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SUMMARY

The climate of the world today has changed greatly. This is mainly due to
human activity causing large emissions of carbon dioxide (CO,) from the reserve
into the atmosphere, which is the main cause of global warming. This research
methodology comprised of training for people in the community and local
government sector, so they acquired knowledge and understanding of the causes
and consequences of global warming. The people will also learn the adjustment
toward weather atmosphere, the method in relieving global warming issues with
the potential of the community forest as well as tree measurement techniques.
The research method was based from the analysis of the carbon stock from the
community forest from 3 different methods; which are 1) method of tree
measurement by farmers in the community 2) Measurement, Reporting and
Verification (MRV) online method, and 3) the application of Geoinformatics
Technology (GIT). The research results found that 50 participants in the training
session possessed over 80 percent of understanding toward causes and
consequences from global warming, adjustment toward the change of weather
atmosphere, and way to relieve the severity of global warming issue with a
potential of community forest. Participants were also able to learn tree
measurement techniques as well as able to record results. The results from the
data analysis from the field survey, MRV online tool, and Geoinformatics
Technology found that the community forest can complete the process of carbon
stock that is equivalent to 5,256.66 tCO.e, 5,061.32 tCO.e, 5,058.01 tCO.e
respectively.
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INTRODUCTION

When radiations from the sun pierce through the atmosphere to the earth
surface, it will enter the earth crust where the atmosphere will reflect some parts
to space. The Greenhouse Gas (GHG) will act as an absorbent of the heat
radiation, so the weather on the earth surface is warm and suitable for the
existence of the living organisms. Thus, without these types of gases, the average
temperature of the earth surface will decrease down to O'F (approximately -
17.78°C). These GHGs in an appropriate amount will help average the heat on the
earth surface to around 59°F (about 15°C) (Gore, 2007). Thus, the high amount of
Greenhouse Gases (GHG) that derived from human actions will increase the
severity of the greenhouse effect, which results in the average temperature of the
earth to increase drastically. This will lead to a tremendous change in the weather
atmosphere. Significant GHGs are including Carbon dioxide (CO,), Methane
(CHy), Nitrous oxide (N,O), Hydrofluorocarbons (HFC), Perfluorinated
compounds (PFC), and Nitrogen trifluoride (NF;) (Uttaruk and Laosuwan, 2016).
The CO, is a GHG that we give importance the most as it has up to 80 percent
ratio of GHG that was released from human activities. Examples of human
activities were fuel combustion from factories, deforestation to build resident or
for agricultural purposes. The deforestation takes up almost 20 percent for the
CO, emission to the atmosphere (Uttaruk and Laosuwan, 2018). This was
because trees and forests have excellent quality in the absorbent of CO,
(Senpaseuth et al., 2009). Therefore, the decreased number of forest area will
result in an increasing amount of CO, (Spracklen et al., 2015; Ounkerd et al.,
2015; Bradford and Bell, 2017). At present; CO, sequestration can be done in two
methods which are 1) direct storage which is a method to prevent the diffusion of
CO, to the atmosphere, and 2) the indirect storage. This method is considered the
best method for the carbon stock, which was to store it in trees and forests as trees
and forests are the best sources for the carbon stock (IPCC, 2018).

