sustainable 

development and contribute to the ultimate objective of the Convention. 

 

The modalities and procedures for the CDM focus on projects that reduce 

emissions.  Definitions and modalities are to be developed, for adoption at COP 9, for 

including afforestation and reforestation activities in the CDM for the first 

commitment period.  However, Annex I Parties are limited in how much they may use 

CERs from such sink projects towards their targets (up to 1% of the Party’s emissions 

in its base year, for each of the five years of the commitment period). 

 

A CDM project might then involve, for example, a rural electrification project 

using solar panels or the reforestation of land.  As with joint implementation projects, 

Annex I Parties are to refrain from using CERs generated through nuclear energy to 

meet their emission targets. 

 

The CDM is expected to generate investment in developing countries, 

expecially from the private sector, and promote the transfer of environmentally and 

friendly technologies in that direction.  However, the finance and technology transfer 

commitments of Annex II Parties under the Convention and Kyoto Protocol are 

separate and remain valid.  Furthermore, public funding for CDM projects must not 

result in the diversion of official development assistance. (3) 

 

For joint implementation (JI) and emissions trading (ET), Thailand cannot 

involve with both mechanisms. 
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2.3 Price of Traded Carbon 
A computerized multi-objective programming approach and a Leontief inter-

industry model were used to investigate the impact of mitigating CO2 emissions on 

Taiwan’s economy.  The result showed that Taiwan’s GDP would drop 34% off the 

targeted GDP growth rate for the year 2000 and Taiwan’s economy would be seriously 

weakened if the annual CO2 emissions were stabilized at the 1990 level.  If Taiwan 

maintained CO2 emissions at 128% of the 1990 level, then Taiwan’s economy would 

have 5.37% average annual growth rate up to the year 2000. The 157% CO2 emission 

level would mean 5.92% annual GDP growth rate; and the 213% CO2 emission level 

would mean 6.58% annual GDP growth rate.  In addition, policy implications were 

presented in order to assist policy makers in economic planning (4). 

 

The possible market values of carbon ranged from as low as $50 per ton to as 

high as $100 per ton or more.  The result indicated that at a low price of carbon of $10 

per ton, the per hectare values would range from $1 per hectare per year in temperate 

and tropical dry regions, to a high value of $8 per hectare per year 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 hectare 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 hectare per year (5). 

 

Therefore, this study will use the market price of carbon between the minimum 

$50 per ton and the maximum $100 per ton or the minimum 2,000 baht / ton  to the 

maximum 4,000 baht / ton. 

 

 

2.4 The Emission of the GHGs in Thailand 
In Thailand, there are various activities releasing greenhouse gases.  Major 

greenhouse gases are carbon dioxide (CO2), methane (CH4) and Nitrous oxide (N2O).  

Carbon dioxide was released most in 1990 (164 million tons,: percentage of total 
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emission was 73%).  Methane and nitrous oxide were released at 2.8 million tons and 

0.01 million tons or 25% and 2% respectively (Table 2-1). 

 

In 1994, the release of greenhouse gases carbon dioxide, methane and nitrous 

oxide was increased to 202, 3.1 and 0.55 million tons or 70.69%, 23.25% and 6.06% 

respectively (Table 2-2). 

 

Greenhouse gases were obviously increased in the atmosphere due to human 

activities.  In Thailand (1990), combustion generated carbon dioxide at the level of 79 

million tons or 36% of total activities.  Changes of land use and forestry, agriculture, 

industrial process and waste management released CO2 78, 54, 10  and 3 million tons 

or 35%, 24%, 4% and 1%, respectively (Table 2-3). 

 

In 1994, combustion released most carbon dioxide at the level of 130 million 

tons or 45.45% of total activities.  Agriculture, changes of land use and forestry, 

industrial process and waste management released carbon dioxide 78, 62, 16 and 0.7 

million tons or 27.3%, 21.67% and 5.6%, respectively (Table 2-4).  Although the 

percentage of greenhouse gases released in 1994 was reduced but the equivalent 

carbon dioxide value was increased from 79 to 130 million tons.  Carbon dioxide 

released from agriculture was elevated from 54 to 78 million tons.  Change of land use 

and forestry was decreased from 78 to 62 million tons (Table 2-4). 
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Table 2-1 The emission of the three most significant GHGs in Thailand in 1990 

Gases 
Emission 

(Million Tons)

Global 

Warming 

Potential 

(GWP) 

Emission in 

CO2 

equivalent 

(Million tons) 

Percentage of 

Total 

Emissions 

CO2 164 1 164 73 

CH4 2.8 21 58 25 

N2O 0.01 310 3 2 

Total    100 

Source: (6) 

 

Table 2-2 The emission of the three most significant GHGs in Thailand in 1994 

Gases 
Emission 

(Million Tons)

Global 

Warming 

Potential 

(GWP) 

Emission in 

CO2 

equivalent 

(Million tons) 

Percentage of 

Total 

Emissions 

CO2 202,458.05 1 202,458 70.69 

CH4 3,157.57 21 66,598 23.25 

N2O 55.86 310 17,317 6.06 

Total   286,373 100 

Source: (6) 

 

Table 2-3 Sources of GHGs emission in Thailand in 1990 

Production sector 
Emission in CO2 equivalent 

(Million tons) 

Percentage of Total 

Emissions 

All Energy 79 36 

Industrial process 10 4 

Agriculture 54 24 

Land use change & Forestry 78 35 

Waste management 3 1 

Total 225 100 

Source: (6) 
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Table 2-4 Sources of GHGs emission in Thailand in 1994 

Production sector 
Emission in CO2 equivalent 

(Million tons) 

Percentage of Total 

Emissions 

All Energy 130 45.4 

Industrial process 16 5.6 

Agriculture 78 27.3 

Land use change & Forestry 62 21.7 

Waste management 0.7  

Total 286.7 100 

Source: (6) 

 

2.5 Mangrove Forest 
 

2.5.1 The Importance and Value of Mangrove 

According to Sanit Aksornkaw et al. (1999), mangroves are very important 

resources and play a very significant role in human life and Thailand’s economy as a 

source of fuel and food. Three main values of mangroves are forestry, fisheries and 

conservation of environmental balance.  Forestry values are derived from charcoal, 

firewood, pole tannin extraction, wood distillation, wood-chips, medicines, 

construction materials and land use for agriculture.  Fisheries values are important as 

food sources, shelters and nurseries, capture fisheries and maintaining natural 

ecological balance.  Conservation values are important as ecotone between terrestrial 

and marine ecosystems, being habitats for aquatic animals, birds and wildlife and food 

resources for living organisms. In addition, mangroves help protect shoreline from 

storms, tidal waves and erosion (7). 

 

2.5.2 Mangrove Forest and Climate 

Mangroves are significant to climate as a source of carbon dioxide 

absorption.  According to Thailand Development and Research Institute (1989), the 

annual amount of carbon dioxide absorption of mangroves per area throughout 

Thailand was 77 million tons (8).  Under the current greenhouse effect, the 

LANDSAT data showed that the mangrove area of Thailand in 1996 was 1,047,390 rai 
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or 0.33% of the total country area with a potential of future decrease (7).  According to 

the research on carbon sink in mangrove (1990), the carbon absorption was decreased 

to 35.11tons carbon because of the reduction of mangrove forest.  It illustrated that 

carbon released to the atmosphere would be about 2 tons within 5 years (9). 

 

2.5.3 Distribution of Mangroves in Thailand 

In Thailand, mangrove forest areas are distributed on the east and west coasts 

of the peninsula but mostly found on the west coast region about 934,220 rai or 89.2%. 

On the east coast region, mangrove areas remain only about 79,112 rai or 7.5% and 

along the upper part of the Gulf of Thailand about 34,056 rai or 3.3% (7). 

 

2.5.4 Mangrove research and Carbon Absorption 

Khamnung Chindanuch studied the carbon dioxide (CO2) absorption and 

release in Phang-Nga area, Phang-Nga Province. The rates of carbon dioxide 

absorption and emission in the daytime and the night time were nearly the same in 

summer. In rainy season, the carbon dioxide absorption rate in the daytime was 9 

times higher than at night. The study on carbon dioxide accumulation in the coastal 

mangrove in Chumporn Province indicated that mangrove ecosystem kept 1,208 tons 

carbon / hectare (tc./ha.) and the soil kept 281 tc./ha. The carbon was kept in 

mangrove forest more than in the soil (10). 

 

Phaisan Thanapermpul studied the production of Rhizophora apiculata at 

Pattani Province and showed that the total biomass (dry weight) of planted mangrove 

at age 5-20 years was 22.81-234.30 tons/hectare.  The maximum biomass incremental 

rate was at 14 years old and the biomass increased 20.92 tons/hectare/year (11). 

 

The mangrove aged 5-20 years had the volume of 12.56 – 184.87 cubic 

meters/hectare and the growth rate was 22.61 cubic meters/hectare/year (11). 

 

The change of land use and forestry area in Thailand, i.e. pine forest, mangrove 

forest, evergreen forest, deciduous forest and dry evergreen forest affected the amount 

of carbon dioxide absorped in the forest. In 1990 and 1996, the mangrove area was 
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256.31 and 242.51 hectare and the carbon accumulation was 37.11 and 35.11 ton of 

green carbon (TgCO2). If the mangrove area decreased, the amount of carbon dioxide 

absorped in the mangrove would also decrease (9). 

 

In 1990, the change of forest area to other land uses caused the carbon dioxide 

emission of 33.65 TgCO2/yr and carbon dioxide absorption 4.98 TgCO2/yr. In 1994; 

the total carbon dioxide released was 10.65 TgCO2/yr and carbon dioxide absorpted 

was 7.23 TgCO2/yr. In 1994, although the natural forest area decreased, but the forest 

plantation area increased (9). 

 

2.6 Rhizophora apiculata Plantation  
 

2.6.1 Characteristics of Rhizophora apiculata  

Rhizophora apiculata (Bl.). Family Rhizophoraceae, is strongly associated 

with soft muds under tidal influence and spring tides.  R.apiculata can be an important 

and conspicuous mangrove species along tidal riverbanks, creeks and even seaward 

areas. In undisturbed pristine sites, Rhizophora apiculata trees can reach 25 m in 

height.  The foliage is distinctive, the leaves are markedly smaller than those of the 

common sister species, R. mucronata. R..apiculata leaves have a characteristic of 

color distribution.  The leaf tips are sharp, elongate and dark green, giving an almost 

black tipped appearance from a distance. The mid rib on the lower part of the leaf is 

pink, the color fades as the lamina flattens.  The undersurface of the leaves is a more 

uniform dark green.  R.apiculata bark too, is distinctive, being rather dark and smooth 

externally and orange red to red beneath.  Reddish young stilts or prop roots often 

arising close to the main trunks, are prominent features.  From a distance these 

impressive and massive prop root systems provide a touch of design amidst a tangled 

sophistication above the soft muddy Rhizophora’s amazing habitat (12). 
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Figure 2-1 Picture of Rhizophora apiculata 

 

2.6.2 Plantation of Rhizophora apiculata Forest 

  

 1. Land preparation 

Mangroves grow well in muddy soil with sufficient seawater, close to 

the shore, river and canal.  Hence, proper land for Rhizophora apiculata plantation 

depends on the soil properties and seawater sufficiency.  Highland and insufficient 
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seawater are obstacles of the growth of Rhizophora apiculata plantation.  Furthermore, 

Rhizophora apiculata needs more light, so proper land should be widely opened to the 

light.  Wooden waste should be brought out from the land because seawater may take 

them to damage seedlings.  Land preparation is a significant stage for Rhizophora 

apiculata plantation.  Time is an important factor.  In order to prepare land, mowing 

and wood clearing will take about 5 months.  Keeping wooden waste in small heaps 

with fence will avoid them to damage the seedlings while flooding.  Re-mowing 

should be done prior to plantation.  Woods from the first mowing will be decayed at 

that time (13). 

 

 2. Seedlings preparation 

To prepare pods of Rhizophora apiculata, small bag size 3x6 inches 

and mixed muddy soil with burned rice hull (1:1) are used for convenience of transfer. 

Seedling preparation can be summarized as follows: 

 

Table 2-5 Seedlings preparation for Rhizophora apiculata 

Plant Variety Seedlings collection 
Seedlings 

Preparation 
Cultivation 

Rhizophora 

apiculata  

Collect fallen or attached 

mature pods. Rhizophora 

mucronata pods have 

green and yellow calyx 

but Rhizophora apiculata 

have red violet calyx. 

Keep seedlings in 

vertical line with 

regular water and 

no strong sun 

Plant pods into 

each bag at around 

1.5-3 inches deep. 

