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Utilizing Terrestrial Laser Scanning for Estimating Commercial Teak Volume: A Case Study of

Mae Chang Forest Plantation, Mae Mo District, Lampang Province

Watcharin Sangsingl, Laddawan Rianthakooll*, Chakrit Na Takuathungl, Jirawat Yingdeel, and Sitthichai Songbut1

Received: 17 January 2025 Revised: 26 March 2025 Accepted: 29 March 2025

ABSTRACT

Background and Objectives: Teak (Tectona grandis) is one of Thailand's most valuable economic tree species,
prized for its exceptional qualities such as durability, aesthetic appeal, and resistance to pests and diseases. Its
popularity spans both domestic and international markets, making accurate estimation of merchantable teak volume
essential for forest management and the timber industry. Precise volume estimation facilitates accurate economic
valuation and minimizes resource losses associated with traditional destructive tree- felling methods. Recent
advancements in technology, light detection and ranging or LiDAR, have provided opportunities to enhance the
accuracy and efficiency of forest resource data collection. Among these tools, the Terrestrial Laser Scanner (TLS)
stands out for its ability to generate high-resolution three- dimensional (3D) models of individual trees and forest
stands in a non-destructive method. Unlike traditional methods, TLS enables data collection without damaging
trees, offering a sustainable and efficient alternative for forestry applications. This study aimed to develop a
methodology for utilizing TLS to construct 3D models of teak trees to estimate merchantable wood volume. The
results were compared with the traditional felling method, which is considered the most accurate but destructive.
In addition, the study attempts to establish predictive equations and volume tables for estimating merchantable teak
volume. These outputs aimed to support sustainable forest management practices, reduce resource wastes, and
facilitate the economic valuations of teak for the timber industry.

Methods: The study was conducted in the Mae Chang forest plantation, located in Mae Mo district, Lampang
province, Thailand. The stratified random sampling was employed to establish 12 sample plots, each sizing 40 m
x 40 m. The plots were divided into two age groups based on plantation year: 18 years old (planted in 2006) and
39 years old (planted in 1985), with six plots in each group. Data collection involved using a Faro Focus S150 TLS
to scan individual trees in each plot. The TLS data were processed to create detailed 3D tree models for further
analysis. Merchantable timber volume was calculated using two methods: the stem curve method and quantitative

structure models (QSM), both implemented through the 3D forest software. The TLS-derived volume estimates
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were validated by felling selected sample trees. The diameters and merchantable lengths of these felled trees were
measured, and their volumes were calculated using Huber’s formula. Statistical analysis was performed to compare
TLS-derived volumes with traditional felling-based volumes using paired t-tests. The accuracy of TLS-derived
estimates was evaluated using root mean square error (RMSE). Additionally, predictive equations for merchantable
volume estimation were developed using regression analysis. Two types of equations were created: one using
diameter at breast height (DBH) as the sole variable and the other incorporating both DBH and merchantable height
(H,,). A volume table was constructed based on these equations, enabling non- destructive volume estimation for
teak trees of varying DBH and H,, ranges.

Results: The 3D models generated using TLS provided merchantable volume estimates that closely aligned with
volumes derived from felled trees. Statistical analysis revealed no significant differences between TLS-derived
volumes and traditional felling-based volumes (p > 0.05). The RMSE values for TLS-derived estimates were 0.02
and 0.03 cubic meters when using the stem curve and QSM methods, respectively, indicating high accuracy. Two
predictive equations for merchantable volume estimation were developed. The first equation utilized DBH as a
single predictor variable and demonstrated a coefficient of determination (R?) of 0.966. The second equation
incorporated both DBH and H,,, achieving a higher R? value of 0.988. Validation of these equations using data
from felled trees showed mean absolute percentage errors (MAPE) of 17.81% and 11.01%, respectively,
confirming their suitability for practical applications. The most accurate equation was subsequently used to
construct a merchantable volume table, which estimating based on DBH and H,, ranges without requiring tree
felling. This table provides a practical tool for forest managers and timber industry stakeholders to assess teak
volume efficiently and sustainably.

Conclusion: The results of this study demonstrate that TLS is a reliable and effective tool for non-destructive
estimation of merchantable teak volume. The 3D models generated using TLS data enable precise volume
estimation through methods such as stem curve and QSM, producing results that are statistically comparable to
traditional destructive felling methods. The acceptable error margins and high accuracy of TLS-derived estimates
highlight its potential as a sustainable alternative to conventional volume estimation techniques. By minimizing
the need for destructive sampling, TLS-based methods contribute to sustainable forest management practices,
preserving valuable tree resources while maintaining economic productivity. Furthermore, the development of
predictive equations and merchantable volume tables offers practical solutions for forest managers and timber
industry professionals, streamlining the assessment of merchantable volume and economic valuation. Overall, this

study underscores the importance of integrating advanced technologies such as TLS into forestry practices. By
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improving the accuracy and sustainability of resource assessments, these innovations can support long-term forest

conservation and enhance the economic potential of Thailand's teak plantations.

Keywords: LiDAR, merchantable volume, stem curve, Teak plantation

: Department of Forest Engineering, Faculty of Forestry, Kasetsart University, Bangkok 10900, Thailand
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1. Qﬂﬂim (Materials)
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1. IATOITUNUIAIYDS MANUAY Faro Focus

U S150 Npaauiaauaadly Table 1

Table 1 Faro S150 specifications

Specifications Faro S150

Laser class Laser class 1

Range 0.6-150 m

Range finder Phase shift measurement
Field of view 360° x 300°

Range accuracy +]1 mm

3D Position accuracy 2 mm @10m

Scanning speed 976 KPts/s

Beam divergence 0.3 mrad

Weight 4.2 kg
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Figure 1 Study site at Mae Chang forest plantation, Mae Mo district, Lampang province.
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Table 2 Number of trees and sample trees used for equation construction in each diameter class.

Number of trees

Sample trees for constructing

No. Diameter (cm) .
Stand 1985 Stand 2006 merchantable volume equations
1 10.010 - 14.428 77 138 6
2 14.428 - 18.846 101 95 6
3 18.846 - 23.264 70 62 6
4 23.264 - 27.682 20 14 6
5 27.682 - 32.100 10 2 6
Total 278 311 30
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Figure 3 Flowchart detailing the methods in data processing. (a) Preprocessing (b) Processing (c) Extraction

DBH and tree height (d) Merchantable volume estimation.

Figure 4 Processing individual teak tree models: (A) Stem Curve method and (B) QSM method
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Table 3 Results of t-test comparing different merchantable volume measured; the significance level {=0.05.

Mean Variance N df t P

Merchantable volume between reference volume and volume estimated via the Stem Curve method

0.2976 0.0419 24 23 1.5740 0.1291

reference

v 0.2915 0.0383 24 23

Stem Curve

Merchantable volume between reference volume and volume estimated via the QSM method

V.o 0.2976 0.0419 24 23 1.8364 0.0793
Vosu 0.2868 0.0384 24 23
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Figure 5 Comparison of merchantable volume for each method: reference volume and the stem curve

method (A); reference volume and the QSM method (B).
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Table 3 Merchantable volume equations for estimating the volume of teak trees in the Mae Chang forest plantation

2

No. Equation F SE R
1 V =-0.0366 + 0.0007DBH’ 632.6 0.035 0.958
2 V=0.0001DBH**"" 789.5  0.141  0.966
3 V =-0.1777 + 0.0143DBH + 0.0003DBH’ 335.7 0.034 0.961
4 V =0.0559 + 0.00004DBH2HM 462.6 0.041 0.943
5  V=0.0002DBH"*""H,** 10853  0.086  0.988
6 V =-0.0873 + 0.0005DBH’ + 0.0097H,, 4—0.000002DBH2HM 365.3 0.027 0.977
Remarks: V = merchantable volume, in cubic meters. ~ H,;, = merchantable height, in meters.
DBH = diameter at 130 centimeters above the ground level, in centimeters.
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Figure 6 Relationship between DBH, merchantable height and merchantable volume from equations 1- 6
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Table 4 Merchantable volume table of Tectona grandis at Mae Chang forest plantation, Mae Mo district, Lampang

province (in cubic meters).

