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ABSTRACT

Thinning effects comparisons were undertaken based on two selective thinning options-thinning from
below (TB) and thinning from above (TA)-and no thinning (NT). Growth and tree characteristics were investigated
using the SIBYLA growth simulation program (originally designed for Czech forests) that was adapted to simulate
the growth characteristics of tree species available in Thailand. Specifically, Carpinus viminea (Betulaceae) was
chosen as a representative Thai species. The study investigated the effects of TB, TA, and NT on tree productivity
(mean height, mean diameter, volume per stem, volume per hectare), biomass, and biodiversity. Pairwise
comparisons and statistical analysis were applied. Based on the results, TB could increase the growth potential of
trees after thinning more than TA and NT. Although there were similar results for TB and TA in each period, the
TB data were slightly higher. However, TA and TB were not significantly different in productivity yields (p>0.05).
Therefore, both TA and TB would be effective in increase production yields.

Based on the study, selective thinning model of growth using the SIBYLA program substantially reduced
the computational and practical workload. This opens possibilities for further exploration of thinning algorithms
and their integration into the SIBYLA program, for application in forestry simulations or the management of

Thailand’s diverse plantation forests.

Keywords: Carpinus viminea; Thinning; Growth simulation; SIBYLA
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INTRODUCTION

Thinning is the selective removal of trees from
a forest stand to improve its overall health, growth,
and biodiversity. There are many different approaches
that can be applied such as thinning from above (TA)
and thinning from below (TB) (Ekholm et al., 2023).
TA involves the removal of trees from the upper
canopy, involving some dominant and co-dominant
trees. In contrast, TB removes trees from the lower
canopy, involving suppressed and sub-dominant
trees. Both these methods focus on opening space
for the remaining trees in the stand to encourage the
development of clumps of dominant trees that are
distributed depending on the purpose of each
thinning practice (Kerr and Haufe, 2011).

SIBYLA was developed by Technical University
in Munich by Assoc. Prof. Dr. Marek Fabrika, Head
Developer in SIBYLA Triquetra Development Team,
with comprehensive documentation of the model
and software being published in 2007 SIBYLA is a
simulator that strives to imitate the behavior of trees
in the context of forest ecosystems. It consists of a
set of mathematical models and algorithms that are
combined in an integrated software package called
the SIBYLA Suite (Fabrika and Dursky, 2005).

SIBYLA can be used in Thailand to investigate
options to achieve efficient thinning using TA or TB.
Inbuilt models for species such Tilia sp., Robinia sp.,
and Betula sp. can be used to experiment with
timber harvesting experimental applications and to
simulate a treatment or productivity goal based on
various methods in the software (Fabrika, 2002).
However, because of climatic, edaphic, and species
distribution differences, the European-based models
available for use in SIBYLA limit its applicability in

Thailand. Consequently, Carpinus viminea was

selected as the most suitable tree species in the
SIBYLA software to model the Thai situation. An
additional goal of the study was to test the
operational efficiency of the software when applied
to the Thai situation.

Capinus viminea Lindl. ex Wall (Himalayan
Hornbeam) from the Betulaceae family is a medium-
sized deciduous tree that usually grows to a height
of 10-20 m. The wood is moderately hard and is
used for fuel, making furniture, decorations, sports
articles and weaving shuttles. Himalayan hornbeam
can be found in the Himalayas, China, and Southeast
Asia (De Langhe, 2013), including in northern and
northeastern Thailand, typically at altitude of 800-
2,600 m, such as in Doi Inthanon National Park in
Chiang Mai province, Phu Kradueng National Park in
Loei province, and Namnao National Park in
Phetchabun province (Thiangburanatham, 1999)
These trees are considered potential landscape
plants that can be domesticated and cultivated as
one of several species for use as a resilient tree
urban planting (Dirr, 2009). Nonetheless, although a
small number of these trees have been recorded in
forests or national parks in Thailand, in general, this
species represents a resource that is currently

relatively unused.

MATERIALS AND METHODS

Study function and implementation of
SIBYLA program

The main use of the SIBYLA growth simulation
software in forest management and thinning model is
for empirical forest modeling, using functions and
features such as lecturer, generator, medium,
cultivator, prophet, calculator, explorer, analyst, and

expert (Fabrika, 2003) as shown in Figure 1.
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Figure 1 The SIBYLA growth simulator workflow chart

Input data from practical section and set

up program

As shown in Figure 1, the initial tree data (DBH,

height, tree coordinates from GPS) collected in Nam
Nao National Park were entered into the generator
function. Next, the type of forest and desired forest

area were defined for the model. Then, program

* SIBYLA - 30 Dxplorer
File About

Aoae®x</tio

simulates tree growth by generating simulations after
specifying the length of period and number of
periods. The results are automatically processed
using the prophet features (Figure 2). The current
study used 8 periods each being 5 years in the
generation of the simulation, with thinning occurring
8 times 5 years apart, with a mean age range of 24-
59 years.

,il '.ll.llllljllilllll L[] mim T UL Ll L L]

§
4

Figure 2 3D-Structure simulation plot model of Carpinus viminea
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Simulation and analysis of thinned forest

After processing the 3D-Structure, the next
step used the calculator model to process various
results from the simulated plots such as production,
costs, biomass, biodiversity, and returns. Then,
applying the cultivator sets the parameters for
various thinning practices of interest. The current
study applied the TB, TA, and NT options based on

(a)

thinning 20% of the standing volume to study the
implementation of the program. The results from
cultivator were run through the prophet function to
simulate and estimate the growth, mortality,
competition, and other forest dynamics parameters
for each plot. Next, the results from the simulated
plots were displayed in the explorer function using
characteristics, such as mean age, diameter, and

height, for each thinning period (Figure 3).

| H TS LI &

(b)

Figure 3 3D-Structure of Carpinus viminea for no thinning plot (a) and thinning plot (b)

Data analysis

The outputs from the explorer function were
exported into a Microsoft Excel spreadsheet and
sorted and managed as group data. Then, options
were applied to provide trendlines and graphs for the
different options simulated. Next, data were analyzed
for relationships between mean age and other
variables using ANOVA and the least significant
difference (LSD) as a post hoc test, with pairwise
comparisons used to evaluate thinning relationships
between each thinning practice based on significant
differences in the data, calculated using the IBM SPSS

Statistics program.

RESULTS AND DISCUSSION

Results

Mean diameter

The NT option produced the biggest mean
diameter (38 cm) at a mean age of 59 years, while TB
produced a mean diameter of 42 cm at a mean age
of 59 years. Lastly, TA produced a mean diameter of
42 cm at a mean age of 59 years. There were high
coefficients of determination (R?) values for TB and
TA with the mean diameter (R = 0.937 and R® =

0.931, respectively), as shown in Figure 4.
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Figure 4 Mean diameter of each thinning practice with age
Mean height
At age 59 years, the mean heights for the NT,
TB, and TA options were 18.30 m, 18.33 m, and 18.16

determination values (R?= 0.937 and R? = 0.945,
respectively) with the mean height (Figure 5).

Therefore, all three simulated practices could

m, respectively. TA and TB had high coefficient of

20

Diameter (m)

20 25 30 35 40

45

produce an increase in tree height with time.

—o—NT
—e— 1B

TA

50 55 60 65

Mean age (year)

Figure 5 Mean height of each thinning practices

Mean volume per stem and per unit area

The mean volume after thinning can be
separated into two parts: mean volume per stem and
mean volume per hectare. The values for the mean
volume per stem (Figure 6a) were 0.558 m’ 0.686 m’,
and 0.660 m>, for NT, TB, and TA, respectively, with
the age and stem volume for TB and TA both having

high coefficient determination values (R* = 0.926 and
R’ = 0.929, respectively). The values for the volume
per hectare (Figure 6b), at the mean age of 59 years
for NT, TA, and TB were 55 m>/ha, 10 m>/ha, and 10
m>/ha, respectively. However, the coefficient
determination values for TA and TB were very weak
(R*= 0.116 and R = 0.101, respectively), indicating
that TB and TA were not correlated to NT.
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Figure 6 Mean volume per stem (a) and Mean volume per hectare (b) for each thinning practice

Biomass foliage. The highest biomass values were 55.800 t/ha,

13.066 t/ha, and 13.062 t/ha for NT, TB, and TA,

The total biomass in kilogram dry matter per respectively. Figure 7 illustrates that biomass had a

hectare was analyzed, which included the root and weak coefficient of determination with TB and TA (R
stump with bark, wood, bark, branches with bark, and = 0014 and R? = 0.063, respectively).

60

50

40

% 30 —o—NT
,S —— 1B
“ 20
TA
10
0
20 25 30 35 a0 45 50 55 60 65
Mean age (year)
Figure 7 Biomass of each thinning practice
Biodiversity vertical structure, tree spatial structure, tree spatial
distribution, and crown differentiation. Figure 8 shows
The forest biodiversity was calculated using that NT had the highest summary index of biodiversity
the calculation of total diversity from Jaehne and (2.778) at a mean age of 24 years. TB and TA had the
Dohrenbusch (1997), using the aggregation of the same highest value for the summary index of
partial components of diversity such as diversity of biodiversity (2.778) at a mean age 24 of years.
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Figure 8 Biodiversity of each thinning practice

Discussion

Comparing the thinning practices, TB had
slightly higher production than NT and TA based on
the values for mean diameter and mean height.
Hence, after thinning, TB offered larger and taller
trees compared to TA. TB reduced competition for
resources among the remaining trees, leading to
improved growth and quality. This thinning practice
would favor more vigorous and commercially
valuable trees. In contrast, while heavy crown
thinning promotes faster growth for some trees, it
ultimately reduces overall tree quality. Therefore, TB
would be more effective in maintaining a balance
between growth and quality, making it more suitable
for some commercial purposes. Even though there
were no significant differences between thinning
practices (Novosadova et al, 2024), hence, both
thinning practices promoted similar growth for
Carpinus viminea according to the SIBYLA growth
simulation program. Mcdowell et al. (2003) reported
that a stand density reduction resulted in increased
growth of individual trees via increased stomatal
conductance, with a strong relationship between
basal area increment and the modelled ratio of
photosynthesis, suggesting that changes in water
availability and stomatal conductance have a
significant effect on carbon assimilation and growth
of these trees.

TB produced the highest mean volume per

stem of the three practices simulated, whereas NT

had the greatest mean volume per hectare. The
thinning reduced the number of trees resulting in an
immediate reduction in the mean tree volume for
the plot area. Therefore, NT had a greater mean
volume per area. For the same reason, NT produced
the greatest amount of biomass among the thinning
practices. This was consistent with Simon and
Ameztegui (2023), who reported increasing biomass
extraction through harvesting reduced carbon storage
in forests, leading to increased nitrogen and carbon
leaching. Similarly, intensifying thinning and
shortening the rotation period decreased the carbon
stored in trees; while this might increase wood
availability for products, it may not fully compensate
for the overall carbon loss within the forest
ecosystem (Zanchi et al., 2014).

NT had the highest summary index, indicating
greater biodiversity. Conversely, TA showed a notable
trend of a decrease in the summary index, signifying
intensified artificial management. The impacts of TB
and TA on the mean diameter, mean height, and
mean volume per stem, contributed to consecutive
increases in tree growth over time. However, the
mean volume per hectare and the biomass decreased
if either of the two thinning practices were applied
(Zhao et al., 2022).

Table 1 shows that there were no significant
differences (p > 0.05) in diameter, height, and volume
per stem between the thinning practices, while there

were significant differences (p < 0.05) in mean
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volume per ha, biomass, and biodiversity. Thinning
practices influenced the overall structure, density,
and composition of the forest stand, leading to
notable changes in these variables. These findings
underscored the importance of considering the
broader ecological impacts of thinning practices on

forest ecosystems. For example, the highest

mushroom production resulted when from the
simulated heaviest thinning intensity, with a strong
interaction with thinning frequency; if frequent and
heavy thinning operations were carried out, the basal
area would drop below the optimal, resulting in a
decline in mushroom production (Simon and
Ameztegui, 2023).

Table 1 Significance differences in relationships between thinning practices

Variable NT-TA NT-TB TA-TB
Mean diameter 0.288 0.251 0.929
Mean height 0.978 0.894 0916
Mean volume per stem 0.501 0.429 0.903
Mean volume per hectare 0.001 0.001 0.960
Biomass 0.000 0.000 0.959
Biodiversity 0.005 0.001 0.589

The simulation program did not allow full
access to features for external users; consequently,
only a limited variety of tree species were available
and it was not possible accurately specify
topographical and climatic conditions for use in
Thailand. Therefore, full access to allow specific Thai
conditions (species, topography and climate) would
facilitate simulating the growth of trees in natural
forests and in plantations for broader use by

organizations in the future.

CONCLUSION

Based on the statistical analysis, there were no
significant (p > 0.05) differences between TA and TB
for the growth parameters modeled (mean diameter,
mean height, and mean volume per stem), indicating
that both practices could increase productivity yields.
However, the mean volume per hectare, biomass,
and biodiversity for TA and TB were all significantly
(p<0.05) lower than for NT. The removal of some
trees in either TA or TB resulted in reductions in
productivity, while NT resulted in continuous growth
in productivity, leading to a proportional increase in
biomass values corresponding to tree sizes.
Additionally, both mean volume per hectare and

biodiversity increased in tandem with tree growth.

In conclusion, both TB and TA can be used as
thinning practices in Carpinus viminea (Himalayan
Hornbeam) to increase productivity yields and the
growth response of the trees. Nevertheless,
considering other productivity factors, such as
volume per hectare, biomass, and biodiversity, NT

may be the more suitable alternative.
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ABSTRACT

Landsat 7 and 8 satellite data were used to analyze the factors influencing land use change in the mangrove
land use zone, Trang province between 2002 and 2022. The multi-factor decision analysis method (MCDA) was
applied to analyze and prioritize the factors influencing encroachment in mangrove land use zones. Then, these
factors were used in a geographic information system to map the areas at risk of encroachment in mangrove land
use zones.

Based on the results, the factors that had the greatest levels of influence in encroachment on mangrove
land use zones were elevation, land use, slope, population density, distance from road, distance from villages and
soil series with weight values of 0.35, 0.26, 0.18, 0.11, 0.06, 0.03 and 0.01, respectively. Risk of encroachment in
mangrove land use zones was classified into four levels: high risk, moderate risk, low risk and no risk, covering
21.91, 70.65, 5.87 and 1.57% of the total risk area, respectively. The results of the study could be used in guidelines

for preventing encroachment in the mangrove land use zone of Trang province.

Keywords: Geographic information system; Supervised classification; Multi-criteria decision analysis;

Risk area for encroachment
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Figure 1 Method for studying land use classification and land use change (Chucheep, 2018)
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Figure 2 Analysis of risk areas of encroachment (Malzewski,
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Table 1 Factors and ranking scores for areas at risk of encroachment

Factor Category

Ranking score Reference

1. Elevation (m) <10

> 10-25

> 25-40

> 40-55

> 55
2. Slope (%) <8
> 8-16
> 16-35
> 35-60
> 60%
0-2,000
> 2,000-3,000
> 3,000-4,000
> 4,000-5,000
> 5,000
0-2,000
> 2,000-4,000
> 4,000-6,000
> 6,000-8,000
> 8,000

3. Distance from road (m)

4. Distance from villages (m)

5 (Praphai, 2008)

(Jakjum, 2004; Praphai, 2008)

(Praphai, 2008)

(Praphai, 2008)

5. Land use

6. Population density
(persons/square meter)

7. Soil series

1. Forest land

2. Agricultural land

3. Urban and built-up land
4. Water

5. Miscellaneous

> 3,000

> 1,000-3,000

> 300-1,000

< 300

1. Suitable for crops

2. Unsuitable for crops

O, P N OVWOUPAPAEFELPNOVOPALAPULFELDNOOPRLPOOOEFEDNOOWPALAOOELNOOPRLEOGORFRLDNWRA

(Ket-ord, 2015)

(Yeroh, 2017)

(Morakotkheaw, 2008)
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Figure 3 Land use mapping in mangrove land use area for 2002 (left) and 2022 (right), Trang province
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fuvesteyalagninsiualea1ad AudUun (Kappa
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Table 2 Producer 's and User 's accuracy assessment
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ANUADAARDITTAUFY 619 Table 2

Training area

Producer 's accuracy (%)

User 's accuracy (%)

1. Harbor 100.00 100.00
2. Aquaculture area 100.00 100.00
3. Mangrove forest 100.00 100.00
4. Beach forest 100.00 100.00
5. Moist evergreen Forest 80.00 80.00
6. Scrub 100.00 87.50
7. Agricultural area 90.00 100.00
8. Beach 100.00 60.00
9. Urban and Built-up land 100.00 100.00
10. Tidal flat 100.00 100.00
11. Sea River, Canal 83.33 100.00

Overall accuracy = 96.26 %

Kappa = 95.51 %
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Figure 5 Land use change map in mangrove land use zone, Trang province between 2002 and 2022
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Table 3 Land use change in mangrove land use zone of Trang province between 2002 and 2022

Land use classification Year 2002 Year 2022 Change

ha (%) ha (%) (ha, +/-)
1. Harbour 3.23 0.00 15.84 0.00 +12.61
2. Aquaculture area 1,933.96 0.48 1,673.26 0.42 -260.70
3. Mangrove forest 35,733.30 8.90 40,441.62 10.07 +4,708.32
4. Beach forest 166.16 0.04 633.20 0.16 +467.04
5. Moist evergreen Forest 305.18 0.08 209.68 0.05 -95.50
6. Scrub 315.36 0.08 390.09 0.10 +74.73
7. Agricultural area 3,056.78 0.76 3677.71 0.92 +620.93
8. Beach 4,167.37 1.04 1,338.27 0.33 -2,829.09
9. Urban and built-up land a5.77 0.01 128.11 0.03 +82.34
10. Tidal flat 1,564.91 0.39 868.48 0.22 -696.42
11. Sea, River, Canal 354,153.62 88.22 352,069.36 87.70 -2,084.26

Total 401,445.63  100.00 401,445.63 100.00 -
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Table 4 Weight score by rank exponent

W15 tun1sinaInuAudIAyUeIdadun1uns
Jipswriargrniminvetladesae3s Ranking method
WUU Rank exponent laguaninauginisdndulaluunany
wanNa (MCDA) § anaveinsdnaiduanuddeylu
nsRsaseuiisunisidadimingae3s Sadu
AUEALYVRIUadE Fa Table 4

Factor Straight (n-rj+1) Rank exponent Normalized
ranking (r)) weight (n-rj+1) P, P=2 weight

1. Elevation (m) 1 7 49 0.35
2. Land use 2 6 36 0.26
3. Slope (%) 3 5 25 0.18
4. Population density 4 4 16 0.11
5. Distance from road 5 3 0.06
6. Distance from villages 6 2 4 0.03
7. Soil series 7 1 0.01