Source: (14) 

 

To cultivate pods in bags, brackish water is used or the nursery should be in 

the land with regular seawater submersion. In the initial phase, net should be set for 

barring 50-70% of light to prevent dried pods. 
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 3. Methods for Rhizophora apiculata plantation 

Sophon Hawanont suggested that Rhizophora apiculata should be 

planted in rainy season, using the distance 1.5 x 1.5.meter.  Two planting methods 

may be used as follows (13): 

3.1 Direct pod plantation: pods should be held at one-third from 

the bottom while planting under the ground.  Sharp wooden stick may be used to make 

a hole before planting.  Compressing soil around the pod will keep the pod under the 

ground. 

3.2 Seedling plantation: this method is good for second 

plantation.  Planters must be careful when planting the seeds because the roots of 

mature seedlings may be damaged and survival rate of mature seedlings may be 

lowered. 

 

 4. The survival rate of Rhizophora apiculata 

Dusit Wechakit conducted the research on the growth and survival rate 

of Rhizophora apiculata plantation at Umphawa District, Samutsongkram Province 

(15), and provided the findings as follows: 

4.1 After plantation with the density of seeds around 25,000 

seeds/hectare (distance between seeds about 0.63 x 0.63 meter), there was high 

survival rate of plants at the age of 1-2 years at 92-95%. 

4.2 Causes of death were crabs, uprooting by macaques and 

imperfect seeds. 

4.3 Trend of survivor was decreased when age of plantation was 

higher as of high density of seedlings that generated competition, particularly treetops.  

Rhizophora apiculata significantly needed light for growth, so weak seedlings would 

die if they were not strong enough. 

4.4 At the age of 3-4 years, treetops were fairly closed, survival 

rate was still as high as 87%.  At the aged of 5-8 years, the survival rate was 81-84%.  

Plantation with older ages had lower survival rate.  There was less than a half of total 

plants (41 – 46%) when plantation was aged 13-15 years. 
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4.5 Average survival rate would decrease about 4% per year or 

1,000 trees/hectare. 
 

5. Energy of Charcoal from Rhizophora apiculata 

A significant benefit of mangrove forest is fuel, especially charcoal. 

Woods in Rhizophora apiculata plantation are good quality charcoal that are popular 

in the market.  Heat value of most kinds of dry woods in mangrove forest was about 

4,500-5,000 calorie/gram.  Charcoal from mangrove forest has heat value of 6,400-

7,600 calorie/gram, which is sufficient for household cooking (16). 

Dry stems of Rhizophora apiculata have the highest average energy 

value.  Other parts such as roots and branches also have heat value.  The amount of 

energy and percent of ash from R.apiculata combustion are presented in Table 2-6 and 

2-7. 
 

Table 2-6  Quantity of energy from dry stems, branches and prop roots 

 of Rhizophora apiculata 

 Energy, callories/gram 

Age (year) 8 9 10 11 12 13 14 15 16 17 18 Average 

Dry stems 3,653 3,716 3,508 3,877 3,722 3,846 4,121 3,770 3,895 3,990 4,013 3,832.8 

Branches 3,652 3,711 3,580 3,608 3,738 3,818 3,940 3,678 3,678 3,764 3,728 3.717.5 

Prop roots 3,683 3,724 3,795 3,847 3,732 3,890 3,974 3,780 3,780 3,876 3,844 3.819.6 

Source: (16) 

 

Table 2-7 Percent of wood ash from Rhizophora apiculata combustion 

 Quantity of wood ash, % 

Age (year) 8 9 10 11 12 13 14 15 16 17 18 Average 

Dry stems 1.0 0.8 0.9 0.8 1.0 0.9 1.0 1.1 1.1 1.1 1.1 0.97 

Branches 1.7 1.4 1.5 1.7 1.4 1.5 1.4 2.1 2.4 2.8 2.0 0.82 

Prop roots 0.8 0.6 0.8 0.7 0.9 1.0 1.8 1.8 1.7 1.2 1.5 1.10 

Source: (16) 
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6. Relevant Researches  

Phaisan Thanapermpul conducted the research on Rhizophora apiculata 

plantation in Yaring District, Pattani Province, measuring the growth in height, 

diameter, biomass and volume at different ages between 5-20 years.  The findings 

were as follows (11): 

(1) Average height of Rhizophora apiculata during 5-20 years 

plantation was between 3.56-14.23 meter.  The highest growth of plantation was in the 

age of 17 and the lowest growth was at the age of 19.  Height of 17 years and 19 years 

were increased 1.76 meter/year and 0.06 meter/year respectively.  Average growth rate 

of plantation was 0.71 meter/year. 

(2) Average diameter of Rhizophora apiculata during 5-20 years 

plantation was between 2.64-9.70 centimeter.  The highest diameter growth was at the 

plantation age of 17 years and the lowest diameter growth was at the age of 13.  The 

incremental rate of diameter at 17-year and 13-year were 1.30 cm/year and 0.01 

cm/year respectively.  Average diameter growth rate was 0.47 cm/year. 

(3) Total biomass of Rhizophora apiculata during 5-20 years 

plantation was between 22.81-234.30 ton/hectare.  The highest biomass growth was 

when the plantation aged 14 with the increased biomass 20.92 ton/hectare/year. 

(4) Total volume of Rhizophora apiculata during 5-20 years 

plantation was between 14.33-197.16 cubic-meter/hectare.  Plantation aged 14 years 

showed the highest volume growth.  The total volume and volume of goods were 

increased as 24.87 and 22.61 cubic-meter/hectare/year respectively. 

 

Chawalit Urapephatanapong stated that woods from mangrove forest 

were mostly popular for charcoal e.g. Rhizophora spp.  Rhizophora spp. consisted of 2 

types as Rhizophora apiculata. Bi and R.mucronata Poir.  Mangrove in Thailand 

offered higher volume and better quality of Rhizophora spp.  However, less popular 

species for charcoal production belonged to Brugucira spp., Ceriop spp., Xylocarpus 

spp., Avicennia spp., and Lumnitzera spp.  Volumes of these woods were lesser than of 

Rhizophora spp, and will be lesser in the future because of the elimination of those 

woods and substitute plantation of Rhizophora spp. (17). 
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Arun chomchan studied humidity in mangrove forest and reported that 

Rhizophora apiculata had normal humidity as 6,354 and R.mucronata had normal 

humidity as 6,530 (18). 

 

 

2.7 Theories, Analysis Principles and Feasibility of the Project 
 

2.7.1 Project Analysis Theory 

Basic economic problems of all countries are the limitation of resources 

such as labor, land, cost and natural sources.  Natural resources should be effectively 

utilized to be products and services for the highest net return on investment.  However, 

social demands are varied, uncertain and endless so it is necessary to effectively utilize 

and economize existing natural resources.  In the meantime, it should be mostly 

consistent with demands or holistic purpose.  Hence, prior to make decision of using 

natural resources for any purpose, it is essential to estimate existing resources for the 

highest benefit.  One way to analyze economic effectiveness of natural resource 

utilization is feasibility study of the project. 

Project analysis is one method to present effectiveness of natural resource 

utilization and economization under specific purpose or social demand in convenient 

and proper pattern because there is the estimation on the whole benefits and costs of 

the project. 

Financial analysis is to determine the project in term of private investment.  

The return on investment should be good as well as profit.  Project analysis is not only 

good for investors but also necessary for financial institutes, cooperatives and 

organizations that offer loan (19). 

In addition, financial analysis includes proper financial planning for the 

project and project analysis of return on investment for each investor such as farmers, 

private sector, government enterprise and relevant ones.  It assures the project will 

yield incentive return for investors (20). 
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2.7.2 Relevant Costs of Mangrove Plantation Project 

1. Fixed cost consists of depreciation of assets that are necessary 

for plantation and opportunity cost e.g. land, construction, accessories- machines, 

vehicles and office supplies (21). 

2. Variable costs are expenses for the first year of plantation and 

annual maintenance that can be classified by the following characteristic (21): 

 (1) Operative costs 

- Labor e.g. salary and wages 

- Materials, office supplies, stationaries, fuel and oil 

 (2) Expenses of land and forest preparation 

- Labor e.g. survey boundary, mowing and burning 

- Accessories e.g. fuel 

- Pods and seedlings preparation 

(3) Plantation 

- Labor e.g. transportation from seedlings nursery to field, 

planting and lining, pitching and transporting piles 

- Accessories e.g. fuel for vehicle to transport seedlings 

(4) Maintenance 

- Labor e.g. insect and animal detection 

- Accessories e.g. fuel for vehicle to transport labor to field 

- Seedlings repair within 5 years since the beginning of 

plantation 

(5) Fees (22) 

- Land preparation 

- Concession fee 

- Royalty fee 

- Maintenance fee 

(6) Charcoal making and selling (22) 

- Labor 

- Fuel 

- Hemp bags 
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 2.7.3 Relevant Researches with Project Analysis 

Jirasak researched about the benefits from Rhizophora apiculata plantation 

at Samutsakorn Province, in cases of participation and non-participation in 

government economic plantation project.  The study results showed that the ratio of 

benefit to cost (B/C) of Rhizophora apiculata plantation in case of participation in 

government project was over 1 in each age cycle at the interest rate 6%-14%.  Ratio of 

B/C in case of non-participation in government project would be more than 1 when 

plantation age was 10-15 years at the interest rate less than 10% (23). 

 

For the Net Present Value (NPV) of Rhizophora apiculata plantation, 

farmers would have profit (B/C over 1) from the same ages and interest rate (23). 

 

B/C of participation in government project was higher than B/C of non-

participation.  In case of participation, plantation aged 10-15 years yielded B/C as 

21.17%, 20.33%, 19.53%, 18.78%, 18.18% and 17.44% respectively.  In case of non-

participation, plantation aged 10-15 years offered B/C as 10.85%, 10.90%, 10.83%, 

10.70%, 10.53% and 10.34% respectively.  It emphasized that the participation in 

government project would provide higher B/C than non-participation (23). 

Piya studied about expenses and profit of carbon dioxide reduction in both 

conservation and commercial Rhizophora apiculata plantations.  In 1994, expense was 

932.67 baht/rai/year with land of 11.13 miilion rai.  Expense for reducing carbon 

dioxide was 0.149 baht/k Wh and 232.22 baht/CO2 without any profit except carbon 

dioxide reduction.  If there were 60% of plantation, 1.05 million rai for commercial 

charcoal, use of LPG would be decreased 47.7% in 1996 (24). 

 

Kasem carried out a complete evaluation on forest work of Forest 

Industrial Organization at Khao Laem Dam, in all Deciduous Forest, Deciduous 

Dipterocarp Forest, Evergreen Forest, Tropical Green Forest, and Montane Forest.  

Using the interests of 9%, 12% and 15%, the B/C over 1 were 1.22, 1.20 and 1.17 

respectively.  That meant the project was worth for investment (25). 
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Santi researched on economy and marketing of Eucalyptus plantation, 

Khon kaen Province, emphasizing on the cost of Eucalyptus plantation for paper 

production.  Distance of plantation was 2 x 2 meter per rai.  There were 3 types of 

selling prices: selling per overage weight at 706 baht/ton, selling per rai at 3,479 

baht/rai, and selling per tree at 35 baht/tree.  Economic cost-profit analysis was 

employed with the discount rates 6%, 9%, 12%, 15% and 18%.  B/Cs were 1.81, 1.77, 

1.73, 1.69 and 1.65 respectively.  IRR equaled 85.73%.  NPV were 3,188.01, 2,847.40, 

2,275.28 and 2,034.58 baht/rai respectively.  That expressed the worth of investment 

(26). 

 

Koraphat studied the financial analysis of Tectona grandis Forest in 25 

cycles, in Maelee Plantation, Lumpoon Province.  Characteristics of teak were 1) 

having identifying marks, 2) perfect logs, 3) square wood with identifying marks, 5) 

sheet wood with identifying marks and 6) perfect sheet woods.  Perfect woods showed 

more NPV than woods with identifying marks.  IRR in normal case were 12%, 19%, 

12.54%, 16.88%, 17.48%, 23.71% and 25.21% respectively.  NPV with 6% discount 

in the first case was decreased as7.55% when compared with the second case.  NPV of 

the 3rd case was reduced from the 4th case as 12.27%.  NPV of the 5th case was less 

than the 6th case as 23.48%.  Sensitivity of the project showed that the 3rd case had the 

highest risk if compared with the 1st and 2nd case respectively.  Consequently, higher 

discount influenced higher risk of project (27). 

 

Waraporn presented the economic analysis of plantation of Forest 

Industrial Organization by employing 3 types of analysis: B/C ratio, NPV and IRR.  

The samples were 3 fields with different interests and prices of goods sold.  The 

analysis results stated that wooden price in some level such as 450-500 baht/cubic 

meter influenced the investment of plantation with the interest of 11%-15%.  Those 

showed poor return on investment.  If selling price was 550 baht/cubic meter and over, 

return on investment would be interesting (28). 
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2.8 Study Area 

 

2.8.1 Location 

Mangrove of the Mangrove Development Office-39 and the Yaring Natural 

Mangrove Study Center is located at the Pattani Bay (the Yaring National 

Conservation Forest) yamu, Talokapro Sub-district, Yaring District, Pattani Privince 

(6). 
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May to January. Southwest monsoons will come from the Indian Ocean during the 

rainy season, between May to September.  The amount of rainfall water is average at 

100-150 millimeter in each month.  The Northeast monsoons passing through the Gulf 

of Thailand cause heavy rain; especially in November and December.  The amount of 

rainfall is average at 200-4000 millimeter. Summer starts in February to April. 

