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Biased Equations

1) Few sample trees were collected to develop the previous equations 

because of the need to minimize the sample tree destruction and the lack 

of accurate instruments to measure the upper stem diameters of standing 

trees.

2) Some of the equations were local volume equations (required only 

DBH as the independent variable for tree volume estimations).

3) The previous equations were focused on areas to be logged (mainly 

focused on big trees).

4) The species grouping was too broad (e.g., volume equations by tree 

family)

Background and Rationale
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Background and Rationale



Uncertainty in the accuracy of national estimates 

of Thailand’s forest-cover carbon stocks

Incomplete report of carbon stocks

Limited knowledge of the methods of 

carbon stocks assessment

5

Affects national planning and other policy decisions 

that rely on the information on national carbon stocks

Background and Rationale
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A new and novel approach has been 
developed to estimate standing tree carbon 
content using sample tree increment cores for 
carbon content analysis.

The new approach could be used to develop 
new national standing-tree carbon equations.

These equations could be used to estimate 
carbon stocks in the study area and further 
applied to Thailand’s national forests.

Background and Rationale



Goal and Objectives

• To provide accurate information 
on national forest carbon stocks 
to support SFM policy-decision 
making.

Overall 
Goal

• To demonstrate the development of 
accurate standing tree-carbon 
equation and their application to the 
preparation of a forest-cover carbon 
stock map.

Specific 
Objective
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Project Site
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Total area: 43,431.75 hectares

Mae Huad Sector

Ngao

Demonstration 

Forest
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Activities Techniques Outputs

Review secondary 

data

Basic literature 

review

- Ngao Demonstration 

Forest

- Wood density

- Existing carbon/biomass 

equations and wood 

carbon fraction,  etc.

Field forest inventory 

for Species list 

collection

- Landuse cartography

- Forest Inventory

- Point sampling

- Tree identification

- Forest mensuration

Primary data:

- Study site map

- DBH, Height, BA

- No. of trees

- Tree species

- Geographical data

1

2

Research Methodology



Activities Techniques Outputs

Sample Tree Collection 

for tree volume and 

wood carbon fraction 

analysis

- Forest Inventory

- Forest Mensuration

- Dendrochronology

- Tree Volume

- Wood sample core 

for carbon fraction 

analysis

Wood Carbon  fraction 

analysis
- Combustion 

Technique

- Wood carbon 

fraction

4
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Research Methodology (cont.)

Tree species 

classification

Classification using

- Wood density

- IVI

Species selection by 

wood density and IVI 

in each forest type

3
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Activities Techniques Outputs

Estimation of carbon 

sequestration in 

study area

- Statistical analysis
- Carbon 

Sequestration in 

study area

7

Research Methodology (cont.)

Construct Standing 

Tree Bole Carbon 

Equation

- Regression Analysis - Standing Tree Bole 

Carbon Equations

6



Field Forest Inventory for Species List Collection

12

-3 x 3 km fixed point

-54 sampling points
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Field Forest Inventory for Sample Tree Collection

3.Sample wood measurement 

1.30 m 2 m

2 m

2 m

Fixed 

diameter 

at 10 cm.

1.Standing Tree measurement 2. Sample wood collection



Wood Carbon Fraction Analysis 
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CN micro corder; model JM 1000 CN



Construct Standing Tree Bole Carbon Equation
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The standing tree bole carbon

𝑪𝒕 =
𝑪𝒄
𝑽𝒘

× 𝑽𝒕

𝑪𝒄 = 𝑾𝒅 × 𝑪𝒘

Where : 𝐶𝑡 = Weight of carbon in                                                                         

a standing tree bole (kg)
𝐶𝑐 = Weight of carbon in     

a wood sample core (kg)
𝑊𝑑 = Dry weight of 

a wood sample core (kg)
𝐶𝑤 =  Percent carbon fraction in 

a sample wood
𝑉𝑤 = Volume of wood sample core (m3)

𝑉𝑡 = Volume of standing tree bole (m3)

ሻ𝐶𝑡 ≈ 𝑓(𝐻𝑒ight, 𝐷𝐵𝐻
*Ct was calculated following the studies of Duangsathaporn et al. (2011) and Kanthawan et al. (2019) 