Therefore, forest pays an essential role in the sequestration and emission of
CO,. The sequestration or absorption of CO, through the process of
photosynthesis will be completed when tree brings about CO, to use in absorbing
foods, production, and creation of biomass (Cairns et al., 1997; Mekuria et al.,
2015; Sisay et al., 2017). The forest had three significant effects on global
warming; which are, 1) forest can absorb CO, from the atmosphere and help to
maintain and stabilize the earth’s temperature. The second effect was the forest
help release vapor into the atmosphere and increase moist. The third effect was
that the forest covered the entire area of land from the sun, which also helps to
reduce the heat in the earth surface (Laosuwan and Uttaruk, 2016a; Rotjanakusol
and Laosuwan, 2018). Thus, international scientific research that was published
in “National Science Foundation Report” from the United States stated that
growing of trees, increase numbers of forest area, sustainable agriculture, and
conservation of wetlands as well as a better management of soil all can help
effectively reduce the severity of the global warming. Growing of forests will
help reduce up to 37 percent of 11.3 billion tons of CO, emission by 2030 or
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equal to the fuel combustion. This would be enough to maintain the earth surface
not to exceed 2'C (The Nature Conservancy, 2019). For Thailand, in 1973 the
area of the forest was about 221,707 km?® or approximately 43.21% of the area in
Thailand. However, in 2017, the forestry area has tremendously reduced to about
163,981.28 km? or equivalent to 31.68 % (Royal Forest Department Thailand,
2019). The number of forest intrusion increased drastically every year. This was
due to the significant change in the economic structures from agricultural to
industrial; this resulted in the deterioration of forest and a drastic reduction in the
number of forest (Royal Forest Department Thailand, 2016).

The management of the community forest is another trend that people in
the community pay attention to more than ever before (Laosuwan et al., 2016b).
The people also began hosting activities for the conservation and preservation of
the forest (Poungngamchuen, 2013). Thus, each local area tends to have format
and method on the management of the community forest differently, but less
likely to succeed. This was because it was done only done through the
participation of the people (Dyer et al., 2014; Samek et al., 2014). There was no
cooperation from the government sector as much as needed. Therefore, the
involvement from the people and the cooperation from government sectors as
well as educational institutes are significant to the management of the community
forest (Samek et al., 2011; Husseini et al., 2016; Tadesse et al., 2017). The
objective of this research project was to development methods of estimation for
above ground carbon stock in Nongbua-nonmee community forest, Bua Kho Sub-
district, Mueang District, Maha Sarakham province, Thailand. Thus to raise
awareness within the community on the causes and consequences from the global
warming, adjustment toward the changes of weather atmosphere, and method to
relieve the severity of global warming issues with potential of the community
forest.

MATERIAL AND METHODS

To make it concise and easy to understand, this research illustrated
operational methods into steps as follow:

Transfer of Knowledge

The research transferred the knowledge through lecturer from the
researcher on topics of 1) causes and consequences from global warming 2) the
adjustment toward the change of the weather atmosphere and 3) method on
relieving the severity of global warming from the community forest. Thus, the
researcher has evaluated the results of participants in the training on the three
topics above with questionnaires.

Operational Training

The researcher hosted an operational training on the carbon stock
measurement techniques in biomass from trees within the study area through the
placement of sample permanent plot in a size of 20x20 m? for the total of 15 plot
(Figure 1). Thus, participants acquired knowledge and understanding on 1)
survey planning process 2) tree measurement techniques based on the theory as
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well as the use of Global Positioning System (GPS) to record results in the
sample permanent plot and 3) method in recording surveyed data and store in a
systematical manner.
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Figure 1. Nongbua-nonmee community forest

Data survey of ecological structures

This research has surveyed the ecological structures to evaluate the
diversity of plant species in the community forest from the sample permanent plot
in a size of 20x20 m for the total of 15 plots. After that, the results were taken to
analyze the plant communities through the evaluation of Importance Value Index
(IV1) (Curtis and Mclntosh, 1950; Mishra, 1968; Muller-Dombois and Ellenberg,
1974). The aim of this was to analyze the status and importance or dominant
species that affect the amount of carbon stock within the forestry area.