Total 28 140 1.00
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Table 5 Level of risk of encroachment in mangrove land use zone, Trang province

Thai Journal of Forestry 43(2): 10-24 (2024)

Risk level Sub-district Area
ha (%)
High risk 1. Tambon Kantang Tai 4,082.37 8.27
2. Tambon Na Kluea (onshore) 2,757.90 5.59
3. Tambon Hat Samran 2,413.27 4.89
4. Tambon Koh Sukon 996.11 2.02
5. Tambon Bang Pao 486.26 0.98
6. Tambon Kantang 81.20 0.16
Moderate risk 7. Tambon Suso 3,662.06 7.42
8. Tambon Koh Libong (onshore) (Koh Libong, Koh Marahan, Koh 3,500.14 7.08
Chao Mai)

9. Tambon Tha Kham (onshore) (Koh Lonton, Koh Konkuen) 3,390.04 6.86
10. Tambon Khao Mai Kaeo 3,032.90 6.14
11. Tambon Tase (onshore) (Koh Tukia, Koh nok) 2,741.37 5.56
12. Tambon Bang Sak 2,305.61 4.67
13. Tambon Lipang 2,302.16 4.66
14. Tambon Thung Krabue 2,184.64 4.42
15. Tambon Ba Wi 1,973.50 4
16. Tambon Bo Hin (onshore) (Koh Loun Loun, Koh Pee, Koh 1,808.22 3.66

Sankabuen)
17. Tambon Ban Na 1,749.75 3.54
18. Tambon Thung Yao 1,694.72 3.43
19. Tambon Wangwon 1,565.39 3.17
20. Tambon BuNam Ron 907.83 1.84
21. Tambon Khlong Chi Lom 786.89 1.59
22. Tambon Kalase 475.12 0.96
23. Tambon Bang Mak 276.76 0.56
24. Tambon Yan Sue 220.86 0.45
25. Tambon Khlong Lu 109.51 0.22
26. Tambon Thung Khai 89.53 0.18
27. Tambon Mai Fat (Koh Meng, Koh Pling) 40.22 0.08
28. Tambon Koh Tului Yai (Koh Leng Tai, Koh Leng norn) 37.89 0.07
29. Tambon Kuan Thani 17.20 0.03
30. Tambon Koh Sukon (Koh Chap Pi Yai) 9.20 0.02
31. Tambon Na Kluea (Koh Luk Mai, Koh nok) 4.99 0.01
Low risk 32. Tambon Mai Fat (Jade beach) 2,896.85 5.87
No risk 33, Tambon Koh Libong (Koh Mook, Koh kardan) 775.81 1.57
Total 49,376.27 100.00

Remarks: Not including area sea, river and canal
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ABSTRACT

Granular biochar from coconut shell waste was produced in a 50 L heat-insulated iron kiln using the methods
of argon non-thermal atmospheric pressure plasma and high temperature steam at 700 °C for iodine adsorption
improvement. The experiments were divided into 4 groups: control, treated biochar with plasma for 1 hr, treated
biochar with 700 °C steam for 1 hr and treated biochar with 700 °C steam for 30 min, following treatment with
plasma for 30 min. For estimation of iodine adsorption, 2 ¢ of biochar were tested with 0.0048 M iodine solution
(25 mL) using centrifugation with a magnetic bar for 3 min. The iodine solution after centrifugation was measured
for absorbance at a wavelength of 350 nm. Based on the results, the biochar treated with 700 °C steam for 1 hr
had the highest efficiency (14.38+0.13 mg/g), with the iodine adsorption rate increasing by 3.9 times that of the
control experiment. On the other hand, the biochar treated with plasma had the lowest efficiency (2.24+1.20

mg/g), with the iodine adsorption rate decreasing to 0.6 times that for the control experiment.

Keywords: Argon non-thermal atmospheric pressure plasma; Treated biochar with steam at high temperature;

Coconut shell biochar; lodine adsorption
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Figure 2 Schematic diagram of internal structure of high temperature controllable electric furnace. Electrical power
and internal volume of 1,500 W and 15,400 cm® (20 cm width x 22 cm height x 35 cm front to rear depth),
respectively (a). Photograph of stainless-steel chamber (7 cm diameter x 15 cm height) for biochar

activation (b)
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Figure 7 Example of absorbance spectra measured using spectrophotometer in spectral range 300-500 nm
obtained from 20-fold dilution of 0.0048 M test iodine solution
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Table 1 Absorbance peak (abs|—3) measured using spectrophotometer at 350 nm representing remaining triiodide

(I5) after granular biochar in test iodine solution centrifugation
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1 6.66 0.25 7.67 0.55
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deviation 2.35 0.23 2.04 0.65
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Figure 9 Appearance of iodine solution centrifuged for 3 minutes with 2 ¢ of granular biochar (1), 700 °C-treated

biochar with steam (2), treated biochar with plasma (3) and 700 °C treated biochar with steam + treated

biochar with plasma, with 25 mL of test iodine solution
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Using CA-Markov Model and Landsat 8 Imagery Data for Land Use Prediction in
Thale Noi Non-hunting Area
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ABSTRACT

Both present and future land use planning can utilize remote sensing technology to monitor changes in
land use, especially in areas with worldwide importance. This research studied land use types derived from Landsat
8 satellite imagery in 2015, 2019 and 2023 and land use changes during 2015-2019 and 2019-2023. Land use
prediction for 2023 was developed based on a CA-Markov model in the Thale Noi Non-hunting Area and then was
applied to predict land use change in 2027. The Landsat 8 imagery was classified based on a visual interpretation
technique into 5 land use categories: 1) urban and built-up land; 2) agricultural land; 3) forest land; 4) water body;
and 5) miscellaneous land.

Based on the results of the study, land use in 2015, 2019 and 2023 was predicted with overall accuracy
levels of 94.59, 97.30 and 97.30%, respectively with Kappa statistics of 0.92 0.96 and 0.96, respectively. During
2015-2019, the greatest decrease in area was for forest land (939.03 ha), whereas the greatest increase was for
miscellaneous land (966.99 ha). Similarly, during 2019-2023, the greatest decrease in area was for forest land (75.96
ha), with the greatest increase being again for miscellaneous (79.03 ha). Land use prediction in 2023 in the Thale
Noi Non-hunting Area, calculated using the CA-Markov model, had an overall accuracy of 91.89%, with a Kappa
statistic of 0.89. Analysis of the trends driving predicted land use change in 2027 indicated that agricultural land,
forest land and water bodies tended to continue to decrease, whereas miscellaneous land and urban and built-

up land tended to continue to increase.

Keywords: Land use; Prediction; CA-Markov
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Figure 2 Flowchart for prediction of land use using CA-Markov model

41




Thai Journal of Forestry 43(2): 37-50 (2024)

NakaziIasel

A15UNUSLNNNIT MUl vUN AU

nsfnunisliuselonifinuuinosunitanda i
nziaves Ianan1ssuunUssnnnislduselondviau
samun 5 Usgian Tdun A ufiqusuuazdsgnadne (U)
Nufnunsnssa () tuilsl ) fuiudai W) wazituil
Doumda (W) Tnei uil Anwdsog lunieldvesszmelne
Buiuiifinunnynaaeaisdilidnsuadeaunly
Toyanmauiisugainiiniadu 9 luussmalne 3414
watlAn1sLUafA1uAwa1807 (visual interpretation)
§ 198 f15n1n0eA Usenauveanisulafinaunn
laun 3UT19 (shape) vuna (size) Ananduvesduasd
(tone and color) o0 (texture) ANE LAz (height
and shadow) 3ULUV (pattern) 4 (site) A2744A Basiu
(association) ( Geo-Informatics and Space Technology
Development Agency (Public Organization), 2009)
wanaswandennisldussloviiaulud we. 2558 2562
WAz 2566 M4 Figure 3

INNIATIAFBUANYNABIVDINTIILUNYTELAN
nslduszloniiAusegansaaeunugniosdy
37 9a $198adoyailinsiaaeuninugnieslaglidoya
nsliusglovifiAuannsuiaunfidud na. 2557 waz
2561 Tagmsidsuuvamislivszlomiffuaziidaaves
n13iUd suntasi asiulddaauluszes 3.0 99uly
Tnedeyaiithunsivasutresuiszessing 1 9 9indeya
nslduszlonia audAdnwidsanunsatuduteya
Funumsliusglonifiauvesd wa. 2558 uaz 2562 16
wardoyan1sd1sianinauind w.a. 2566 Wuin
ANugFesvesnIsTunUssLannsliUsleniAaud
WA, 2558 2562 Wag 2566 diATesazanugnaadlagsiy
Windu 94.59 97.30 wag 97.30 ANAIAU WarilAn
Fuusednsuauun 0.92 0.96 kag 0.96 AINEIFY
TnoArduUszdns uavurddrauaonndosuinni
0.80 Fvogluinasianin (Landis and Koch, 1977) uang
swaziBundrfesaznmgndedlnesiuuazadilsyas
U Tul wa. 2558 2562 uay 2566 s Table 1

Table 1 Details for land use, overall accuracy and Kappa statistics for land use classification in Thale Noi Non-

hunting area for 2015, 2019 and 2023

Land use type Area in 2015 Area in 2019 Area in 2023
(ha) (%) (ha) (%) (ha) (%)

Urban and built-up land 534.91 1.16 592.39 1.29 596.16 1.30
Agricultural land 19,310.92 42.04 19,224.53 41.85 19,217.85 41.84
Forest land 17,041.52 37.10 16,102.49 35.05 16,026.53 34.89
Water body 2,958.45 6.44 2,959.40 6.44 2,959.40 6.44
Miscellaneous 6,089.49 13.26 7,056.47 15.36 7,135.35 15.53
Total 45,935.29  100.00 45,935.29  100.00 45,935.29  100.00

Overall accuracy (%) 94.59 97.30 97.30

Kappa statistic 0.92 0.96 0.96

42



2M58159UAERSINY 43(2): 37-50 (2567)

Land use in 2015

616000 623000 630000 637000 616000 623000
1 l

Land use in 2019

Land use in 2023

630000 637000 616000 623000 630000 637000

889000
000688

882000
000Z88

875000
.

0005L8

868000
000898

861000
000198

854000
000558

000688
000688

000Z88
000Z88

000sLe

000518

000898
000898

000198
000198

000ps8
00058

T T
616000 623000 630000 637000 616000 623000

Legends
Thale Noi Non-hunting Area boundary (| Forest land
Urban and built-up land [ Water body

Agricultural land

630000 637000 616000 623000 630000 637000

[ |
[ ] Scale  1:350,000

0 4.5 9 135 18 km
(| EEaa— SS—"

Miscellaneous land

Figure 3 Land use classification in Thale Noi non-hunting area for 2015, 2019 and 2023
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Table 2 Comparison of land use change during 2015-2019
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Land use type Area in 2015 Area in 2019 Area land use changes
(ha) (%) (ha) (%) (ha) (%)

Urban and built-up land 534.91 1.16 592.39 1.29 +57.48 +2.80
Agricultural land 19,310.92 42.04 19,224.53 41.85 -86.39 -4.21
Forest land 17,041.52 37.10 16,102.49 35.05 -939.03 -45.79
Water body 2,958.45 6.44 2,959.40 6.44 +0.96 +0.05
Miscellaneous land 6,089.49 13.26 7,056.47 15.36 +966.99 +47.15
Total 45,935.29  100.00 45,935.29  100.00 2,050.84 100.00

Remarks: (+) = Increase, (-) = Decrease
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Table 3 Transition matrix of land use change during 2015-2019

Land use in 2019 (ha)

Land use type

U A F w M Total
u 534.91 0.00 0.00 0.00 0.00 534.91
Land use A 55.16 19,116.44 138.37 0.96 0.00 19,310.92
in 2015 F 2.32 108.09 15,961.90 0.00 969.20 17,041.52
(ha) W 0.00 0.00 0.00 2,958.45 0.00 2,958.45
M 0.00 0.00 2.22 0.00 6,087.27 6,089.49
Total 59239  19,224.53  16,102.49 2,959.40 7,056.47 45,935.29

Remarks: U = Urban and built-up land, A = Agricultural land, F = Forest land, W = Water body, M = Miscellaneous
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Figure 4 Example of land change from forest to miscellaneous during 2015-2019
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Figure 5 Example of land change from forest to miscellaneous during 2019-2023
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Table 4 Comparison of land use change during 2019-2023

2019 2023 Land use change
Land use type
Area (ha) (%) Area (ha) (%) Area (ha) (%)
Urban and built-up land 592.39 1.16 596.16 1.29 +3.77 +2.28
Agricultural land 19,224.53 42.04 19,217.85 41.85 -6.68 -4.04
Forest land 16,102.49 37.10 16,026.53 35.05 -75.96 -045.96
Water body 2,959.40 6.44 2,959.40 6.44 0 0
Miscellaneous 7,056.47 13.26 7,135.35 15.36 +78.88 +47.72
Total 45,935.29  100.00 45,935.29  100.00 165.30 100.00
Remarks: (+) = Increase, (-) = Decrease
Table 5 Transition matrix of land use change during 2019-2023
Land use in 2023 (ha)
Land use type
U A F w M Total
U 592.39 0.00 0.00 0.00 0.00 592.39
Land use A 3.77 19,194.11 0.00 0.00 26.65 19,224.53
in 2019 F 0.00 2374 16,026.53 0.00 5223  16,102.49
(ha) W 0.00 0.00 000  2,959.40 000 2,959.40
M 0.00 0.00 0.00 0.00 7,056.47 7,056.47
Total 596.16 19,217.85 16,026.53 2,959.40 7,135.35 45,935.29

Remarks: U = Urban and built-up land, A = Agricultural land, F = Forest land, W = Water body, M = Miscellaneous land
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Table 6 Comparison of land use in 2023 between CA-Markov model and from visual interpretation

CA-Markov model

Visual interpretation Different land use

Land use Type

Area (ha) % Area (ha) % Area (ha) %
Urban and built-up land 592.70 1.29 596.16 1.29 -3.46 -0.21
Agricultural land 19,190.19 41.78 19,217.85 41.85 -27.66 -1.65
Forest land 15,222.07 33.14 16,026.53 35.05 -804.46 -47.94
Water body 2,956.00 6.44 2,959.40 6.44 -3.40 -0.20
Miscellaneous land 7,974.33 17.36 7,135.35 15.36 +838.98 +50.00
Total 45,935.29 100.00 45,935.29  100.00 1,677.36 100.00
Overall accuracy (%) 91.89 97.30
Kappa statistics 0.89 0.96

Remarks: (+) = Increase, (-) = Decrease
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Figure 6 Land use change in 2023 using (a) CA-Markov model and (b) Visual interpretation
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Table 7 A comparison of the land use predicted using CA-Markov model in 2023 and 2023

Land use in 2023 Land use in 2027 Different land use
Land use Type (CA-Markov) (CA-Markov)

Area (ha) (%) Area (ha) (%) Area (ha) (%)
Urban and built-up land 592.70 1.29 596.00 1.30 +3.30 +2.04
Agricultural land 19,190.19 41.85 19,184.69 4176 5.5 -3.40
Forest land 15,222.07 35.05 15,146.87 3297 75.2 -06.53
Water body 2,956.00 6.44 2,955.90 6.43 -0.1 -0.06
Miscellaneous land 7,974.33 15.36 805183 1753 +77.5 +47.96
Total 4593529  100.00 45,935.29  100.00 161.60 100.00

Remark : (+) = Increase, (-) = Decrease

Legends
Thale Noi Non-hunting Area boundary (] Forest land ] A
Urban and built-up land [ | Water body || Scale  1:350,000
Agricultural land Miscellaneous land 0 a5 9 135 18 km

[ EE—— SS—

Figure 7 Comparison of land use prediction using CA-Markov model in 2023 (a) and 2027 (b)
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Comparison of Land Use Classification Methods

Using Landsat 9 Data in Eastern Economic Corridor, Thailand
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ABSTRACT

Visual interpretation of satellite data, supervised classification (maximum likelihood) and a random forest
(RF) algorithm were used in the Eastern Economic Corridor (EEC), Thailand to classify land use into 5 categories:
forest; water body; agriculture; urban and built-up land; and miscellaneous land. The information was interpreted
from Landsat 9 OLI-2 data at a spatial resolution of 30 m. In addition, the GIS overlay technique was used to
compare the results of land use classification between visual interpretation and the automated analysis techniques.

Based on the results, 13,343.03 km? of the Landsat 9 OLI-2 data within the EEC could be classified, with
visual interpretation producing the highest overall accuracy (97.30%), followed by the RF algorithm (67.57%) and
then the maximum likelihood method (64.86%). The comparison revealed that 8,441.25 km? (63.26% of the EEC),
encompassing all 5 land use categories, matched with the visual interpretation results when applying the RF
algorithm and supervised classification methods via the GIS overlay technique. Thus, the RF algorithm
outperformed supervised classification in accurately classifying land use within the EEC.

Keywords: Random forest; Land use classification; Landsat 9; Eastern Economic Corridor
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Figure 1 Area designated under Eastern Economic Corridor in eastern Thailand
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Random forest @sldn1snsasdoya (filtering) Memaila
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N1IATUINNITANTIVABUAIUYNABINIAAUIY
Taeld@uni1sA1uanians Congalton and Green (2019)
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Z(p)a) .
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7iau Tneldm13519 Error matrix (Story and Congalton,
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AANERNATEITRITRLA anunsauuals 6 ¥ie (Table 1)
(Landis and Koch,1977)

Table 1 Benchmarks for Kappa statistic values

Kappa Statistic Strength of Agreement

< 0.00 Poor
0.00-0.20 Slight
0.21-0.40 Fair
0.41-0.60 Moderate
0.61-0.80 Substantial
0.81-1.00 Almost perfect

Source: Landis and Koch (1977)
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False Color Infrared (Bands 5 4 3)

Figure 2 Landsat 9 satellite imagery covering Eastern Economic Corridor area based on OLI-2 data recorded for
Path 128 Row 51 (128051), Path 129 Row 50 (129050) and Path 129 Row 51 (129051)
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forest (Table 2)

Table 2 Results of land use classification in ECC using different classification techniques

Unit: km?