DBH Merchantable Height (m)

(cm) 1-2 2-4 4-6 6-8 8-10 10-12 12-14 1416  16-18
8-10 0.023 0.036 0.046 0.055 0.064 0.071 0.079 0.085 0.092
10-12 0.033 0.051 0.065 0.078 0.090 0.101 0.111 0.120 0.129
12-14 0.044 0.068 0.087 0.104 0.120 0.134 0.148 0.161 0.173
14-16 0.056 0.087 0.112 0.134 0.154 0.173 0.190 0.207 0.222
16-18 0.070 0.109 0.140 0.167 0.192 0.215 0.237 0.258 0.277
18-20 0.086 0.132 0.170 0.204 0.234 0.263 0.289 0.314 0.338
20-22 0.103 0.158 0.204 0.244 0.280 0.314 0.346 0.376 0.404
22-24 0.121 0.186 0.240 0.287 0.330 0.370 0.407 0.442 0.476
24-26 0.141 0.217 0.279 0.334 0.384 0.430 0.473 0.514 0.554
26-28 0.162 0.249 0.321 0.384 0.441 0.494 0.544 0.591 0.636
28-30 0.184 0.284 0.365 0.437 0.502 0.563 0.619 0.673 0.724
30-32 0.208 0.320 0.412 0.493 0.567 0.635 0.699 0.760 0.818
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ABSTRACT

Background and Objectives: To establish the land regulation, it is necessary to know basic information of
the surrounding community’s land use and to be aware of basic forest laws. Therefore, it is possible to create
regulations that are consistent and make the most of the policy. This study aimed to investigate the
community’s context, the awareness and understanding of forest law (National Reserved Forest Act B.E. 2507
(1964)), and factors affecting forest utilization in the Huay-Tak Teak Biosphere Reserve, Lampang Province,
in order to obtain guidelines for the conservation of the area based on sustainable use of forests.
Methodology: A structured interview schedule was designed to conduct with a sample group of 321 people.
Its reliability level was at 95% based on Yamane’s method. This aimed to interview about community context,
utilization non-timber forest product and bamboo. The factors effecting the utilization were analyzed by using
descriptive and inferential statistics (multiple regression analysis by enter method). There was focus group
discussion about guidelines for forest area management among stakeholders.

Main Results: Results of the study revealed that most of the informants were female and male of 58.26%, male
41.74% and their age range was 46-55 years (166 people). The surrounding communities had a high level of
knowledge about forest utilization. Most people in the communities had knowledge about forest utilization at
high level (100%). This included forest product gathering such as bamboo shoot, mushroom, Melientha suavis
Pierre, and medicinal plants. It was found that forest utilization there did not cause impacts on forest condition
and forest products. This was because forest products could grow naturally. However, too much forest product
gathering caused sightings of some wildlife have become more difficult. Surprisingly, some kinds of wildlife
would be found easily because they had to go out and find food sources outside the forest. In addition, cutting
bamboo from forest areas regardless of appropriate method and amount would cause forest degradation. This

was because some forest products or wildlife could not occur naturally. All community in Ban Huat sub-district,
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Ngao district at Lampang province gathered forest products every season. About 70% mainly utilized bamboo
and followed by wild mushroom (15%), edible plants (10%) and others such as firewood and insect (5%).
According to survey, three kinds of bamboo in mixed deciduous forest area were utilized: Dendrocalamus
membranaceus Munro, Cephalostachyum pergracile Munro and Gigantochloa albociliata (Munro) Kurz. For
bamboo utilization trend, cutting bamboo for selling (56.53%) which followed by wickerwork and building a
fence. Bamboo was used most during October December (66.98%) and it was used 1-2 times per year; not more
than 100 bamboo culms (86.92%). Dendrocalamus membranaceus was utilized most (bamboo shoot and
bamboo culms). Findings showed that the informants had a highest level of understanding about basic law of
the National Reserved Forest Act B.E. 2507 (1964), Chapter 2, Section 15. That was, gathering forest products
in national reserved forests must obtain permission from relevant authorities. In terms of factors affecting forest
utilization, the three factors with the highest positive effect were education attainment (p < 0.01), marital status
(p < 0.05), and household members (p < 0.05). Extended family usually intensively utilized forest products in
many forms and seasons. Some families gathered forest products throughout the year for selling. In the focus
group discussion for finding guidelines or establishing rules/regulations accepted by the community. The
community needed the public sector to clearly define areas for the use of forest resources as well as penalties
for violators and offenders, by creating understanding and integration between government agencies such as the
Royal Forest Department and Department of National Parks, Wildlife and Plant Conservation, and the
community.

Conclusion: Understanding the tradition and culture, qualitative data, and quantitative data on forest
utilization of surrounding communities, especially biosphere reserves area, is important for use in planning

conservation, restoration, and setting appropriate regulations for the utilization of forest resources.

Keywords: Forest utilization, non-timber forest products, forest management, National Reserved Forest Act

B.E. 2507 (1964)
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Table 1 Socio-economics of sampled households in Huay Tak Teak Biosphere Reserve, Lampang Province

Socio-demographics Number (n =321) Percentage
Gender Male 134 41.74
Female 187 58.26
Age (years) 15-25 year old 1 0.31
26-35 year old 16 4.98
36-45 year old 102 31.78
46-55 year old 166 51.71
56-65 year old 17 5.30
More than 66 years old 12 3.74
Not specified 7 2.18
Role in family Head 134 41.74
Member 187 58.26
Household size 1-2 44 13.71
3-4 209 65.11
More than 4 68 21.18
Primary occupation Agriculture 243 75.70
Others 78 24.30
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Table 2 Occupation of the interviewees and the amount of farmland per occupation group

Occupation Number of Number of Average area (rai)  Average area per unit of
households households working occupation type (Rai)
in one type of
occupation
Rice farm 48 27 11.54 5.26
Fruit orchard 12 2 30.50 9.50
Agronomy 188 209 22.55 12.53
Others 102 78 3.50 1.50
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Table 3 Local knowledge of people on forest utilization

Score of knowledge Number Percentage
Low (0-10 scores) 0 0.00
Medium (11-20 scores) 0 0.00

High (21-30 scores) 321 100.00

Mean =26.114 Minimum = 21.00

Maximum = 30.00
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Table 4 Understanding and awareness of the law under the Chapter 2 of National Reserved Forest Act B.E. 2507 (1964)

Chapter 2 of National Reserved Forest Act B.E. 2507 Mean + SD Level of Practice
Section 14 226+0.72 Medium
Section 15 1.99 +£0.83 Medium
Section 16 1.97 +0.81 Medium
Section 17 1.99 +0.81 Medium
Section 18 1.90 +0.87 Medium
Total 2.10+£0.81 Medium
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Table 5 Characterization of bamboo culm on local people utilization

Item Number (n =321) Percentage
Type Use 298 92.83
Unuse 23 7.17
Characteristics of use * Make a fence 95 25.33
Basketwork 34 9.07
Stakes in farm 34 9.07
For sale 212 56.53
Time of collection* All year 40 12.46
January-May 50 15.58
June-September 16 4.98
October-December 215 66.98
Frequency of use* 1-2 times/month 46 14.15
3—4 times/month 9 2.77
More than 4 times/month 2 0.62
1-2 times/year 264 81.23
3 times/year 2 0.62
All year 2 0.62
Quantity (Culm) Less than 100 279 86.92
101-200 22 6.85
201-300 14 4.36
301-400 3 0.93
More than 400 3 0.93
Land use types* Dry dipterocarp forest 50 14.29
Mixed deciduous forest 241 68.86
Near stream 34 9.71
Forest plantation 22 6.29
Title deeds 3 0.86

Remarks: * It can answer more than one question.
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Table 5 Factors that influence of forest utilization in surrounding communities Huay-Tak Teak Biosphere

Reserve, Lampang Province

Independent variables B t Significant level
(Constant) 3.66 6.23 .000
Gender 0.19 0.65 0.08
Age -0.092 -2.59 0.06
Education level 0.05 3.23 0.001**
Marital status 0.18 0.14 0.02*
Household size 0.12 1.81 0.01%*
Occupation 1.022 0.254 0.04

R =0.406 R’=0.637 SEE = 49.248 F=10.944 Sig. of F =0.000

Remarks: * Statistically significant at the 0.05 level, ** Statistically significant at the 0.01 level
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ABSTRACT

Background and Objectives: Tropical deciduous forests (TDFs) play a crucial role in providing ecosystem services. Forest
fires during the dry season make TDFs more sensitive to changes compared to evergreen forests. Of these, understanding
biomass in TDFs is essential for assessing the global carbon budget. However, human activities are rapidly transforming the
Earth's forest ecosystems through changes in land use and climate. These changes can impact the structure, dynamics, and
diversity of TDFs. While numerous studies have focused on diversity metrics, research on the effects of human activities on
forest structure, species composition, and aboveground biomass (AGB)—particularly within biosphere reserves—remains
limited. This study examines forest structure, species composition, and AGB, with a focus on the impact of disturbances within
a deciduous dipterocarp forest (DDF) in the Huay Tak-Teak Biosphere Reserve. Since DDFs receive less attention compared
to other forest types in Thailand, this study aims to address three key questions: (1) What is the current state of forest structure,
diversity, and AGB in permanent plots of DDFs? (2) How do these variables differ between core and buffer areas? and (3) What
is the correlation between AGB and forest structural attributes (such as density and basal area)?