Data analysis

There were three operational methods for the carbon stock analysis as
follow: 1) The analysis of the carbon stock was from the tree measurements
during the field survey by the people in the community. The researcher will use
the results to calculate the amount of carbon stock in the community forest with
the allometric equation for the mixed forest and deciduous forest as developed by
Ogawa et al. (1965). The results will be displayed as seen in equation 1.
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0.9326)

W,=0.0396(D’H)

1.0270)

W, =0.003487 (D’H) (1)

W,=(0.28/ (W, +W, +0.025)"
ABG=(Ws+Wh+WI)

Where;
W, is the weight of the stem (kg); W, is the weight of branches (kg); W,

is the weight of leaves (kg); D is the diameter at breast height (cm); H is the tree
height (m)

2) The analysis on the carbon stock from MRV online tool. The MRV tool
was developed by Michigan State University, USA (http://mrv.carbon2
markets.org/cas/login/) and can analyze the carbon stock with all types of trees.

3) The analysis of carbon stock with Geoinformatics Technology (GIT).
The researcher used data from Landsat 8 satellite and analyzed as follow:

(1) Adjust the value of digital number to top of atmosphere reflectance
(Uttaruk and Laosuwan, 2016),

(2) Analyze the vegetation with MSAVI-2 (Qi et al., 1994; Laosuwan and
Uttaruk, 2014) with equation 2,

(3) The results based on the calculation from step2 will be analyzed for the
Fractional Vegetation Cover (FVC) (Gitelson et al., 2002; Zhang et al., 2019)
value with equation 3, and

(4) The analyzed result from step 3 will be using to find the correlation
with the amount of surveyed carbon from the field data.

2*NIR+1-\/(2*NIR+1)?-8*(NIR-RED) @)
2

MSAVI-2=

Where;
RED s the red band reflectance of Landsat 8; NIR is the Near Infrared
band reflectance of Landsat 8

VI-VI
Fvc:wxloo (3)

(VI canopy -Vi open )
Where;

FVCis the tree canopy fractional cover; Vlis the vegetation index; VI, is

the vegetation index of open areas;
VI is the vegetation index of tree canopy

canopy

RESULTS AND DISCUSSION
Results from the Transfer of Knowledge
There were 50 people in the area surrounding the community forest were
interested in participation of the research project. From the evaluation of
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questionnaire, it found that participants acquired understandings of topic (1), (2),
and (3) for 81 percent. About 8 percent understand certain topics and another 11
percent did not provide opinions in the questionnaire. Regarding the
acknowledgment of changes toward the weather atmosphere — In general, the
people will receive the news on the changes in weather atmosphere from a
different form of media. However, the people still lack awareness on knowledge
and consequences of the moves toward weather atmosphere. From the project, it
was found that the group that was engaged in the transfer of knowledge tended to
respond and become aware of the consequences than those who never receive
knowledge transfer. This was because the people still lack the basic
understanding on the carbon cycle in daily life.

Results from the Operational Training

The results for the evaluation of knowledge and ability for the tree
measurement in 50 participants found that those that received operational training
were able to measure the growth (diameter) and height of the tree. Participants
were also able to record measured data into the record form. After the
categorization, it was found that 37 percent of training participants were able to
measure tree growth with tools. Additionally, 50 percent of participants were able
to use estimation method; the rest of 13 percent did not provide any opinions. For
the height measurement of tree, it was found that 24 percent of training
participants used tools to measure, 68 percent used estimation, and the rest of 8
percent did not provide any opinions.

Results from the Data Survey of the Ecological Structures

The results from data survey of the ecological structure to estimate the
diversification of species in the community forest found 33 different plant species
from 23 families. Five plant species that were mostly found including:

1) Dipterocarpus tuberculatus Roxb. DIPTEROCARPA CEAE,

2) Shorea obtusa Wall. ex Blume: DIPTEROCARPACEAE,

3) Xylia xylocarpa (Roxb.) Taub. var. kerrii (Craib & Hutch.) I.C. Nielsen :
LEGUMINOSAE-MIMOSOIDEAE,

4) Dipterocarpus obtusifolius Teijsm ex Miq.: DIPTEROCARPACEAE,

5) Catunaregam tomentosa (Blume ex DC.) Tirveng.: RUBIACEAE.

