CHAPTER

(98]

iii

CONTENTS

TITLE
ABSTRACT
ACKNOWLEDGEMENTS
CONTENTS
LIST OF TABLES
LIST OF FIGURES
LIST OF ABBREVIATIONS
INTRODUCTION
1.1 Rationale/Problem Statement
1.2 Objectives
1.3 Scope of Research Work
STUDY AREA
2.1 Forest Land in Ratchaburi
2.2 Ratchaburi’s Topography and Climate
2.3 Forest Fires in Ratchaburi
2.4 Experimental Set-Up
VEGETATION STRUCTURE, ABOVEGROUND
BIOMASS AND CARBON STOCK IN TROPICAL
DECIDUOUS FOREST
3.1 Materials and Methods
3.1.1 Experiment Plot Set-Up

.1.2 Determination of Vegetation Structure

(8]

.1.3 Aboveground Biomass and Carbon Stock Estimation

(OS]

3.2 Results and Discussion
3.2.1 Vegetation in Tropical Deciduous Forest
3.2.2 Plant Structure in Tropical Deciduous Forest
3.2.3 Aboveground Biomass and Carbon Stock

3.3 Summary of Findings

PAGE

ii
iii
viii
xii

X1v

O 0 ~J O O W»n W

11

11
I
12
14
19
19
24
21
28



CHAPTER

4

v

CONTENTS (Cont’)

TITLE
PRESCRIBED FIRE EXPERIMENTS
4.1 Materials and Methods
4.1.1 Prescribed Burning Plot
4.1.2 Fire Behaviors
4.1.3 Set-Up of Measurement Equipment
4.2 Results and Discussion
4.2.1 The Weather Condition
4.2.2 Fire Characteristics
4.2.3 Elemental Composition of Leaf Litter and Residues
After Burned (ash and charred leaves)
4.4 Summary of Findings
PHYSICAL AND CHEMICAL PROPERTIES OF
BIOMASS FUEL, TOTAL PARTICULATE MATTER,
CARBONACEOUS AEROSOLS AND RESIDUES AFTER
BURNING
5.1 Materials and Methods
5.1.1 Sample Preparation for Elemental Composition
Analysis
5.1.2 Elemental Composition analysis
5.1.3 Ash Content of in Biomass Fuel
5.1.4 Calorific Value Determination
5.1.5 Trace Elemental Analysis
5.1.6 Morphology of Total Particulate Matter (TPM)
5.1.7 Carbonaceous Aerosols Quantification
5.2 Results and Discussion
5.2.1 Proximate and Ultimate Composition

5.2.2 Calorific Value of Biomass Fuels

PAGE
30
30
30
31
31
34
34
35
38

41
43

43
43

43
44
44
45
45
46
47
47
48



CONTENTS (Cont’)
CHAPTER TITLE PAGE
5.2.3 Trace Elemental Composition of Biomass Fuel and 50
Residue After Burned
5.2.4 Trace Elemental Composition in Total Particulate 34
Matter (TPM)
5.2.5 Morphology of Total Particulate Matter (TPM) 52
5.3 Summary of Findings 58
6 ESTIMATION OF EMISSION FACTOR OF 59
CARBONACEOUS COMPOUND
6.1 Materials and Methods 59
6.1.1 Emission Profile 59
6.1.2 Carbon Mass Balance Estimation Method 61
6.1.3 Emission of Carbonaceous Aerosols (BC and OC) 62
6.2 Results and Discussion 63
6.2.1 Background and Emission Concentrations of Gases 63
and Black Carbon
6.2.2 Emission Factors 64

6.2.3 Estimation of the Emission Factors by Other Methods 68

6.3 Summary and Findings 72
7 CARBONACEOUS AEROSOLS FROM TROPICAL 73

DECIDUOUS FOREST FIRES IN RATCHABUR]I,

THAILAND

7.1 Chemical and Physical Properties of Emitted 73

Carbonaceous Aerosols (CAs)
7.2 Relationship Between Carbonaceous Aerosols Emission 74
Factor and C-Released
7.3 Influence of Vegetation Structure on Carbonaceous 75
Aerosols Emissions
7.3.1 Vegetation Structure and Fuel Type 75
7.3.2 Leaf Litter Fuel Bed Height 76