Methodology: In 2024, two permanent 1-hectare (ha) plots were established: one in the core area, where human activity is
prohibited, and the other in the buffer zone, where human activity occurs. Each plot was subdivided into 25 subplots (20 m x
20 m). All trees with a diameter at breast height (DBH) of at least 1 cm were tagged, measured, and identified to the species
level following standard protocols. To assess the effects of disturbances, we analyzed quantitative characteristics—including
forest structure, species composition, and aboveground biomass—and compared these variables between the core and buffer
zones. Differences in diversity were examined using non-metric multidimensional scaling (NMDS) and PERMANOVA.
Additionally, we assessed the relationship between AGB, tree density, and basal area using Spearman’s correlation.

Main results: Results indicated significant differences in general forest characteristics between the core and buffer areas (p <
0.001). Tree density and basal area (Z 1 cm DBH) were 1,626 individual ha” and 27.35 m® ha" in the core area and 2,470
individual ha” and 20.98 m” ha™ in the buffer zone, respectively. The core area displayed old-growth forest characteristics, with
a higher basal area, while the buffer zone exhibited secondary forest features, characterized by a high density of small trees.
Natural regeneration, based on diameter class distribution, exhibited a reverse J-shaped distribution in the core area, indicating

a stable population structure, whereas a unimodal distribution was observed in the buffer zone, suggesting a disturbed forest
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with fewer young trees. Species richness was higher in the core area than in the buffer zone. The core area contained 76 species,
63 genera, and 30 families, with the five most dominant species (based on the importance value index) being Albizia lebbeck,
Shorea obtusa, Dalbergia oliveri, Pentacme siamensis, and Dipterocarpus obtusifolius. In contrast, the buffer zone had 48
species, 42 genera, and 27 families, with the dominant species being Dipterocarpus obtusifolius, Shorea obtusa, Aporosa
villosa, Tristaniopsis burmanica var. rufescens, and Gluta usitata. Species diversity, based on the Shannon-Wiener Index, was
3.54 in the core area and 2.27 in the buffer zone, indicating a significant difference in diversity. NMDS followed by
PERMANOVA, revealed distinct species compositions between the core and buffer areas (p < 0.001), likely due to disturbances.
Total AGB was 204.20 t ha™ in the core area and 127.89 tha in the buffer zone, with the higher AGB in the core area reflecting
a more intact forest ecosystem. In the buffer zone, Dipterocarpus obtusifolius contributed approximately 44% of the total AGB,
making it the dominant biomass-accumulating species. In the core area, Albizia lebbeck was the highest biomass-accumulating
species, contributing 22% of the total AGB. Finally, Spearman’s correlation analysis revealed that basal area showed a
significant positive correlation with AGB in both the core and buffer areas (R > 0.8, p < 0.001), whereas tree density exhibited
no significant relationship with AGB. Therefore, conservation and management efforts should prioritize dominant species such
as Dipterocarpus obtusifolius, Shorea obtusa, Pentacme siamensis, and Albizia lebbeck to maintain AGB and carbon stock in
the Huay Tak-Teak Biosphere Reserve.

Conclusion: These findings suggest that human-induced disturbances significantly impact plant community characteristics in
the DDF, with the buffer zone exhibiting features of a secondary forest with irregular regeneration. The results highlight the
crucial role of tropical deciduous forests in accumulating AGB and conserving biodiversity within Thailand’s forest ecosystems.
While the findings indicate that this biosphere reserve may effectively conserve overall plant diversity, they also reveal key
ecological shifts, such as a substantial loss of AGB due to the lower presence of large trees in the buffer zone. If this pattern is
widespread across tropical forest reserves, it could hinder efforts to preserve forest structure and essential ecosystem services,
such as carbon storage. Establishing long-term monitoring programs could enhance the assessment of AGB trends within the
reserve over time, contributing to more informed conservation and management strategies.

Keyword: Permanent plot, utilization, non-timber forest product, forest structure, diversity
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a 4 aa
TaeTds5unsuANT1LHNINaDA R (Version 4.4.1)
(R Core Team, 2025)
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Reversed-J shape) (Figure 2)

Table 1 Horizontal forest structure (density and basal area) of core and buffer areas in HTT

Minimum DBH
1cm 5cm 10 cm 30 cm
Buffer area
Density (individual ha) 2,470 1,846 689 14
Basal area (m” ha ') 20.98 20.30 15.30 1.37
Core area
Density (individual ha) 1,626 1,192 692 81
Basal area (m’ ha'') 27.35 26.92 24.55 8.97
DDF
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Figure 2 DBH class distributions and spatial scatter plots of tree species in buffer and core areas in HTT.
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Table 2 List of 20 dominant tree species with TVI (%), mean diameter at breast height (DBH, cm), density

(D, individual), basal area (BA, m’), total aboveground biomass (AGB, t) in buffer and core areas in HTT.

Scientific name IVl DBHESD D BA AGB
Buffer area

Dipterocarpus obtusifolius Teijsm. ex Miq. 78.78 10.7116.33 726 9.17 56.27
Shorea obtusa Wall. ex Blume 5444 8761443 664  4.90 32.60
Aporosa villosa (Wall. ex Lindl.) Baill. 3224 5951356 361 1.73 4.20
Tristaniopsis burmanica (Griff.) Peter G. Wilson & J. T. Waterh. 1496  5.2912.64 163 0.51 1.88
var. rufescens (Hance) J.

Gluta usitata (Wall.) Ding Hou 13.83  10.13%7.10 79 0.98 6.61
Dipterocarpus tuberculatus Roxb. 11.92 7.9016.31 81 0.65 5.37
Pterocarpus macrocarpus Kurz 8.75 8.4617.21 40 0.40 2.53
Irvingia malayana Oliv. ex A. W. Benn. 7.57 14.87110.62 17 0.59 6.56
Pentacme siamensis (Miq.) Kurz 6.78 8.9716.79 40 0.40 3.17
Canarium subulatum Guillaumin 6.13 8.2316.45 27 0.25 1.19
Quercus kerrii Craib 5.73 10.47%6.29 24 0.30 1.93
Craibiodendron stellatum (Pierre) W. W. Sm. 5.37 6.35+2.77 23 0.10 0.36
Memecylon scutellatum (Lour.) Hook. & Arn. var. scutellatum 4.65 4241295 29 0.07 0.31
Dalbergia oliveri Gamble ex Prain 433 5.0713.81 25 0.09 0.54
Dillenia obovata (Blume) Hoogland 4.01 5511227 17 0.05 0.17
Gardenia sootepensis Hutch. 3.64 3.6312.23 24 0.04 0.13
Buchanania lanzan Spreng. 3.57 4.821t1.53 15 0.03 0.06
Dalbergia lakhonensis Gagnep. 342 9.5816.63 15 0.18 1.25
Symplocos racemosa Roxb. 3.33 5.7512.76 15 0.05 0.15
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Table 2 (continued)
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Scientific name IVI DBHZESD D BA AGB
Wendlandia tinctoria (Roxb.) DC. 3.28 5.0312.56 11 0.04 0.13
Others (28) 23.29 162.03 74 0.43 2.48
Core area
Albizia lebbeck (L.) Benth. 2551  26.24%15.38 64 4.85 44.01
Shorea obtusa Wall. ex Blume 2542 21241847 105 431 42.07
Dalbergia oliveri Gamble ex Prain 2038  9.28%t5.75 175 1.71 13.39
Pentacme siamensis (Miq.) Kurz 19.89 15.16110.24 100 2.78 26.60
Dipterocarpus obtusifolius Teijsm. ex Miq. 1734 14.6218.02 105 229 15.06
Mitragyna rotundifolia (Roxb.) Kuntze 13.57  7.261%5.62 113 0.79 3.48
Canarium subulatum Guillaumin 1120  11.5816.80 70 0.99 4.39
Lannea coromandelica (Houtt.) Merr. 11.03 12.1118.35 61 1.08 424
Wendlandia tinctoria (Roxb.) DC. 8.92 7.4014.35 50 0.50 2.36
Haldina cordifolia (Roxb.) Ridsdale 8.76 8.7915.90 64 0.58 2.55
Pterocarpus macrocarpus Kurz 8.67 16.9419.44 35 1.09 8.56
Vitex peduncularis Wall. ex Schauer 8.10 5.6413.65 50 0.24 0.84
Cratoxylum formosum (Jacq.) Benth. & Hook. f. ex Dyer subsp. 7.78 12.7319.46 42 0.90 7.28
pruniflorum (Kurz)

Gluta usitata (Wall.) Ding Hou 7.41 9.74%7.33 55 0.65 4.97
Tristaniopsis burmanica (Griff.) Peter G. Wilson & J. T. Waterh. 6.69 8.0914.24 49 0.50 2.26
var. rufescens (Hance) J.