Land use class Visual interpretation Maximum likelihood Random forest
Forest 1,633.60 2,970.74 1,975.35
Water body 520.02 204.55 190.37
Agricultural 8,557.47 7,504.52 7,762.25
Urban and built-up 1,984.48 2,430.72 3,164.98
Miscellaneous 647.46 232.50 250.08
Total 13,343.03 13,343.03 13,343.03

at19l3fd nsdauunnislduselowd A Audae
AeufiamesasiinAuianan JuAnannmariiies
Landsat 9 Path 128 Row 51 Sufinaniudi 8 ngadniey
WA 2565 7 diuaUnARUUINY vuAATLT Ba LE

nsAINIsaETeukasvaring Ndinduluduiinuuniiey

wazkUanud suiduAaed dvad ussyluganiniin
AnuRana1ale Juihlinmnadnsadeiuiiidunudluiu,
MEINYLULYNT 0NNy ua el ove AR AL LAY

Az iueen (Figure 3)

Visual Interpretation Maximum likelihood Random Forest

N

Scale 1cm =18 km

A Mm

15 30 60 90 120

Legend

[:I Eastern Economic Corridor area Agricultural land
- Forest land Urban and built-up land
- Water body - Miscellaneous land

Figure 3 Classification maps of land use types, where visual interpretation technique (subfigure A) resulted in the

highest overall accuracy on Landsat 9 satellite data. Other techniques were (B) maximum likelihood; and

(Q) random forest algorithm
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Table 3 Accuracy assessment of three classification methods used to distinguish land use types based on Landsat 9

image data

Classification Method Overall Accuracy (%)

Kappa Statistic Strength of Agreement

Visual interpretation 97.30
Maximum likelihood 64.86
Random forest 67.57

0.91 Almost Perfect
0.40 Fair
0.45 Moderate
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Figure 4 Comparison of two classification methods with results of visual interpretation technique
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ABSTRACT

The research used a study area in Phra Nakhon district: 1) to develop a system for a tree database; 2) to
collect tree data; and 3) to develop guidelines for managing green spaces and conserving heritage trees. The tree
database system was developed using Google Form applications, with the interface using Google Sheets that could
be accessed via a smartphone. The developed system allows the administrator to add, delete, edit, check data
displays and easily manage the tree data. Tree data collection on 9 roads in Phra Nakhon district identified 1,243
trees in 17 tree species. The top-5 tree species were: Pterocarpus macrocarpus, Tamarindus indica, Lagerstroemia
macrocarpa, Tabebuia rosea and Mimusops elengi. The numbers of trees identified by road name were:
Ratchadamnern 710 trees (57.21%), Krung Kasem 125 trees (10.06%), Phra Athit 116 trees (9.33%), Prachathipatai
97 trees (7.80%) Phra Sumen 52 Trees (4.18%), Phra Chan 42 trees (3.38%), Tanao 39 trees (3.14%), Samsen 37
trees (2.98%) and Fueangnakorn 25 trees (2.01%). Trees suitable for conservation as heritage trees in the Phra
Nakhon district were the Ironwood tree (Hopea odorata) near Klong Lhord, Ratchabophit temple, and the Bodhi
Tree (Ficus religiosa) in the grounds of the Chana Song Khram temple, which is a tree historically important to the
community. The developed guidelines for managing green spaces included: a survey for tree safety; improving the
landscape; coding each tree; and providing information about tree management through online network channels.
Further research should consider developing a tree data collection system and a modernized tree database; study
areas added to all 36 roads; and the creation of a route of heritage trees to assist with learning about the history

and value of the trees.

Keywords: Tree data collection; Urban trees; Heritage trees; Management
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System for a Tree Database
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Figure 4 User interface (in Thai) for tree data collection system via smartphone

Table 1 Trees along roads in Phra Nakhon

Road Number of trees Percentage Rank
Krung Kasem 125 10.06 2
Tanao 39 3.14 7
Prachathipatai 97 7.80 a4
Phra Chan, 42 3.38 6
Phra Sumen 52 4.18 5
Phra Athit, 116 9.33 3
Fueangnakorn 25 2.01 9
Ratchadamnern 710 57.12 1
Samsen 37 298 8

Total 1,243 100.00

yfanssuldinu Uszneuluaronssalalduiu
1w 17 wile laud qu (Cassia fistula L.) sayiuging
(Tabebuia rosea (Bertol.) DC.) ns (Ficus benjamina L.)

UUN3 (Peltophorum pterocarpum (DC.) Backer ex K.
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uzgann1iilulug (Swietenia macrophylla King) 8811
W9U17 (Plumeria obtusa L.) mnuﬂqdﬁﬁ 1 (Delonix regia
(Bojer ex Hook.) Rafin) %, n114 (Terminalia catappa L.)
alanunnIlusya (Polyalthia longifolia (Benth.) Hook.
f. var. pandurata) wag dunila (Lagerstroemia macrocarpa

Wall. Ex Kurz)

Table 2 Tree species along roads in Phra Nakhon district

yilamssallsl 5 Suduusn Anuduuniian e
Uszq Iwvannfigede d1udu 413 du (Gewaz 33.23)
T89A9FD Uz U 382 fu (Feuag 30.83) Bunila
WU 121 fu (Feway 9.73) vuyiusiing d1uau 52 Ay
(Fovaz 4.99) uag Wina 97U 48 du (Fouay 3.86)

SNUarLdYanu Table 2

Species Number of trees Percentage Rank
Cassia fistula 11 0.88 12
Tabebuia rosea 62 4.99 4
Ficus benjamina 8 0.64 14
Peltophorum pterocarpum 9 0.72 13
Pterocarpus macrocarpus 413 33.23 1
Millingtonia hortensis 28 2.25 10
Alstonia scholaris 8 0.64 14
Mimusops elengi 48 3.86 5
Ficus religiosa 12 0.97 11
Tamarindus indica 382 30.73 2
Mangifera Indica 3 0.24 17
Swietenia macrophylla 36 2.90 7
Plumeria obtusa 5 0.40 16
Delonix regia 29 2.33 9
Terminalia catappa 31 2.49 8
Polyalthia longifolia 37 2.98 6
Lagerstroemia macrocarpa 121 9.73 3
Total 1,243 100.00
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ABSTRACT

Conflicts over land use involving communities surrounding protected forests are escalating into violence, as
evidenced by increasing encroachment and the illegal possession of forest land. Tai Rom Yen National Park in Surat
Thani province, Thailand faces problems of encroachment and illegal land possession. An inspection revealed 895
cases of encroachment from fiscal year 2006 to the present, covering an area of 1,226.39 hectares. The current
study analyzed land use patterns in 2002, 2014 and 2022 and land use changes during 2002-2022 using Ortho-
MOAC and Landsat 8 OLI satellite imagery. Visual interpretation techniques were implemented to identify traces
of encroachment and to detect land use changes affecting forest areas in Tai Rom Yen National Park.

Based on the results, land use in the years 2002, 2014 and 2022 predominantly involved forest areas
accounting for 83.79 %, 80.89 % and 80.69 %, respectively. Land use changes increased between 2002-2014 and
2014-2022 in agricultural, community, buildings, and water bodies areas by 17.68, 19.11 and 19.11%, respectively,
and during 2014-2022, they increased by 1.54, 0.34 and 0.34 9%, respectively. However, there were decreases in
forest and miscellaneous areas by 3.35 % and 56.72 %, respectively, while during 2014-2022 these two types
decreased by 0.36 % and 3.43 %, respectively. During 2002 and 2014 there were 4,623.18 hectares of land
encroachment due to forest and agriculture. For the period between 2014 and 2022, 5,945.14 hectares of land
were encroached due to agriculture and forest. The findings of this study should guide further investigation and

monitoring of signs of encroachment in forest areas to help address the problem of forest encroachment.

Keywords: Remote sensing; Land use; Forest encroachment; Tai Rom Yen National Park
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Figure 1 Map of Tai Rom Yen National Park in Surat Thani province, Thailand
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Table 1 Overall accuracy and Kappa coefficient

statistics for land use classification based

on digital orthophoto mapping and
Landsat 8 data during 2002-2022
Overall Kappa
Year
accuracy (%) coefficient

2002 97.5 0.93
2014 96.5 0.89
2022 93.0 0.81

91N Table 1 wud1 ArdwUsydvsuaUth Tul A, 2002
fiAnAuaennn o usENIedeyansivaeuiudaya

§adegeaniiienar 0.93 losannisuvadaiunisld
Usglowifiaulud a.a. 2002 ledn1sihamaiemsenne
p0516ATNAY LATINTNTENTINNEATUATERNTUN LTI
asuladimny Janmaneneonnasenanlisaziden
Fsituiige dewalinanisulaiarmnislivsslosiiiaul
Usisnanfianugndosge Wewieudul aa. 2014 uay
2022 Fdldnmaiiien Landsat 8 szuutuiinteya OLI
Tﬁiwaugmqmmwﬁ 30 1WA IANISTIMUAUTELAN
nsldUseloviiauuisssianiifiseazBonganiman
N1 30 was tlarusaveasiuladswaliiinniiy
aaaadeulunsudasiany
msuunnslivssloniinu Wngreiuuriani
Tasuifu ¥ a6 2002, 2014 waz 2022 awaasdle
i1 Table 2 wae Figure 3 Aoluil
Y a.e. 2002 wudn dnsldusslonifiaulszam
uiitnlsfnniign $1uru 32,612.67 Lanas sesasn fe

=D,

NUANWATATTY U 6,198.69 L8NATS ﬁuﬁﬂgmuuaz
Aaugnadie 59.64 Lanm§ Auflumasin 28.53 lanans
warituilidonda 24.02 1onang Andudesas 83.79
15.93 0.15 0.07 waz 0.06 MUAIAY

Y a.e. 2014 wudn dnsldusslonifiaulszian
uﬁﬂﬁlﬂmﬂﬁqm 71U 31,518.58 L8NATS 5998911 AD
UNEATNTIN $IUIU 7,294.31 Lanms ﬁuﬁﬂqmuuaz
AaUgnaing 71.04 1ena§ Aufluvanin 29.23 lnans
waziufamdn 10.40 tonans Andudesas 80.98
18.74 0.18 0.08 way 0.03 MUEIRNU

Y a.e. 2022 wusn dnsldusslonifiaulszian
uiiUnlsfnniign $1uru 31,405.94 Lanaf sesasn fe
UNEATNTIN $IUI 7,406.97 1anA1S ﬁuﬁﬁgmuuas
daUgnasie 71.28 Lanans Nuflumaain 29.32 Lanang

Lagiuidaadn 10.04 tand Aadudesay 80.69
19.03 0.18 0.08 wag 0.03 AIUAIAU
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b, =),

Table 2 Land use during 2002, 2014 and 2022 in Tai Rom Yen Nation Park, Surat Thani province

2002 2014 2022
Land use type
Area (ha) (%) Area (ha) (%) Area (ha) (%)
Urban and built-up 59.64 0.15 71.04 0.18 71.28 0.18
Agricultural 6,198.69 15.93 7,294.31 18.74 7,406.97 19.03
Forest 32,612.67 83.79 31,518.58 80.98 31,405.94 80.69
Water bodies 28.53 0.07 29.23 0.08 29.32 0.08
Miscellaneous 24.02 0.06 10.40 0.03 10.04 0.03
Total 38,923.56 100.00 38,923.56 100.00 38,923.56 100.00
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legend
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- Forest land
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Figure 3 Land use classification in Tai Rom Yen Nation Park, Surat Thani province. (A) 2002 (B) 2014 and (C) 2022
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Table 3 Land use change during 2002-2014 in Tai Rom Yen Nation Park, Surat Thani province

Land use area in 2014 (ha)

Land use type U A . W " Total
c Urban and built-up (U) 58.83 0.81 - - - 59.64
@ = Agricultural (A) 10.66 6,116.86 70.46 0.71 - 6,198.69
g ;:I/ Forest (F) 1.55 1,174.53  31,436.59 - - 32,612.67
5 8 Water bodies (W) - 0.02 - 28.51 - 28.53
g “ Miscellaneous (M) - 2.09 11.54 - 10.40 24.02
- 71.04 7,294.31 31,518.59 29.23 10.40 38,923.56
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Table 4 Land use change during 2014-2022 in Tai Rom Yen Nation Park, Surat Thani province

Land use area in 2022 (ha)

Land use type Total
0] A F W
< .
= Urban and built-up (U) 70.36 0.68 - - - 71.04
N .
c Agricultural (A) 0.54 7,250.54 42.75 0.10 0.38 7,294.31
©
0 » Forest (F) 0.37 155.02  31,363.19 0.00 - 31,518.58
© C
g ~  Water bodies (W) - - - 29.23 - 29.23
S .
- Miscellaneous (M) - 0.74 - - 9.66 10.40
C
8 Total 71.28 7,406.97 31,405.94 29.33 10.04 38,923.56
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Figure 4 Land use change between (A) 2002 - 2014 and (B) 2014 - 2022
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Figure 5 Encroachment in Tai Rom Yen National Park during 2002-2014 and 2014-2022
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ABSTRACT

Land uses changes were investigated using geographic information systems, the Land Change Modeler and
the Ecosystem Services Modeler together with driving factor data and forest inventory data to predict greenhouse
gas emissions in the Khao Soi Dao Wildlife Sanctuary. Land use types in 2005, 2010 and 2015 were classified from
LANDSAT imageries using visual interpretation techniques.

The results revealed that between 2005 and 2010, there were increases in the agriculture, urban and built-
up, and water body landuse categories, while there was a decrease in dry evergreen forest, miscellaneous and
mixed deciduous forest. Between 2010 and 2015, there was an increase in dry evergreen forest, agriculture, urban
and built-up, and water body, while there was a decrease in miscellaneous and mixed deciduous forest. The
accuracy assessment of the land use classification in 2015 revealed an overall accuracy of 89.47% and a kappa
statistic of 92.57%. Land use predictions for the 2025, using the Land Change Modeler, indicated that between
2015 and 2025, the urban and built-up, agriculture, and water body categories increased by 171.56, 107.77, and
7.75 ha, respectively. These increments represented 29.88%, 18.77%, and 1.35% of the total changes. Conversely,
miscellaneous, mixed deciduous forests, and dry evergreen forests decreased by 130.56, 79.65, and 76.86 ha,
respectively. These reductions accounted for 22.74%, 13.87%, and 13.39% of the total changes. The predicted
greenhouse gas emissions for the year 2025 were 6,320 tons. Measures to reduce greenhouse gas emissions in
forest areas could include reducing deforestation and planting trees in deforested areas.

Keywords: Greenhouse gases Emission of forest; Geo-informatic; Modeling; Land use
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Table 1 Land use types in Khao Soi Dao Wildlife Sanctuary in 2005, 2010 and 2015

Land use type Year 2005 Year 2010 Year 2015
Area (ha) % Area (ha) % Area (ha) %
Moist evergreen forest 1,740.94 2.34 1,740.94 2.34 1,740.94 2.34
Dry evergreen forest 51,304.96 68.87 51,255.04 68.8 51,315.05 68.88
Hill evergreen forest 4,351.05 5.84 4,351.05 5.84 4,351.05 5.84
Mixed deciduous forest 1,394.03 1.87 1,363.94 1.83 1,344.20 1.8
Forest plantation 5.41 0.01 5.41 0.01 5.41 0.01
Agriculture 14,916.55 20.02 15,005.48  20.14 15,041.61 20.19
Miscellaneous 736.26 0.99 704.27 0.95 619.30 0.83
Urban and built-up 28.02 0.04 46.49 0.06 53.61 0.07
Water body 19.10 0.03 23.70 0.03 25.14 0.03
Total 74,496.32 100.00 74,496.32 100 74,496.32 100.00
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Figure 2 Land use types of Khao Soi Dao wildlife sanctuary in 2005, 2010 and 2015
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Table 2 Accuracy of land use classification based on LANDSAT 8 imagery in 2015

Land use type Reference data User’s accuracy
ME DE HE MD FP A M U W Total (%)
ME 11 27 - - - - - - - 38 28.95
DE - 343 3 - - 5 - - - 351 97.72
o HE - - 48 - - - - - - 48 100.00
ks MD - - - 2 - - - - - 2 100.00
:«3_» FP - - - - 0 - - - - 0 -
A
L‘(,‘ A - a4 - - - 126 10 6 6 152 82.89
- M : 2 : : : : i . . 6 66.67
U - - - - - 1 - 6 - 7 85.71
w - - - - - - - - a4 a4 100.00
Total 11 376 51 2 0 132 14 12 10 608
Producer’s accuracy (%) 100.00 91.22 94.12 100.00 - 95.45 28.57 50.00 40.00
Overall accuracy (%) 89.47
Kappa statistic (%) 92.57
Remarks: ME = Moist evergreen forest DE = Dry evergreen forest HE = Hill evergreen forest

MD = Mixed deciduous forest FP = Forest plantation A = Agriculture
M = Miscellaneous U = Urban and built-up W = Water body

(1952) 101-98 :(2)ch BIjLBELBALELELLE
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Table 3 Land use change in Khao Soi Dao Wildlife Sanctuary from 2005 to 2010 and from 2010 to 2015

Land use type 2005-2010 2010-2015
Area (ha) % Area (ha) %

Moist evergreen forest 0.00 0.00 0.00 0.00
Dry evergreen forest -49.92 22.28 60.01 28.66
Hill evergreen forest 0.00 0.00 0.00 0.00
Mixed deciduous forest -30.10 13.44 -19.73 9.42
Forest plantation 0.00 0.00 0.00 0.00
Agriculture 88.93 39.70 36.13 17.25
Miscellaneous -31.99 14.28 -84.97 40.58
Urban and built-up 18.47 8.25 7.12 3.40
Water body 4.60 2.05 1.44 0.69

Total 224.00 100.00 209.41 100.00

saa

nsAan1sainslduseleviiiau U w.e. 2568
aansain1stdUselondf aulaslduuusans
Land change modeler Junsieszdnisildeuudas
asliusslonifiau msSassiuualiunisasunla
nsldUselowdd Ay uagn1sTiAsigr gUuUUNIS
WA sustasvesnisldusylevd i auluein sswined
W.¢. 2553-2558 $aufudas T ULAS oUT @ INA D
nsasunainisldussleviiiau Laun AUFIN

seavmealIuNa AUa1aty sreei1eanug iy
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Table 4 Predicted land use types in Khao Soi Dao Wildlife Sanctuary in 2025 using land change modeler

Thai Journal of Forestry 43(2): 86-101 (2024)

Land ty Year 2025
and use e
P Area (ha) %
Dry evergreen forest 51,238.19 68.78
Agriculture 15,149.38 20.34
Hill evergreen forest 4,351.05 5.84
Moist evergreen forest 1,740.94 2.34
Mixed deciduous forest 1,264.55 1.70
Miscellaneous 488.74 0.66
Urban and built-up 225.18 0.30
Water body 32.89 0.04
Forest plantation 5.41 0.01
Total 74,496.32 100.00
B.ZOIMG 83£|l200 eaopao ?-SD.-J}O
ﬂ > Lk:‘ —
Land use 2025 /.
g_ (E 1:200.000 o ‘ _E
S Kilometers =
0 2.5 5 10
UTM zone 47
Dalum : WGS 1981
2. K
2 g
5 ) i
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g Road 8
27 \re
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Figure 5 Predicted land use in 2025 in Khao Soi Dao Wildlife Sanctuary using land change modeler
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Table 5 Predicted land use change in Khao Soi Dao Wildlife Sanctuary from 2015 to 2025

2015-2025
Land use type Area (ha) %

Urban and built-up 171.56 29.88
Agriculture 107.77 18.77
Water body 7.75 1.35
Miscellaneous -130.56 22.74
Mixed deciduous forest -79.65 13.87
Dry evergreen forest -76.86 13.39
Moist evergreen forest 0.00 0.00
Hill evergreen forest 0.00 0.00
Forest plantation 0.00 0.00

Total 574.16 100.00
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Figure 6 Predicted land use change between 2015 and 2025 in Khao Soi Dao Wildlife Sanctuary
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Figure 7 Forest inventory sampling points in Khao Soi Dao Wildlife Sanctuary in 2015

Table 6 Aboveground and belowground carbon sequestration in forest in Khao Soi Dao Wildlife Sanctuary

Forest type Aboveground carbon Belowground carbon Total
tC/ha tC/ha tC/ha

Moist evergreen forest 83.24 30.8 114.04
Dry evergreen forest 60.09 22.23 82.32
Hill evergreen forest 64.69 23.94 88.63
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Table 7 Predicted carbon analysis in Khao Soi Dao

Wildlife Sanctuary in 2025 based on
Ecosystem Services Modeler
Carbon Storage and Sequestration Amount
(tons)
Total current carbon 4,802,757
Total scenario carbon 4,796,437
Total sequestered carbon 6,320
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ABSTRACT

The land use changes were studied in forest land use in the Phouphueng Phouphatoun and Tadkuangsi
National Protection Forests and a geo-information system was used to assess the risk of forest invasions. Land use
was classified into five categories: agricultural; forest; road; urban and built-up; and water body. Visual interpretation
methods were applied to identify the areas at risk of forest invasion using geographic information system data.