Vi

CONTENTS (Cont’)
CHAPTER TITLE PAGE
7.2.3 Carbon Content of the Leaf Litter 76
7.4 Comparisons of Carbonaceous Aerosols Emission Factors 76

from Tropical Deciduous Forest and Other Forest Fires

7.5 Carbonaceous Aerosols Emissions from Tropical 77
Deciduous Forest Fires in Thailand

7.6 Contribution to Global Warming of Carbonaceous 79

Aerosols Emissions from Tropical Deciduous Forest Fires in

Thailand
8 CONCLUSIONS AND RECOMMENDATIONS 81
8.1 Conclusions 81

8.1.1 Analytical Methods Development for Characterizing 81
Carbonaceous Aerosols from Tropical Deciduous Forest

Fires

8.1.2 Vegetation Structure and Composition of the 82
Tropical Deciduous Forest at Mae Nam Phachi Wildlife
Sanctuary

8.1.3 Physical and Chemicals Properties of Biomass Fuel, 83
Burned Residues, Total Particulate Matter and

Carbonaceous Aerosols

8.1.4 Emission Factor of Co-emitted Gases 83
8.1.5 Emission Carbonaceous Aerosols 84
8.2 Potential Future Works 85

8.2.1 Use of Different Fractions of Carbon Released from 85
Tropical Deciduous Forest Fires to Evaluate the Ecological
Change of Tropical Deciduous Forest

8.2.2 Application of Measurement and Characterization 85
Methodology to Qualitatively and Quantifying Determine

the Emissions of Carbonaceous Aerosols from Other Type

of Biomass Burning



vii

CONTENTS (Cont’)

CHAPTER TITLE
8.3 Recommendations
8.3.1 Total Particulate Matter (TPM) Sampling Method
8.3.2 Ash and Charred Leaves Sampling Method
REFERENCES
APPENDIX

PAGE
86
86
86



TABLES

Bl

2.1
2.2

2.3

3.4

3.5

3.6

. o

4.1

viil

LIST OF TABLES

TITLE
Forest land and area burned in each region of Thailand during
2005-2008
Forest land in Ratchaburi Province
Statistics of forest fires in DDF and MDF from Ratchaburi
Forest Fire Control Station during 2007-2010
Study plot set up in DDF and MDF at Mae Nam Phachi
Wildlife Sanctuary, Ratchaburi Province
Summary of number of plots set up for estimation of
aboveground biomass of four cartegories in Tropical
Deciduous Forest; DDF and MDF
Structure (abundance, basal area (BA), relative frequency
(RF), relative density (Rden), relative dominance (Rdo) and
ecological important value index (IVI) of tree stands in DDF
plots located in the Mae Nam Phachi Wildlife Sanctuary
Ratchaburi Province, Thailand
Structure (abundance, basal area (BA), relative frequency
(RF), relative density (Rden), relative dominance (Rdo) and
ecological important value Index (IVI) of tree stands in MDF
plots located in the Mae Nam Phachi Wildlife Sanctuary
Ratchaburi Province, Thailand
Plant structure (density, diameter at breast height, DBH and
height, Ht) in DDF and MDF plots
Biomass fuel height in DDF and MDF plots
Aboveground biomass of DDF and MDF plots
Aboveground biomass and carbon stock of tropical deciduous
forest in western region, Thailand

The average of weather condition during the prescribed fires

in both DDF and MDF plots

PAGE

10

14

20

|

23

24

27

28

34



TABLES
4.2

4.4

4.5

4.6

4.7

4.8

5.1

Dol

5.4

5.5

ix

LIST OF TABLES (Cont’)