After an analysis of the plant communities through the Importance Value
Index (IVI) evaluation (Table 1) which consisted of Relative Density (RD),
Relative Frequency (RF), and Relative Dominance (RDo), it was found that five
dominant species were

1) Dipterocarpus tuberculatus Roxb.

2) Shorea obtusa Wall. ex Blume

3) Xylia xylocarpa (Roxb.) Taub. var. kerrii (Craib & Hutch.) I.C. Nielsen

4) Dipterocarpus obtusifolius Teijsm ex Mig.

5) Catunaregam tomentosa (Blume ex DC.) Tirveng
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Table 1. Importance Value Index (IV1)

No. Scientific name RD RF RDo VI
Dipterocarpus tuberculatus Roxb. 27.344 | 10.924 | 37.494 | 75.762
Shorea obtusa Wall. ex Blume 19.271 9.244 10.796 | 39.311

3 |Xylia xylocarpa (Roxb.) Taub. var. kerrii (Craib| 10.417 9.244 7.668 27.329
& Hutch.) I.C. Nielsen
Dipterocarpus obtusifolius Teijsm ex Miq. 8.854 4.202 11.148 | 24.204
5 |Catunaregam tomentosa (Blume ex DC.) 4.688 8.403 3.673 16.764
Tirveng.
6 |Buchanania lanzan Spreng. 2.344 5.882 2.630 10.856
7 |Canarium subulatum Guillaumin 2.604 4.202 2.657 9.463
8 |Memecylon edule Roxb. 2.344 3.361 3.631 9.336
9 |Sindora siamensis Teijsm. & Mig. 2.083 4.202 2.635 8.920