Morinda coreia Buch.-Ham. 6.14 7.2716.40 31 0.26 1.15
Wrightia arborea (Dennst.) Mabb. 6.11 3.751+3.50 48 0.12 0.44
Aporosa villosa (Wall. ex Lindl.) Baill. 5.40 8.4314.21 29 0.24 0.61
Gardenia sootepensis Hutch. 4.79 8.8616.31 26 0.28 1.53
Dalbergia cultrata Graham ex Benth. 4.53 6.0013.70 32 0.12 0.63
Others (56) 72.34  482.59 322 3.09 17.79

L 2 a dy I Yo A .
Fanaaeartailuenanvzilulidsil (Indicator
. 1 S o Y . .
species) ot uAesan (Bunyavejchewin ef al.,
v 3 { o
2011) dautlunssa limeusanuas lan Tl lu

k4 1 [
W utaTaaneun1ssUNIY (Gardner ef al.,
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analysis of species composition between buffer and
core areas in HTT
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ABSTRACT

Background and Objectives: Doi Chiang Dao Biosphere Reserve has been officially declared as the fifth
Biosphere Reserve of Thailand, representing a critically important terrestrial ecosystem due to its significant
number of endangered and endemic plant species. This designation highlights its crucial role in biodiversity
conservation at both national and global scales. However, the area faces increasing threats from human
activities, habitat degradation, and biological invasions. Among these threats, invasive alien plant species are
particularly concerning due to their rapid spread and potential to disrupt local ecosystems, negatively affecting
native biodiversity. Understanding the presence and impact of invasive plants is essential for effective
conservation management. Thus, this study aimed to comprehensively examine diversity, distribution, and
assess the status and severity of invasive alien plants along the nature trails within the Doi Chiang Dao
Biosphere Reserve in Chiang Mai Province.

Methodology: The research employed a systematic sampling plot approach along a clearly defined elevational
gradient. Sampling plots measuring of 1x1 m’ were systematically established every 100 meter above sea
level, ranging from the lower altitudinal limits up to the higher altitudinal zones within the study area. This
sampling protocol resulted in a total of 34 distinct plots covering various elevational habitats and ecosystems.
Within each sampling plot, detailed data collection was performed, documenting all plant species encountered
regardless of their growth forms or life histories, including herbs, shrubs, grasses, and other vegetation types.
Plant data collection involved comprehensive photographic documentation, precise counts of individual plants
per species, and careful specimen collection for later taxonomic identification. Subsequent plant identification
was rigorously conducted using reference materials and confirmed with experts when necessary. Identified
species were systematically analyzed to quantify density and abundance, calculate indices of species diversity

and importance value, and classify invasive alien species according to established guidelines provided by
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Thailand’s Office of Natural Resources and Environmental Policy and Planning and the Department of
National Parks, Wildlife, and Plant Conservation.

Main Results: The detailed botanical survey identified a total of 73 plant species belonging to 64 genera and
34 families within the sampled plots, indicating a substantial degree of floristic richness and diversity with an
overall diversity index of 2.672. Among these identified species, seven invasive alien plant species from seven
genera and four families were specifically recognized, contributing to an invasive species diversity index of
0.647. The most significant invasive alien species identified based on their ecological impact and calculated
importance values were Ageratina adenophora, Bidens pilosa, and Commelina benghalensis. Additional
invasive alien plant species recorded included Tithonia diversifolia, Imperata cylindrica, Parochetus
communis, Sida acuta, and Malvastrum coromandelianum. The analysis of distribution patterns revealed that
invasive alien plant species were predominantly observed at elevations around 1,500 meters above sea level.
At this elevation, four invasive species exhibited particularly high occurrence rates, namely Ageratina
adenophora, Tithonia diversifolia, Imperata cylindrica and Bidens pilosa, each having respective importance
values of 14.24%, 8.42%, 9.72%, and 4.52%, respectively. This indicated that mid-elevation zones within the
reserve were particularly vulnerable to biological invasions. Assessments of invasiveness severity, based on
species density and their ecological importance, demonstrated that Ageratina adenophora was classified as
highly invasive, significantly threatening native plant communities. The species Bidens pilosa and Imperata
cylindrica showed moderate invasiveness levels, while Sida acuta, Malvastrum coromandelianum, and
Tithonia diversifolia were categorized as severely invasive, though at a slightly lesser intensity compared to
Ageratina adenophora. The Parochetus communis was the least invasive species detected, presenting minimal
ecological disturbance. The presence and spread of invasive alien plant species within the Doi Chiang Dao
Biosphere Reserve have significant implications for biodiversity conservation. Invasive plants compete
directly with native and endemic species for essential resources such as nutrients, light, water, and space,
potentially disrupting native ecological processes and reducing habitat quality for local flora and fauna.
Human-mediated activities, including tourism, agricultural practices, and other anthropogenic disturbances,
were identified as probable contributing factors to the dispersal and proliferation of these invasive plants.
Furthermore, invasive alien plants can significantly alter ecosystem functions such as nutrient cycling,
hydrology, soil erosion patterns, and even increase fire susceptibility. The dominance of invasive species at

mid-elevational ranges suggests ecological niches that are highly vulnerable, possibly due to disturbed habitats
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and favorable climatic conditions. Effective management strategies must therefore consider specific ecological
dynamics, elevational gradients, and potential anthropogenic drivers to mitigate the spread and establishment
of invasive plants.

Conclusion: The results of this extensive study clearly indicated that invasive alien plants are widespread
along the nature trails within the Doi Chiang Dao Biosphere Reserve, particularly at mid-elevation areas.
Species of Ageratina adenophora emerged as the most severely invasive species, presenting an immediate and
substantial threat to local biodiversity. Therefore, it is critical to establish targeted management practices,
including early detection, regular monitoring, physical removal, public awareness campaigns, and strict
control measures. By implementing comprehensive management strategies, stakeholders can mitigate the
adverse impacts of invasive plants and effectively safeguard the ecological integrity and biodiversity of the

Doi Chiang Dao Biosphere Reserve for future generations.
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Figure 1 Sampling plots for observing invasive alien species along the nature trail of Doi Luang Chiang Dao.
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Table 1 Criteria for classifying the invasion levels of invasive alien plants based on Poopath (2013)

Description IV Value Status Symbol
Alien plants that require human care, have
poor natural reproduction, and do not spread - - Non-invasive Ex
beyond cultivated areas.
Very low population and limited spread,
<5 - Minimally invasive Invl
rarely found, relatively rare in the ecosystem.
Low population and limited spread, generally or <5 but among the top 5
>5-10 Low invasive Inv2
found but not abundant in the ecosystem. highest IV values
Moderate population and spread, commonly or 5 - 10 but among the top 5
>10-20 Moderately invasive Inv3
found in the ecosystem. highest IV values
Moderate population and spread, commonly and IV value is not among
>20 Highly invasive Inv4
found in the ecosystem but not dominant. the top 5 highest
High population and widespread, becoming a and IV value is among the
>20 Very highly invasive Inv5

dominant species in the ecosystem.

top 5 highest
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Nanaz Il (Results and Discussion)
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Table 2 List of plant species found along the nature trail in the Doi Chiang Dao Biosphere Reserve, Chiang Mai
Province, at different elevation ranges; frequency (F, %), density (D, individual.ha'l), relative frequency (RF, %),

relative density (RD, %), and importance value index (IVI, %), respectively.

No. Botanical name Family F D RF RD 1A% 1

Ageratina adenophora (Spreng.)
1 Asteraceae 70.59  326,764.71 12.00 40.64 52.64
R. M. King & H. Rob.

2 Bidens pilosa L. Asteraceae 35.29 50,294.12 6.00 6.25 12.25
3 Commelina benghalensis L. Commelinaceae 38.24 45,294.12 6.50 5.63  12.13
4 Justicia procumbens L. Acanthaceae 20.59 44,705.88 3.50 5.56 9.06
5 Drymaria diandra Blume. Caryophyllaceae 14.71 45,882.35 2.50 5.71 8.21
6 Androsace axillaris (Franch.) Franch  Primulaceae 11.76 32,941.18 2.00 4.10 6.10
7 Isodon hispidus (Benth.) Murata Lamiaceae 8.82 21,176.47 1.50 2.63 4.13

Persicaria chinensis (L.) Nakai
8 Polygonaceae 17.65 8,529.41 3.00 1.06 4.06
var. chinensis

9 Arthraxon sp. Poaceae 14.71 11,470.59 2.50 1.43 3.93
10 Achyranthes aspera L. Amaranthaceae 11.76 14,705.88 2.00 1.83 3.83
11 Sedum sarmentosum Bunge. Crassuraceae 5.88 22,058.82 1.00 2.74 3.74
12 Cyanotis thwaitesii Hassk. Commelinaceae 14.71 9,117.65 2.50 1.13 3.63
13 Imperata cylindrica (L.) P.Beauv. Poaceae 11.76 9,411.76 2.00 1.17 3.17
14 Valeriana sp. Caprifoliaceae 5.88 15,294.12 1.00 1.90 2.90
15 Actinoscirpus grossus (L. f.) Cyperaceae 14.71 2,941.18 2.50 0.37 2.87
16 Carex baccans Nees. Cyperaceae 8.82 7,941.18 1.50 0.99 2.49
17 Sida acuta Burm. f. Malvaceae 11.76 3,823.53 2.00 0.48 2.48
18 Impatiens chiangdaoensis T. Balsaminaceae 11.76 3,529.41 200 044 244
19 Croton stellatopilosus H. Ohba Euphorbiaceae 8.82 6,176.47 1.50 0.77 2.27
20 Torenia sp. Linderniaceae 2.94 13,235.29 0.50 1.65 2.15
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Table 3 Distribution of plant species along the nature trail at the Doi Chiang Dao Biosphere Reserve,

Chiang Mai Province.