RESULT

16

1. General data of Project area 

• Ngao Demonstration Forest 

• Forest Area 66.28%

• EF 2.38%

• MDF 44.58%

• DDF13.83%

• Plantation 5.49%

• Non-Forest Area 33.72%

• Settlement 0.98%

• Agriculture 4.62%

• Old clearing 27.9%

• Deforested area 0.12%

• Water Bodies 0.03%

• Mining 0.07%

NDF

RESULT 



RESULT 

• Data from filed forest inventory for species list collection
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Average BA of 18.39 m2/ha and 549 tree/ha.

46, 18 and 32 tree species in mixed deciduous forest 
(MDF) , Dry dipterocarp forest (DDF) and Dry evergreen 
forest (DEF), respectively.

Tree species with the highest IVI in MDF are Xylia
xylocarpa, Tectona grandis and Pterocarpus macrocarpus

Tree species with the highest IVI in DDF are Shorea
siamensis, S. obtusa and Pterocarpus macrocarpus

Tree species with the highest IVI in DEF are Croton 
Roxburghii, Hopea odorata and Duabanga grandiflora

2. The Field inventory for Species list collection



• The wood carbon content of selected species in 

each wood density class in each forest type

RESULT

4. Wood Carbon  fraction analysis

RESULT 

MDF

DDF

DEF

MDF

DDF

DEF
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Forest Type
Carbon

Content (%)

Number of Selected Species

Cw > 47% Cw < 47%

MDF 47.61 7 (70.0%) 3 (30.0%)

DDF 47.50 7 (77.8%) 2 (22.2%)

DEF 47.17 5 (50.0%) 5 (50.0%)

Average 47.43 65.5% 34.5%

Remark: Cw is carbon content in a wood sample (%)

• The wood carbon content of selected species in each forest type

4. Wood Carbon fraction analysis

RESULT 



• The carbon equations of selected species in each wood density class by forest types

2020

MDF

DDF

DEF

The general tree carbon equation is as follows:

C = 0.012348 D2.1676 H0.6539

Where: 
C = Carbon sequestration in stem bole, kg

D = Diameter at breath height of  the tree, cm 

H = Total height of the tree, m

DDF

5. Construct Standing Tree Bole Carbon Equation

RESULT

General equation

for all species , MDF 
C = 0.018155 D2.2204 H0.490 155

General equation

for all species , DDF 
C = 0.009462 D2.328 H0.602 134

General equation

for all species , DEF 
C = 0.011803 D2.1844 H0.417 150
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DDF

• Basal Area = 36.0 m2/ha

• No. of Trees = 740 tree/ha

• Carbon sequestration = 77.21 ton/ha

MDF

• Basal Area = 20.9 m2/ha

• No. of Trees = 783 tree/ha

• Carbon sequestration = 39.88 ton/ha

DEF

• Basal Area = 15.0 m2/ha

• No. of Trees = 87 tree/ha

• Carbon sequestration = 8.54 ton/ha

TOTAL AREA

- Basal Area = 22.7 m2/ha

- No. of Trees = 662 tree/ha

- C Sequestration = 40.97 ton/ha

6. Estimation of carbon sequestration in Mae huad sector, Ngao

demonstration forest.

RESULT 
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• The total carbon stock in Ngao Demonstration Forest  

is ranged from 0.88 – 1.28 million tons

MDF carbon stock ranged from 

0.64 – 0.94 million tons

DDF carbon stock ranged for                                                      

0.19 – 0.29 million tons

DEF carbon stock ranged from 

0.03 – 0.05 million tons

RESULT 



Focus Group Meeting :7 November 2018 At Meeting Room 303, 60 Years Anniversary     

Building, Faculty of Forestry, Kasetsart University, BKK
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15 Experts from:

- RFD         

- DNP

- DMCR     

- FIO

- RECOFT

- TGO

- Universities

Action plan to construct and promote 

national tree carbon equations prepared
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The Way Forward the National Plan

3. In order to succeed at the national scale, the participants suggested 
close cooperation among the relevant organizations and experts to 
apply and upscale this research methodology to develop national 
carbon equations and carbon map to support the national plan on forest 
management.