Southeast monsoons come from the high-density area in South China Sea.  The 

average temperature is 26.9 degree. April is the hottest month; the average temperature 

is 28.1 degree. The average relative humidity is 81 % all years (6). 

 

2.8.4 Geology 

 The mangrove of Yaring and vicinity area is unconsolidated sediment of 

Quaternary period.  The coastal plains in Yaring and vicinity area are divided in four 

parts as follows (6): 

1. Old and recent beach ridges are continuing form to the sea. The age of 

the ridges are graded from the oldest to the youngest.  The youngest ridge is beach 

nearby the recent shoreline. There are varieties of soil texture, between medium sand 

and very fine sandy clay. 

2. Old and recent lagoon is not drown by the seawater and is deposited by 

fine sandy clay. 

3. Former and recent tidal flat is wide area, from the oldest beach ridge to 

the alluvium sediment. 

4. Old and recent beach ridges associated with old and recent lagoon. 

 

2.8.5 Land Use. 

Yaring area is covered by of natural forest and forest plantation.  The 

Forest Department plans the mangrove project in this area, divided into 3 phases as 

follow (6): 

1. The Yaring mangrove project Pattani 1 (PN.1) covers 4,700 rai (2,937.5 

square kilometer or 752 hectare). It is natural forest and used to be the forestry 

concession area, but the concession is stopped now. 
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2. The Bang Pu mangrove project Pattani 2 (PN.2) covers 1,200 rai (750 

square kilometer or 192 hectare). It is forest conservation area approximately 1,021.50 

rai.  The area has been re-forested by the Forest of Pattani Province during 2509 – 

2530 and it is not concession area. 

3. The Kao mangrove project Pattani 3 (PN.3) covers 1,000 rai (625 

square kilometer or 160 hectare). It is forest conservation area approximately 712.75 

rai.  The area has been re-forested by the Forest of Pattani Province during 2509 – 

2530 and it is not concession area. 
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CHAPTER 3 

METHODOLOGY 
 

 

3.1 Planning of Research 
This research was a survey research that gathered secondary data from 

relevant organizations and primary data from samples in field data collection.  

Mathematics and economic formulas were used as well as research instrument to 

analyze and compile findings. 

 

3.2 Study Site 
Data collection from R.apiculata plantations for conservation and commercial 

purpose was done in  Yaring (Pattani Project 1 – PN.1) within the area of 4,700 rai.   

The area was under care of Mangrove Development Office 39 and the Yaring Natural 

Mangrove Study Center, Yaring District, Pattani Province.  The Yaring mangrove was 

conservation mangrove that was in the second round of concession but now the forest 

activities were prohibited. 

 

3.3 Equipment 
 

Research instruments were as follows: 

3.3.1 Data on cost of R.apiculata plantation for conservation purpose 

since the 1st – 30th year and R.apiculata plantation for commercial purpose since the 

first year until the harvest year. 
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3.3.2 Equations and formulas for calculations were as follows: (11) 

Biomass of the dry stems: 

    log WS  =  log A + h   log D2H………………(1) 

 when Ws = dry weight or biomass of the dry stems 

D = Diameter 

H = Height 

 

Biomass of the prop roots: 

    log WP   =    log A + h   log D2H………………(2) 

when WP = dry weight or biomass of the prop roots 

D = Diameter 

H = Height 

 

Biomass of the branches of trees: 

    log WB   =    log A+ h   log D2H……………..…(3) 

when WB = dry weight or biomass of branches 

D = Diameter 

H = Height 

 

Biomass of the leaves: 

 log WL   =  log A+ h   log D2H …………………(4) 

when WL = dry weight or biomass of leaves 

D = Diameter 

H = Height 
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Volume of wood products: 

 log VM   =  1.2830 + 1.0947 log D2H …………..(5) 

when     VM  = Volume of wood product 

D = Diameter 

H = Height 

 

Logistic growth model:   (23) …………………….……..(6) 

   WT    =               Wmax 

                                                         1+me -rt  

 

   When,    WT    =   mean total aboveground carbon content 

        per ha (t ha-1) 

                              Wmax  = maximum mean total aboveground 

            carbon content  per ha (t ha-1) 

                               t       =   age (year) 

                                  m, r  =  constants 

 

Carbon storage = Total biomas x 0.5 (9) ……………….(7) 

 

Present value :   (29) 

   PV  =  m / (1+r)t………………………...……(8) 

When PV = present value 

 m = benefit or total cost value 

 r = discount rate 

 t = year 

 

3.3.3 Topographic Map of the Royal Thai Survey Department at sheet 

5222 I, series L7017, scale 1: 50,000, year 1987. Pattani Province  

3.3.4 Global Position System (GPS) 



Fac. of Grad. Studies, Mahidol Univ.     M.Sc. (Envi. Planning for Community and Rural Dev.) /  29

3.3.5 Equipments for plotation and wooden volume measurement 

a) Rope 

b) Diameter Tape 

c) Measuring pole 

d) Data Sheet 

3.3.6 Personal Computer 

3.3.7 Program Curve-Expert 1.3, Microsoft Excel 

 

3.4 Data Collection 
 

3.4.1 Primary data 

(a) Plotation of R.apiculata plantation was done and wooden 

volume was measured as follows. 

1. The sampled plots of R.apiculata plantation for 

conservation purpose were at the age of 22, 24, 27, 28 and 30 years, 3 plots of each 

age, and plot size was 10 x 10 meter.  Total sampled plots were 15.  Data collected 

were height and diameter, see Figure 3-1. 

2. The sampled plots of R.apiculata plantation for 

commercial purpose were within the concession area, at the age of 7, 9, 11, 13 and 15 

years, 6 plots of each age and plot size was 10 x 10 meter.  Total sampled plots were 

30,  15 plots of the first cycle and 15 plots of the second cycle.  Data collected were 

height and diameter, see Figure 3-1. 

(b) Data on cost and benefit of R.apiculata plantation for 

commercial purpose (concession) were acquired by in depth interview with the 

licensee of the concession (Mr.Surin and family, see Appendix A). 

3.4.2 Secondary data  

Height, diameter, biomass and volume of wood product and cost 

of R.apiculata plantation for conservation purpose were collected from the Mangrove 

Development Office-39th. 
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Figure 3-1 Sampled plots in the study area 
 cs22 = Sampling plot of R.apiculata plantation for conservation purpose (age 22 year) 

 cs24 = Sampling plot of R.apiculata plantation for conservation purpose (age 24 year) 

 cs27 = Sampling plot of R.apiculata plantation for conservation purpose (age 27 year) 

 cs28 = Sampling plot of R.apiculata plantation for conservation purpose (age 28 year) 

 cs30 = Sampling plot of R.apiculata plantation for conservation purpose (age 30 year) 

 cm7/1 = Sampling plot of R.apiculata plantation for commercial purpose (age 7 year) : cycle 1 

 cm7/2 = Sampling plot of R.apiculata plantation for commercial purpose (age 7 year) : cycle 2 

 cm9/1 = Sampling plot of R.apiculata plantation for commercial purpose (age 9 year) : cycle 1 

 cm9/2 = Sampling plot of R.apiculata plantation for commercial purpose (age 9 year) : cycle 2 

 cm11/1 = Sampling plot of R.apiculata plantation for commercial purpose (age 11 year) : cycle 1 

 cm11/2 = Sampling plot of R.apiculata plantation for commercial purpose (age 11 year) : cycle 2 

 cm13/1 = Sampling plot of R.apiculata plantation for commercial purpose (age 13 year) : cycle 1 

 cm13/2 = Sampling plot of R.apiculata plantation for commercial purpose (age 13 year) : cycle 2 

 cm15/1 = Sampling plot of R.apiculata plantation for commercial purpose (age 15 year) : cycle 1 

 cm15/2 = Sampling plot of R.apiculata plantation for commercial purpose (age 15 year) : cycle 2 
N
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3.5 Data Analysis 

3.5.1 R.apiculata plantation for conservation purpose 

(a) 

(b) 

Biomass, carbon storage and volume of wood product were 

calculated using Logistic Growth Model…(6), (22) and mathematics equation and 

formula algometric method (11) as follows 

Biomass of the dry stems…………………...........…. (1) 

Biomass of the prop roots……..……….............…… (2) 

Biomass of the branches of trees………....….......…. (3) 

Biomass of the leaves…………………..…….…..…. (4) 

 Volume of wood product………………........…….... (5) 

 Carbon storage = Total biomass x 0.5...........………. (7) 

 

Analysis of economic return 

 1. The total cost of R.apiculata plantation for conservation 

purpose was total fixed costs plus total variable costs.  The details of total cost were as 

follows: 

1.1 Fixed costs included depreciation of assets and 

opportunity cost from plantation. 

1.2 Variable costs comprised expenses of plantation in the 

first year and annual maintenance cost as follows: 

1.2.1 Surveying 

1.2.2 Land clearing 

1.2.3 Boundary setting 

1.2.4 Stakes sitting 

1.2.5 Seedlings for replanting 

1.2.6 Planting 

1.2.7 Pods for planting 
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1.2.8 Counting survival rate and replanting 

1.2.9 Maintenance 

1.2.10 Miscellaneous 

1.2.11 Materials 

 2. The benefit of R.apiculata plantation for conservation purpose 

was derived from carbon storage value (quantity of carbon storage x minimum and 

maximum price of carbon storage). 

 3. The net economic return of R.apiculata plantation for 

conservation purpose was derived from the present value of benefit minus the present 

value of total costs.  The present value of benefit and total cost was calculated as 

follows: 

 

PV = m / (1+r)t………….........................…. (8) 

Remark: Discount rates 6%, 8%, 10%, 12% and 14%. 

 

3.5.2 R.apiculata plantation for commercial purpose 

(a) Biomass, carbon storage and volume of wood product were 

calculated using Logistic Growth Model and calculation methods as described in 

3.5.1.. 

 

(b) Analysis of economic return 

 1. The total cost of R.apiculata plantation for commercial 

purpose was total fixed costs plus total variable costs.  The details of total cost were as 

follows: 

1.1 Fixed costs included depreciation of assets and 

opportunity cost from plantation such as: structure cost, charcoal kiln cost, a motor 

boat cost, a tug boat cost and water pump cost. 

1.2 Variable costs comprised expenses of plantation in the 

first year and annual maintenance cost as follows: 
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1.2.1 Operating 

1.2.2 Cutting 

1.2.3 Land preparation 

1.2.4 Seedlings for replanting 

1.2.5 Planting 

1.2.6 Pods for planting 

1.2.7 Counting survival rate and replanting 

1.2.8 Opening forest fee 

1.2.9 Royalty fee 

1.2.10 Maintenance 

1.2.11 Making a charcoal 

Remark: If the wood was used for construction material, charcoal kiln cost and cost 

of making were not included. 

 2. The benefit of R.apiculata plantation for commercial 

purpose was derived wood use patterns as follows: 

2.1 100% charcoal production (quantity of charcoal 

product x price of charcoal). 

2.2 99% charcoal production 1% and construction 

material: 

2.2.1 Benefit from charcoal (quantity of charcoal 

product x price of charcoal). 

2.2.2 Benefit from construction material (quantity of 

construction material x price), plus carbon storage value in construction material 

(quantity of carbon storage in construction material x price). 

2.3 100% construction material 

2.3.1 Benefit from construction material (quantity of 

construction material x price). 
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2.3.2 Carbon storage value in construction material 

(quantity of carbon storage in construction material x price). 

 3. The net economic return of R.apiculata plantation for 

commercial purpose was derived from the present value of each benefit minus the 

present value of each total cost.  The present value of benefit and total cost was 

calculated, similar to the R.apiculata plantation for conservation purpose. 

 

3.5.3 Comparison on the height, diameter, biomass, carbon storage, 

volume of wood product and economics returns from R.apiculata plantations for 

conservation and commercial purpose. 

 

 



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Envi. Planning for Community and Rural Dev.) /  35

CHAPTER 4 

RESULTS AND DISCUSSION 
 

 

4.1   Rhizophora apiculata plantation for conservation purpose 
 

4.1.1 Analysis on height, diameter, biomass, carbon storage and volume of 

wood product provided. 

 
(1) Height 

R. apiculata at the age of 1-5 years had little increase of height, from 0.96 to 

2.8 m. (Table 4-1).  Increase of height was in the range of 0.3-0.6 m., or 0.36 m./year 

on average (Table 4-2). 

 

R. apiculata at the age of 6-10 years had rapid increase of height from 3.53 to 

7.27 m. (Table 4-1).  The average increase of height was 0.89 m./year (Table 4-2).  