Elevation Total plant species Native species Invasive alien species

(m a.s.L.) Species Individuals Species Individuals % Species Individuals %
1,400 17 170 16 54 31.76 1 116 68.24
1,500 21 77 17 61 79.22 4 16 20.78
1,600 7 171 4 37 21.64 3 134 78.36
1,700 13 299 10 238 79.60 3 61 20.40
1,800 6 188 4 67 35.64 2 121 64.36
1,900 13 765 10 316 41.31 3 449 58.69
2,000 11 199 8 85 42.71 3 114 57.29
2,100 14 189 11 125 66.14 3 64 33.86
2,200 30 676 27 398 58.88 3 278 41.12
Total 73 2,734 69 1,381 50.51 4 1,353 49.49
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Table 4 Species list base on IVI (%) and status of invasive alien plants at different elevation levels along the nature trail in the Doi Chiang Dao

Biosphere Reserve, Chiang Mai Province.

Elevation Ageratina Adenophora Bidens pilosa Imperata cylindrica Sida acuta Metvastrum Tithonia diversifolia ~ Parochetus communis
coromandelianum
(m a.s.l.)
IVI Status VI Status VI Status VI Status VI Status VI Status VI Status
1,400 65.99 Very High 16.53 Moderate
1,500 14.24 Moderate 4.52 Minimally 9.72 Low 8.42 Low
1,600 101.93 Very High 11.17 Moderate
1,700 15.35 Moderate 13.70 Moderate 11.35 Moderate
1,800 93.83 Very High 10.53 Moderate
1,900 7595 VeryHigh  6.14 Low
2,000 7142 VeryHigh  6.89 Low 8.39 Low
2,100 26.98 Very High 10.58 Moderate
2,200 30.62 Very High  27.37  Very High 237 Very Low
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ABSTRACT.

Background and Objectives: Tropical Forest ecosystems are globally significant for their roles in
biodiversity conservation, climate regulation, and carbon sequestration. In Thailand, two predominant forest
types, Dry evergreen forest (DEF) and mixed deciduous forest (MDF), are of high ecological value but
differ in species composition, canopy structure, and successional status. DEF is characterized by multi-
layered canopies and high species richness, while MDF often supports fast-growing, early-successional
species and exhibits more open canopy structures. Khao Nam Sap Forest, located within the Kasetsart
University Sriracha Campus in Chonburi Province, is a secondary forest landscape that has undergone
natural regeneration following historical logging and land conversion. This study aimed to assess forest
structure, species diversity, aboveground biomass, and carbon sequestration potential in both DEF and MDF
areas. In addition, the study investigates how environmental variables such as elevation, soil pH, and organic
matter influence tree community distribution. These findings contribute to understanding forest dynamics
in secondary tropical forests and support Thailand’s national carbon neutrality policies.

Methodology: The study was conducted using a systematic line plot survey across Khao Nam Sap Forest,
which spans approximately 54.4 hectares. A total of 51 vegetation plots, each measuring 30 x 30 meters,
were established along transects distributed throughout the DEF and MDF zones. In each plot, all trees with
a diameter at breast height (DBH) 2 4.5 cm were identified, measured, and geo-referenced. Soil samples
were collected at 0—15 cm depth at five points per plot and analyzed for pH, texture, and organic matter.
Biomass was estimated using species-specific allometric equations, and carbon stocks were calculated by
applying a standard conversion factor (47% of biomass). Carbon dioxide sequestration was estimated based

on the carbon content multiplied by the CO, conversion ratio (44/12). Cluster analysis and Canonical
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Correspondence Analysis (CCA) were used to classify vegetation communities and examine the influence
of environmental gradients on species distribution.

Main Results: A total of 120 species belonging to 90 genera, 39 families were identified across the study
area. The overall tree density was 1,264.49 individuals ha_l, with a mean basal area of 14.64 m™ha”. The
Shannon-Wiener Diversity Index was calculated at 3.69, reflecting high species diversity. Dominant species
identified based on the Importance Value Index (IVI) included: Terminalia nigrovenulosa (Combretaceae):
a late-successional species dominating DEF with tall straight trunks and strong wood. Dialium
cochinchinense (Fabaceae): a canopy species contributing significantly to biomass in both forest types.
Diospyros coaetanea (Ebenaceae): a shade-tolerant species common in DEF, known for its dense wood.
Vitex limonifolia (Lamiaceae), Atalantia monophylla (Rutaceae), and Hydnocarpus ilicifolia (Achariaceae):
each with distinct ecological niches in both DEF and MDF zones. Cluster analysis based on species
composition and forest structure separated the vegetation into 8 distinct forest communities at approximately
50% similarity. These were classified as: (1) Leucaena leucocephala — Atalantia monophylla community,
(2) Diospyros castanea — Leucaena leucocephala community, (3) Vitex limonifolia — Leucaena
leucocephala community, (4) Cratoxylum formosum — Vitex limonifolia community, (5) Lannea
coromandelica — Vitex limonifolia community, (6) Walsura trichostemon — Briedelia ovata community, (7)
Walsura trichostemon — Bixa orellana community, and (8) Hydnocarpus ilicifolia — Walsura trichostemon
community respectively. These forest communities varied along gradients of elevation, canopy closure, and
soil conditions. Canonical Correspondence Analysis (CCA) identified soil pH, elevation, and organic matter
as the most significant environmental factors influencing species distribution. DEF communities were
associated with moderately acidic soils (pH 5.7-7.2), height above mean sea level (above 150 m a.s.1.), and
finer-textured soils. In contrast, MDF communities were linked to more alkaline, sandy soils with higher
organic content, found in foothill areas and valleys. These findings support the hypothesis that species
composition and forest structural attributes are strongly shaped by edaphic and topographic variability. The
average total aboveground biomass was 612.70 t ha', comprising stem biomass (477.94 t-ha), branch
biomass (122.04 t~ha'1), and leaf biomass (12.72 t-ha'l). This corresponds to an average carbon stock of
287.97 tC ha and an estimated tCO,-equivalent sequestration of 1,055.88 tCOz-ha'l. When analyzed by
forest type, Dry Evergreen Forests exhibited significantly higher carbon storage and biomass than Mixed
Deciduous Forests. Specifically: DEF plots had an average biomass of 445.06 t ha and stored 209.18 tC
ha" of carbon. MDF plots had significantly lower values, with 167.63 t ha” of biomass and 78.79 tC haof

carbon. A notable ecological concern is the widespread presence of Leucaena leucocephala, an invasive
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alien species dominating the forest edge, particularly in MDF zones. This fast-growing legume forms dense
thickets that suppress native regeneration and may alter successional dynamics, reduce biodiversity, and
diminish long-term carbon sequestration potential.

Conclusion: Khao Nam Sap Forest demonstrates considerable ecological potential, particularly within Dry
Evergreen Forest areas, where structurally complex tree communities, high diversity, and substantial
biomass contribute to robust carbon storage. The data highlight the crucial role of late-successional forests
in maintaining ecosystem stability and resilience. Mixed Deciduous Forest areas, while less carbon-dense,
offer diverse species assemblages and are valuable for understanding regeneration pathways in disturbed
tropical landscapes. Integrating species data, biomass estimates, and environmental factors provides a
comprehensive framework for forest restoration planning and management. These insights are vital for
Thailand’s strategy toward achieving carbon neutrality, promoting forest-based climate solutions, and

conserving native biodiversity under changing environmental conditions.
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Table 1 Characteristics of top ten tree species based on IVI at Khao Nam Sap Forest, Chonburi Province.