1. The participants of Focus Group meeting agreed to continue the 

project in order to apply these techniques and carbon equations for 

calculating carbon sequestration in national forests. 

2. The participants also suggested to expand the study sites into all 

regions and all forest types of Thailand. 

Action plan to construct and promote 

national tree carbon equations prepared
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PROJECT STRATEGY AND ACTIVITIES OF THE NATIONAL WORK PLAN

There are 3 steps to scaling-up the project to the national level. These 

are:

1. Divide the country into five geographic regions (north, north-east, 

east, west & central, and south), and consider the forest types within 

each region. 

2. Apply the 2015P6-THA project methodology to obtain new tree 

carbon equations and maps for each forest type within each region. 

Refer to 2015P6-THA project Technical Reports No. 1 and No. 2. 

3. Promote the new national carbon equations (2015P6-THA project), 

and get the new tree carbon equations and maps formally approved 

on the national level and incorporated into the IPCC reporting 

process. 

Action plan to construct and promote 

national tree carbon equations prepared



Information and knowledge from the project 

disseminated among stakeholders
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The Workshop

The Project Website 

The Project Brochure

The Training Course 



18 December 2018, Kasetsart University, BKK

The Workshop aim to:

PMT-KUFF,APFNet
27

Provide a better understanding and transfer of
knowledge of carbon estimation in a standing tree 
and forest stand by using novel carbon equations 
and remote sensing techniques.

Discuss a national work plan on the development of 
national standing-tree carbon equations and forest 
carbon stock map to improve the accuracy of tree-
bole carbon stock estimates in Thailand.

RESULT

1

2

• The Workshop

Information and knowledge from the project 

disseminated among stakeholders
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42 Participants from
- RFD          - DNP 

- DMCR      - Universities 

- GISDA      - ONEP

- FIO            - FAO

- TEI

- TGO

- BEDO 

RESULT

• The Workshop

Information and knowledge from the project 

disseminated among stakeholders

18 December 2018, Kasetsart University, BKK
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RESULT

url: http:www.apfnet-kuff.com• The Project Website 

Information and knowledge from the project 

disseminated among stakeholders

http://www.apfnet-kuff.com/


PMT-KUFF,APFNet 30

RESULT

• The Project Brochure

Information and knowledge from the project 

disseminated among stakeholders
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To demonstrate the development and application of standing-

tree carbon equations to improve the accuracy of forest-cover  

carbon stock estimates in Thailand 

18-22 March 2019 at Hat Wanakorn National Park, 

Prachuap Khiri Khan, Thailand

to 60 DNP Staffs

Under the project:

RESULT

• Training Course 

Information and knowledge from the project 

disseminated among stakeholders

“Forest inventory for estimation of carbon sequestration” 
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• Planning for further knowledge transferring to 

other relevant organizations

• ROYAL FOREST DEPARTMENT 

• THAILAND GREENHOUSE GAS MANAGEMENT ORGANIZATION 

(PUBLIC ORGANIZATION)

• DEPARTMENT OF MARINE AND COASTAL RESOURCES

• FOREST INDUSTRTY ORGANISATION

• Training Course 

Information and knowledge from the project 

disseminated among stakeholders



Conclusions 

• The total carbon stock in Ngao Demonstration Forest  

is ranged for 0.88 – 1.28 million tons

• The standing tree bole carbon equation

MDF carbon stock is ranged for 0.64 – 0.94 million tons

DDF carbon stock is ranged for 0.19 – 0.29 million tons

DEF carbon stock is ranged for 0.03 – 0.05 million tons

Twenty-four carbon equations classified by wood density class in each forest type

Three carbon equation classified by forest types of MDF, DDF, DEF.

A general tree carbon equation in the Mae Huad Sector is as follows: C = 0.012348D2.1676H0.6539

• Promote the new national carbon equations (2015P6-THA project) and 

get the new tree carbon equations and maps formally approved on the 

national level and incorporated into the IPCC reporting process. 



Thank you

34