During the age of 11-15 years, the height increased from 8.21 to 11.03 m. (Table 4-1) 

with the average increase of height 0.75 m./year (Table 4-2). 

 

During the age of 16-30 years, the height increased from 11.46 to 12.82 m. 

(Table 4-1) with the average increase of height 0.11 m./year (Table 4-2).  Figure 4-1, 

indicated that R. apiculata had the highest growth during the age of 6-15 years and had 

the trend to stop growing during the age of 16-30 years. 

 

(2) Diameter 

R. apiculata age 1-5 years had the growth of diameter from 2.12 to 3.28 cm. 

(Table 4-1).  The average increase of diameter was 0.23 cm./year (Table 4-2).  During 

the age of 6-10 years and 11-15 years, the growth of diameter was 3.63-5.28 cm. and 

5.74 - 7.70 cm. respectively (Table 4-1). The average increase of diameter was 0.4 and 

 



Tanapoom Chanprapai  Results and Discussion /  36

0.48 cm./year (Table 4-2).  During the age of 16-30 years, diameter was between 8.19-

13.27 cm. (Table 4-1).  The average increase of diameter was 0.36 cm./year (Table 4-

2).  Figure 4-1 showed the steadily in crease of diameter during the age of 1-15 years 

and the diameter growth tended to be slower during the age of 16-30 years. 

 

(3) Biomass and carbon storage 

R. apiculata plantation age 1-5 years had the same trend of increase of biomass 

and carbon storage as of height and diameter.  During the age of 6-10 and 11-15 years, 

biomass and carbon were more rapidly increased.  Biomass increased from 2.55 to 

19.14 tc./ha. during the age of 6-10 years and rapidly increased from 43.80 – 208.70 

tc./ha. during the age of 11-15 years (Table 4-1).  The average increase of biomass was 

3.43 and 37.91 tc./ha. (Table 4-2).  During the age of 6-10 and 11-15 years, carbon 

storage was 1.28-9.57 and 21.90-104.35 tc./ha. (Table 4-1) and the average increase of 

carbon storage was 1.71-18.95 tc./ha. (Table 4-2). 

 

R. apiculata age 16-30 years had the slower biomass growth and carbon 

storage.  Biomass was 209.49-209.56 t./ha. (Table 4-1).  The average increase of 

biomass was 0.05 t./ha./year (Table 4-2).  Carbon storage was 104.75-104.78 tc./ha 

(Table 4-1) and the average increase of carbon storage was 0.02 tc./ha/year (Table     

4-2). 

 

Figure 4-1 showed that R. apiculata had the highest increase of biomass and 

carbon storage, during the age of 6-15 years and tended to have steady biomass and 

carbon storage during the age of 16-30 years. 

 

(4) Volume of wood product 

During the age of 1-5 years, volume of wood product increased from 2.26 to 

14.56 m.3/ha. (Table 4-1).  The average increased of volume of wood product was 2.46 

m.3/ha./year (Table 4-2).  The volume at the age of 6-10 years and 11-15 years 

increased from 22.54 to 92.25 and from 115.51 to 117.16 m.3/ha respectively (Table 4-

1).  The average increase of volume of wood product was 15.53 and 16.98 m.3/ha./year 
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respectively (Table 4-2). 

 

During the age of 16-30 years, volume of wood product slightly increased from 

183.54 to 194.85 m.3/ha. (Table 4-1). The average increase of volume of wood product 

was 1.17 m.3/ha./year. (Table 4-2).  Figure 4-1 showed that R. apiculata had the 

highest increase in wood volume during the age of 6-15 years and tended to have 

steady wood volume after 16 year old. 

 

According to Figure 4-1, R. apiculata had rather slight increase of height, 

biomass, carbon storage and volume of wood product.  Rapid growth occurred during 

the age of 6-15 years.  More steady growth occurred during the age of 16-30 years. 
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Table 4-1 Average height, diameter, biomass, carbon storage and 

                 volume of wood product of R.apiculata plantation for conservation  

                 purpose: by calculation 

Age Height Diameter Biomass Carbon storage 
Volume of wood 

product 

(year) (m.) (cm.) (t. / ha.) (tc. / ha.) (m.3 / ha.) 

1 0.96 2.12 1.20 0.60 2.26 

2 1.28 2.37 1.30 0.65 3.64 

3 1.68 2.65 1.44 0.72 5.82 

4 2.18 2.95 1.65 0.83 9.26 

5 2.80 3.28 1.99 1.00 14.56 

6 3.53 3.63 2.55 1.28 22.54 

7 4.37 4.01 3.54 1.77 34.05 

8 5.30 4.41 5.44 2.72 49.75 

9 6.28 4.83 9.49 4.75 69.56 

10 7.27 5.28 19.14 9.57 92.25 

11 8.21 5.74 43.80 21.90 115.51 

12 9.08 6.22 99.31 49.65 136.81 

13 9.85 6.70 168.89 84.44 154.40 

14 10.50 7.20 202.00 101.00 167.72 

15 11.03 7.70 208.70 104.35 177.16 

16 11.46 8.19 209.49 104.75 183.54 

17 11.80 8.68 209.55 104.78 187.71 

18 12.05 9.15 209.56 104.78 190.38 

19 12.25 9.62 209.56 104.78 192.07 

20 12.40 10.06 209.56 104.78 193.13 

21 12.52 10.49 209.56 104.78 193.79 

22 12.60 10.89 209.56 104.78 194.20 

23 12.66 11.27 209.56 104.78 194.45 

24 12.71 11.62 209.56 104.78 194.61 

25 12.74 11.95 209.56 104.78 194.71 

26 12.77 12.26 209.56 104.78 194.77 

27 12.79 12.53 209.56 104.78 194.80 

28 12.80 12.79 209.56 104.78 194.83 

29 12.81 13.02 209.56 104.78 194.84 

30 12.82 13.23 209.56 104.78 194.85 
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Table 4-2 Increase of height, diameter, biomass, carbon storage and volume of  

                 wood of R.apiculata plantation for conservation purpose 

Age 
Increase 

of height 

Increase 

of diameter 

Increase 

of biomass 

Increase 

of carbon 

storage 

Increase of volume 

of wood product 

(year) (m.) (cm.) (t. / ha.) (tc. / ha.) (m.3 / ha.) 

1 - - - - - 

2 0.32 0.25 0.10 0.05 1.38 

3 0.40 0.28 0.14 0.07 2.18 

4 0.50 0.30 0.21 0.11 3.44 

5 0.62 0.33 0.34 0.17 5.30 

6 0.73 0.35 0.56 0.28 7.98 

7 0.84 0.38 0.99 0.49 11.51 

8 0.93 0.40 1.90 0.95 15.70 

9 0.98 0.42 4.05 2.03 19.81 

10 0.99 0.45 9.65 4.82 22.69 

11 0.94 0.46 24.66 12.33 23.26 

12 0.87 0.48 55.51 27.75 21.30 

13 0.77 0.48 69.58 34.79 17.59 

14 0.65 0.50 33.11 16.56 13.32 

15 0.53 0.50 6.70 3.35 9.44 

16 0.43 0.49 0.79 0.40 6.38 

17 0.34 0.49 0.06 0.03 4.17 

18 0.25 0.47 0.01 0 2.67 

19 0.20 0.47 0 0 1.69 

20 0.15 0.44 0 0 1.06 

21 0.12 0.43 0 0 0.66 

22 0.08 0.40 0 0 0.41 

23 0.06 0.38 0 0 0.25 

24 0.05 0.35 0 0 0.16 

25 0.03 0.33 0 0 0.1 

26 0.03 0.31 0 0 0.06 

27 0.02 0.27 0 0 0.03 

28 0.01 0.26 0 0 0.03 

29 0.01 0.23 0 0 0.01 

30 0.01 0.21 0 0 0.01 
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4.1.2 Analysis on cost, benefit and net economic return 

(1) Cost of R.apiculata plantation for conservation purpose 

The cost of planting R.apiculata for conservation purpose provided by 

the Mangrove Development Offcie-39th Pattani was categorized as follows: (See 

Appendix A) 

a) Total cost in the first year was 26,250 baht/hectare, illustrated 

in Table 4-3. 

b) Total cost in the second year was 4,687.50 baht/hectare (Table 

4-4).  In the 3rd-6th year, the cost of each year was equal to the cost in the 2nd year.  

There was no cost after the 6th year. 
 

Table 4-3 Cost of planting R.apiculata for conservation purpose: 1st year 

 Cost baht / hectare 
 Variable cost   

1      Surveying 312.50  
2      Land clearing 7,500.00  
3      Boundary setting 2,812.50  
4      Stakes setting 2,062.50  
5      Seedling for replanting 2,150.00  
6      Planting 3,500.00  
7      Pods for planting 1,734.38  
8      Counting survival rate and replanting 2,812.50  
9      Maintenance 2,437.50  

10      Miscellaneous 625.00  
11      Materials 303.13  

 Total 26,250.00  
Source: see Appendix B-1 
 

Table 4-4 Cost of planting R.apiculata for conservation purpose: 2nd year 

 Cost baht / hectare 
 Variable cost   

1      Counting survival rate and replanting 1,606.25  
2      Maintenance 2,875.00  
3      Miscellaneous 96.88  
4      Materials 109.38  

 Total 4,687.500  
Source: see Appendix B-2 
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According to the data of the Mangrove Development Office-39th Pattani, 

the fixed cost was not clearly stated in the budget of plantation.  Considering the 

existing activities, motor boat was the only fixed cost which was used for all activities, 

not only for the mangrove plantation.  Therefore, the motor boat cost could not be 

counted as the fixed cost. 

 

(2) Benefit of R.apiculata plantation for conservation purpose 

For conservation purpose, the only benefit from R.apiculata plantation 

would be the carbon storage value. The maximum and minimum carbon storage values 

per hectare varied according to the trading price of developing countries as follows: 

1. Minimum value: 50$ per ton or approximately 2,000 baht/ton 

2. Maximum value: 100$ per ton or approximately 4,000 baht/ton 

Hence, one hectare would provide benefit from selling carbon storage 

in the year 30th (carbon storage in the year 30th was 104.78 tc./ha., See Table 4-1) at 

the minimum of 209,560 baht/hectare and at the maximum of 419,120 baht/hectare, 

see Table 4-5. 

 

Table 4-5 Cost and benefit of R.apiculata plantation for conservation purpose 

Cost Minimum benefit: Maximum benefit Year (baht / ha.) (baht / ha.) (baht / ha.) 
1        26,250.00(1) - - 
2 4,687.50(2) - - 
3 4,687.50(3) - - 
4 4,687.50(4) - - 
5 4,687.50(5) - - 
6 4,687.50(6) - - 

7-29 - - - 
30 -             209,560*         419,120.00** 

Total         49,687.50             209,560          419,120.00 
 

Remark: - (1) See Table 4-3,  (2) – (6) See Table 4-4 

- * and ** See Appendix E 
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In the 1st-6th years, there was the cost of plantation but there was no 

benefit because the plantation would provide benefit in the 30th year only.  During the 

7th-29th years, there was no cost and benefit.  In the 30th year, the carbon storage could 

be traded at the minimum of 209,560 baht/ha. and at the maximum of 419,120 

baht/ha.. 

 

During the project operation, there was no benefit until the end of the 30th 

year which might be very long period and very risky for investment. 

 

(3) Net economic return 

The net economic return of R.apiculata plantation for consevation 

purpose was in the range of –33,030 to 29,581 baht/ha. according to discount rates, see 

Table 4-6. 

 

The present value of cost, benefit and net economic return of R.apiculata  

plantation for conservation purpose were illustrated in Table 4-6. 
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From Table 4-6, at the discount rate: 6%, 8%, 10%, 12% and 14%, the 

minimum selling price would provide the return -6,905, -20,809, -28,008, -31,530 and 

–33,030 baht/ha., respectively.   The higher the discount rate, the less the return. 

 

For the high selling prices, at the discount rate: 6% and 8% the returns 

were 29,581, 16, for at the discount 10%, 12% and 14% the returns were -15,998,        

-24,535 and -28,917 baht/ha..  If the project was operated for 30 years, the discount 

rate should be at 6% with high selling price in order to get the high return. 
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4.2 R.apiculata plantation for commercial purpose 
 

4.2.1  Analysis on height, diameter, biomass, carbon storage and volume of 

wood product 
 

The analysis on height, diameter, biomass, carbon storage and volume of wood 

product from filed data collection (see Appendix D) done by Growth Model provided 

the results as follows: 
 

(1) Height 

In the 1st cycle, R. apiculata age 1-5 years had the increase of height from 1.14 

to 3.08 m. (Table 4-7) and the average increase of height 0.38 m./year (Table 4-8).  