No Scientific name Family D BA RD RF RDo VI
1 Terminalia nigrovenulosa Pierre Combretaceae 79.96 1.98 6.32 3,55 1354 2342
2 Dialium cochinchinense Pierre Fabaceae 97.60 1.27  7.72 3.46 8.68 19.86
3 Diospyros coaetanea H. R. Fletcher Ebenaceae 79.30 1.09 6.27 3.18 7.44 16.89
4 Atalantia monophylla (L.) DC. Rutaceae 101.53  0.70  8.03 355 477 16.35
5 Vitex limonifolia Wall. ex Walp. Lamiaceae 51.63 1.08  4.08 3.65 7.38 15.11
6  Hydnocarpus ilicifolia King Achariaceae 77.78 0.75  6.15 1.50 5.12 12.77
7  Lannea coromandelica (Houtt.) Merr. Anacardiaceae 49.24 0.59 3.89 2.25 4.05 10.18
8  Cratoxylum formosum (Jacq.) Hypericaceae 47.28 056 374 225 3.84 9.82
9  Diospyros castanea (Craib) H. R. Ebenaceae 53.16 029 420 3.09 1.96 9.25
10 Grewia eriocarpa Juss. Malvaceae 31.15 0.47 246 2.15 3.20 7.81

Other species (110) 59595 5.89 47.19 7127 3997 15851
Total 1264.49 14.64 100 100 100 300

Remark; BA = basal area (m”.ha”'), D = density (individual.ha), RD = relative density (%),

RF = relative frequency (%), RDo = relative dominance (%), and IVI = importance value index (%)
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Burseraceae
Hypericaceae
Lauraceae
Oleaceae
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Cornaceae
Dipterocarpaceae
Irvingiaceae
Lecythidaceae
Ochnaceae
Peraceae
Putranjivaceae
Rhamnaceae
Salicaceae

Figure 2 Number of tree species in each family existed in Khao Nam Sap Forest, Chonburi Province.
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Figure 3 Number of individual trees in each family existed in Khao Nam Sap Forest, Chonburi Province.
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Figure 4 Dendrogram of tree community clustering in Khao Nam Sap Forest, Chonburi Province.
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Table 2 Correlation coefficients between species data ordination axes and environmental factors.

Axisl Axis2 Axis3

Eigenvalue 0.334 0.205 0.139
Variance in species data

% of variance explained 6.80 4.20 2.80

Cumulative % explained 6.80 11.00 13.90

Pearson Correlation, Spp-Envt* 0.890 0.828 0.823

* Correlation between sample scores for an axis derived from the species data and the sample scores that are linear

combinations of the environmental variables.
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Figure 5 Ordination of tree communities based on environmental variables in Khao Nam Sap Forest.

The symbols of A indicated sample plots, while @ and abbreviation represented plant species.
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Table 3. Correlation coefficients of environmental factors in each axis.

Correlations*
Variable

Axisl Axis2 Axis3
1 elev -0.347 0.76 0.365
2 pH 0.964 0.169 0.106
3 Organic 0.526 -0.241 0.349
4 %sand 0.578 -0.614 -0.343
5 Yosilt -0.702 0.28 0.56
6 %clay -0.156 0.847 -0.001

Remark: * Correlations are "intra-set correlations" of ter Braak (1986)

Elev = elevation,

%sand = percentage of sand,%silt = percentage of silt,
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pH = acidity and alkalinity, organic = organic matter,

Y%clay = percentage of clay
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Table 4 Above ground biomass (ABG) and carbon stock of each forest type, dry evergreen forest (DEF) and mixed

deciduous forest (MDF); C and CO, indicated carbon storage (C) and CO,-equivalent, respectively.

ABG Total
Forest C Co,
Stem (Ws) Branch (Wb) Leaf (WI]) biomass
Type 1 -1 -1 -1 -1 -1
(tha) (tha) (tha) (tha) (tCha) (tCha)
DEF 336.93 95.42 12.71 445.06 209.18 766.99
MDF 141.01 26.62 0.01 167.63 78.79 288.89
Total 477.94 122.04 12.72 612.70 287.97 1,055.88
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ABSTRACT

Background and Objectives: The outlines a study that investigates the variations in land surface temperature
(LST) and land use in Phrae Province, Thailand, during two distinct climate events: The El Nifio event in 2020
and the La Nifia event in 2024. The study highlights the impact of climate change, including the increasing
frequency of these events, on the environment and agriculture. It emphasizes the importance of geospatial
technology in monitoring these changes and utilizing satellite imagery to understand land temperature trends
for effective disaster prevention planning. The study begins by acknowledging the role of climate change, both
natural and human-induced, in contributing to global warming and exacerbating the frequency of El Nifio and
La Nifa events. These climate phenomena lead to severe weather changes that directly impact sectors such as
agriculture, often resulting in natural disasters. The objective of this research is twofold: 1) Compare Land
Surface Temperature (LST) Variations: The study aims to analyze and compare the variations in LST during
two distinct periods, the El Nifio event 0f 2020 and the La Nifia event of 2024, within Phrae Province.2) Examine
the Relationship between LST and Land Use Types: It seeks to explore how different types of land use—such
as forest land, agricultural land, and urban areas—affect LST during these events.

Methodology: The methodology involves the use of Landsat 8 satellite imagery from both 2020 and 2024 to
gather the data needed for the analysis. The images were processed in the following steps: 1) Composite Band
Images: Landsat imagery was used to create composite band images, a process that allows the extraction of
relevant data for analysis. 2) Supervised Classification: The images were classified using the Maximum
Likelihood Classification algorithm. Training areas were designated to guide the classification, which aimed to
categorize land use into three primary types: forest land, agricultural land, and urban/built-up land. 3) Land

Surface Temperature (LST) Analysis: The next step was converting the satellite image’s Digital Number (DN)
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values into radiance, which were then translated into brightness temperature. To adjust for the surface
emissivity, the brightness temperature was further refined to provide an accurate measure of LST. 4)
Categorizing LST by Land Use Type: After deriving the LST values, the study categorized the temperature
ranges according to the different land use types, helping to identify temperature patterns related to land use
changes.

Main Results: The study presents several key findings related to both land use and LST: 1) land use
classification (2020 vs. 2024): In 2020, forest land made up 66.3% of Phrae Province’s total land area, followed
by agricultural land (25.7%) and urban/built-up areas (8%). By 2024, the land use pattern had changed slightly.
Forest land decreased to 63.5%, while agricultural land increased to 26.9%, and urban/built-up land grew to
9.6%. 2) Land Surface Temperature (LST) Data (2020 and 2024) showed that in 2020, the highest recorded
temperature was 44.2°C in March, and the lowest was 23.8°C in August. While, in 2024, the highest recorded
temperature was 43.7°C in April, and the lowest was 24.2°C in August. The Monthly average temperature
comparison between two events expressed that in 2020, the highest and lowest average temperature found in
March (34°C) and August (10°C), respectively. While, in 2024, it was found in April (34°C) and August
(10.8°C), respectively. The LST varied among land use types. In 2020, the average LST for forest arcas was
lowest (21.5°C) and followed by urban/built-up land (32.3°C) and agricultural land (36.2°C), respectively.
While, in 2024, it still be found as the same trend as in 2022 but the forest areas shown increased LST (24.4°C),
while agricultural land and urban/built-up areas experienced a slight decrease, 34.5°C and 32.3°C, respectively.
Conclusion: This study concludes that land surface temperature (LST) variations are significantly influenced
by the El Nifio and La Nifia climate phenomena, with the effects modulated by land use type. Key findings
reveal that: (1) During the El Nifio event in 2020, agricultural and urban/built-up areas recorded elevated
LSTs. This is likely attributable to the intensified heat and drier conditions commonly associated with El Nifio
episodes. (2) In contrast, during the La Nifia event in 2024, forested areas exhibited comparatively higher
LSTs than agricultural and urban zones. Although La Nifia typically brings cooler and wetter weather, it can
also produce localized temperature anomalies, particularly in dense forest regions with limited capacity for
heat dissipation. The study underscores the crucial role of geospatial technologies in tracking and analyzing
climate-induced variations in land use and surface temperatures. Such insights are essential for local
governments and policymakers to design informed, spatially targeted strategies for disaster risk reduction and

climate adaptation. This is especially pertinent in agriculturally reliant regions such as Phrae Province, where
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climate variability poses direct risks to livelihoods and food security. Moreover, the findings contribute to the
expanding literature on climate-land interactions, emphasizing the complexity of climate impacts across
different ecosystems. The application of satellite data in this context proves to be a powerful tool for
environmental monitoring, enabling more accurate and timely assessments of climatic effects. Ultimately, this
research advocates for enhanced integration of geospatial analysis in climate resilience planning, ensuring that

both human and natural systems are better equipped to navigate future environmental challenges.

Keywords: Land surface temperatures, land use, Landsat 8, El Nifio, La Nifa
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Figure 1 The location of study area in Phrae Province.
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(Thai Meteorological Department, 2023)

Table 1 Temperature Range (°C)

Temperature Range Temperature (°C)

Very Low Temperature 0-15.9°C
Low Temperature 16 -22.9°C
Moderate Temperature 23-349°C
High Temperature 35-39.9°C
Extremely High Temperature >40°C

d
NaazIITa (Results and Discussion)
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Table 2 The land use percentage data for Phrae

Province in 2020.