TITLE
Parameters collected and calculated from prescribed fire
experiment set up in DDF plots
Fuel load and fire behavior in DDF of the other research
studies
Fuel load and fire behavior in MDF of the other research
studies
Parameter collected and calculated from prescribed fire
experiments set up in MDF plots
Analytical parameters of biomass fuel consumed and residues
after burning (ash and charred leaves)
Amount of carbon content in residues after burning (ash and
charred leaves)
Carbon released from tropical deciduous forest fire
occurrences in Mae Nam Phaci Wildlife Sanctuary,
Ratchaburi, Thailand during 2007-2010
Elemental and ash content of biomass fuel of DDF and MDF
plots
Gross calorific values and net calorific values of biomass fuel
in DDF and MDF
Trace element composition (% of mass) in biomass fuel and a
mixture of ash and charred leaves (residues after burning) in
DDF
Trace element composition (% of mass) in biomass fuel and a
mixture of ash and charred leaves (residues after burning) in
MDF
Trace elemental composition of total particulate matter

(TPM), % of mass

PAGE
36

36

3

39

41

47

48

49

50

51



LIST OF TABLES (Cont’)

TABLES TITLE PAGE

5.6 Elemental compositions by SEM of TPM from DDF 55
prescribed fires

53 Elemental compositions by SEM of TPM form MDF 57
prescribed fires

6.1 Background concentration of CO,, CO, BC and PM, 5 from 63
prescribed fires in DDF and MDF (plots)

6.2 Emission concentrations of CO,, CO, BC and PM, 5 from 63
prescribed fires in DDF and MDF (plots)

6.3 Net emission concentrations of CO,, CO, BC and PM,; 5 from 64
prescribed fires in DDF and MDF (plots)

6.4 Emission factors of CO,, CO, BC and PM; 5 and emission 65
ratio of gas to aerosols from prescribed fires in DDF and MDF
plots

6.5 Emission factors of CO,, CO, BC and PM; 5 and emission 66

ration of gas to aerosols from prescribed fire in MDF plots

6.6 Comparison of emission factors of compounds of interest 67
emitted from DDF and MDF fires

6.7 Mass of carbon associated with each of the analyzed pollutant, 68
mass of biomass consumed, and % carbon associated to CO;
released from leaf litter burning in DDF and MDF plots

6.8 Emission factors in unit gram of gas per kilogram of dry 69
biomass burned

7.1 Amount of BC, OC and C-released emitted from DDF and 75
MDF fires in Mae Nam Phachi Wildlife Sanctuary,
Ratchaburi, Thailand

7.2 Fire behavior, mass of leaf litter consumed and emission 77

factors of BC and OC in both DDF and MDF types



X1

LIST OF TABLES (Cont’)

TABLES TITLE PAGE
7.3 Comparison of emission factors determined with other 77
research studies
7.4 Emissions of BC and OC from burned area in Mae Nam 78
Phachi Wildlife Sanctuary, Ratchaburi province, Thailand
during 2007-2010

1.5 Fuel load and fires behavior in DDF of the other research 78
studies

7.6 Fuel load and fires behavior in MDF of the other research 79
studies

7.7 Emissions of BC and OC from DDF and MDF fire in 79

Thailand during 2002 to 2006
7.8 Contribution to Global warming of emissions from tropical 80
deciduous forest fires in Thailand

8.1 Analytical method used in this study for CAs characterization 81



FIGURE

1.1

2.1

2.2

3.2

Xii

LIST OF FIGURES

TITLE

Average of percent area burned of each forest type during
2002-2006

Location of field experiments at Ratchaburi Forest Fire
Control Station, Ratchaburi Province, Thailand

Average temperature and rainfall in Ratchaburi province
during 2005-2009

Accumulative fire hotspots occurrences in Ratchaburi
Province in October to April during 2008-2009

Field experiment study areas at Mae Nam Phachi Wildlife
Sanctuary Ratchaburi Province, Thailand