Based on the results, the visual interpretation of land use in 2015 and 2023 had overall accuracy levels of
only 79.55% and 90.91%, respectively, with Kappa statistics of 0.58 and 0.83, respectively. Deforestation caused
the greatest change in land use between 2015 and 2023, while agriculture had the greatest increase of 2,959.10
ha. The analysis of forest infestation risk areas using the geographic information system data identified the most
influential factors were the average income per village per year (0.32), followed by the population of the village,
distance from the community, distance from the road, distance from the water source, percentage of area slope
and digital elevation models, with their weight levels of importance being 0.23, 0.15, 0.12, 0.10, 0.05 and 0.03,
respectively. There were 6 risk levels identified: not at risk, very low risk, low risk, moderate risk, high risk and very
high risk, covering 0.00%, 16.63%, 22.49%, 16.34%, 26.68% and 17.86%, respectively, of the total area. Thus,
substantial forest areas were identified that were highly vulnerable to invasion. These results could be applied to

develop operational support.

Keyword: Geographic information systems; Risk assessment; National Protection Forest; Lao People’s Democratic Republic
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SpeEVeINUNA T S1uruUsEYINSUR MY U
uarelfiadevosmythusiod wasvinisudsssdudy
Joyawiazaduoandu 6 szAu (Table 1) (Klinthong,
2018; Sonsab, 2018; Thongsangiam et al., 2018)
Astat mnvesurazdase (weighting
value) LagAN5¥A UAL LUY (rating value) Taa 1w
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Table 1 Factors and weighted scores of areas under risk of encroachment

Factors Category Weighted Score
<300 5
300-<600 4
600-<900 3
Digital elevation (m)
900-<1,200 2
1,200-<1,500 1
>1,500 0
<10 5
10-<20 4
20-<30 3
Slope area (%)
30-<40 2
40-<50 1
>50 0
<1,500 5
1,500-<3,000 4
3,000-<4,500 3
Distance from road (m)
4,500-<6,000 2
6,000-<7,500 1
>7,500 0
<1,500 5
1,500-<3,000 4
3,000-<4,500 3
Distance from village (m)
4,500-<6,000 2
6,000-<7,500 1

>7,500 0
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Table 1 (continued)

Factors Category Weighted Score

< 500 5
500-<1,000 aq
1,000-<1,500 3

Distance from water (m)
1,500-<2,000 2
2,000-<2,500 1
> 2,500 0
<1 0
1-<200 1
200-<400 2

Population of village (inhabitants)
400-<600 3
600-<800 q
>800 5
<40,000,000 5
40,000,000-<50,000,000 a4
50,000,000-<60,000,000 3

Average income per village per year (kip)
60,000,000-<70,000,000 2
70,000,001-<80,000,000 1
>80,000,000 0

Sources: Klinthong (2018); Sonsab (2018); Thongsangiam et al. (2018)
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Table 2 Land use changes in Phouphueng-Phouphatoun and Tadkuangsi National Protection Forests during 2015-2023

Land use type In 2015 In 2023 Land use change
Area(ha) Area (%) Area (ha) Area (%) Area (ha) Area (%)

Agricultural land 5,671.04 15.52 8,630.14 23.62 2,959.10 49.887
Forest land 30,744.13 84.13 27,778.32 76.02 -2,965.81 50.000
Road 24.27 0.07 24.27 0.07 0.00 0.000
Urban and built-up 87.01 0.24 93.43 0.26 6.42 0.108
Water body 16.54 0.05 16.83 0.05 0.29 0.005
Total 36,542.99 100.00 36,542.99 100.00 5,927.57 100.000
Overall accuracy (%) 79.55 90.91

Kappa statistic 0.58 0.83
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Wan15iUselewy (controlled use zone) Lﬁaammmﬂ
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(Paphaphanh et al., 2024) laAnwnsiUasullasnisly
ARudon1sideunsuvesiunvng: nstinydiuuives
wazvyfUnuadle Wesdnveu wyaeddn add.an wuh

AuiUldiinsdsunlaiazanaseg19notdoslugas
U WA, 2554-2559 wag U w.e. 2559-2564 31U 523.44

18NA1S uaE 607.05 LBnA1S druiuiitnensnssuLiiady
138.24 19nA1% way 386.10 1onAnS uanslwiAiunfiud
Unlifiuualduanased 9ol es91nn1svened ui
nensnssuiuduluunasyaed we. 2550-2559 uas
U w.p. 2559-2564

Table 3 Land use changes in Phouphueng-Phouphatoun and Tadkuangsi National Protection Forests during 2015—2023

Unit: Hectares

In 2023
Land use type Total
A F R U w

A 3,755.77 1,908.36 0.00 6.91 0.00 5,671.04
“ F 4,867.75 25,869.27 0.00 4.42 2.69 30,744.13
§ R 0.00 0.00 24.27 0.00 0.00 24.27
= U 4.22 0.69 0.00 82.10 0.00 87.01
w 2.40 0.00 0.00 0.00 14.14 16.54
Total 8,630.14 27,778.32 24.27 93.43 16.83 36,542.99

Remarks: A = Agricultural land, F=Forest land, R=Road, U= Urban and built-up, W = Water body.
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(a) Land use map in 2015
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(b) Land use map in 2023

Figure 1 Map of land use changes in Phouphueng-Phouphatoun and Tadkuangsi National Protection Forests during 2015—2023
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IUIUYTEVINTVOMY UNU TEEENNNYNTY TEEEN
MMEUTNIALLNAN PEETNINLTEA SopazAIAn
Furesiudl uazarmgeainseduimein Tnoddiade
AZWUUAIIUAIAYLYINAU 0.32 0.23 0.15 0.12 0.10
0.05 uaz 0.03 AUARU kanslu (Table 4)



M5a15uANERS e 43(2): 102-113 (2567)

Table 4 Weighted mean from forestry specialists

Forestry expert Weighted

Factor Expert 1 Expert2 Expert3 Expertd Expert5 mean
Digital elevation 0.02 0.02 0.05 0.03 0.05 0.03
Percentage of area slope 0.03 0.03 0.05 0.05 0.07 0.05
Distance from road 0.15 0.25 0.05 0.05 0.09 0.12
Distance from village 0.06 0.41 0.06 0.12 0.12 0.15
Distance from water 0.10 0.05 0.06 0.13 0.16 0.10
Population of village 0.24 0.15 0.28 0.26 0.21 0.23
Average income per village per year 0.41 0.09 0.44 0.36 0.29 0.32

Total 1.00 1.00 1.00 1.00 1.00 1.00
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Table 5 Score range and invasive risk level in Phouphueng-Phouphatoun and Tadkuangsi National Protection Forests

Score range Area (ha) Area (%) Risk level
0.00-1.65 0.00 0.00 Not at risk
1.66-3.31 6,077.49 16.63 Very low risk
3.32-4.97 8,217.76 22.49 Low risk
4.98-6.63 5,969.48 16.34 Moderate risk
6.63-8.28 9,750.91 26.68 High risk

>8.28 6,527.35 17.86 Very high risk
Total 36,542.99 100.00
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Table 6 Classification of land use change during 2015-2023, based on level of risk of forest invasion in Phouphueng-

Phouphatoun and Tadkuangsi National Protection Forests

Very low Low Moderate High Very high Total
Land use type

Area (ha) Area (ha) Area (ha) Area (ha) Area (ha) Area (ha)
A change to F 182.04 440.53 88.07 712.80 473.24 1,896.68
A change to U - - - 3.06 3.41 6.47
F change to A 798.01 1,035.95 503.16 1,753.65 744.32 4,835.09
F change to U - - - 2.39 2.03 4.42
F change to W - - - - 237 237
U change to A - - - 0.52 3.70 4.22
U change to F - - - 0.69 - 0.69
W change to A - - - 2.29 0.11 2.40

Total 980.04 1,476.48 591.22 2,475.41 1,229.19 6,752.35

Remarks: A = Agricultural land, F=Forest land, U= Urban and built-up, W = Water body
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Figure 2 Encroachment risk area map in the Phouphueng-Phouphatoun and Tadkuangsi National Protection Forests
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ABSTRACT

Visitor opinions and the factors affecting their response were surveyed regarding the recreational use
regulations in national parks. Khao Yai National Park and Khao Laem Ya-Mu Koh Samet National Park were studied
as representatives of a Land and Marine National Park, respectively. Data were collected from 400 visitors using a
questionnaire. Data analysis was based on descriptive statistics and multiple regression using a significance test
level of 0.05. The 8 variables considered were: visiting experience, activities performed in the aera, overnight stay,
motivation for developing potential and enhancing self-esteem, motivation for personal needs, motivation for
being surrounded by nature and spending time with close friends and family, knowledge of regulations and
awareness of the environment and natural resources.

Based on the results, most visitors chose scenic activities, the most important motivation for visiting national
parks was relaxation from stress and they had knowledge of the regulations for recreational use in national parks,
with a high level of awareness of the environment and natural resources. However, some visitors were not aware
of newly enacted regulations. Nonetheless, opinion regarding the suitability of regulations for recreational use in
national parks was at a high level. Positive factors affecting visitor response to the regulations for recreational use
in national parks were the awareness of the environment and natural resources (Beta = 0.480, t = 9.806, p < 0.001)
and motivation for personal needs (Beta = 0.146; t = 2.777; p = 0.006). In contrast, negative factors were the actual
activities in the area. (Beta = -0.128; t = -2.663; p = 0.008) and the visitor experience (Beta = -0.111; t = -2.547;
p = 0.011). Thus, the new recreational use regulations should be promoted widely in many ways, so they become

well-known and are followed properly by visitors.

Keywords: Response; Visitors; Recreational use regulations; National Parks
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Table 1 Statistics on average Thai tourists visiting national parks during 2017-2021

National Park type

Number of visitors (people)

Land-based National Park
Khao Yai National Park
Khao Khitchakut National Park
Doi Intranon National Park
Tham Luang-Khun Nam Nang Non-National Park
Namtok Phlio National Park
Marine national park
Khao Leam Ya-Mo Ko Samet National Park
Hat Noppharat Thara-Mu Ko Phi Phi National Park
Mu Ko Chang National Park
Tarutao National Park
Khao Sam Roi Yot National Park

1,371,000
807,364
584,473
496,497
468,987

452,026
259,238
118,602
107,647

93,096
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Table 2 Number and percentage of visitors classified by basic socio-demographic characteristics

Data list Number (n=400) Percentage Remark
Gender
Male 216 54.00
Female 162 40.50
LGBTQ+ 22 5.50
Age
Less than 20 years 30 7.50 Average 30.85 years
21-30 years 199 49.75 Maximum 67 years
31-40 years 105 26.25 Minimum 18 years
41-50 years a6 11.50
51-60 years 12 3.00
More than 60 years 8 2.00
Education level
Primary education 9 2.25
Junior high school 20 5.00
High school 123 30.75
Bachelor’s degree 223 55.75
Master’s degree or higher 25 6.25
Table 2 (continued)
Data list Number (n=400) Percentage Remark
Main occupation
Government service/state enterprise 50 12.50
Private company employees 109 27.25
Trade/Businessman/Business owner 73 18.25
Farmer/animal raiser 10 2.50
Student/coordinate/undergraduate 85 21.25
General employee 48 12.00
Not working 18 4.50
Other 7 1.75
Total household income
Less than 15,000 Bath 126 31.50 Average 20,276.28 Bath
15,001-25,000 Bath 152 38.00 Maximum 200,000 Bath
25,001-35,000 Bath 56 14.00 Minimum 0 Bath
35,001-45,000 Bath 26 6.50
More than 45,000 Bath 40 10.00
Domicile
Bangkok 197 49.25
Central region 56 14.00
Northern region 14 3.50
Northeast region 128 32.00
Southern region 5 1.25
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Table 3 Number and percentage of visitors classified by experience visiting national parks and general
characteristics of travel

Parameter Number (n=400) Percentage Remark
Having experienced in traveling
Never/first travel 106 26.50 Average 2.46 times
2-4 times 145 36.25
5-7 times 65 16.25
8-10 times 26 6.50
More than 10 times 58 14.50
Travel group type
Travel alone 35 8.75
Group of friends 153 38.25
Tour group/travel agency 24 6.00
Group of family 127 31.75
Mixed group aa 11.00
Other 17 4.25
Overnight
Not stay overnight 280 70.00 Average 0.51 night
Stay overnight 120 30.00
Number of nights (N = 120)
One night 57 47.50 Average 1.69 nights
Two nights 49 40.84
Three nights 10 8.33
Four nights 2 1.67
Five nights 1 0.83
Six nights 1 0.83

Table 4 Mean and standard deviation of motivating factors for visiting national parks.

Motivation for visiting national parks Average (n=400)
1. Experiencing nature closely 4.44
2. Adventure, challenge and exciting things to find 391
3. Spending time with close friends and family 4.24
4. Learning and studying nature forest and marine resources 4.06
5. Relaxing from stress 4.50
6. Practice using various pieces of equipment and develop skills in carrying out activities 3.43
7. Exploring new places 4.06
8. Being a leader or transfer experiences to others 3.65
9. Self-reliance and testing own abilities 3.85
10. Doing a variety of activities 3.96
11. Enjoyment and fun 4.38
12. Expressing creativity 3.86
13. Having the opportunity to share and help others 3.93
14. Meeting and making friends with others 3.99
15. Studying and learning history 3.82
16. Experiencing the uniqueness of nature 4.19
17. Success and pride in doing what you want 3.94
18. Expressing personal preferences or reflecting one's own values 4.02
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Table 5 Factor loading of motivating factors for visiting national parks

Motivation for visiting national parks

Factor loading

1 2 3

1. Practice using various equipment and develop skills in carrying out activities 797

2. Being a leader or transfer experiences to others .786

3. Studying and learning history 728

4. Self-reliance and test own abilities 712

5. Meeting and making friends with others .680

6. Learning and studying nature forest and marine resources .668

7. Adventure, challenge and exciting things to find .666

8. Having the opportunity to share and help others .656

9. Expressing creativity .642

10. Doing a variety of activities 616

11. Exploring new places 475

12. Expressing personal preferences or reflecting one's own values 778

13. Success and pride from doing what you want 762

14. Experiencing the uniqueness of nature 694

15. Relaxing from stress 542

16. Experiencing nature closely 166
17. Spending time with close friends and family .706
18. Enjoyment and fun 669

Rermark: Cumulative Percentage of Variance = 56.65, Kaiser-Meyer-Olkin Measure of Sampling Adequacy (KMO) = 0.641
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Table 6 Factors affecting visitors” response to recreational use regulations in national parks

Independent variable Constant  Mean S.D. Beta t P-value VIF
Constant 1.034

Visiting experience 2.460 1.330  -0.111  -2.547 0.011 1.012
Activities performed in the aera 0.302 0.176  -0.128  -2.663 0.008 1.027
Overnight stay 0.510 0.910 0.079 1.665 0.097 1.889
Motivation for developing potential 0.009 0.045 0.012 0.209 0.834 1.776
and enhancing self-esteem

Motivation for personal needs 0.146 0.052 0.165 2777 0.006 1.865
Motivation for surrounded by nature 0.093 0.049 0.098 1.910 0.057 1.372
and spend time with close people

Knowledge of regulations 0.681 0.155 -0.057  -1.313 0.190 1.557
Awareness of the environment and 4.250 0.314 0.480 9.806 0.000 1.350

natural resources

Remarks: F = 26.91, P-value < 0.05, R? = 0.387, Adjusted R? = 0.373, Significant at 0.05 level
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ABSTRACT

Garbage management in Thailand is a major issue. Therefore, the population status, community wastrels,
environmental management, and factors affecting coommunity participation in waste management were studied at
the source. A questionnaire was developed based on a conceptual framework and relevant theories. Data
correlation was conducted using the F-test at a statistical significance level of 0.05

Based on the respondents’ results, out of the 270 households sampled, 61.11% were female, with an
average age of around 41 years. The majority of the sampled households had 3-4 members who had been
residents for 10 years or more. Education levels were generally lower than a Bachelor's degree and the primary
occupations were fishing, general contracting, and agriculture. The average monthly income range was THB 10,000-
20,000. The highest average values for garbage management and public participation in community waste
management were in the areas of garbage collection and storage, with participation for receiving benefits averaging
2.08 and 2.88, respectively. Based on the results regarding opinions on the potential and limitations for waste
management at the source, the community had sufficient potential to manage waste, but there were significant
limitations, notably the presence of wastrels along roadsides. Based on the results from hypothesis testing,
significant factors were: age, settlement period, educational level, occupation, knowledge and understanding of
waste management at source, behavior regarding managing solid waste in the community and involvement in
public participation in waste management at the source. Recommendations were that there should be training in

separating solid waste for groups working in fishing, general contracting and agriculture.