Landuse 2020 Area (ku?) Area(rai) Percentage(%)

Forest land -F 43338 2708604 663
Agricultural land -A 16818 1,051,145 257
Urban and built-up land-U 523 326,875 8

Total 6,536.598 4,086,624 100
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Figure 2 Land use during 2020 in Phrae Province.
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Table 3 The land use during 2020 in Phrae Province.

Landuse 2024 Area(lm?) Area(rai) Percentage(%)
Forest land -F 41530 2,595,649 63.5
Agneultural land -A L760.L 1,100,049 269
Utbanand budt-up land -U 62548 390926 9.6
Total 6538598 4,086,624 100
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Figure 3 Land use during 2024 in Phrae Province.
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Figure 4 The Show the analysis results of land surface temperature during the El Nifio phenomenon in 2020

for all 12 months.
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Figure 5 The changes of land surface temperature during the La Nifia phenomenon in 2024 for all 12 months.
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Figure 8 The map of surface temperature classification based on land use in five categories during the La Nifia

phenomenon in 2024.

Table 4 Changes in land surface temperature and land use in Phrae Province during 2020 (EI Nifio) and 2024 (La

Nifia), respectively.

Land Use (20200 EI Nifio (2020) Fl Nifio (2020) Land Use (2024) ~ LaNiiia (2024) LaNiiia (2024)
Land Use Type
Area (knr) Percentage (%)  Average Temperature °C)  Area (k) Percentage (%)  Average Temperature (°C)
Forest land-F 4337 66.3 23 41530 635 244
Agricultural land-A 1,681.83 257 362 1,760.1 269 345
Urban and built-up land-U 523 8.0 330 625.5 94 323
Total 6,538.598 100 6,538.598 100
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ABSTRACT

Background and Objectives: Urbanization refers to the change of both physical and human landscape structures
within an area in response to socio-economic development. This transformation leads to a reduction in urban open
spaces, alongside the expansion of diverse land uses into peri-urban areas, contributing to the decline of green spaces
in both urban and rural environments. This research aims to assess the changes in landscape ecological structures during
the period from 2011 to 2022 by monitoring the diversity of land cover types using the Landscape Mosaic (LM) model
and the LM- Anthropic model to describe the main structures and continuity of landscape components, including
developed areas, agricultural areas, natural areas, and mixed-use areas, in order to evaluate the condition of green
spaces in Mueang District, Amnat Charoen Province.

Methodology: This study applies geo-information technology to classify green and non-green areas based on Sentinel-
2A satellite imagery, in conjunction with various indices, including the Normalized Difference Vegetation Index
(NDVI), Bare Soil Index (NDBSI), Normalized Difference Water Index (NDWI), and Normalized Difference Built-up
Index (NDBI), using a hybrid classification method. The accuracy of the classification results was validated against
ground truth points using real-time data collection via a Global Navigation Satellite System (GNSS). A confusion
matrix was used to calculate overall classification accuracy and the Kappa coefficient, with the confidence level set at
80% and a minimum acceptance threshold of substantial agreement. The resulting data were further analyzed to
examine landscape structure, patterns, and changes in order to assess spatial distribution, configuration, and component
changes in relation to the intensity levels of human activities, following the principles of landscape ecology.

Main Results: The land cover classification results for Mueang Amnat Charoen District in 2022 revealed an overall
accuracy of 80.21% and a Kappa coefficient of 0.73, indicating substantial agreement. Agricultural land was the most
dominant category, accounting for 60.46% of the area, followed by forest, barren land, perennial crops, community
and built-up areas, and water bodies, at 8.59%, 6.85%, 4.72%, 1.85%, and 0.66%, respectively. These results

characterize Mueang District’s core landscape structure as an agricultural matrix. Between 2011 and 2022, significant
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landscape changes were observed. The proportions of agricultural and natural landscape mosaics declined from 72.93%
and 16.56% to 66.72% and 12.63%, respectively. In contrast, developed, mixed-use, and water landscape mosaics
increased from 5.43%, 3.23%, and 1.84% to 8.93%, 9.83%, and 1.89%, respectively. Net changes in mosaic types
revealed a transformation from uniqueness toward areas of dominance and presence. Specifically, dominant
agricultural, natural, and developed mosaic types declined by 30.13%, 5.76%, and 1.48%, respectively, anrd were
replaced by mixed-use mosaics influenced by the convergence of all three components. This pattern corresponds with
the intensity levels of human activities. Areas of extreme activity intensity were concentrated in dense urban cores,
covering 4.17% of the district. Moving outward from the urban center, the spatial pattern took on linear and dispersed
forms, with decreasing levels of intensity and an increase in agricultural landscapes. Areas with very high and high
levels of activity intensity accounted for 6.10% and 61.15%, respectively. Sparsely developed agricultural zones were
categorized as moderate-intensity areas, comprising 13.59%. Low and very low-intensity areas —primarily undisturbed
natural areas such as small and large forest patches and riparian woodlands—were scattered across urban and peri-
urban areas, comprising 13.59% and 8.03% of the total area, respectively.

Conclusion: This study demonstrates the effective application of geo- information technology for quantitatively
assessing green space conditions through Sentinel satellite imagery classification, integrated with multiple indices. The
approach is further enhanced by incorporating landscape mosaic modeling and human activity intensity analysis to
evaluate landscape structure. These models support spatial interpretation of interactions among developed urban areas,
natural green spaces, agricultural land, and mixed-use areas— revealing patterns of uniqueness, dominance, and
presence. The results highlight the directions and trends of landscape structural change, which potentially affect urban
and community environments, particularly the loss of natural green space and open areas, and the ongoing expansion
of urban zones characterized by increasingly complex land use. It offers essential spatial information to support

planners in conserving and managing target areas for long-term sustainable environmental development.

Keywords: Landscape ecology, landscape mosaic, urban landscape, land cover change, Geo-information technology
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Figure 1 Sentinel satellite imagery of the study area in Mueang District, Amnat Charoen Province.
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Table 1 Remotely sensed indices for Sentinel satellite image classification

Index Formular Source
NIR — Red
Normalized Different Vegetation Index: NDVI Rouse et al., 1974
NIR + Red

Bare Soil Index: BSI

(SWIR+R) — (NIR+B)

Rikimaru et al., 2002

(SWIR+R) + (NIR+B)

GREEN-NIR
Normalized Different Water Index: NDWI MCcFEETERS, 1996
GREEN+NIR
SWIR-NIR
Normalized Different Built-up Index: NDBI Zha et al., 2003
SWIR+NIR

1.3 guumsdisiadoyaniaduin
(Field data collection) Iauviimsmvuailszinn
Woya (Nomenclature) 91001505 Ug952 U
Usziandeyansldnaunnnsuiannian iy

1193314 (Land Development Department, 2022)
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2.2 Myswunnardnszimsalasunlag
Tassadragiivaiare1uu§1a09 Landscape
Mosaic Model

imsswunuuguteyans 14fiau 3
W.A. 2554 (Land Development Department, 2011)
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11UVI1a09 Landscape mosaic model (Wickham &
Norton, 1994; Vogt & Riitters, 2017) 3512 HA8
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(Figure 3 and Table 2) (Vogt et al., 2024) Taeil
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Figure 3 Legend for the original 19-typology and number codes are landscape structure in Mueang District

Source : Vogt et al., (2024)
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Table 2 Typology of Landscape Structure in Landscape Mosaic Model

Percent
Major Landscape Symbology Description
N% A% D%
Natural-Dominated N Natural core 90-99 1-9 0
Mosaics Na Natural with sparse agriculture 70-89 10-25 <10-20
(NN Class) Nad Natural with mixed influence 60-70 15-25 10-20
>99-100% Nd Natural with development 60-70 <10 20-30
Agriculture- A Agriculture core 25-35 50-60 15-25
Dominated Mosaics An Agriculture with sparse natural 50-60 30-40 <20
(AA Class) Ad Agriculture with sparse development 20-30 50-60 20-30
>99-100% Aad Agriculture with mixed influence 10-20 60-70 20-30
Developed- D Developed core 10-20 <10 >70
Dominated Mosaics Dn Developed with sparse natural 20-30 10-20 50-60
(DD Class) Dan Developed with mixed influence 20-30 20-30 40-50
>99-100% Da Developed with sparse agriculture <15 30-40 >50
Mixed Mosaics an Mixed agriculture and natural <10 30-50 40-60
nd Mixed natural and developed 40 30 30
ad Mixed agriculture and developed 30 30 40
and Equally mixed 30-50 25-45 20-45
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9
ANUTUTUDUNIATIEIUTUFU AU 0% (NN:
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AUATZUIUNITUTEUIUAITEHAIUFUAINN
(Iso-line Interpolation) (Figure 4) iouaqd oya
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Figure 4 Degree of anthropic intensity associated landscape mosaic and respective anthropic intensity value

Source : Vogt et al., (2024)

WanazI015a1 (Results and Discussion)
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1. wanisdwundadnaguaudunoaiie
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N1531UNTYoYaNIN Sentinel-2A 15
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(Almost perfect agreement) (Landis & Koch, 1977)
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naz 1A 1AugNAeIv0K 19 (User’s accuracy:
[ T Y Y a
UA) 1911 81.10 HAZAINIUYNAOIVBIAHER
(Producer’s accuracy: PA) 0D 81.73 TAgWLIN
4 4 o4 4 4
WUANBATNTTUANUNNINAGA (545.22 A5.0W.
a I I ¥ )
'Vi% aitludesay 60.46) 509aauily ﬁu‘ﬁﬂﬂﬁ’
9’
Aufauiala wumﬂymmm"luau@u i
Gguﬁnuuavmﬂaﬂain At nasmufiSansa
9 ]
UNUNNAY 77.46, 61.73, 42.6, 16.65 1AL 5.93
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AL 0.66 MNA1AY) (Table 3 and Figure 5)
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Table 3 Matrix table comparing satellite image interpretation results with ground truth data.