During the age of 6-10 years, the height increased from 3.78 to 6.89 m. (Table 4-7) 

and the average increase of height was 0.76 m./year (Table 4-8).  The highest growth 

of R. apiculata was in this age range.  The height between the age of 11-15 years was 

7.58-9.43 m. (Table 4-7).  The average increase of height reduced to 0.5 m./year 

(Table 4-8).  Figure 4-2 showed rapid increase of height during the age of 6-10 years. 
 

In the 2nd cycle, R. apiculata age 1-5 years had the increase of height from 0.99 

to 2.95 m. (Table 4-7) with the average increase of height 0.39 m./year (Table 4-8).  

During the age of 6-10 years, the height was in the range of 3.69-6.99 m. with the 

average increase of height was 0.8 m/year (Table 4-8).  The R. apiculata had a rapid 

growth during the age of 6-10 years.  During the age of 11-15 years, the height was 

7.69-9.44 m., having the average increase of height 0.49 m./year (Table 4-8).  Figure 

4-2 rapid increased of height during the age of 6-10 years. 
 

(2) Diameter 

In the 1st cycle, R. apiculata age 1-5 years had the growth of diameter 2.15-

3.06 cm. (Table 4-7) and the average increase of diameter 0.18 cm./year (Table 4-8).  

During the age of 6-10 years, the diameter was 3.37-5.26 cm. (Table 4-7) and the 

average increase of diameter 0.44 cm./year (Table 4-8).  R. apiculata had the highest 

growth of diameter during the age of 6-10 years and during the age of 11-15 years 
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with the diameter of 6.00-12.00 cm. (Table 4-7).  The average increase of diameter 

was 1.35 cm./year (Table 4-8). 

 

From Figure 4-2 showed that during the age of 1-5 years, R. apiculata  had 

slow growth of diameter.  The increase of diameter was more during the age of 6-10 

years was highest during the age of 11-15 years. 

 

In the 2nd cycle, R. apiculata age 1-5 years had the growth of diameter 1.24-

2.66 cm. (Table 4-7) and the average increase of diameter 0.28 cm./year (Table 4-8).   

During the age of 6-10 years, the diameter was 3.17-5.86 cm. (Table 4-7) and the 

average increase of diameter 0.64 cm./year (Table 4-8).  R. apiculata had high growth 

of diameter during the age of 6-10 years.  During the age of 11-15 years, the increase 

of diameter was highest from 6.65 to 9.83 cm. (Table 4-7) wigh the average increase 

of diameter 0.79 cm./year (Table 4-8). 

 

Figure 4-2 showed that the increase of diameter during the age of 1-10 years in 

both cycles was similar.  During the age of 11-15 years, especially in the 15th year, 

diameter of R. apiculata  in the 2nd cycle was less than in the 1st cycle and the average 

increase of diameter was lower. 

 

(3) Biomass and Carbon Storage 

In the 1st cycle, R. apiculata age 1-5 years had the increase of biomass from 

2.65 to 10.86 t./ha. (Table 4-7) and the average increase of biomass 1.64 t./ha./year 

(Table 4-8).  Carbon storage was 1.32-5.43 tc./ha. (Table 4-7).  The average increase 

of carbon storage was 0.82 tc./ha./year (Table 4-8).  During the age of 6-10 years, 

biomass increase from 15.30 to 53.52 t./ha. (Table 4-7) with the average increase of 

8.61 t./ha./year (Table 4-8).  Carbon storage during the age of 6-10 years was 7.65-

26.96 tc./ha. (Table 4-7) with the average increase of 4.3 tc./ha./year (Table 4-8).  

During age of 11-15 years, the biomass was 70.55-153.77 t./ha. (Table 4-7) and the 

average increase was 19.97 t./ha./year (Table 4-8).  Carbon storage was 35.28-76.89 

tc./ha. (Table 4-7) with the average increase of 9.9 tc./ha./year (Table 4-8). 
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Figure 4-2 showed that during the age of 1-5 years, both biomass and carbon 

storage were low and would rapidly increase during the age of 6-10 years and would 

more rapidly increase during the age of 11-15 years. 

 

For the 2nd cycle, R. apiculata age 1-5 years had the increase of biomass from 

0.03 to 1.28 t./ha. (Table 4-7).  The average increase of biomass was 0.25 t./ha./year 

(Table 4-8).  Carbon storage was 0.02-0.64 tc./ha. (Table 4-7) with the average 

increase of 0.12 tc./ha./year (Table 4-8).  During the age 6-10 years, the growth of 

biomass was 3.22-61.27 t./ha. (Table 4-7) and the average increase of 12.99 t./ha./year 

(Table 4-8).  Carbon storage was 1.61-33.17 tc./ha. (Table 4-7) with the average 

increased 6.5 tc./ha./year (Table 4-8).  During the age of 11-15 years, the growth of 

biomass was 92.76-123.78 t./ha. (Table 4-7) wigh the average increase of 11.50 

tc./ha./year (Table 4-8).  Carbon storage was 46.38-61.89 tc./ha. (Table 4-7).  The 

average increase of carbon storage was 5.75 tc./ha./year (Table 4-8). 

 

 

(4) Volume of Wood Product 

In the 1st cycle, R. apiculata  age 1-5 years had the increase of volume of wood 

product from 3.15 to 18.65 m.3/ha. (Table 4-7) with the average increase of 3.10 

m.3/ha./year (Table 4-8).  During the age of 6-10 years, the volume of wood product 

increased from 28.19 to 102.81 m.3/ha. (Table 4-7) with the average increase of 16.83 

m.3/ha./year (Table 4-8).  During the age of 11-15 years, the growth of volume was 

125.39-182.15 m.3/ha. (Table 4-7) with the increase of 15.86 m.3/ha./year (Table 4-8). 

 

During the age of 1-5 years, R. apiculata  had less volume of wood product due 

to its age and size.  The volume of wood product would rise during the age of 6-10 

years.  During the age of 11-15 years, R. apiculata  less increase of wood product.  See 

Figure 4-2. 
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In the 1st cycle, R. apiculata age 1-5 years had the growth of volume of wood 

product 0.22-5.65 m.3/ha (Table 4-7).  The average increase of volume of wood 

product was 1.08 m.3/ha./year (Table 4-8).  During the age of 6-10 years, the growth of 

volume of wood product was 12.36-117.37 m.3/ha. (Table 4-7) wigh the average 

increase of 22.34 m.3/ha./year (Table 4-8).  During the age of 11-15 years, the growth 

of volume of wood product was 143.71-172.89 m.3/ha. (Table 4-7).  The average 

increase of volume of wood product was 11.10 m.3/ha./year (Table 4-8). 

 

Figure 4-2 showed that during the age of 1-5 years, volume of wood product 

was less because of age and size of trees.  The volume of wood product would 

increase much during the age of 6-10 years.  R. apiculata  had the increase of volume 

of wood product in the 2nd cycle more than in the 1st cycle.  During the age of 11-15 

years, the increase of volume of wood product was less than during the age of 6-10 

years. 

 

 

(5) Comparison on height, diameter, biomass, carbon storage and volume of 

wood product in both cycles 

 

For both cycles, growth characters were likely the same but in the 2nd cycle, 

there was the trend of steady growth during the age of 11-15 years.  The increase of 

diameters of both cycles were similar.  The 1st cycle showed the trend of extensive 

diameter while the 2nd cycle was stable. 

 

Figure 4-2 showed that in the 1st cycle, biomass, carbon storage and volume of 

wood product increased slower than in the 2nd cycle during the age of 1-5 years.  

Rapid increase occurred during the age of 6-10 years and there was the trend to 

continue growing through 15 years.  The 2nd cycle had similar growth pattern. 
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R. apiculata plantation for commercial purpose had less increase in height, 

diameter, biomass, carbon storage and volume of wood product.  There was slight 

difference in growth pattern between both cycles the age of 1-15 years. 

 

From the 2 cycles, the mean height was 9.43 m., the mean diameter was 10.93 

cm., average biomass and carbon storage were138.77 t./ha. and 69.39 tc./ha. 

respectively.  The average volume of wood product was 177.52 m.3/ha. 
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Table 4-7 Average height, diameter, biomass, carbon storage and 

                  volume of wood product of R.apiculata plantation for commercial  

                  purpose (the 1 st and 2nd cutting cycle): by calculation 

Age Cutting Height Diameter Biomass Carbon storage 
Volume of 

wood product 

(year) cycle (m.) (cm.) (t. / ha.) (tc. / ha.) (m3/ ha.) 

1  1.14 2.15 2.65 1.32 3.12 

2  1.49 2.34 3.78 1.89 4.94 

3  1.93 2.55 5.39 2.70 7.76 

4  2.45 2.79 7.67 3.84 12.11 

5  3.08 3.06 10.86 5.43 18.65 

6  3.78 3.37 15.30 7.65 28.19 

7  4.54 3.73 21.38 10.69 41.48 

8 1st 5.34 4.15 29.55 14.78 58.88 

9  6.14 4.65 40.28 20.14 79.86 

10  6.89 5.26 53.92 26.96 102.81 

11  7.58 6.00 70.55 35.28 125.39 

12  8.18 6.94 89.85 44.93 145.39 

13  8.68 8.14 111.01 55.50 161.54 

14  9.10 9.76 132.77 66.39 173.62 

15  9.43 12.03 153.77 76.89 182.15 

       

1  0.99 1.24 0.03 0.02 0.22 

2  1.33 1.51 0.07 0.04 0.49 

3  1.76 1.84 0.20 0.10 1.12 

4  2.30 2.22 0.50 0.25 2.52 

5  2.95 2.66 1.28 0.64 5.65 

6  3.69 3.17 3.22 1.61 12.36 

7  4.51 3.75 7.91 3.96 25.84 

8 2nd 5.36 4.39 18.42 9.21 49.51 

9  6.20 5.10 38.30 19.15 82.78 

10  6.99 5.86 66.27 33.14 117.37 

11  7.69 6.65 92.76 46.38 143.71 

12  8.28 7.46 109.94 54.97 159.39 

13  8.76 8.28 118.52 59.26 167.41 

14  9.15 9.07 122.26 61.13 171.18 

15  9.44 9.83 123.78 61.89 172.89 
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Table 4-8. Increase of height, diameter, biomass, carbon storage and volume of  

                   wood product of R.apiculata plantation for commercial purpose 

                  (the 1st and 2nd cutting cycle) 

Age Cutting Height Diameter Biomass Carbon 
Volume of 

wood product 

(year) cycle (m.) (cm.) (t. / ha.) (tc. / ha.) (m3/ ha.) 

1  - - - - - 

2  0.35 0.19 1.13 0.57 1.82 

3  0.44 0.21 1.61 0.81 2.82 

4  0.52 0.24 2.28 1.14 4.35 

5  0.63 0.27 3.19 1.59 6.54 

6  0.70 0.31 4.44 2.22 9.54 

7  0.76 0.36 6.08 3.04 13.29 

8 1st 0.80 0.42 8.17 4.09 17.40 

9  0.80 0.50 10.73 5.36 20.98 

10  0.75 0.61 13.64 6.82 22.95 

11  0.69 0.74 16.63 8.32 22.58 

12  0.60 0.94 19.30 9.65 20.00 

13  0.50 1.20 21.16 10.57 16.15 

14  0.42 1.62 21.76 10.89 12.08 

15   0.33 2.27 21.00 10.50 8.53 

         

1  - - - - - 

2  0.34 0.27 0.04 0.02 0.27 

3  0.43 0.33 0.13 0.06 0.63 

4  0.54 0.38 0.30 0.15 1.40 

5  0.65 0.44 0.78 0.39 3.13 

6  0.74 0.51 1.94 0.97 6.71 

7  0.82 0.58 4.69 2.35 13.48 

8 2nd 0.85 0.64 10.51 5.25 23.67 

9  0.84 0.71 19.88 9.94 33.27 

10  0.79 0.76 27.97 13.99 34.59 

11  0.70 0.79 26.49 13.24 26.34 

12  0.59 0.81 17.18 8.59 15.68 

13  0.48 0.82 8.58 4.29 8.02 

14  0.39 0.79 3.74 1.87 3.77 

15   0.29 0.76 1.52 0.76 1.71 
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Figure 4-2 Average height, diameter, biomass, carbon storage and volume Figure 4-2 Average height, diameter, biomass, carbon storage and volume 

of wood product of R.apiculata plantation for commercial purpose: 1st and 2nd cutting cycle of wood product of R.apiculata plantation for commercial purpose: 1st and 2nd cutting cycle 
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4.2.2 Analysis on cost, benefit and economic return 

 

The analysis on cost, benefit and economic return of the R. apiculata plantation 

for commercial purpose was based on 3 beneficial patterns as follows: 

(1) 100% Charcoal production  

(2) 99% Charcoal production and 1% construction wood product  

(3) 100% Construction wood product  

 

Different wood use patterns had different costs.  For example, the royalty fee 

was 5 baht/m.3 for charcoal production and was 20 baht/m.3 for construction materials 

(30). 