Keywords: Community participation; Waste management at source; Behavior in managing solid waste
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Table 1 Data collection communities in study area and sample size

Community name

Total number of
Households sampled

households
Ban Klong Khwang 238 78
Ban Bang Buret 206 68
Ban Bang Kluay 250 81
Ban Thong Twong 131 43
Total 825 270
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Table 2 Knowledge and understanding in sample households of waste management at original source

Question Correct answers (%) Incorrect answers %)

1. What does garbage mean? 72.59 27.41
2. Which is general waste? 70.00 30.00
3. Which is organic waste? 100.00 0.00
4. Which is recycled waste? 85.93 14.07
5. Which is hazardous waste? 72.22 27.78
6. Who is responsible for

community solid waste management? 92.96 7.04
7. What is the best way to manage solid waste? 60.00 40.00
8. What is a reduce activity? 54.81 45.19
9. What is a reuse activity? 37.78 62.22
10. What is a recycle activity? 60.37 39.63
Average 70.67 29.33

Lﬁ'aﬁmsmmmi aadle Tun1sdanisvesd
Funawesnianioudtegdlundaziunuii siufidile
gndeauniiga Aeduussianvesvezunidfesaz
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uwY AulsTnvesvessleaa Fruiforvasnisieny
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11519 (reduce) Aufianssulden (reuse) dnnudnla
ot1agnieaTonay 92.96, 8593, 72.59, 72.22, 70.00,
60.37, 60.00, 54.81 way 37.78 #1UaAU ICELRICRE
anuf ardlalunsdanisveziidunsvesniusou

fegfigniasdniiufesar 70.67 ludruAansaulden
aufanssuannisly wagarufanssuhnduanlyln
Tnevhs 3 Aanssudinduirednadionud arundnlafignaes
teuninfesas 70 msiinisevsuliaruifuduun
nauiieg i elina udaegsdaug arudile
at3gned sialy

ngAnssulun1sdanisvezyanay
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Woevia 5 f1u a¥adeusegneiis 4 it 270 A3a3eu
Y03s1uau1lng gtnetdes Yaning 31995511l
FeazdenUsngau Table 3

Table 3 Analysis of behavioural aspects of municipal solid waste management

Behavior in managing Behavior every time Behavior sometimes Behavior practiced  Average
solid waste number (people) number (people) number (people)  (criterion)

(%) (%) (%) (%)

1) Reducing the 16 57 197 1.33

generation of solid waste (5.93) (20.96) (73.11) (Low)

2) Recycling a6 58 166 1.68
(17.78) (32.22) (50.00) (Medium)

3) Waste separation 78 64 128 1.81
(28.8) (23.70) (47.41) (Medium)

4) Wastrel collection and 74 143 53 2.08
storage (27.41) (52.96) (19.63) (Medium)

5) Solid waste 74 110 86 1.96
management (27.41) (40.74) (31.85) (Medium)
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Table 4 Analysis regarding public participation in community solid waste management

Public participation in

Participation level

community solid

Average
waste management Highest = Extreme  Moderately Small Smallest L
(criterion)
1. Decision making 22 27 70 120 32 2.58
(8.15) (9.91) (25.74) (44.26) (11.94) (Low)
2. Implementation 29 23 62 52 104 2.34
(10.74) (8.52) (23.09) (19.14) (38.52) (Low)
3. Benefit a1 39 65 96 29 2.88
(15.26) (14.37) (24.22) (35.56) (10.59) (Moderately)
4. Evaluation 2 30 56 161 22 2.38
(0.74) (11.11) (20.74) (59.44) (7.96) (Low)

idefinsantuudaziunuinduiifaiadegegn
Aodunisidiuswlunsiunatselend Tnedidade
2.88 938311 Aanisilaunulunisdndula nsiidiusu
TunsUssidiuna wagn1sddusinlunisujusnig lned
Anadeofl 2.58 238 wag 2.34 muE1RU Aeasiuladn
sEAuMTHdIuTINveIUTEVIVUADNITIANTVLY AN B
yuusts 4 A1u vesninIoutaeg19iilnniauii g
Aedunisiidusalunssunausslov deRansanse
Towuindodisidnadsgean Aensiidwsulunsdauen
vezyarlesudnhlunefiuneldndaidou sesaundonis
fdnsulifiey awdi viosuouwhlvanaouas
auuazen nsidnsiuliimnveyluilds weandym
uafyn1eINA wagn1sddusnlunisiianilduga
ndfus Al i ey gawanaiin aadiy

datauanuzyaslszrrgulunisidiusu

INNTVYY AR YUY
PINMTNATIRRTRYAEINTRATUEAUAIIEARY
Yo3vaLauBRUYYRIUTEMITUNaNAIBgslunsHd T
famsvoryadosyuaulddad f3duldtmundnoulily
donuaa 5 Ameu lagngudlsgisdnlngdeanislyd

133

nsdneusulianuiunussvvuisadunsdauenves
yaHey Tegay 36.30 5898911 An Uszv1duWus I
Uszanmunsiuuazidilad ssnnsdnfveeryaresuas
seifpuiivssrnvudosd§UR feway 22,96 d1dudl 3
$rufn Suensuazialesiiu SawAansIHARMISIAREE
yadeyr1gn15anTIAIMINE U IaAIA1YUELILeY
Yovar 1630 Uil 4 fnszuumsdeneuszsludaly
SURUUANS 9 U Aanadnslewda suiAsuey neavusy
ooy (Hudu fovay 14.44 wazdrduil 5 fundeduio
vozadosiitadnviiiniin Yot 1dosldidou ude
HAnAuIwUITUINTEYANS 9 Touay 10.00

AMUAAIUsafnan Inwazdadnalun1sIANIS
YeigunIg
A1NNISTLATIEA AUA AT UA A NUATNLAY
Todrialun1sdanisvesd dunisvesng ui10y 19
fenudaiudaalud 1) dAudnen mvesgususe
asudeulunisdamisveviidunsluiiuil $evay 60.16
ThdaRniuinffui o melunisdanisvesidunis
Tnglanzverdunsd Sevay 25.72 ldaAniuiiesans
ﬂﬂﬂ3aqmuﬁaaﬁumﬂﬁm3aﬁuaqu1umsﬁmLLsmﬁust



Thai Journal of Forestry 43(2): 127-136 (2024)

Fdums uazdevay 14.12 heAniiuinumasiudeves
Flofaliunn 2) Tedninvesgususieainseulunisdans
seidumsluiiui fovay 70.52 Idednfiuiniiesnn
gusudumaiiufiazdily Tudlesdaitamusziiama
Wudrwauuin Sevay 20.46 ideaauiuindivaunlng
fusihdnaoslvaruiuisdidymeszassuntuii
uarfevay 9.02 WideAnuiuindinsdnasuiisesyarles
91NN B U WA 3.LUINUATAIUABINITIUNITIRY
Aneninguru/asiiou Sevay 68.74 ideAniiudn
Fosnslrdusmsivauvesluiiuiiidosonnuezsiilulys

e Sovaz 18.22 lideAniuiidesnsiindladgyminis

v
[ a

ANAPUN IVYLINNABUBNNUA kavsesay 13.04 19

Y a

JaAmiuInaean1sndlasinisasrsindrinnisdauen
eglumssou

nan1snageudadediinadanisidauionvas
yuvulunmssanisveziidumnis

Yadudruynna Laun e 818 a01unINUB9
Hode Iutuandnluaiigeu svozmMsnaaugily

NUA 5EAUNISANEY 91TN wazsrelanawauwnnaneiull
NARBN1SHAIUTINYBIUTEVIBUAUAUIIINS BnaLiled
Jringaug 51 lunisdansvegnaumeiuaneneiu

=

NNINAFRUANNFAFIU WU Uadednasanisd

¥
a v ]

duTmveelszrvulun1sTanisuee A A un1an Ui
Auav1evg gnewies Janinasiugsoil laud Jade

AUDTY TEEIaINTTA R UFINIUNUA sEAUNITANY

o o aaa

wazo1Tw lneidediAgynieadfniszau 0.05 (p<0.05)

A

wagdadosudu 9 ldduasonisddiusmvesseanauly

nsInnsEEAduNIAsEAUTEEReEdR 0.05 el

Y4 a a{'

fnnudniusivanufgiuiaald seazBuadsingaiy

Table 5 §s@anAdesiun1sAnw1ves Chalongchaisit
(2015) finuiriiadeduety seunsinu seldoiiou
LarsreLlIaINIsnede dnasendnusiudelunisidn
Yufiuann1eiu nsdifneineuladidouaniisvang

o w aada

pgsiitdAgnsadAnszau 0.01

Table 5 Statistical analysis of factors affecting public participation in waste management at source in Bang Sai sub-

district, Mueang district, Surat Thani province

Initial variable F-test p-value
Gender 0.33 0.85
Age 2.48 0.05*
Residential status 1.88 0.45
Number of household members 0.80 0.55
Period of settlement in the area 354 0.03*
Educational levels 2.68 0.05*
Occupation 212 0.05*
Monthly income 0.42 0.98

Remark: * significance level of 0.05
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Table 6 Statistical analysis between groups in waste management at source and behavior in community solid

waste management with participation by people in Bang Sai sub-district, Mueang district, Surat Thani

province in managing waste at the source

Relationship F-test p-value
Knowledge and understanding of waste management at the source 0.24 0.02*
with public participation in waste management at the source
Behavior in managing community solid waste with public

0.62 0.01*

participation in waste management at the source

Remark: *significance level of 0.05
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ABSTRACT

Wetlands provide many benefits and functions for humans and the environment. However globally,
wetlands face increasing threats, leading to losses in these crucial ecosystems. People participation plays an
important role in wetlands conservation. This research studied people participation in Kanchanaburi Municipality
and the factors affecting their participation in the conservation of the Khwae Yai River Wetland. Data were collected
using a questionnaire and interviewing 391 households in Kanchanaburi Municipality based on simple random
sampling. The collected data were analyzed using t-tests and F-tests at the significance level of 0.05.

Based on the results, most respondents were female in the age range 41-50 years old. Most respondents
had been educated to the bachelor’s degree level. The most common occupation was in business with a monthly
income of THB 10,000-20,000 and the average duration of residence was 34.13 years. More than one-half of the
respondents had received conservation information (69.3%) but nearly all were not members of a conservation
group (92.8%) and many had never received conservation training (65.0%). There was some opinion that the Khwae
Yai River had seen positive changes (29.9%). Furthermore, knowledge about wetlands was at a high level (x = 6.86),
as was knowledge about wetland conservation (x = 11.01). However, participation in Khwae Yai River Wetland
conservation was at a moderate level (x = 2.61) and ecosystem services obtained from the Wetland were also at
a moderate level (x = 3.50). Additionally, factors affecting people participation in Kanchanaburi Municipality in
Khwae Yai River wetland conservation included: occupation, monthly income, knowledge about wetlands and
wetland conservation, opinions about the Khwae Yai River situation and ecosystem services obtained from wetland.
Therefore, it is recommended that the related agencies develop a wetland management plan to ensure

connectivity and continuity in promoting community participation in wetland conservation.

Keywords: Participation; Wetlands; Conservation; Khwae Yai River
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(Table 1)

Table 1 Levels of knowledge about wetlands and wetland conservation in Kanchanaburi Municipality regarding

Khwae Yai River Wetland

n=391
Level of knowledge _ Overall
Knowledge X S.D.
Low Moderate High level
Wetlands 42 119 230 6.86 2.11 High
(10.7) (30.4) (58.8) (Min=3, Max=10)
Wetland conservation 35 101 255 11.01 3.04 High
(9.0) (25.8) (65.2) (Min=4, Max=15)

Remark: Percentages shown in parentheses
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Urunanatiuientu (Table 2) Faazwiuléinnisiidusau
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Table 2 Levels of participation in Kanchanaburi Municipality regarding Khwae Yai River wetland conservation

n=391
Level of participation _
Participation X S.D. Level

Low Moderate High

Planning 187 118 86 2.60 1.15 Moderate
(47.8) (30.2) (22.0)

Implementation 166 141 84 2.56 1.17 Moderate
(42.5) (36.0) (21.5)

Obtaining a benefit 148 109 134 2.85 1.25 Moderate
(37.9) (27.8) (34.3)

Monitoring and evaluation 167 138 86 2.58 1.17 Moderate
42.7) (35.3) (22.0)

Overall average 2.61 1.11 Moderate

Remark: Percentages shown in parentheses
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Table 3 Levels of ecosystem services obtained from Khwae Yai River wetland

n=391
Level of ecosystem services
Ecosystem services obtained from Khwae Yai River Wetland % S.D. Level
Low Moderate High
Provisioning services 87 163 141 3.23 1.08 Moderate
(22.3) (41.7) (36.0)
Regulating services 51 162 178 3.47 0.99 Moderate
(13.0) (41.5) (45.5)
Cultural services 25 121 245 3.81 0.88 High
(6.4) (30.9) (62.7)
Supporting services 40 152 199 3.63 0.96 Moderate
(10.2) (38.9) (50.9)
Overall average 3.50 0.89 Moderate

Remark: Percentages shown in parentheses
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Table 4 Factors affecting participation by residents in Kanchanaburi Municipality regarding Khwae Yai River wetland

conservation

Variable t-test F-test P-value
Gender - 1.404 0.247™
Age - 2.108 0.064"
Duration of residence - 2.019 0.134™
Education level - 0.707 0.619"™
Occupation - 3.980 0.002"
Monthly income - 5.249 0.000"
Social status -0.456 - 0.648"
Received conservation information -0.102 - 0.919"™
Conservation group membership -0.762 - 0.447"™
Conservation training -1.142 - 0.254"
Opinions about Khwae Yai River situation - 4.286 0.005"
Knowledge about wetlands - 15.147 0.000"
Knowledge about wetland conservation - 19.950 0.000"
Ecosystem services obtained from Khwae Yai River Wetland - 5.191 0.006"

Remark: " is significant at 0.05 level (p<0.05),
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™ is not significant at 0.05 level (p=0.05)

Aazuuundstosiian dauaruianudiladeatuiud
fuuazniseudndiiuiigauinegluszduun Turmei
mﬂGﬁUU%msvnaﬁLammﬂﬁuﬁﬁmﬁwa@uszﬁwmﬂma
Farmnanuduguvudewhlrssmvuduinglildidn
wfiunumiasiidiusnlunisujianonssunselasenig
AUINYA 9 wnin FatfumbeanuiiAsdosnsduss
Aanssueyinyiiunisfidusulunisufualaeidu



M5a15UANERS Ine 43(2): 137-146 (2567)

o

aﬂwmzﬁﬁ]ﬂiiumiﬁdauéamﬁw@ﬁami WU nsLivvey
Juushin Mafamuaanwiuayseauh Wudu wieut
\iunsUssanduiusianssuielissevunazynaia
dnldidnanidusuuesdasiloufoRlufanssudu
dutladeiitnaromsidiusulumsoyingiud
szia,ﬂj%l,zhfmmiuaj laun 013w seldrerou AuARALY

Aendvanmvosusithuadlng annudenudladend
fufiguiih anufenudilafsaiumaeydneiudigu
LLazmﬂé’fi“uﬁmimdﬁnﬂmﬂﬁuﬁﬁzjuﬁwLL;hf’]LLmslmg'
Fafumbsnuiifedfesmagua $nwn uazianitudigu
husithuenlvgliogluanmisidneninlunisliuing
nsinAlAvszrvUIMAUIATosNIuyF LBy
dielviszanauldmssmiindennuddyosiufiguinay
thangnsdaiasunsfidusufifissnntuld
uammﬁtﬁﬂﬁtﬁmmsﬁ’]Lﬁumul,%aiqﬂiumsdal,a%u
nsffdrusanvesszrsulunisousneiuisuuai
wpdlvey lang e usedns nn Famasfinsun ada
AN TINNI TR T YR TonTauas] Fanisitufi g
(wetland site manager) W e RTINS HITTANS
fufigutusitiuadlng lnglddeyaanuanisided
Usgneumsiaiukun1susmsdanisiudiguidenan
i mslduuimamnsiinaaniuiiguih arsdiuuamng
aunslissleninniiuiigan Seglissvmu
sinnslduseloviagranunzaudilugnisnsenidnds
AA eIt nfidusmang ey Wiy fadnsdarh
uumsuImsdansiuiuiuiiualvyiy azdwli
\Anenudenleanazanudelioseanisdasunisd
drusanlunisoudnuiiui quiuaiduadlng suds
avvayunisdnaued unsidowdud ui o udi g
ANUEIAYTENINUSEINA (Ramsar site) Aaluluauian

REFERENCES

Chantre, N., Chantre, P. 2018. People’s participation in
mangrove forest conservation and restoration
for biodiversity development: A case study of
Bang Chan Community. Rajabhat Rambhai
Barni Research Journal, 12(3): 201-207. (in Thai)

Wetlands 1971.

Convention on Wetlands of International

Convention  on Secretariat.
Importance Especially as Waterfowl Habitat.
https://www.ramsar.org/official-documents,

1 July 2023.

145

Hydro-Agro Informatics Institute. 2012. Database 25
Watersheds. https://tiwrm.hii.or.th/web/index.
php/knowledge/128-hydro-and-weather/663-
25basinreports.html, 9 July 2023. (in Thai)

Jamikorn, S. 1983. Analytical Statistical for Social
Science Research. Kasetsart University Press,
Bangkok, Thailand. (in Thai)

Lerdburoos, Y. 2014 . Biodiversity of Fish and
Ecological Potential in the Merging Area of
Kwae Yai, Kwae Noi and the Maeklong River,
Kanchanaburi Province. National Research
Council of Thailand, Bangkok, Thailand. (in Thai)

Millennium Ecosystem Assessment. 2005. Ecosystems
and Human Well-being: Synthesis. Island
Press, Washington DC., USA.