10 |Buchanania sp. 2.344 2.521 2.185 7.050

11 |Heterophragma sulfureum Kurz 1.302 3.361 2.259 6.923

12 |Lannea coromandelica (Houtt.) Merr. 1.563 3.361 1.875 6.799

13 |Terminalia alata Heyne ex Roth 2.865 2.521 1.210 6.596

14 |Gluta laccifera (Pierre) Ding Hou 1.823 2.521 1.251 5.595

15 |Strychnos nux-blanda A.W.Hill 0.781 2.521 2.086 5.388

16 |Pterocarpus macrocarpus Kurz 1.302 2.521 0.949 4773

17 |Casearia grewiifolia Vent. var. grewiifolia 1.042 2.521 0.539 4.102

18 |Diospyros ehretioides Wall. ex G.Don 1.042 2.521 0.459 4.021

19 |Parinari anamense Hance 1.042 1.681 0.947 3.670

20 |Aporosa ficifolia Baill. 0.521 1.681 1.422 3.623

21 |[Ellipanthus tomentosus Kurz var. tomentosus 0.781 1.681 0.377 2.839

22 |Litsea glutinosa (Lour.) C.B.Rob. 0.521 1.681 0.344 2.545

23 |Aporosa villosa (Wall. ex Lindl.) Baill. 0.260 0.840 0.568 1.668

24 |Diospyros ferra (Willd.) Bakh. var. ferra 0.521 0.840 0.209 1.570

25 |Millingtonia hortensis L.f. 0.260 0.840 0.185 1.286

26 |Ochna integerrima (Lour.) Merr. 0.260 0.840 0.124 1.225

27 |Grewia eriocarpa Juss. 0.260 0.840 0.117 1.218

28 |Cratoxylum cochinchinense (Lour.) Blume 0.260 0.840 0.117 1.218

29 |Mitragyna hirsuta Havil. 0.260 0.840 0.098 1.199

30 |[Terminalia chebula Retz. var. chebula 0.260 0.840 0.086 1.187

31 |[Lophopetalum wallichii Kurz 0.260 0.840 0.086 1.187

32 |Dillenia obovata (Blume) Hoogland 0.260 0.840 0.086 1.187

33 |Peltophorum dasyrachis (Mig.) Kurz 0.260 0.840 0.086 1.187

Total 100 100 100 300
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This also corresponded to plant types that were commonly found from the
survey. In addition, the analysis of species diversity index was completed to
identify the diversity of plant types by the Shannon-Wiener Index (Shannon and
Weaver, 1949), it was found that in the 316 rai (1 hectare=6.25 rai) of community
forest, there was 30 vegetation species in 33 families. The species diversity index
was equivalent to 2.514 from the highest possible index of 3.497. It showed that
the evenness of the dispersion index was equivalent to 0.719 as shown in Table 2.

Table 2. The species diversity index

Community . Number | Number of .
forest Area (rai) type families H Himax J
Nongbua- | 3¢ 33 23 2,514 3.497 0.719
nonmee

Data analysis results:
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Figure 2. The carbon stock from MRV tool

1) The researcher has taken results from the tree measurements during the
field survey of people in the community to calculate the amount of carbon stock
in the community forest with allometric equation. The data analysis results found
that 316 rai of community forest was able to complete the carbon stock that was
equal to 1,433.64 tCO, or equivalent t05,256.66 tCO,e.
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2) Login to the MRV system, it required

(1) Indicate qualities of the project based on the types and climate zone as
well as contact detail for authorized person for the data management of the
project.

(2) It required area scope for the study of the project, area of the
educational institution, and location data on sample permanent lot used for the
measurement in the field survey based on GPS to display the mapping data in the
project.

(3) It required data analysis method, the analysis result of the carbon stock
from MRV tool (Figure. 2) found that 316 rai of the community forest was able to
held carbon stock that was equal to 1,380.36 tCO, or equivalent to 5,061.32
tCOze.

3) The results from the data analysis with geoinformatics technology in this
research project can be, as seen in Figure. 3.
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Figure 3. MSAVI-2 analysis

The FVC value was made to find the relation with the amount of carbon
stock from the field survey, which results in the relation equation of
y=1.1952e%%%%* and the coefficient of determination of r?=0.890. The equation
was taken to calculate for the amount of carbon stock in 316 rai of the community
forest, the amount of carbon stock was equal to 1,379.46 tCO, or equivalent to
5,058.01 tCOqe.
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The results from the data analysis from the field survey, MRV online tool, and
Geoinformatics Technology found that the Nongbua-nonmee community forest
can complete the process of carbon stock that is equivalent to 5,256.66 tCO.e,
5,061.32 tCOye, 5,058.01 tCO,e respectively.
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Figure 4. FVC analysis

In addition, the study also found that the result was in the same direction
with other research such as: Estimation of carbon stock in south of western
Carpathians from Moldova Noua forest district using G.1.S. data from
managements plans (Chivulescu and Schiteanu, 2017), Improvement the
evapotranspiration estimates using Remote Sensing Techniques and Fuzzy
Regression (Parviz, 2018), and Community forest for global warming mitigation:
the technique for estimation of biomass and above ground carbon storage using
remote sensing method (Uttaruk and Laosuwan, 2018).

CONCLUSIONS

This research project was to propose methods of estimation for above
ground carbon stock in Nongbua-nonmee community forest, Bua Kho Sub-
district, Mueang District, Maha Sarakham province, Thailand. Considering the
study, the estimation of carbon stock requires no field study in all areas which
will reduce the expense of field study and also reduce the time of researching
while the data will be up-to-date and respond the demand of data in the abreast
time. For this research project, it used advanced technology and applied to
evaluate the carbon stock in the community forest that was convenient, quick, and
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reliable. The project used MRV online tool and Geoinformatics technology. Thus,
the estimated result of the carbon stock was taken to test for the accuracy with
Pair Sample T-test, it was found that all three methods have a statistically
significant of 95%. Each of the methods can be chosen to evaluate the carbon
stock for the community forest.
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