 

Consequently, the calculation of cost, benefit and economic return for each 

wood use pattern was carried out and resulted as follows: 

 

(1) Cost, benefit and economic return from 100% charcoal production 

(1.1) Cost 

(a) Total cost in the first was year 23,460.91 baht/ha., illustrated in 

Table  4-9. 

(b) Total cost in the second year was 25,070.62 baht/ ha., by 

including the maintenance cost in the 1st year (see Table  4-10). 

(c) Total cost in the third year was 27,129.13 baht/ ha., by 

including the maintenance cost in the 1st and 2nd years (see Table 4-1). 
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Table 4-9 Cost of R.apiculata plantation for commercial purpose (1st year) 

                 (Wood used pattern: 100% charcoal production) 

 Cost baht / hectare 

 Fixed costs   
1      Building 89.10  
2      Charcoal kiln 132.98  
3      A motor boat 159.57  
4      A tug boat 59.84  
5      Water pump 7.31  
 Variable costs   

6      Operating 82.45  
7      Cutting 9,727.50  
8      Land preparation 708.51  
9      Seedlings for replanting 1,344.00  

10      Planting 1,053.19  
11      Pods for planting 1,260.00  
12      Counting survival rate and replanting 1,041.22  
13      Concession fee 79.79  
14      Royalty fee 389.10  
15      Maintenance 2,058.51  
16     Making charcoal 5,267.84  

 Total 23,460.91  
Source: see Appendix A-1 
 

Table 4-10 Cost of R.apiculata plantation for commercial purpose (2nd year) 

        (Wood used pattern: 100% charcoal production) 

 Cost baht / hectare 
 Variable costs   

1      Operating 82.45  
2      Cutting 9,727.50  
3      Land preparation 708.51  
4      Seedlings for replanting 1,344.00  
5      Planting 1,053.19  
6      Pods for planting 1,260.00  
7      Counting survival rate and replanting 1,041.22  
8      Concession fee 79.79  
9      Royalty fee 389.10  

10      Maintenance 4,117.02  
11     Making charcoal 5,267.84  

 Total 25,070.62  
Source: see Appendix A-1 
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Table 4-11 Cost of R.apiculata plantation for commercial purpose (3rd year) 

         (Wood used pattern: 100% charcoal production) 

 Cost baht / hectare 
 Variable costs   

1      Operating 82.45  
2      Cutting 9,727.50  
3      Land preparation 708.51  
4      Seedlings for replanting 1,344.00  
5      Planting 1,053.19  
6      Pods for planting 1,260.00  
7      Counting survival rate and replanting 1,041.22  
8      Concession fee 79.79  
9      Royalty fee 389.10  
10      Maintenance 6,175.53  
11     Making charcoal 5,267.84  

 Total 27,129.13  
Source: see Appendix A-1 

 

The cost in the 4th to the 30th year was equaled to one in the 3rd year, see Table 

4-12. 

 From the 1st to 3rd year, the cost of the 1st year was less than the 2nd and 3rd 

year because the cost in the 2nd year included the maintenance cost of the 1st and 2nd 

year and the cost of the 3rd year included the maintenance cost of the 1st, 2nd and 3rd 

year.  The R.apiculata plantation for commercial purpose or concession would involve 

cutting and replanting in all years, so the cost of the 4th to 30th year was equaled to the 

3rd year. 

Cost during the 1st to 30th year and the total cost of 30 years are illustrated 

in Table 4-12. 

 

(1.2) Benefit 

 

 For 100% charcoal production, the benefit from charcoal product 

was 40,275.94 baht/ha./year, see Table4-12.  Annual benefit and the total benefit from 

30 years are illustrated in Table 4-12. 
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Table 4-12 Cost and benefit of R.apiculata plantation for commercial purpose 

                   (Wood used pattern: 100% charcoal production) 

Cost Benefit Year (baht / ha.) (baht / ha.) 
1 23,460.91(1)                        40,275.94* 
2 25,070.62(2) 40,275.94 
3 27,129.13(3) 40,275.94 

4-29                  27,129.13(4-29) 40,275.94 
30 27,129.13(30) 40,275.94 

Total               808,147.17                    1,208,278.20 
Remark: - (1) see Table 4-9 

- (2) see Table 4-10 

- (3-30) see Table 4-11 

- * see Appendix F-1 

 

 Table 4-12 illustrates the cost and benefit of the 1st year and 

following years.  For 100% charcoal production, there was no carbon storage because 

the charcoal was used for cooking and lost all carbon. 

 

(1.3) Net economic return 

 The 100% charcoal production provided showed the net economic 

return from 96,864 to 186,256 baht/ha. Depending on the to discount rate, see Table 4-

13. 

 

The net economic returns based on all discount rates are illustrated 

in Table 4-13 
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 Table 4-13 showed that there was the return from investment at each 

discount rate.  Even for the 30 years period, the longer the duration, the higher the 

discount rate the fewer return.  Appropriate discount rate was 10% and would provide 

a total return from 30 years at 128,970 baht/ha.. 
 

(2) Cost, benefit and economic return from 99% charcoal production and 1% 

construction material 

(2.1) Cost 

(a) Total cost in the first year was 23,458.96 baht/ha., see Table 4-14. 

(b) Total cost in the second year was 25,068.66 baht/ ha., including 

the maintenance cost in the 1st year (see Table  4-15). 

(c) Total cost in the third year was 27,127.17 baht/ ha., including 

the maintenance cost in the 1st and 2nd years (see Table 4-16). 
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Table 4-14 Cost of R.apiculata plantation for commercial purpose (1st year) 

        (Wood used pattern: 99% charcoal production and 

       1% construct material) 

 Cost baht / hectare 
 Fixed costs   

1      Building 89.10  
2      Charcoal kiln 132.98  
3      A motor boat 159.57  
4      A tug boat 59.84  
5      Water pump 7.31  
 Variable costs   
6      Operating 82.45  
7      Cutting 9,727.50  
8      Land preparation 708.51  
9      Seedlings for replanting 1,344.00  
10      Planting 1,053.19  
11      Pods for planting 1,260.00  
12      Counting survival rate and replanting 1,041.22  
13      Concession fee 79.79  
14      Royalty fee 392.02  
15      Maintenance 2,058.51  
16     Making charcoal 5,262.96  

 Total 23,458.96  
Source: see Appendix A-2 
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Table 4-15 Cost of R.apiculata plantation for commercial purpose (2nd year) 

        (Wood used pattern: 99% charcoal production and 

       1% construct material) 

 Cost baht / hectare 
 Variable costs   

1      Operating 82.45  
2      Cutting 9,727.50  
3      Land preparation 708.51  
4      Seedlings for replanting 1,344.00  
5      Planting 1,053.19  
6      Pods for planting 1,260.00  
7      Counting survival rate and replanting 1,041.22  
8      Concession fee 79.79  
9      Royalty fee 392.02  
10      Maintenance 4,117.02  
11     Making charcoal 5,262.96  

 Total 25,068.66  
Source: see Appendix A-2 

 

Table 4-16 Cost of R.apiculata plantation for commercial purpose (3rd year) 

        (Wood used pattern: 99% charcoal production and 

       1% construct material) 

 Cost baht / hectare 
 Variable costs   

1      Operating 82.45  
2      Cutting 9,727.50  
3      Land preparation 708.51  
4      Seedlings for replanting 1,344.00  
5      Planting 1,053.19  
6      Pods for planting 1,260.00  
7      Counting survival rate and replanting 1,041.22  
8      Concession fee 79.79  
9      Royalty fee 392.02  
10      Maintenance 6,175.53  
11     Making charcoal 5,262.96  

 Total 27,127.17  
Source: see Appendix A-2 

The cost in the 4th to the 30th year was equaled to one in the 3rd year, see  Table 

4-17. 
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 The cost of the 1st year of this pattern was slightly less than the cost of the 1st 

year of the 100% charcoal production.  

 

 From the 1st to 3rd year, the cost of the 1st year was less than the 2nd and 3rd 

year because the cost in the 2nd year included the maintenance cost of the 1st and 2nd 

year and the cost of the 3rd years included the maintenance costs of the 1st, 2nd and 3rd 

year.  The plantation for commercial purpose or concession would involve cutting and 

replanting in all years, so the cost of the 4th to 30th year was equaled in the 3rd year. 

 

Cost during the 1st to 30th year and the total cost of 30 years are illustrated 

in Table 4-17. 

 

(2.2) Benefit 

 For 99% charcoal production and 1% construct material, the benefit 

from charcoal product was 40,177.90 baht/hectare and from construct material 

3,215.64 baht/hectare.  The total benefit was 43,393.54 baht/hectare.  Besides, there 

was also benefit from carbon storage value, at the minimum of 2,451.63 baht/hectare 

and at the maximum of 4,903.27 baht/hectare. The total minimum benefit was 

45,845.17 baht/hectare and the total maximum benefit was 48,296.81 baht/hectare, see 

Table4-17.  Annual benefit and the total benefit from 30 years are illustrated in Table 

4-17. 
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Table 4-17 Cost and benefit of R.apiculata plantation for commercial purpose 

                   (Wood used pattern: 99% charcoal production and 1% construct 

                   material)  

Cost Minimum benefit: Maximum benefit Year (baht / ha.) (baht / ha.) (baht / ha.) 
1 23,458.96(1)           45,845.17*            48,296.81** 
2 25,068.66(2) 45,845.17 48,296.81 
3 27,127.17(3) 45,845.17 48,296.81 

4-29         27,127.17(4-29) 45,845.17 48,296.81 
30 27,127.17(30) 45,845.17 48,296.81 

Total       808,088.38      1,375,355.10       1,448,904.30 
Remark: - (1) see Table 4-14 

- (2) see Table 4-15 

- (3-30) see Table 4-16 

- * and ** see Appendix F-2 

 

 Benefit from this wood use pattern was slightly higher than of the 

100% charcoal production, because there was additional benefit from construction 

material and value of carbon storage of construction material. 

 

(2.3) Net economic returns 

 The 99% charcoal production and 1% construction material 

provided the minimum net economic return from 135,878 to 262,943 baht/ha. and the 

maximum net economic return from 153,046 to 296,689 baht/ha.,  depending on 

discount rates., see Table 4-18. 

The net economic returns based on all discount rates are illustrated 

in Table 4-18. 
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 Table 4-18 showed that the discount rate 10% was the appropriate 

rate for project operation providing the minimum total benefit of 30 years at 181,489 

baht/ha./year and the maximum at 204,600 baht/ha./year. 

 

(3) Cost, benefit and economic return from 100% construction material 

(3.1) Cost 

(a) Total cost in the first year was 19,277.38 baht/ha., illustrated in 

Table  4-19. 

(b) Total cost in the second year was 20,970.07 baht/ ha., including 

the maintenance cost in the 1st year (see Table  4-20). 

(c) Total cost in the third year was 23,028.58 baht/ ha., including 

the maintenance cost in the 1st and 2nd years (see Table 4-21). 

 

Table 4-19 Cost of R.apiculata plantation for commercial purpose (1st year) 

         (Wood used pattern: 100% construct material) 

 Cost baht / hectare 
 Fixed costs   

1      Building 89.10  
2      A motor boat 159.57  
3      A tug boat 59.84  
4      Water pump 7.31  
 Variable costs   
5      Operating 82.45  
6      Cutting 9,727.50  
7      Land preparation 708.51  
8      Seedlings for replanting 1,344.00  
9      Planting 1,053.19  
10      Pods for planting 1,260.00  
11      Counting survival rate and replanting 1,041.22  
12      Concession fee 79.79  
13      Royalty fee 1,556.39  
14      Maintenance 2,058.51  

 Total 19,277.38  
Source: see Appendix A-3 
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Table 4-20 Cost of R.apiculata plantation for commercial purpose (2nd year) 

         (Wood used pattern: 100% construct material) 

 Cost baht / hectare 
 Variable costs   

1      Operating 82.45  
2      Cutting 9,727.50  
3      Land preparation 708.51  
4      Seedlings for replanting 1,344.00  
5      Planting 1,053.19  
6      Pods for planting 1,260.00  
7      Counting survival rate and replanting 1,041.22  
8      Concession fee 79.79  
9      Royalty fee 1,556.39  

10      Maintenance 4,117.02  
 Total 20,970.07  
Source: see Appendix A-3 

 

Table 4-21 Cost of R.apiculata plantation for commercial purpose (3rd year) 

         (Wood used pattern: 100% construct material) 

 Cost baht / hectare 
 Variable costs   

1      Operating 82.45  
2      Cutting 9,727.50  
3      Land preparation 708.51  
4      Seedlings for replanting 1,344.00  
5      Planting 1,053.19  
6      Pods for planting 1,260.00  
7      Counting survival rate and replanting 1,041.22  
8      Concession fee 79.79  
9      Royalty fee 1,556.39  

10      Maintenance 6,175.53  
 Total 23,028.58  
Source: see Appendix A-3 

 

The cost in the 4th to the 30th year was equaled to one in the 3rd year, see Table 

4-22. 