Office of Natural Resources and Environmental Policy
and Planning (ONEP). 1999. Wetlands in The
Central Region and the East of Thailand.
Bangkok, Thailand. (in Thai)

Office of Natural Resources and Environmental Policy

(ONEP).
Wetland Management Handbook. Phaya
Printing and Publishing, Bangkok, Thailand. (in Thai)

Phommasak, V., Niyom, W. Rattana, K. 2013. People
participation in conservation of wetlands at

district,

Champasak province, Lao PDR. Journal of

Forest Management, 7(13): 14-26. (in Thai)

Prasertsin, A. 2020. Research Instruments in Education

and Planning 2020. Participatory

Bueng Kiat-ngong Prathumphone

and Social Sciences. Chulalongkorn University
Press, Bangkok, Thailand. (in Thai)

Prasitthisarn, T., Kaitpraneet, S., Huamuangkaew, W.
2014. People participation in forest resource
conservation at Pa Phu Ra-ngum National
Reserved Forest, Waeng Yai and Chonnabot
districts, Khon Kaen province. Thai Journal of
Forestry, 33(1): 57-65. (in Thai)

Pulpol, S., Rattana, K. 2016. People participation in
Thalay Noi watershed area conservation: A case
study of Kohtao sub-district, Paphayom district,

of Forest

Phatthalung province. Journal

Management, 10(19): 66-76. (in Thai)


https://tiwrm.hii.or.th/web/index.%0bphp/knowledge/128-hydro-and-weather/663-25basinreports.html
https://tiwrm.hii.or.th/web/index.%0bphp/knowledge/128-hydro-and-weather/663-25basinreports.html
https://tiwrm.hii.or.th/web/index.%0bphp/knowledge/128-hydro-and-weather/663-25basinreports.html

Thai Journal of Forestry 43(2): 137-146 (2024)

Sukloy, T., Mungkung, N. 2006. Factor affecting
community’s participation in forest resource
conservation: Klongsai village, Wang Nam Khiao
sub-district, Wang Nam Khiao district, Nakhon
Ratchasima province. Kasetsart University
Journal of Economics, 13(1): 15-26. (in Thai)

Vanichbuncha, K. 2006. Statistics for Research.
Chulalongkorn  University  Press,  Bangkok,
Thailand. (in Thai)

Yamane, T. 1973. Statistics: An Introduction Analysis,
39 ed. Harper International Edition, Tokyo,

Japan.

146



Thai Journal of Forestry 43(2): 147-164 (2024) M5EIUAERSINY 43(2): 147-164 (2567)
wusdualu

nsldgliansaumalunisaianisaluullidunisaaduasueu
TugnenuurevIAvauaamang

Application of Geoinformatics in Predicting Carbon Sequestration Trends

in Thung Salaeng Luang National Park

a50ld AIFR9 Oranut Srisatjungl’2
AnA1ITION IWTERYATENA” Laddawan Rianthakool®
Tudy agauusznninn” Wanchai Arunpraparut®

'dingnenuuianf nsueneuuiiI dndn uaziugity n3amne 10900

National Park Office, Department of National Parks Wildlife and Plant Conservation, Bangkok 10900, Thailand
“AMYIUAMERS UNTINSIRBINEATATERS AT 10900

“Faculty of Forestry, Kasetsart University, Bangkok 10900, Thailand

*Corresponding Author, E-mail: fforwca@ku.ac.th

Suduatu 22 fuiau 2567 Juufly 13 nsngau 2567 FUasiuW 19 nngneu 2567

ABSTRACT

Currently, Thailand has the capacity to sequester 90 million t of CO, equivalent with the goal of increasing
this to 120 million t of CO; equivalent in 2037. Therefore, the objectives of this study were to analyze land use
changes and to predict land use and carbon sequestration in 2030 in the Thung Salaeng Luang National Park,
Thailand to contribute to the national goal. Geoinformatics and visual interpretation techniques were applied to
classify land use based on the LANDSAT 5 and LANDSAT 8 satellite images from 2004, 2009 and 2014. Additionally,
the Land Change Modeler was used to integrate environmental factors, such as distance from roads and villages,
as well as elevation and slope direction, to analyze and predict land use patterns in 2030, with the Ecosystem
Services Modeler being used to predict carbon sequestration in 2030.

The findings revealed 11 distinct land use types. Analysis of land use changes between 2009 and 2014
indicated increases in the areas of dry evergreen forest (36.35%), mixed deciduous forest (12.30%), dry dipterocarp
forest (1.23%), water body (0.07%), and urban and built-up (0.05%). Conversely, miscellaneous and agricultural
decreased by 40.46% and 9.54%, respectively, while hill evergreen forest, moist evergreen forest, pine forest, and
forest plantation remained unchanged. Predictions for land use in 2030 suggested important increases in agricultural
(47.70%) and urban and built-up (2.30%). Conversely, mixed deciduous forest, miscellaneous, dry evergreen forest,
and dry dipterocarp forest were projected to decrease by 32.72%, 12.27%, 4.40%, and 0.61%, respectively.
Furthermore, the prediction of the carbon sequestered in forest in 2014 was 10,033,789 tC, while in 2030, it was
9,766,154 tC. These finding indicated a negative trend in carbon sequestration during 2014-2030, with a potential
267,635 tC net emission.

Keywords: Geoinformatics; Land use; Modeler; Carbon sequestration; Thung Salaeng Luang National Park
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- Thung Salaeng Luang National Park

Figure 1 Boundary of Thung Salaeng Luang National Park
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change modeler 520 UT9788 wind oud v uda
Fuidou udrhinussnananiseansainsidusglen
Ayl wa. 2573 (Clark Lab, 2020)
n133anseudayauIatInm
ihdeyaildannisdisauaaiunineinsualsd
Araunvesd1iniIdeniseusnd Ul uayiug Wy
NIURNUURAYIA F0dU7 wazwugiy Tud w.e. 2557
PMNUUaIeg1e 91U 163 wias wusmudszianiale
sl 1) Uaduien $auau 25 wdas 2) Uadudu Sausy

2 uwdas 3) UrAunds 970U 74 wias 4) Yiuganssu
F1UU 56 wUad 5) ULFase 9119U 3 wUad way
6) Unauiu 979U 3 ulas dausazulasivuinwiriu
0.1 1815 %39 1,000 A1519LUAT UINIAIUIAINIA
Frammideiuiu (above-ground biomass) vaesulaily
wlassipgenisannIsuealamnivessdaUinig 9 uag
funaAUSansiniuafveumie uAuve il
wiarUszlan TuuTaeNeIULYaYIAY UARINAI
gl Table 1

Table 1 Carbon storage in above ground biomass of trees in Thung Salaeng Luang National Park

Stocking (trees/ha)
Forest Type

Above ground

Carbon storage

biomass (t/ha) (t/ha)
Hill evergreen forest 897 235.83 110.84
Moist evergreen forest 945 235.28 110.58
Dry evergreen forest 855 211.81 99.55
Mix deciduous forest 401 90.79 42.67
Dry dipterocarp forest 1,010 137.96 64.84
Pine forest 133 74.38 34.96

nsanan1sainsiniiuasuau

1d'wuuamaes Ecosystem services modeler
Tunslnszideyanisaanisalnsinfiuaisusuvest
Lfus g neuuiag v swaaaalalud w.e. 2573
1gnaNNISY9IU A miﬁw’faaﬂamswﬂigimﬂﬁﬁu
Tuddagdu O w.a. 2557 Yoy anisaranisalnsly
Uselewdiiauludeuian (D w.e. 2573) wazdayann
nsfnifuardveumidon uiuees 1 lud Yaqdu
wiagUsziandn drdeyatdrunleseilunuudnnes
Ecosystem services modeler nadwsfildainnsinsgs
W ugﬂuuu%a%amiw LansA1 Total current carbon
(ms‘uauﬂaqﬁ’uﬁmm) Total value of currently stored
carbon (yafsmvesaiveudiiiulilutagu) Total
scenario carbon (da1uni1saimsueulusuinaanun)
way Total sequestered carbon (ms‘uauﬁ@meﬁuﬁgwm)
(Clark Lab, 2020) Tauni1sAIuIuedun1sn 1

(Sharp et al., 2018)
Usuauen§ueuiidniiiu (Carbon storage)

=Z£1 Area; x Carbon density, (1)
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Toe@l Area Ao Mufiwesnisldusslovifnunsazssiam
Carbon density; @9 A2IUAUILUUVDIATS UBU

usiazNgL

Msasuulasn1uen (carbon sequestration)

(2)

= Carbon storage final - Carbon storage initial

Tnefi  Carbon storage final fio USunaumnsusudidaiiu
IRV

Carbon storage initial e Usunaup1suaufisaiu
FraaSudiu

1n® Piyathilake et al. (2022) THLuuinassfIng?
Tun1suszanamsinifiuaisveu laensiniuansueu
azuanasfuluauUszinnd sunegquAunoUseian
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arauniian Jausueniannudduoslisssumily
n1sALAUAIT UBY Hadns AT anursavlule
Tun159 LN UNITANISE sIndon Taviiulauny
FuE WIndou wazdavuRuRRuUsTIAT Adunns
Tngniassuazesanssu q laegedUszdnina
ANFTUREUMSANYUERS Figure 2
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Table 2 Land use types in Thung Salaeng Luang National Park, Phitsanulok province, for 2004, 2009, and 2014

Area in 2004 Area in 2009 Area in 2014
Land use type (ha) (%) (ha) (%) (ha) (%)

Hill evergreen forest a 1.79 2,260.18 1.79 2,260.18 1.79
Moist evergreen forest 199.14 0.16 199.14 0.16 199.14 0.16
Dry evergreen forest 61,026.53 48.34 61,026.08 48.34 61,451.00 48.68
Mix deciduous forest 36,803.06 29.15 36,747.23 29.11 36,891.00 29.22
Dry dipterocarp forest 539.68 0.43 533.21 0.42 547.53 0.43
Pine forest 1,804.69 1.43 1,804.69 1.43 1,804.69 1.43
Forest plantation 237.46 0.19 237.46 0.19 237.46 0.19
Agricultural land 17,179.03 13.61 17,431.81 13.81 17,320.34 13.72
Urban and built-up 100.53 0.08 110.20 0.09 110.84 0.09
Water body 295.93 0.23 296.66 0.23 297.48 0.24
Miscellaneous 5,793.76 4.59 5,593.34 4.43 5,120.34 4.06

Total 126,240.00 100.00 126,240.00 100.00 126,240.00 100.00
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2004 2009 2014
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Figure 3 Map of land use types in Thung Salaeng Luang National Park, Phitsanulok province, for 2004, 2009, and 2014
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Figure 4 Validation locations for land use classification based on LANDSAT 8 satellite data in 2014
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Table 3 Accuracy of land use classification based on LANDSAT 8 satellite data in 2014

Reference data

Land use type

HE ME DE MD DD PF FP A U M W Total User accuracy (%)
HE 32 9 41 78.05
ME 3 3 100.00
DE 8 150 1 1 160 93.75
g MD q 1 65 1 1 72 90.28
% DD 6 1 7 85.71
*@' PF 3 100.00
o FP 1 3 4 25.00
s A 1 5 135 4 9 3 157 85.99
U 2 6 8 75.00
W 5 5 100.00
M 3 4 1 8 50.00
Tatal 44 3 161 66 6 3 7 145 10 13 10 468
Producer
7273 100.00  93.17 98.48 100.00 100.00 14.29 93.10 60.00  30.77 50.00

accuracy (%)

Overall accuracy (%) = 87.61; Kappa accuracy (%) = 83.41
Remarks: HE = Hill evergreen forest, ME = Moist evergreen forest, DE = Dry evergreen forest, MD = Mix deciduous forest, DD = Dry dipterocarp forest, PF = Pine forest,

FP = Forest plantation, A = Agricultural, U = Urban and built-up, W = Water body, M = Miscellaneous

(L992) ¥91-Lp1 (2)Eh BUEWBLBMEELEELE
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Table 4 Area of land use change in Thung Salaeng Luang National Park, Phitsanulok province, 2004-2009 and 2009-2014

Area change Area change
Land use type
2004-2009 (ha) 2009-2014 (ha)
Hill evergreen forest 0.00 (0 %) 0.00 (0 %)
Moist evergreen forest 0.00 (0 %) 0.00 (0 %)
Dry evergreen forest -0.46 (0.09 %) +424.92 (36.35 %)
Mix deciduous forest -55.83 (10.61 %) +143.77 (12.30 %)
Dry dipterocarp forest -6.48 (1.23 %) +14.32(1.23 %)
Pine forest 0.00 (0 %) 0.00 (0 %)
Forest plantation 0.00 (0 %) 0.00 (0 %)
Agricultural land +252.78 (48.02 %) -111.48 (9.54 %)
Urban and built-up +9.67 (1.84 %) +0.64 (0.05 %)
Water body +0.73 (0.14 %) +0.82 (0.07 %)
Miscellaneous -200.42 (38.08 %) -473 (40.46 %)
Total 526.37 1,168.95
2004-2009 2009-2014
500
424.92
400
300 25278
200 143.77
g
; 100
g 0.00 0.00 0.00 0.00 [ 967 0.73 0.00 0.00 19326000 000 064 082
2 -0.46 X 6.48 ha ha I
g—lOO -55.83
— -111.48
-200
-200.42
-300
-400
-500 -473.00
Il 1. Hill Evergreen Forest I 2. Moist Evergreen Forest i 3. Dry Evergreen Forest 4. Mix Deciduous Forest
I 5. Dry Dipterocarp Forest i 6. Pine Forest l 7. Forest Plantation M 8. Agricaltural Land
9. Urban and build-up B 10. Water body Hl 11. Miscellaneous

Figure 5 Land use change in Thung Salaeng Luang National Park, Phitsanulok province, during 2004-2009 and 2009-2014
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Figure 6 Driver variables for predicting land use in Thung Salaeng Luang National Park
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Table 5 Land use type prediction for Thung Salaeng Luang National Park in 2030 using land change modeler

Prediction of area in 2030

Land use type

(ha) (%)

Hill evergreen forest 2,260.18 1.79
Moist evergreen forest 199.14 0.16
Dry evergreen forest 61,132.08 48.43
Mix deciduous forest 34,519.44 27.34
Dry dipterocarp forest 503.65 0.40
Pine forest 1,804.69 1.43
Forest plantation 237.46 0.19
Agricultural land 20,777.29 16.46
Urban and built-up 277.51 0.22
Water body 297.48 0.24
Miscellaneous 4,231.08 3.35

Total 126,240.00 100.00
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Figure 7 Prediction of land use in 2030 for Thung Salaeng Luang National Park
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Table 6 Land use change in Thung Salaeng Luang National Park, Phitsanulok province, between 2014 and 2030

Land use type Area in 2014 (ha)

Area in 2030 (ha) Area change (ha)

Area change (%)

Hill evergreen forest 2,260.18 2,260.18 0.00 0.00
Moist evergreen forest 199.14 199.14 0.00 0.00
Dry evergreen forest 61,451.00 61,132.08 -318.92 4.40
Mix deciduous forest 36,891.00 34,519.44 -2,371.56 32.72
Dry dipterocarp forest 547.53 503.65 -43.88 0.61
Pine forest 1,804.69 1,804.69 0.00 0.00
Forest plantation 237.46 237.46 0.00 0.00
Agricultural land 17,320.34 20,777.29 +3,456.95 47.70
Urban and built-up 110.84 277.50 +166.67 2.30
Water body 297.48 297.48 0.00 0.00
Miscellaneous 5,120.34 4,231.08 -889.26 12.27

Total 126,240.00 126,240.00 7,247.24 100.00
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Figure 8 Land use change in Thung Salaeng Luang National Park, Phitsanulok Province, between 2014 and 2030.

Remarks: HE = Hill evergreen forest, ME = Moist evergreen forest, DE = Dry evergreen forest, MD = Mix deciduous
forest, DD = Dry dipterocarp forest, PF = Pine forest, FP = Forest plantation, A = Agricultural land,
U = Urban and built-up, W = Water body, M = Miscellaneous
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Figure 9 Map of land use changes between 2014 and 2030 for Thung Salaeng Luang National Park
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Table 7 Carbon sequestration prediction for Thung Salaeng Luang National Park in 2030 using ecosystem services

modeler

Carbon storage and sequestration prediction

Total currently stored carbon
Total scenario stored carbon

Total sequestered carbon
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ABSTRACT

Forest inventory is the collection and analysis to know yields of forest resource. There are various forms
and methods of forest inventory. Estimation models were created of the yield from eucalypt clone K58 (volume,
biomass and fresh weight) at age 5 years, using field data variables (tree height, diameter at breast height, tree
position, canopy cover) and compared with using a canopy cover variable from an unmanned aerial vehicle.

Based on the results of the study, several models were developed to estimate the yield of eucalypt clone

K58: volume (V) = 0.000128(DBH****)(Ht***?), with R* =0.978;; biomass ( Bm) = 0.0590(DBH***°)(Ht***%), with R?
=0.9763) and fresh weight (W) = 0.0785(DBH’***)(Ht"*"), with R* =0.9767. In addition, the same yield estimates
using a canopy cover variable (Ap) from an unmanned aerial vehicle generated equations: V = 0.017(Ap***)

R’ = 0.869; Bm = 13.489(Ap”*®), with R* = 0.845 and W = 19.396(Ap”®"), with R* = 0.845.