Plot set up for vegetation structure determination and
aboveground biomass estimation in both DDF and MDF at the
study sites

Position to measure DBH of living trees in pole stage and
sapling stage which have variables of standing shape and
standing slope (A), (B), (C), (D), (E), (F) and (G)

Tree height measured by Haga hypsometer

Tree diameter distributions in DDF and MDF

Biomass fuel sampling in DDF plots (with slope <20%)
Dry mass of biomass fuel as leaf litter, twig, seedling and
understory in DDF plots during 2010-2011

Dry mass of biomass fuel as leaf litter, twig, seedling and
understory in MDF plots during 2010-2011

Percentage of moisture content in biomass fuel as leaf litter,

twig, seedling and understory in DDF plots during 2010-2011

PAGE

11

15

15
23
24
25

25

26



FIGURE

3.9

4.1

4.2

4.3

4.4

9]

5.2

5.4

6.1

7.1

1.2

8.1

Xiil

LIST OF FIGURES (Cont’)

TITLE
Percentage of moisture content in biomass fuel as leaf litter,
twig, seedling and understory in MDF plots during 2010-2011
Field experiment set up for prescribed burning of DDF and
MDF at the study site
Flame height directly measurement for (a) DDF fire and (b)
MDF fire (b) plots
Ash and charred leaves after prescribed burning in DDF plots
Ash and charred leaves after prescribed burning in MDF plots
Characterization of TPM collected on quartz filters from
prescribed burning of DDF
Characterization of TPM collected on quartz filters from
prescribed burning of MDF
SEM micrographs of particulate matter collected on quartz
filters from DDF prescribed fires
SEM micrographs of particulate matter collected on quartz
filter from MDF prescribed fires
Comparison of emission factors of CO,, CO, BC, PM; 5 and
TC calculated by Neto et al. method and by our method
SEM micrographs of particulate matter containing BC emitted
from DDF fires (DD, DE and DG shapes) and MDF fires (MA
and MF shapes) in Mae Nam Phachi Wildlife Sanctuary,
Ratchaburi, Thailand
SEM micrographs of particulate containing OC emitted from
DDF fires (DC shape) and MDF fires (MC, MG, MI and MJ
shapes) in Mae Nam Phachi Wildlife Sanctuary, Ratchaburi,
Thailand
Summary of the carbon budget from DDF and MDF fires to

the environment

PAGE
26

30

35

35

35

53

53

54

56

71

73

74

84



X1V

LIST OF ABBREVIATIONS
A Burned Area
AGB Aboveground Biomass
ASTM American Society for Testing and Materials
BA Basal Area
BC Black Carbon
BL Biomass Load
C Carbon
CAs Carbonaceous Aerosols
CCN Cloud Condensation Nuclei
Ll Combustion Completeness
CcO Carbon monoxide
CO; Carbon dioxide
DBH Diameter at Breast Height
DDF Dry Dipterocarp Forest
EC Elemental Carbon
EF Emission Factor
FB Fraction Burned
Gg Gigagram (thousand metric tons)
GWP Global Warming Potential
H Hydrogen
ha Hectare
HKK Huay Kha Khaeng Wildlife Sanctuary
Ht Height
hPa hecto Pascal
[PCC Intergovernmental Panel on Climate Change
IVI Ecological Important Value Index
M Amount of biomass burned
MCE Modified combustion efficiency

MDF Mixed Deciduous Forest



XV

LIST OF ABBREVIATIONS (Cont’)

MNP Mae Nam Phachi Wildlife Sanctuary

N Nitrogen

oC Organic Carbon

OEA Organic Elemental Analyzer

PM Particulate Matter

PM; 5 Particulate matter with aerodynamic diameter lesser than

2.5 micrometers

rai Thai unit for area, 1 rai = 1,600 m*
TC Total Carbon

Tg Teragram (million metric tonnes)
TDF Tropical Deciduous Forest

TPM Total Particulate Matter

UTM Universal Transverse Mercator