The cost of the 1st year was less than of the 2nd and 3rd year because the cost in 

the 2nd year included the maintenance cost of the 1st and 2nd year and the cost of the 3rd 

year included the the maintenance cost of the 1st, 2nd and 3rd year.  The total cost 



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Envi. Planning for Community and Rural Dev.) /  67

plantation for 100% construction material was less than the other 2 previous wood 

uses because there was no fixed cost of charcoal kiln and no variable cost of charcoal 

production, although the royalty fee was higher.  However, the total cost was still 

lower and thus provided higher economic return.  The cost during the 1st to 30th year 

and the total cost of 30 years are illustrated in Table 4-22. 
 

(3.2) Benefit 

 For 100% construct material the benefit from construct material was 

85,528.03 baht/hectare.  The benefit from carbon storage value was 65,372.83 

baht/hectare and at the minimum 130,745.66 baht/hectare at the maximum.  The total 

minimum benefit was 150,900.86 baht/hectare/year and the total maximum was 

216,273.69 baht/hectare/year.  The annual benefit for 30 years and the total benefit of 

30 years are presented in Table 4-22.  
 

Table 4-22 Cost, benefit of R.apiculata. plantation for commercial purpose 

                   (Wood used pattern: 100% construct material) 

Cost Benefit : Min. Benefit : Max. Year (baht / ha.) (baht / ha.) (baht / ha.) 
1 19,277.38(1)          150,900.86*            216,273.69** 
2 20,970.07(2) 150,900.86 216,273.69 
3 23,028.58(3) 150,900.86 216,273.69 

4-29          23,028.58(4-29) 150,900.86 216,273.69 
30 23,028.58(30) 150,900.86 216,273.69 

Total       685,130.67       4,527,025.80         6,488,210.70 
Remark: - (1) see Table 4-14,  (2) see Table 4-15,  (3-30) see Table 4-16 

- * and ** see Appendix F-3 

 Benefit from this wood use pattern was higher than ones from other 

wood use, because there were benefits from construction material and carbon storage 

value.   
 

(3.3) Net economic returns 

 The 100% construction material provided the minimum net 

economic return from 900,321 to 1,765,511 baht/ha. and the maximum net economic 

return from 1,358,105 to 2,665,357 baht/ha., depending on discount rates., see Table 

4-23.  The net economic returns based on all discount rates are illustrated in Table     

4-23. 
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 Table 4-23 showed that the discount rate 10% was the appropriate rate 

for project operation, providing the minimum total benefit of 30 years at 1,210,552 

baht/ha./year and the maximum at 1,826,817 baht/ha./year. 

 

 

4.3 Comparison between R.apiculata plantation for conservation and 

       commercial purposes 
  

4.3.1 Height: R. apiculata planted for conservation purpose had little increase 

of height during the age of 1-5 years and had rapid growth during the age of 6-10 years.  

During the age of 11-15 years, the increase of height was reduced and tended to be 

steady during the age of 16-30 years. 

 

R. apiculata planted for commercial purpose had the increase of height similar 

to those planted for conservation purpose, having rapid growth during the age of 6-10 

years.  During the age of 11-15 years, the increase of height tended to be more steady. 

 

The result was conformable with the study on R. apiculata plantation in 

Samutsongkram province (15), Trang province (32) and Chanburi province (33). 

 

In comparison, R. apiculata planted for conservation purpose had more 

average height than R. apiculata planted for commerial purpose for concession, 11.03 

and 9.43 m., respectively. 

 

4.3.2 Diameter: R. apiculata planted for conservation purpose had the 

average increase of diameter during in the age of 1-5 years, 6-10 years, 11-15 years 

and 16-30 years at 0.23, 0.44, 0.48 and 0.36 cm./year (Table 4-2).  The average 

diameter rapidly increased during the ages of 6-10 years and 11-15 years.  The 

increase of diameter during the 16-30 years was steady. 
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R. apiculata planted for commercial purpose had a similar increase of 

diameter as those planted for conservation purpose.  In the 2nd cycle, it had less growth 

than the 1st cycle. 

 

The result was conformable with the study on R. apiculata plantation in 

Samutsongkram province (15), Trang province (32) and Chanburi province (33). 

 

In comparison, R. apiculata planted for conservation purpose had less increase 

of diameter than those planted for commercial purpose.  Average diameter of             

R. apiculata in the conservation plots was 7.7 cm. (Table 4-1),  of the commercial 

plots in the 1st cycle was 12.03 cm. and in the 2nd cycle was 9.83 cm. (Table 4-7). 

 

4.3.3 Biomass: R. apiculata planted for conservation purpose had average 

increase of biomass during the age of 1-5 years, 6-10 years, and 11-15 years at 0.15, 

3.43 and 37.91 t./ha./year, respectively (Table 4-2).  During the age of 16-30 years, the 

biomass increased as slowly as 0.05 t./ha./year (Table 4-2).  Total biomass of 30 years 

was 209.56 t./ha. (Table 4-1). 

 

R. apiculata planted for commercial purpose had the biomass in the 1st cycle 

and in the 2nd cycle, 153.77 t./ha. and 123.78 t./ha. respectively (Table 4-7). 

 

Comparing both types of plantations in 30 years, R. apiculata plantation for 

commercial purpose had more biomass than for conservation purpose 

 

4.3.4 Carbon storage: R. apiculata planted for conservation purpose had the 

average total carbon storage of 104.78 tc./ha. within 30 years (Table 4-1). 

 

R. apiculata planted for commercial purpose had the carbon storage of 76.89 

tc./ha. and 61.89 tc./ha.in the 1st and 2nd cycle, respectively (Table 4-7). 

 

Comparing both types of plantations in 30 years, R. apiculata planted for the 

commercial purpose had more carbon storage than for conservation. 
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4.3.5 Volume of wood product: R. apiculata planted for conservation 

purpose had the volume of wood product 194.85 m.3/ha.  within 30 years. (Table 4-1). 

 

R. apiculata planted for the commercial purpose had 182.50 and 177.89 

m.3/ha. of wood volume in the 1st and 2nd cycle, respectively. 

 

Comparing both types of plantations in 30 years, R. apiculata planted for 

commercial purpose had more volume of wood product than for conservation purpose. 

 

 

4.3.6 Cost, benefit and return 

(1) The total cost of conservation plantation was less than the total cost 

of commercial plantation.  The cost of conservation plantation was 37,143 to 43,392 

Baht/ha..  For commercial plantation, the cost of plantation for 100% charcoal 

production was 185,174 to 368,135 baht/ha. depending on the discount rates, for 99% 

charcoal production and 1% construction material was 185,161 to 368,108 baht/ha., 

and for 100% construction material was 156,387 to 311,614 baht/ha. (Table 4-24). 

 

(2) Benefit from conservation plantation was only from carbon storage.  

The minimum benefit was 4,113 to 36,487 baht/ha. and the maximum benefit was 

8,226 to 72,973 baht/ha. depending on the discount rates.  For commercial purpose, 

plantation for 100% construction material gave the minimum benefit 1,056,708 to 

2,077,125 baht/ha. and maximum benefit 1,514,492 to 2,976,970 baht/ha..  Plantation 

for 99% charcoal production and 1% construction material gave the minimum benefit 

321,038 to 631,051 baht/ha. and the maximum benefit 338,206 to 664,797 baht/ha..  

Plantation for 100% charcoal production gave the benefit between 282,039 to 554,392 

baht/ha., depending on the discount rates (Table 4-24). 

 

(3) The net economic return of the conservation plantation was less 

than the commercial plantation.  The conservation plantation provided the net 

economic return –33,030 to –6,905 baht/ha. at the minimum and -28,917 to 29,581 

baht/ha. at the maximum.  The commercial plantation for 100% construction material 
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had the highest net economic return, 900,321 to 1,765,511 baht/ha. at the minimum 

and 1,358,105 to 2,665,357 baht/ha. at the maximum respectively, depending on the 

discount rates.  Plantation for 99% charcoal production and 1% construction material 

provided the net economic return 135,878 to 262,943 baht/ha. and 153,046 to 296,689 

baht/ha. at the maximum, depending on the discount rates.  Plantation for 100% 

charcoal production provided the net economic return 96,864 to 186,256 baht/ha. 

depending on the discount rates, see Table 4-24. 

 



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Envi. Planning for Community and Rural Dev.) /  73

 



Tanapoom Chanprapai  Conclusion and Recommendations /  74

CHAPTER 5 

CONCLUSION AND RECOMMENDATIONS 
 

 

5.1 Conclusion on the Economic Returns of Conservation and 

Commercial Plantations 
 

5.1.1 Conservation plantation: the total cost was 37,143 to 43,392 baht/ha..  

Minimum benefit was 4,113 to 36,487 baht/ha. and maximum benefit was 8,226 to 

72,973 baht/ha..  Minimum net economic return was –33,030 to –6,905 baht/ha. and 

maximum was –28,917 to 29,581 baht/ha. (Table 4-25). 

 

5.1.2 Commercial plantation for 100% charcoal production: the total cost was 

185,174 to 368,135 baht/ha.. The benefit was 282,039 to 554,392 baht/ha..  The net 

economic return was 96,864 to 186,256 baht/ha. (Table 4-25). 

 

5.1.3 Commercial plantation for 99% charcoal production plus 1% 

construction material: the total cost was 185,161 to 368,108 baht/ha..  Minimum 

benefit was 321,038 to 631,051 baht/ha. and maximum benefit was 338,206 to 

664,797 baht/ha..  Minimum net economic return was 135,878 to 262,943 baht/ha. and 

maximum was 153,046 to 296,689 baht/ha. (Table 4-25). 

 

5.1.4 Commercial plantation for 100% construction material: the total cost was 

156,387 to 311,614 baht/ha..  Minimum benefit was 1,056,708 to 2,077,125 baht/ha. 

and maximum benefit was 1,514,492 to 2,976,971 baht/ha..  Minimum net economic 

return was 900,321 to 1,765,511 baht/ha. and maximum was 1,358,105 to 2,665,357 

baht/ha. (Table 4-25). 
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5.1.5 Carbon storage of the R.apiculata plantation for conservation purpose in 

a  total of 30 years was 104.78 tc./ha., less than 138.78 tc./ha. of the R.apiculata 

plantation for 100% construction material.  For 99% charcoal production and 1% 

construction material, the carbon storage in 30 years was only 1.23 tc./ha., and for 

100% charcoal production, there was no carbon storage in 30 years (Table 4-25). 
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Table 4-25 indicated that although the commercial plantation provided the 

higher economic return than the plantation for conservation, but if carbon storage was 

preferred for the highest return on investment, decision should be made on 

R. apiculata plantation for 100% construction material.  This pattern provided carbon 

storage of 138.78 tc./ha..  Charcoal production (100%) had no carbon storage.  

Charcoal production (99%) and construction material (1%) had little carbon storage.  

The conservation plantation had carbon storage of 104.78 tc./ha.. 

 

5.2 Recommendations 
 

5.2.1 This research considered the economic return of R. apiculata plantation 

from wooden products and carbon storage value only.  Other indirect benefits of both 

conservation and commercial plantations such as value of travel attractions, value of 

medicinal plant resources and value of nutritional resources should also be considered 

in calculation of the net economic return. 
 

5.2.2 This research applied the sets of secondary data on biomass and carbon 

storage from previous researches in the analysis by the Growth Model.  For further 

study on biomass and carbon storage, each data should be analyzed and compared in 

order to see which method would provide better accuracy. 
 

5.2.3 There might be the change in future demand on wood use.  Other options 

should be explored, besides 99% charcoal production plus 1% construction material. 
 

5.2.4 The growth rate of plantation for conservation purpose stopped the 

increase of carbon storage.  Cutting some trees for construction material and allowing 

new trees to grow, the carbon storage may be increased and the plantation can still be 

used for conservation purpose. 
 

5.2.5 Cutting cycle affected the tree growth, biomass and carbon storage.  

Appropriate cutting cycle should therefore be re-considered. 
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APPENDIX A-1 
Table A-1 Calculation for cost of R.apiculata plantation for commercial purpose 

                 (Wood used pattern: 100% charcoal production) 

 (3) (4) 

Cost baht / rai baht / ha.