, with

Keyword: Eucalyptus K58; Tree’s yields; Remote sensing; Unmanned aerial vehicle
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Figure 1 Sanam Chai Khet Forest Research and Training Station, Chachoengsao province
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Vtop = 1/3(Ba X Ltop)
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GTm&iWi’J’Néfuaﬁqﬂ duAN F-test g9n97 ELMZaUNTN s Table 1 9nButhaild luduamUsung uaa
sudeiulsdasedarauaainiad ouninsgIuYes Fanm wagiwidnan qavieviinisiisuiiisuaanla
fAwade (standard error: SE) #1071 azdanumunzay A1UE9 UTHIRs 13ad30 N wazurminan laeld
WNNIFILUUTIUSELNRAHaNER (Pimtongngam, 2009) nMlesgiaInlusnsudnsaguneeia

Table 1 Yield equations based on multiple regression analysis using eucalypt clone K58 data

No. Equation
1 Y = a+ b DBH
2 Y = a + b DBHHt
3 Y = a + b DBH + cDBH’
4 Log Y = log a + b logDBH + ¢ logHt %38 Y = aDBHHt®
5 Log Y = log a + b logDBH?Ht %138 Y = a (DBH?H)°
6 Y =a+bDBH+cHt
7 Y = a(DBH)’
Remarks: Y = Yield (volume, biomass, fresh weight) Ht = Total height (meters)
DBH = Diameter at breast height (meters) a—-C = Equation constants
Sources: Spurr (1952); Kira and Shidei (1967); Wongnam and Prosomsin (2020)
N3ATITRAUNITANDDE LABAIRUARILUTAN ynlvsunsudisagunegimans neldzuuuu & Table 2
18 U3u9s inadnw wasdmidnan dufudsdass L‘ﬁlEJV]@ﬁEJU%’]’LJi&ﬁ‘V]gﬂ’]‘WleE]\‘I‘U‘uW]’LJﬂﬂqmL%EJUEJEJW
fio aunUnaquiSousenane masuliauty fesei IneINALSALTY

Table 2 Yield equations based on non-linear regression analysis using eucalypt clone K58 data

Model Equation
Linear Y=a+bAp
Logarithmic Y =a+ b In(Ap)
Exponential Y = a(e”™)
Power Y =a(Ap)°
Remarks: Y = Yield (volume, biomass, fresh weight)

Ap = Canopy cover based on aerial photos (square meters)
a—-c = Equation constants

Sources: Upadhyaya et al. (2023)
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Table 3 Yield equations based on regression analysis using eucalypt clone K58 data

Equation R’ SE F P-Value
V = 0.000128(DBH***)(Ht"**) 0.978 0.0496 609.232 0.00*
Bm = 0.0590(DBH>?*)(Ht***) 0.976 0.0539 557.198 0.00*
W = 0.0785(DBH****)(Ht"**") 0.977 0.0535 566.263 0.00*

Remarks: V = Volume (cubic meters)
W = Fresh weight (kilograms)
DBH = Diameter at breast height (meters)
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Bm = Biomass (kilograms)
Ht = Total height (meters)

* = Significant difference at p-value < 0.05
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Table 4 Equations for tree parts based on regression analysis using eucalypt clone K58 data

Tree part Equation R’ SE F P-value
Bmg = 0.0608(DBH***!)(Ht**"?) 0.976 0.0542 542.027 0.00*
Stem 2.221 0.572
W, = 0.0877(DBH*?)(Ht"*™) 0.976 0.05424 542.027 0.00*
Bm, = 0.00007(DBH*'*")(Ht"**°) 0.857 0.1748 80.717 0.00%
Leaves
W, = 0.0001(DBH*"*")(Ht"#*°) 0.857 0.1748 80.717 0.00*
Bm, = 0.0012(DBH***)(Ht"*") 0.763 0.1990 43.437 0.00*
Branches 2 296v 0615
W, = 0.0018(DBH***)(Ht**"®) 0.763 0.1990 43.437 0.00*

Remarks: Bmg = Stem biomass (kilograms)
Bm, = Branch’s biomass (kilograms)
W, = Fresh weight leaf (kilograms)
Ht = Total height (meters)

* = Significant difference at p-value < 0.05

IINNITILATILRAUNITONDBE TENINAUTAY
Ao nandnvetgAauda atgdu K58 laun Usuns

W Wnnan wazdulsdase fe wuiaunmgy

Bm, = Leaf’s biomass (kilograms)

W = Fresh weight stem (kilograms)

W, = Fresh weight branch (kilograms)
DBH = Diameter at breast height (meters)

L5 aULBAT A AINANSUSTUIANANINA 18NI19BINIAN

4 Uuuu ansadeulugule 7y Table 5

Table 5 Yield equations based on non-linear regression analysis using eucalypt clone K58 data

Equation R? SE F P-value
1.V = 0.005 + 0.015Ap 0.808 0.0134 117.810 0.00*
2. Bm = 13.489(Ap”"*®) 0.845 0.3122 152.301 0.00*
3. W = 19.396(Ap™®) 0.845 0.3121 152.786 0.00%

Remarks: V = Volume (cubic meters)
W = Fresh weight (kilograms)

* = Significant difference at p-value < 0.05
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Bm = Biomass (kilograms)

Ap = Canopy cover based on aerial photos (square meters).
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ABSTRACT

This study evaluated the impacts of small-scale gold mining on forest regeneration, soil nutrients, and the
accumulation of heavy metals over a chronosequence of 1-15 years after mining activities in Mahdia, Guyana.
Thirteen 50m x 50m plots were established across twelve mined-out sites, with three plots each in areas
abandoned after 1, 5, 10, and 15 years, along with a control plot. Soil samples were taken from each mining plot,
along with collection of tree data, including species composition, height, and diameter at breast height (DBH) for
trees >4 cm in diameter. Small trees (DBH 1-4 cm) were measured within subplots of size 10m x 10m, and saplings
were counted in 4m x 4m plots. The control plot was dominated by four species: Mora gonggrijpii, Chlorocardium
rodiei, Mora excelsa, and Catostemma commune, which contributed more than 60% of the overall species
sampled, with biomass and carbon content measured at 665 ton/ha and 313 tonC/ha, respectively. In contrast,
tree regeneration in mined-out areas was significantly slower, with only 1-2 tree species present after 15 years and
the maximum biomass and carbon content estimated between 1.3-1.5 tonC/ha. Heavy metal levels generally
returned to levels similar to that of the control, except for mercury and lead, which were two-fold and four-fold
higher, respectively. Additionally, nitrogen and phosphorus levels were considerably lower, likely contributing to

the limited accumulated biomass through regrowth and altered species composition in the mined-out soils.
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INTRODUCTION

The global demand for gold and its increasing
price has led to significant growth in legal and illegal
global mining activities. These activities have resulted
in substantial degradation of forested areas and soil
toxicity through heavy metals (Roman-Danobeytia et
al., 2015). It has been reported that small-scale gold
mining has primarily contributed to mercury and
heavy metal pollution globally (Aquino et al., 2022),
playing an important role in the economies of several
developing countries, including Guyana. It provides
employment opportunities in rural areas with limited
economic activity and serves as a major source of
foreign exchange (Cortines and Valcarcel, 2009;
Karthikeyan et al., 2021; Akoto et al., 2023). However,
the use of harmful chemicals, particularly mercury, in
the extraction of gold has contributed to soil
degradation and heavy metal contamination, a
Studies
consistently reported that gold mining significantly

common issue in mining areas. have
increases the concentrations of heavy metals like
arsenic, chromium, iron, lead, zinc, and mercury in the
soil (Bempah et al., 2013; Téth et al., 2016; Akoto et
al., 2023). The global demand for gold and its
increasing price has led to significant growth in legal
and illegal global mining activities. These activities
have resulted in substantial degradation of forested
areas and soil toxicity through heavy metals (Roman-
Danobeytia et al., 2015). It has been reported that
small-scale gold mining has primarily contributed to
mercury and heavy metal pollution globally (Aquino
et al, 2022), playing an important role in the
economies of several developing countries, including
Guyana. It provides employment opportunities in rural
areas with limited economic activity and serves as a
major source of foreign exchange (Cortines and
Valcarcel, 2009; Karthikeyan et al., 2021; Akoto et al.,
2023).

particularly mercury, in the extraction of gold has

However, the use of harmful chemicals,

contributed to soil degradation and heavy metal
contamination, a common issue in mining areas.
Studies have consistently reported that gold mining
significantly increases the concentrations of heavy

metals L.
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The degradation of soil quality due to mining
can have severe consequences for land use and
recovery, including the natural regeneration of forests.
In extreme cases, plant growth may be hampered on
mined-out lands due to poor soil physical properties,
insufficient nutrients, and high toxicity levels from
heavy metals (Roman-Dafobeytia et al., 2015). The
diversity and abundance of plants, particularly woody
tree species, are critical indicators of the success of
remediation efforts in areas contaminated with
mercury and heavy metals (Roman-Dariobeytia et al.,
2015). Studies have documented a relatively lower
number of woody species in regenerating post-mining
sites. For example, Peterson and Heemskerk (2001)
observed a reduction in tree diversity growing on
abandoned mining plots in Suriname compared to
control plots. Similarly, Nyenda et al. (2021) reported
that

macronutrients to return to pre-mining levels in a

it could take up to 100 vyears for soil
survey of sites in Zimbabwe. Waste rock dumps from

post-mining  activities  also  pose  long-term
environmental challenges unless reabilitated through
vegetation (Lewis et al., 2022).

In Guyana, artisanal and small-scale ¢old
mining (ASGM) has expanded significantly over the
past 25 years, with 374,739 hectares of land under
gold mining as of April 2021. By the end of 2023, there
2,422

operations were recorded in the country (Mcpherson

were licensed small-scale gold mining
et al.,, 2021). Gold mining is a leading export industry
in Guyana, driving economic growth (Laing, 2019).
However, many mined-out lands have been rendered
degraded and nutrient-poor due to the lack of
backfilling and a high concentration of toxic heavy
metals in the soil, posing significant challenges for
forest regeneration. Despite the scale of mining
activities, very few studies have monitored changes in
heavy metal distribution, soil nutrient levels, and
forest succession in these abandoned mining areas in
Guyana. Therefore, the objective of this study was to
investigate the concentrations of heavy metals and
soil nutrients in post-mining areas and to estimate the
their

sequestration capacity. The results of this study are

regrowth of native forests and carbon

expected to provide foundational knowledge related
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to the future management and ecological recovery of

lands impacted by small-scale gold mining activities.

MATERIAL AND METHODS

Site location and description

The study was conducted in the Mahdia Region
8 (Potaro-Siparuni) of Guyana, which hosts a significant
number of the country’s gold mines. This region is
geographically bound by the Potaro River, Ebini

Mountain Range, and Konawaruk Mountain Range,
covering an area of 22,330 km? at an altitude of 415
meters. The climate is characterized by an average
temperature of 24.5°C and an annual rainfall of 2,269
mm. Mahdia is part of the pre-Dambrian Shield of
Guyana, and the Potaro Mahdia alluvium is composed
of three main sedimentary layers geomorphologically,
clay, clayey sand, and gravel (Mcpherson et al., 2021).
Figure 1 shows a visual representation of Mahdia’s
location within region 8.
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Figure 1 The location of Mahdia in the Potaro Mining District, Guyana (Guyana Lands and Surveys Commission, n.d.).

Enrichment Factor (EF) was used to quantify
the number of times an item is enriched compared to
the reference material. The reference material is
considered as being unpolluted.

[Metal]

sample

EF=
[Metal]

background
Tree characteristics and carbon storage in
the biomass

Sampling plots were established at each
mined-out area to assess the forest condition, carbon

stock, and changes in stock over time. Twelve 50 m x
50 m plots were established along a chronosequence
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of 1, 5, 10, and 15 years after the stoppage of mining
activities, with an additional control plot (no mining
activity) used as a reference. Within each plot, tree
characteristics were recorded to evaluate the tree
density, species composition, growth rate, and carbon
sequestration. Trees with a diameter at breast height
(DBH) greater than 4 cm were measured for height and
DBH, while three 10 m x 10 m subplots were
established in each plot to measure trees with a DBH
between 1-4 cm. Additionally, within each 10 m x 10
m subplot, three 4 m x 4 m plots were established to
count the number of saplings. Species were identified
with DBH greater than 1 cm. Plot measurements were
made using a standard 50 m tape and the plots were
strategically placed to encompass overburdens, tailing
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ponds, and mining pits wherever possible. Figure 2

illustrates the layout of the sampling plots.

50x50 m Axd m
10x10m
dxd m
10x10 m
Mxd m
10x10m

Figure 2 Layout of each plot established in the mined-

out areas

Soil sampling and analysis

Fieldwork and soil sampling were conducted in
October 2023. Soil samples were collected from three
distinct locations within each mined-out site: (i)
overburdens, (i) tailing ponds, and (iii) mining pits, to
provide a comprehensive representation of the mining
area. Thirteen plots were sampled in total, with three
plots for each chronosequence (1, 5, 10, and 15 years
post-mining) and one control plot from the
undisturbed primary forest. Soil samples were taken
from the topsoil layer (depth between 0-20 cm),
where most of the tree roots are found and obtain
the most essential nutrients (Khadka, 2016). For each
sample, at least 1,000¢ of soil was collected using a
spade, which was cleaned between samples to
prevent contamination. The soil samples were placed
in olefin bags and air-dried on-site. The three samples
(overburden, tailing pond, and mining pit) from each
mined-out site were labeled, dried, and mixed
thoroughly in a polytene bag to form a composite

sample. Approximately 1,000¢ of the composite
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sample was then placed in a newly labeled olefin bag
to represent the site. These samples were sent to
Actlabs Inc., which is a certified laboratory specializing
in soil testing and analysis in Guyana.

All the minerals were analyzed using aqua regia
digestion (concentrated HNO3 and HCl) at elevated
temperatures, following ISO standards as outlined in
Téth et al. (2016). The samples were subsequently
analyzed for the levels of phosphorus and potassium
using Inductively Coupled Plasma - Optical Emission
Spectrometry (ICP-OES), while lead, iron, copper,
mercury, arsenic, and chromium accumulation was
measured using Inductively Coupled Plasma - Mass
Spectrometry (ICP-MS). The total nitrogen (N) content
was  determined  using elementary  exceed
instrumentation, which measures the total nitrogen

through combustion.
Data analysis

Allometric equations used for estimating the
aboveground biomass in the tropical moist forest was
based on the work of Brown et al. (1989), and can be

mathematically written as:

AGB = exp (-2.4090 + 0.9522 * n (D* * H * p)),

where: AGB is above ground biomass of a tree (kg), D
is DBH is diameter at breast height in cm, H is the tree
height in meters, and P is the wood density (g/cm’).
The belowground biomass was calculated
using the default values listed in Table 4.4 of the 2006
IPCC Guidelines (IPCC, 2006). The ratio of belowground
to aboveground biomass in a tropical rainforest (0.37),
and the carbon fraction of biomass (0.47) were also
taken from Table 4.3 of the IPCC Guidelines. Figure 3

below shows the location of each sample point.



Thai Journal of Forestry 43(2): 174-190 (2024)

266,000 w1 268000 m1

43SE == N

IR\
|
—~

%z Waypoints from Mining Pits for Different
3 Chronosquence
“lDate: 2024-05-21 | v

21N

XL

[ ~ .
Y \ e lf
> \ S >
/. & = ia
/ b 2
==
/ >
T A «
AN (I\
\
\ .
|
/ / | =
/ J‘ J
A
VAR | a" ‘
/ /
% / {
\ / v
/ &
r H
«
H
Legend
n Control
x 15 Year
| ] 10 Year
o S Year
2 1 Year 2
£
Creck .
Road
. X< |
’ P 3 ,”4
| o R I ,‘_,
S22 _\\ ’ N | /
) s S S S

cale 1240000
% Fan o et FEERS

T

B
g
i/
H
i

s

T

Figure 3 The location of sample points over the chronosequence of 1-15 years after mining

Remark: This map was produced for the authors by the Guyana Geology and Mines Commission (2024).

Statistical analysis

A two-tailed F-test and two-tailed T-test was
used to determine any significant differences between
the means of measured variables. All the statistical
analysis was performed using XLSTAT 2013 at a
significance level of 95%.

RESULTS AND DISCUSSION

Forest characteristics

Primary forest (no mining activity)

The primary forest used as the control plot was
characterized by dense forest cover with a diverse
range of tree species, varying in both height and DBH.
A total of 13 tree species were identified within the
plot, with a density of 1,056 trees/ha exceeding 4 cm
DBH documented in the 50 m x 50 m plot. Four

dominant species, Mora gonggrijpii, Chlorocardium
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rodiei, Mora excelsa, and Catostemma commune,
constituted over 60% of the total tree species (Figure
4-5, Table 1). The tallest tree in the plot was from the
species Chlorocardium rodiei reaching a height of over
31 meters, while the largest measured DBH was 65 cm
for a tree belonging to the Mora gonggrijpii species. In
the smaller 10 m x 10 m plots, 368 trees ha™ with a
DBH between 1-4 cm were recorded, with species
composition similar to the larger trees. Additionally,
within the 4 m x 4 m plots, 1,580 saplings/ha under 1
cm in DBH were identified, although their species
identification was not done for these smaller plants.
The soil samples collected from the control plot were
darker in color compared to those from the mined-
out areas and had a thicker layer of organic matter,
containing more leaves and small roots. The soil

texture was classified as silty clay loam.
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Figure 4 Visualized forest conditions of the control plot
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Figure 5 Species composition of the control plot

Mined-out areas pit areas had almost no tree cover. Figure 6 depicts
We investigated the forest conditions in the visual comparison of plots abandoned for 1, 5, 10,
abandoned mining areas over a chronosequence of 1, and 15 years. After one year post-mining, the area
5, 10, and 15 years. Visually, it was evident that the exhibited minimal regrowth, with no presence of
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forest species. The perimeter of mining area was
primarily covered with grass species that were all less
than 0.5 meters tall. A few trees from the Cecropia
peltata and Vismia guianensis species were found,
predominantly in the overburdens. The height of the
tallest tree recorded in this area was 5.2 meters, with
the largest DBH recorded at 8 cm. No vegetation,
either trees or grasses, was found in the tailings pond
or the mining pit. Soil samples from this area had a
slightly darker color relative to other samples across
the chronosequence, except for the control plot. The
soil texture varied from sandy clay loam to clay loam.

Plots abandoned after five years had a slightly
higher biomass than the one-year plots, though the
soil conditions were below optimum to support
robust plant growth five years post-mining. These
plots were dominated by grasses, with various species
reaching heights of up to 1.5 meters in some areas.
Thin grass cover was also present in the mining pits
and tailings pond. A small creek running near the plots
may have contributed to the presence of grasses, as
the area is prone to flooding during the rainy season.
This periodic flooding would have likely promoted
grass growth while also potentially preventing the
establishment of trees. The soil in these plots was
classified as clay loam to loam, with more coarse
particles compared to the other mined-out plots. This
coarser texture is likely a result of the creek's
floodwaters, which may wash away finer particles,
leaving heavier, coarse material behind.

The abandoned mining areas after ten years
had a higher biomass accumulation compared to the
earlier stages in the chronosequence. However, tree
growth remained confined to the areas outside of the
mining pits and tailings ponds, indicating that toxic
heavy metals and a lack of nutrients were still
hindering the vegetation regrowth within these zones.
These plots had a lower grass cover compared to
those abandoned for shorter periods, although the
overburden was densely populated with pioneer
species such as Cecropia peltata and Vismia
guianensis. The tailings pond had very little grass
cover, but small amounts of organic matter, such as
dead leaves from the overburden, were found in both

the mining pits and tailings pond. The soil particles in
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these plots were finer than those sampled from the
earlier stages, with textures ranging from clay to sandy
clay. Despite the higher biomass, no forest species had
been able to re-establish in these areas, suggesting
that forest regeneration was still limited by the site's
degraded soil conditions.

The area in plots abandoned for 15 years had
similar condition as that of the 10-year plots,
indicating that, without human intervention, natural
recovery in mined-out areas can be exceedingly slow,
even after 15 years (Figure 6). Notably, a few trees
were observed growing in the tailing ponds and mining
pits, although these were not forest species but rather
the same pioneer species, Cecropia peltata. The
general area remained largely covered with grasses,
some of which appeared dead, likely due to a lack of
water availability. The overburden and perimeter of
the tailing ponds and mining pits were dominated by
Cecropia peltata and Vismia guianensis, similar to
previous stages. The soil texture in these plots was
classified as clay loam, with a light brown color similar
to that observed in the 5-year plots.