  

(1) 
baht 

(2) 
Area (rai) 

(1) / (2) (3) * 6.25 

  Fixed costs     

1      Building 67,000.00 4700 14.26 89.10

2      Charcoal kiln 100,000.00 4700 21.28 132.98

3      A motor boat 120,000.00 4700 25.53 159.57

4      A tug boat 45,000.00 4700 9.57 59.84

5      Water pump 5,500.00 4700 1.17 7.31

 Variable costs 

6      Operating 62,000.00 4700 13.19 82.45

7      Cutting 7,315,080.00 4700 1,556.40 9,727.50

8      Land preparation 532,800.00 4700 113.36 708.51

9      Seedlings for replanting 1,010,688.00 4700 215.04 1,344.00

10      Planting 792,000.00 4700 168.51 1,053.19

11      Pods for planting 947,520.00 4700 201.60 1,260.00

12      Counting survival rate and replanting 783,000.00 4700 166.60 1,041.22

13      Concessiont fee 60,000.00 4700 12.77 79.79

14      Royalty fee 292,603.20 4700 62.26 389.10

15      Maintenance 1,548,000.00 4700 329.36 2,058.51

16      Making charcoal 3,961,416.00 4700 842.85 5,267.84
 
Remark: From 2nd – 30th years, the cost will have only variable cost.  And from the 1st 

to 3rd years, the cost of the 1st year was less than the 2nd and 3rd years because the cost 

in the 2nd year including maintenance cost of the 1st and 2nd years and the cost of the 

3rd years came from maintenance costs of the 1st, 2nd and 3rd years.  Hence, the costs of 

the 2nd and 3rd years were more than the 1st year. 
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APPENDIX A-2 
Table A-2 Calculation for cost of R.apiculata plantation for commercial purpose 

                 (Wood used pattern: 99% charcoal production  and 1% construction 

                  material) 

 (3) (4) 

Cost baht / rai baht / ha.

  

(1) 
baht 

(2) 
Area (rai) 

(1) / (2) (3) * 6.25 

  Fixed costs     

1      Building 67,000.00 4700 14.26 89.10 

2      Charcoal kiln 100,000.00 4700 21.28 132.98 

3      A motor boat 120,000.00 4700 25.53 159.57 

4      A tug boat 45,000.00 4700 9.57 59.84 

5      Water pump 5,500.00 4700 1.17 7.31 

 Variable costs 

6      Operating 62,000.00 4700 13.19 82.45

7      Cutting 7,315,080.00 4700 1,556.40 9,727.50

8      Land preparation 532,800.00 4700 113.36 708.51

9      Seedlings for replanting 1,010,688.00 4700 215.04 1,344.00

10      Planting 792,000.00 4700 168.51 1,053.19

11      Pods for planting 947,520.00 4700 201.60 1,260.00

12      Counting survival rate and replanting 783,000.00 4700 166.60 1,041.22

13      Concessiont fee 60,000.00 4700 12.77 79.79

14      Royalty fee 294,795.75 4700 62.72 392.02

15      Maintenance 1,548,000.00 4700 329.36 2,058.51

16      Making charcoal 3,957,748.13 4700 842.07 5,262.96
Remark: From 2nd – 30th years, the cost will have only variable cost.  And from the 1st 

to 3rd years, the cost of the 1st year was less than the 2nd and 3rd years because the cost 

in the 2nd year including maintenance cost of the 1st and 2nd years and the cost of the 

3rd years came from maintenance costs of the 1st, 2nd and 3rd years.  Hence, the costs of 

the 2nd and 3rd years were more than the 1st year. 
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APPENDIX A-3 
Table A-3 Calculation for cost of R.apiculata plantation for commercial purpose 

                 (Wood used pattern: 100% construction material) 

 (3) (4) 

Cost baht / rai baht / ha.

  

(1) 
baht 

(2) 
Area (rai) 

(1) / (2) (3) * 6.25 

  Fixed costs     

1      Building 67,000.00 4700 14.26 89.10 

2      A motor boat 120,000.00 4700 25.53 159.57 

3      A tug boat 45,000.00 4700 9.57 59.84 

4      Water pump 5,500.00 4700 1.17 7.31 

 Variable costs 

5      Operating 62,000.00 4700 13.19 82.45

6      Cutting 7,315,080.00 4700 1,556.40 9,727.50

7      Land preparation 532,800.00 4700 113.36 708.51

8      Seedlings for replanting 1,010,688.00 4700 215.04 1,344.00

9      Planting 792,000.00 4700 168.51 1,053.19

10      Pods for planting 947,520.00 4700 201.60 1,260.00

11      Counting survival rate and replanting 783,000.00 4700 166.60 1,041.22

12      Concessiont fee 60,000.00 4700 12.77 79.79

13      Royalty fee 1,170,405.00 4700 249.02 1,556.39

14      Maintenance 1,548,000.00 4700 329.36 2,058.51
Remark: From the 1st to 3rd years, the cost of the 1st year was less than the 2nd and 3rd 

years because the cost in the 2nd year including maintenance cost of the 1st and 2nd 

years and the cost of the 3rd years came from maintenance costs of the 1st, 2nd and 3rd 

years.  Hence, the costs of the 2nd and 3rd years were more than the 1st year.  Cost of 

construction material 100% would be less than those previous wood uses because 

there was no fixed cost of charcoal kiln and variable cost of charcoal production but 

royalty fee was more.   
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APPENDIX C 
Table C   Height, diameter, biomass, carbon storage and volume of wood 

                of R.apiculata plantation for conservation purpose 

Age Height Diameter Biomass Carbon Volume of 
wood product Reference 

(year) (m.) (cm.) (t. / ha.) (tc. / ha.) (m3. / ha.)   

1 0.38 1.39 0.06 0.03 0.06 (31) 
2 0.91 2.14 0.40 0.20 0.47 (31) 
3 1.49 2.75 3.14 1.57 3.76 (31) 
4 2.13 3.29 5.27 2.63 6.22 (31) 
5 2.81 3.78 7.45 3.73 8.67 (31) 
6 3.52 4.23 10.68 5.34 12.18 (31) 
7 4.25 4.65 37.89 18.94 42.40 (31) 
5 3.56 2.64 22.81 11.41 12.56 (11) 
6 3.63 2.92 31.77 15.89 18.45 (11) 
7 4.77 3.32 62.83 31.42 35.28 (11) 
8 5.00 5.05 48.32 24.16 53.04 (31) 
9 5.79 5.44 68.12 34.06 73.44 (31) 
10 6.60 5.80 96.78 48.39 102.49 (31) 
9 7.90 5.47 124.03 62.02 76.99 (11) 
10 8.50 5.63 124.82 62.41 77.44 (11) 
11 7.42 6.16 119.68 59.84 124.62 (31) 
12 8.26 6.50 130.49 65.24 133.71 (31) 
13 9.12 6.83 211.22 105.61 213.12 (31) 
14 9.99 7.15 242.99 121.50 241.56 (31) 
15 10.88 7.46 263.53 131.76 258.38 (31) 
12 9.02 5.99 146.15 73.08 98.53 (11) 
13 9.60 6.00 152.57 76.29 104.29 (11) 
14 10.08 6.34 181.43 90.72 126.90 (11) 
15 10.82 6.78 194.86 97.43 140.88 (11) 
16 11.19 7.20 198.22 99.11 143.84 (11) 
17 12.95 8.50 215.75 107.88 163.82 (11) 
18 14.09 9.11 234.30 117.15 187.87 (11) 
19 14.15 9.40 223.10 111.55 179.07 (11) 
20 14.23 9.70 184.17 92.09 139.29 (11) 
22 10.54 10.71 213.20 106.60 123.40 * 
24 11.82 15.96 286.50 143.25 335.05 * 
27 12.75 12.95 185.89 92.95 230.36 * 
28 11.10 10.88 120.20 60.10 135.18 * 
30 13.17 12.58 164.88 82.44 224.00 * 

Remark: * = Field check 
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APPENDIX D 

 
Table D   Height, diameter, biomass, carbon and volume of product of 

                 R.apiculata plantation for commercial purpose (cutting cycle 1st and 2nd) 

Cutting Height Diameter Biomass Carbon 
Storage 

Volume of 
wood product Year 

cycle (m.) (cm.) (t. / ha.) (tc. / ha.) (m3/ ha.) 
Reference

7  4.54 3.73 20.90 10.45 50.13 * 

9  6.14 4.65 37.47 18.74 83.84 * 

11 1st 7.58 6.00 76.04 38.02 91.36 * 

13  8.68 8.14 107.22 53.61 209.37 * 

15  9.43 12.03 154.80 77.40 159.45 * 

           

7  4.42 3.63 19.60 9.8.0 45.41 * 

9  4.86 5.04 36.26 18.13 68.88 * 

11 2nd 8.36 7.36 85.54 42.77 137.77 * 

13  10.13 7.56 145.38 72.69 226.44 * 

15   8.36 10.08 103.36 51.68 124.40 * 
 
Remark: * = Field check 
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APPENDIX E 

 

 
Calculate benefit from selling carbon storage of R.apiculata plantation for 

conservation purpose 

 
 
 
When; Minimum value: 50$ per ton or approximately 2,000 baht/ton 

 Maximum value: 100$ per ton or approximately 4,000 baht/ton 

 

 

 

*  Where; benefit = carbon storage content (tons carbon / hectare) x 

   minimum value (baht/tons.) 

  = 104.78 x 2000 

  = 209,560 baht / hectare 

 

 

** Where; benefit = carbon storage content (tons carbon / hectare) x 

   maximum value (baht/tons.) 

  = 104.78 x 4000 

  = 419,120 baht / hectare 
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APPENDIX F-1 
 

 

Calculate benefit from selling carbon storage of R.apiculata plantation for 

commercial purpose: wood use pattern for charcoal production 100% 

 
 
 
Where; benefit = charcoal product quantity (kg./ha.) x 

   price of charcoal product (baht/kg.) 

 

When charcoal product quantity = 5,370.13 kg./ha. 

 Price of charcoal product = 7.50 baht/kg. 

 

 benefit = 5,370.13 x 7.50 

  = 40,275.94 baht / hectare 
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APPENDIX F-2 
 

 

Calculate benefit from selling carbon storage of R.apiculata plantation for 

commercial purpose: wood use pattern for charcoal production 99% and 

construction material 1% 

 
 
 
* Where; Minimum benefit = [charcoal product quantity (kg./ha.) x 

   price of charcoal product (baht/kg.)]  + 

   [construction material quantity (m.3/ha.) x 

   price of construction material (baht/ m.3)] + 

   [carbon storage quantity of construction material (tc./ha.) x 

   minimum value of carbon storage (baht/tons.)] 

 
When Charcoal product quantity = 5,357.05 kg./ha. 

 Price of charcoal product = 7.50 baht/kg. 

 Construction material quantity = 160.78 piece/ha. 

 Price of construction material = 20.00 baht/ m.3 

 Carbon storage quantity of = 1.23 tc./ha. 

    construction material 

 Minimum value of carbon storage = 2,000 baht/tons. 

 

 

 Minimum benefit = [5,357.05 x 7.50] + [160.78 x 20] + [1.23 x 2,000] 

  = 40,177.90 + 3,215.64 + 2,451.63 

  = 45,845.17 baht / hectare 
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** Where; Maximum benefit = [charcoal product quantity (kg./ha.) x 

   price of charcoal product (baht/kg.)]  + 

   [construction material quantity (m.3/ha.) x 

   price of construction material (baht/ m.3)] + 

   [carbon storage quantity of construction material (tc./ha.) x 

   minimum value of carbon storage (baht/tons.)] 

 
When Charcoal product quantity = 5,357.05 kg./ha. 

 Price of charcoal product = 7.50 baht/kg. 

 Construction material quantity = 160.78 piece/ha. 

 Price of construction material = 20.00 baht/ m.3 

 Carbon storage quantity of = 1.23 tc./ha. 

    construction material 

 Minimum value of carbon storage = 4,000 baht/tons. 

 

 

 Maximum benefit = [5,357.05 x 7.50] + [160.78 x 20] + [1.23 x 4,000] 

  = 40,177.90 + 3,215.64 + 4,903.27 

  = 48,296.81 baht / hectare 
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APPENDIX F-3 
 

 

Calculate benefit from selling carbon storage of R.apiculata plantation for 

commercial purpose: wood use pattern for construction material 100% 

 
 
 
* Where; Minimum benefit =  [construction material quantity (m.3/ha.) x 

   price of construction material (baht/ m.3)] + 

   [carbon storage quantity of construction material (tc./ha.) x 

   minimum value of carbon storage (baht/tons.)] 

 
When Construction material quantity = 4,276.40 piece/ha. 

 Price of construction material = 20.00 baht/ m.3 

 Carbon storage quantity of = 32.69 tc./ha. 

    construction material 

 Minimum value of carbon storage = 2,000 baht/tons. 

 

 

 Minimum benefit =  [4,276.40 x 20] + [32.69 x 2,000] 

  = 85,528.03 + 65,372.83 

  = 150,900.86 baht / hectare 
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** Where; Maximum benefit =  [construction material quantity (m.3/ha.) x 

   price of construction material (baht/ m.3)] + 

   [carbon storage quantity of construction material (tc./ha.) x 

   minimum value of carbon storage (baht/tons.)] 

 
When Construction material quantity = 4,276.40 piece/ha. 

 Price of construction material = 20.00 baht/ m.3 

 Carbon storage quantity of = 32.69 tc./ha. 

    construction material 

 Minimum value of carbon storage = 4,000 baht/tons. 

 

 

 Maximum benefit =  [4,276.40 x 20] + [32.69 x 4,000] 

  = 85,528.03 + 130,745.66 

  = 216,273.69 baht / hectare 
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