Based on the information described, it is clear
that 15 years after the mines were abandoned, the
areas did not fully recover. All the forest parameters
investigated—such as total number of individuals,
tree height, DBH, and species diversity—remained
significantly lower than those in the control or nearby
primary forest plots. Extreme soil conditions resulting
from gold mining, including altered physical
properties, nutrient depletion, and higher levels of
heavy metal toxicity, appeared to have severely
hindered plant regrowth. Notably, certain parts of the
mining areas, particularly the mining pits and tailings
ponds, had little to no growth. The removal of topsoil,
rich in organic matter and essential nutrients like
nitrogen and phosphorus, played a major role in the
lack of vegetation regrowth (Arcand et al., 2010;
Khadka,  2016).  Additionally,
contamination further inhibited plant regeneration

heavy  metal

(see sections below), making these areas less
conducive to recovery.

Despite these harsh conditions, large grass
cover was observed in the 5- and 15-year abandoned

areas, with grasses reaching up to 1.5 meters in height
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in the 5-year areas and 1 meter in the 15-year areas.
While the total basal areas increased over time in the
abandoned plots, they remained well below the
levels in the control plots. Only two tree species,
Cecropia peltata

and Vismia guianensis, were

identified in the mined-out areas. These species are
low-density, short-lived pioneer species that typically
colonize disturbed areas after strong disturbance to

the local ecosystem.

Table 1 Forest characteristics of the control plot and of the plots after 1-15 years of mining termination

Plots Total number of  Number species Average height Average DBH Total basal
Trees per ha (m) (cm) area
DBH >4 cm (m?/ ha)
Control 1056 13 10.0 13.8 1,376.1
1 48+8 2+1 4.2+1.0 6.4+1.0 12.2+3.0
5 52+9 1+0 57+1.0 7.1+1.0 16.4+3.0
10 220+32 2+1 5.8+2.0 7.9+2.0 95.5+7.0
15 192+28 2+1 5.2+2.0 7.9+2.0 87.3+9.0

(b)

Figure 6 Mined out area after (a) one year (b) after five years (c) after ten years and (d) after fifteen years

Biomass and carbon storage

The results indicate that even 15 years after the
cessation of mining activities, the total biomass in the
area was less than 1% of that in the control plot. The
biomass estimated in the control plot was 665 tons
ha™, while the biomass in the 15-year post-mining area
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was only 2-3 tons ha’, with an average biomass
increase of approximately 0.2 tons per year. At this
rate, it would take over 200 years for the forest to
recover naturally to a level comparable to that of the
primary forest, making natural recovery without

intervention highly unlikely. Similar recovery time
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scales were reported by Nyenda et al. (2021) in mining
areas.

Human intervention, therefore, is necessary for
successful regeneration and remediation in these
mined-out areas. The first step should involve
modifying the terrain to restore to its original state,
primarily by replacing the nutrient-rich topsoil
removed during mining. This process would not only
help reduce erosion but also replenish essential soil
nutrients (Lewis et al., 2022). Additionally, successful
reclamation efforts, such as the planting of Acacia

mangium Willd., have been shown to accelerate the

recovery of mined out sites (Lewis et al., 2020).
In terms of carbon storage in vegetation
the total

proportional to the total biomass. The control plot

biomass, carbon storage is directly
stored 313 tons of carbon per hectare (ton C ha),
compared to just 0.12, 0.19, 1.30, and 1.15 ton C ha’
after one, five, ten, and fifteen years after mine
abandonment, respectively (Figure 7). These findings
highlight that the slow regeneration of species in
mined-out areas can significantly reduce the carbon

storage capacity of these ecosystems.
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Figure 7 Biomass and carbon storage in aboveground and belowground biomass after 1-15 years of mining activity.

Heavy metals

Gold mining activities often lead to heavy
metal contamination of the environment (Fashola et
al.,, 2016). The primary sources of this contamination
are the wastes generated during mining, mineral
processing, and metallurgical extraction. In gold
mining, more than 99% of the extracted ore is
typically discarded as waste (Fashola et al., 2016). In
small-scale mining, mercury is frequently used to
separate gold from other materials (Stoffersen et al.,
2018). In this study, the concentrations of arsenic,
chromium, mercury, lead, iron, and copper were
measured (see Figures 8, Table 2) and are discussed

below.
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Arsenic (As)

Arsenic (As) is naturally present in the Earth's
crust and found in significant quantities in air, water,
and soil. In its inorganic form, As is highly toxic (WHO,
2022a). Studies by Harmanescu et al. (2011) and
Durdes et al. (2021) have shown a strong correlation
between arsenic concentrations in the environment
and gold mining activities. For instance, Bempah et al.
(2013) reported as concentrations as high as 1,752
meg/kg in gold mine tailings compared to the
permissible level of As in soil of 20 mg/kg (Mercado
and Aribal, 2020). The results from this study, as
shown in Figure 9, indicate a significant increase

(p < 0.05) in arsenic levels relative to the control plot
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(2 mg kg™ to 279 mg/kg in mining pits abandoned for
one year. These findings are consistent with previous
studies, which also found elevated as levels in mining
pits one year after mining activities (Bempah et al.,
2013; Toth et al., 2016; Akoto et al., 2023). However,
the results show a decrease in concentrations over
time, with reduction to nearly the same levels as the
control (3 mg kg') after 15 years of abandonment. The
Enrichment Factor (EF) analysis indicates that as levels
were extremely severe after one year but decreased
to moderately severe in years five and ten, and to
minor enrichment by year fifteen. This substantial
decrease suggests that arsenic leached from the
topsoil into deeper layers or nearby waterways over
time.

Chromium (Cr)

Chromium (Cr) is found naturally in the rocky
soils and is classified as a carcinogen. Cr is highly
soluble and poses a significant hazard by
contaminating the groundwater and entering the food
chain. Its presence adversely affects plant growth by
impairing  essential metabolic  processes and
promoting the production of reactive oxygen species
(ROS), leading to oxidative stress in plants (Sharma et
al., 2020). Léopold et al. (2016) found that Cr levels
in mined-out soils (57.53 mg kg") were significantly
higher than in non-mined areas (24.53 mg kg). In this
study, Cr concentrations fluctuated throughout the
chronosequence. Cr levels increased from 155 mg kg in
the control plot to 188 mg/kg in plots abandoned
after one year, that decreased to 110 mg/kg after five
years. Interestingly, a significant increase (p < 0.05) was
observed in plots abandoned for ten years, with Cr
levels reaching 798 mg kg'. The reason for this
observation is unclear, but it may be due to the
sampling of a hotspot area. After fifteen years, Cr
levels decreased significantly to 42 mg kg™, which was
lower than the control plot levels. The EF analysis
indicated no enrichment in samples from years five
and fifteen,

with  minor to moderately severe

enrichment observed in years one and ten,
respectively. It is to be noted that the permissible
level of Cr in soil is 100 mg kg, a threshold exceeded
by all samples except those from plots abandoned

for fifteen years (Mercado and Aribal, 2020).
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Mercury (Hg)

Mercury (Hg) is naturally present in the Earth's
crust and is released into the environment through
natural processes such as weathering of rocks and
volcanic activity, as well as human activities. The
primary sources of Hg pollution from human activity
include coal-fired power plants, household coal
burning, industrial processes, waste incineration, and
mining operations, particularly mercury, gold, and
other metal mining. As Hg cannot be destroyed, it can
be recycled and repurposed, reducing the need for
further mercury mining. The use of Hg is particularly
hazardous in artisanal and small-scale gold mining,
where it poses serious health risks to vulnerable
[WHO],
2017). Globally, artisanal and small-scale gold mining

communities (World Health Organization

is responsible for around 37% of mercury emissions
into the air and water (WHO, 2013).

The results from this study showed minimal
Hg

chronosequence. Interestingly, there was a significant

changes in concentrations throughout the
decrease (p<0.05) in Hg levels after one year (0.10
mg kg) compared to the control plot (0.16 mg kg™).
Previously, Kalamandeen et al. (2020) had also noted
that mercury leached quickly from mining areas, with
Hg levels in pits abandoned for six months to three
years being two orders of magnitude lower than in
active pits. After five years, Hg concentrations slightly
increased to 0.19 mg kg’l, and in pits abandoned for
ten years, there was a significant increase (p<0.05) to
0.28 mg kg'compared to the control. By year fifteen,
Hg levels had slightly decreased to 0.27 mg kg
Notably, all Hg the

chronosequence remained below the WHO/FAO

concentrations  across
permissible limits for soils (0.3 mg kg; Ssenku et al.,
2023). The EF analysis indicated minor Hg enrichment
in plots abandoned for five to fifteen years.

Lead (Pb)

Lead (Pb) is a naturally occurring toxic element
found in the Earth's crust. Its widespread use has led
to significant environmental contamination, human
exposure, and major public health concerns. Globally,
exposure to Pb-contaminated soil and dust from
mining activities has resulted in widespread Pb
poisoning and several child fatalities (WHO, 2023).
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Léopold et al. (2016) found that Pb concentrations in
exploited areas (19.02 mg kg') were higher than in
non-exploited areas (15.77 mg kg). Similarly, Akoto et
al. (2023) reported that Pb levels were up to 15-fold
higher in areas where gold-bearing rocks were being
excavated, processed, and where mine tailings were
dumped, compared to control areas.

The results from this study confirm that Pb
levels in soil increased following the stoppage of
mining activities. A significant positive correlation
between Pb and as was observed by Akoto et al.
(2023), indicating that similar anthropogenic activities
may influence both metals. The findings of this study
are consistent with those of Léopold et al. (2016) and
Akoto et al. (2023), demonstrating a significant
increase (p<0.05) in Pb levels one year post-mining,
with concentrations increasing to 8.32 mg l<g’1
compared to the control. However, no significant
changes were observed after five and ten years, with
Pb levels measured at 2.84 mg kg'and 4.09 mg/kg,
respectively. Interestingly, after 15 years, Pb levels
increased significantly to 13.42 mg kg”. The findings
indicate that Pb levels generally increase following
gold mining activities and that these levels do not
reduce significantly even after 15 years. Importantly,
the measured Pb levels in this study were below the
permissible limit of 50 mg kg™ for soils (Mercado and
Aribal, 2021).

Copper (Cu)

Copper (Cu) is both a pollutant in drinking
water and an essential nutrient, with excessive levels
in the body leading to organ damage and malfunction.
Copper is widely used in alloys, coatings, and in the
production of pipes, valves, and fittings (Abdul-Wahab
and Marikar, 2011; WHO, 2022b). Cu is a high-density
chemical element that can accumulate during the
gravimetric concentration procedures at gold mining
sites, leading to geochemical anomalies and
contamination hotspots (Cesar et al., 2011). Tun et al.
(2020) observed an increase in the heavy metals
associated with gold mining, including copper, after
mining activities, posing environmental and health
risks to humans and animals.

In the present study, Cu concentrations

significantly increased (p<0.05) to 126 mg kg 'one year
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after mining, compared to 22 mg kg'in the control
site. However, over time, the concentration of Cu in
the soil decreased and returned to levels similar to
the control site after 15 years. The EF analysis
indicated that the soil was moderately severely
enriched with Cu one year after mining, but the
enrichment was classified as minor to negligible for
years five, ten, and fifteen. This suggests that copper
may leach out from the soil over time or be washed
into nearby streams. It is important to note that the
permissible level of copper in soils is 100 mg kg™, with
all the measured levels in this study beling below this
limit, except for the samples from the one-year plots
(Mercado and Aribal, 2020).

Iron (Fe)

Iron (Fe) concentrations in soils generally range
between 20,000 and 550,000 mg kg'. Due to the
specific characteristics of the soil and external factors,
native Fe concentrations can vary significantly, even
at smaller distances. In a study by Léopold et al.
(2016),

exploited by gold mining in Cameroon. In one area,

contrasting results were found in soils
exploited soils had a mean of 65,926 mg kg™ (ranging
from 40,976 to 120,926 mg kg") compared to non-
exploited soils with a mean of 35,039 mg kg™ (ranging
from 22,497 to 45,278 mg kg'l). In another area, the
mean Fe concentration in exploited soils was 41,197
mg kg’1 (ranging from 17,226 to 77,358 mg kg’l), while
non-exploited soils had a mean of 47,015 mg kg1
(ranging from 41,416 to 52,159 mg kg). These findings
indicate that iron levels may depend largely on the
soil's natural composition rather than mining activities
alone.

The results of the present study showed
Fe the

chronosequence, though none were found to be

fluctuations in concentrations  across
statistically significant (p<0.05). One year after the
slight Fe

concentration (53,966 mg kg compared to the

mining, there was a decrease in
control (55,783 mg kg'). After five years, the
concentration further decreased to 32,862 mg kg,
followed by an increase to 66,902 mg kg™ after ten
years. Finally, after 15 years, the concentration
returned to levels similar to the five-year mark (36,857

mg kg). These results do not indicate to any clear
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trends in the Fe concentrations over time, supporting
Léopold et al. (2016) findings that iron levels can vary

considerably, even within the same area. Notably, the
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permissible levels of iron in soil is 50,000 mg/kg, and
only the samples from the five- and fifteen-year plots
were below this threshold (Mercado and Aribal, 2020).
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Figure 8 Changes in (a) Arsenic (As) and copper (Cu) concentrations over the chronosequence (b) Chromium (Cr)

and Lead (Pb) concentrations over the chronosequence (c) Iron (Fe) concentrations over the

chronosequence and (d) Mercury (Hg) concentrations over the chronosequence.

Table 2 Changes in heavy metal content in the soil from the mined-out areas (means + S.D. of 3 replications).

Values with the symbol (*) indicate a significant difference from control at p<0.05

Years after mine

Heavy metal content (mg/kg)

Abandonment Pb Fe Cu Hg As Cr
Control 3.0+0.1 55,783+119 22+1 0.2+0.1 2.0+0.8 155.0+3.4
1 8.0+0.1%* 53,966+1,911 126+21* 0.1+0.1% 279.0+28.0* 188.0+30.9
5 3.0+0.1 32,862+18,131 29+8 0.2+0.1 7.0£7.7 110.0+77.8
10 4.0+£1.5 66,902+8,332 32+4 0.3+0.1* 6.0+3.2 798.0+58.6*
15 13.0+1.4% 36,857+5,414* 2245 0.3+0.2 3.0+0.4 42.0+14.3%
Nutrients to mining, may have a greater impact on forest

In this study, the total nitrogen, phosphorus,
and potassium content were measured and are
plotted in Figure 9. Kalamandeen et al. (2020) noted

that nutrient depletion, particularly nitrogen loss due
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regeneration than mercury contamination, as nutrient-
poor soils hinder plant growth. Roman-Dafiobeytia
et al. (2015) also pointed out that mining-related

topsoil excavation depletes soils of essential nutrients
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and organic matter, significantly slowing the forest
recovery compared to other land uses. Similarly,
Khadka (2016) found a significant positive correlation
between soil organic matter and total nitrogen levels,
emphasizing the importance of maintaining high
organic matter content to balance the macronutrient
concentrations. The results of this study indicated to
a significant decrease (p<0.05) in nitrogen content
from 1,691 mg kg in the control plot to 720 mg kg’
one year after mining. This reduction is likely due to
the absence of litter and organic matter on the
topsoil, where nitrogen is typically stored. The mining
pits and tailings pond areas, which had little to no
vegetation, further exacerbated this decline. While
nitrogen levels slightly increased over time, they
remained significantly below the levels observed in
the control plot. Nitrogen concentrations after five,
ten, and fifteen years were estimated at 847 mg kg™,
923 mg kg’l, and 863 mg kg’l, respectively, suggesting
that a lack of forest cover and organic matter
continued to inhibit the recovery of nitrogen.

In comparison to nitrogen, phosphorus and
potassium were not exhibit a pronounced change
relative to the control plot. The removal of topsoil to
access gold ore can lead to the loss of phosphorus.
Nyenda et al. (2021) observed a gradual increase in
phosphorus content over time in mine tailings,
spanning from 10 to 110 years. However, the results

of this study showed an overall significant decrease

N,P and K concentration

~
- — —e

//I\

-—

(p<0.05) in phosphorus across the chronosequence,
except for the one-year pits. After one year, the total
phosphorus was 321 mg kg, a slight increase from the
control plot’s 287 mg ke'. By vyear five, the
phosphorus levels ad dropped significantly to 155 mg
kg In years ten and fifteen, phosphorus levels were
recorded at 179 mg kg and 152 mg kg, respectively,
both significantly lower than the control plot. The
removal of topsoil, rich in organic matter, appears to
have had a major impact on the phosphorus levels in
the soil, contributing to the observed depletion over
time.

We did not find any significant correspondence
between potassium levels and gold mining activities,
suggesting that other factors may have influenced its
concentration. In the control plot, potassium levels
were recorded at 311 mg kg’l. After one year,
potassium levels significantly increased (p<0.05) to
723 mg kg In the pits abandoned for five years, the
mean levels dropped to 263 mg kg’, and after ten
100  mg/ke.
levels

years, they decreased further to

Interestingly, after 15 years, potassium
increased to 795 mg kg These variations throughout
the chronosequence indicate that mining activities did
not significantly affect the potassium levels, indicating
to the likelihood that other environmental or soil-
factors  influenced  the

related potassium

concentrations (Figure 9).
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r é f

1 //ﬁ
/

i

— _\_.<:‘,L___!

Control 1

5 10 15

Time after abandonment (years)

Figure 9 Changes in total nitrogen, phosphorus and potassium in the control and mined-out areas
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The pH of the control soil was measured at
4.95, which is typical for regions with high rainfall.
Following one year of mining, the pH increased to
5.22, and peaked at 5.59 after five years, with both

5.17, followed by a further reduction to 5.14 after 15
years. The general trend shows a significant increase
in soil pH during the first five years post-mining,

followed by a gradual decline over time, as illustrated

increases being statistically significant (p<0.05). in Figure 10.
However, after ten years, the pH sharply declined to
6.00
5.80
5.60 —e—rH
5.40
T 520
5.00
4.80
4.60
4.40
Control 1 5 10 15
Time after abondonment (years)
Figure 10 Changes in pH levels over the chronosequence
CONCLUSIONS a baseline for the natural conditions observed after
15 vyears, highlighting that natural regeneration is
The results indicate that essential plant highly challenging without intervention. Effective
nutrients, particularly nitrogen and  phosphorus, remediation, including backfilling and soil nutrient

significantly diminished following mining activities,
likely contributing to the limited biomass recovery
observed throughout the chronosequence. Heavy
metals such as copper, arsenic, and chromium
significantly increased one year after mining, peaking
at different times compared to the control. However,
most heavy metal concentrations returned to levels
similar to the reference levels after 15 years, except
for lead and mercury. These two metals remained
elevated even after 15 years, suggesting that they
persisted in the soil at high concentrations and did not
readily leach out.

Biomass recovery over the 15-year period was
notably low, potentially due to the nutrient depletion
and sustained high levels of mercury and lead, both
of which negatively affect plant germination and

natural ecological processes. This study established
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management, is essential for promoting plant growth
and biomass recovery, underscoring the need for
human intervention to reclaim and restore these

lands.
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