Thai For. Ecol. Res. J. 9(1): 111-134 (2025)

Result of Hybrid Classification

Table Matrix
F* A* M* U* W T* UA (%)* EO (%)*
F* 128 20 2 1 - 151 84.77 15.23
A* 4 140 2 4 - 150 93.33 6.67
§ M* 2 19 47 24 - 95 49.47 50.53
g U* - 2 13 53 - 68 77.94 22.06
E W - - - - 21 21 100 0
g T* 134 181 64 85 100 485
PA (%)* 95.52 77.35 73.44 62.35 100
EO (%)* 4.48 22.65 26.56 37.65 0

® QOverall Accuracy) 80.21 %

® Kappa Index 0.73

Remark: *Forest (F), Agriculture (A), Misselaneous (M), Urban and Built-up (U), Water (W), Total (T)

Producer‘s Accuracy (PA%), Error of Producer’s (EO%), User’s Accuracy (UA%), Error of User’s (EO%)

Landuse / Land Cover 65

Mueang Amnatcharoen

LAND USE CLASS

e

60,46 % | Agriculture

Forest

o 25 5
| IR T - ———

Figure 5 Land use and land cover in 2022 of Mueang District, Amnat Charoen Province.
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Figure 6 Landscape structure in 2022 of Mueang District, Amnatcharoen Province.
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Year 2011 Year 2022 Net Change

Type 7
Area(km’)  Percent  Area(km’) Percemt  Area(km’) Percent

Agriculture 657.63 72.93 601.68 66.72 -55.94 -620
AA, A, Ad, An, And

Developed 48.93 543 80.50 8.93 31.56 350

DD. D. Da. Dn. Dan

Natural 149.37 16.56 113.89 12.63 -35.48 -3.93

NN. N. Na., Nad

Mixed 29.20 324 88.62 9.83 54.42 6.59

ad. an. dn, and

Water ™ 16 63 134 17.07 1.89 044 0.05

Total 901.76 100 901.76 100

Figure 8 Landscape mosaic structure and flow diagrams area change in 2020 at Mueang District, Amnatcharoen District.
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Table 4 Summary of landscape mosaic percent change in Mueang District from 2011 to 2022

Landscape Structure 2011 (%) 2022 (%) Net Change
AA 65.75 35.62 -30.13
A 2.06 12.25 10.19
Agriculture Mosaics Ad 1.00 9.32 8.32
An 4.10 8.58 4.48
Adn 0.01 0.95 0.94
DD 4.13 2.65 -1.48
D 0.35 1.51 1.16
Developed Mosaics Dn 0.16 1.81 1.65
Da 0.77 2.72 1.95
Dan 0.01 0.23 0.23
NN 11.00 5.24 -5.76
N 1.31 1.66 0.35
Natural Mosaics Na 4.06 3.39 -0.67
Nd 0.18 1.92 1.74
Nad 0.01 0.42 0.41
ad 0.52 2.97 2.45
an 2.56 3.09 0.53
Mixed Mosaic
dn 0.10 1.03 0.93
and 0.05 2.74 2.69
Water w 1.84 1.89 0.05
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ABSTRACT

Background and Objectives: Forest encroachment remains a critical issue in Thailand relating to
anthropogenic disturbances, leading to the degradation of plant community structures and biodiversity loss.
Nevertheless, these disturbed forests still retain the potential for natural regeneration, particularly in areas where
remnant adult trees persist and serve as seed sources for the recolonization of native species with pioneer species
during successional process. This study aimed to compare the forest structure and the amount of carbon storage
in naturally forest restoration areas after disturbances. The research was conducted at the Wang Nam Khiao
Forestry Student Training and Research Station, Nakhon Ratchasima Province, northeastern Thailand. The
findings are intended to provide essential baseline data for planning on forest ecosystem restoration and
enhancing long-term carbon sequestration capacity in a sustainable manner.

Methodology: A permanent sample plot or forest dynamics plot (FDP) of 100 m x 100 m was established in
each of three forest community types undergoing natural recovery after disturbances: restored deciduous
dipterocarp forest (RDDF), restored mixed deciduous forest restoration (RMDF), and restored dry evergreen
forest restoration (RDEF), respectively. The FDP is useful for long-term ecological research, LTER. Then, each
plot was subdivided into 100 subplots of 10 m x 10 m. Within these subplots, all trees with a diameter at breast
height (DBH) of at least 1 cm were tagged, measured the DBH and total tree height, and identified species.
Unidentified tree species were specimen collected, then, compared with identified species at Bangkok
Herbarium, Department of National Parks, Wildlife and Plants Conservation. The data was then analyzed to
determine the importance value index (IVI) of each species, species diversity index followed by Shannon-

Weiner (H’), tree distribution form based on DBH size class distribution, and carbon storage based on
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aboveground biomass (ABG). Statistical test of quantitative values among forest types was applied using one-
way ANOVA and Tukey's HSD at p < 0.05.

Main Results: We found that the restored dry evergreen forest restoration, DEFR, exhibited the most prominent
characteristics in terms of forest structure and biodiversity among restored forest types, with a total of 86 tree
species recorded. This was followed by the restored mixed deciduous forest, RMDF, with 76 species and the
restored deciduous dipterocarp forest, RDDF, with 45 species, respectively. These patterns corresponded closely
with measurements of tree density and basal area, which were also highest in the RDEF (2,296 stems ha' and
30.66 m* ha', respectively), followed by the RMDF (1,735 stems ha' and 21.35 m? ha™) and lowest in the
RDDF (800 stems ha' and 19.13 m? ha'l). Similarly, the Shannon—Wiener diversity index (H') revealed
statistically significant differences among restored forest types (p < 0.001), with the RDEF showing the highest
diversity (H' = 3.63), followed by the RMDF (H' =2.98) and the RDDF (H' =2.30), respectively. The analysis
of tree size class distribution based on diameter at breast height (DBH) indicated that both the RMDF and RDEF
exhibited a negative exponential form (L-shape), suggesting ongoing regeneration and the ability to maintain
their forest structure in the future. The environmental factors such as soil properties and available water available
in these types are suitable for tree species establishment. In contrast, the RDDF displayed a unimodal form or
bell-shape, reflecting a discontinuity in the size class transition, particular a lack of smaller-sized individuals.
This pattern reflects a regeneration constraint in the RDDF, likely resulting from more frequent and severe
wildfires compared to the other restored forest types. Carbon storage based on ABG also varied significantly
among restored forest types (p < 0.01). The RDEF had stored the highest amount of carbon storage (91.15t C
ha''), followed by the RDDF (50.92 t C ha') and the RMDF (31.22 t C ha'). These findings emphasize the
important of forest structure—particularly tree density and basal area—in enhancing carbon sequestration
capacity. Interestingly, although the RMDF had higher species diversity and basal area than the RDDF, it stored
less carbon. This is likely attributable to species composition, as the RMDF was dominated by pioneer or fast-
growing species such as Microcos tomentosa, Wrightia arborea, and Millettia leucantha, which typically
accumulate less biomass. In contrast, the RDDF was composed native or climax species, including Shorea
siamensis and Dipterocarpus intricatus, which contribute more substantially to carbon storage.

Conclusion: Among the restoration forests, the RDEF exhibited a relatively well-developed plant community
structure, both in terms of biodiversity and carbon sequestration, when compared to the RMDF and RDDF.

Forest structure and species composition played a crucial role in determining of carbon storage potential.
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Therefore, forest restoration efforts should consider enhancing species diversity during the early successional
stages by integrating planting of pioneer species with native late-successional species that related to their niche
with the degraded areas. They will facilitate the suitable environments for climax species, then, recovery into
the previous forests. This approach can support the recovery of natural forest conditions while simultaneously

promoting efficient carbon sequestration during the plant successional process.

Keyword: Plant community, carbon stock in biomass, natural succession, regeneration
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v

HASINVBIANUDTUNNT (Relative frequency;

[ 4

RF) AMUAUIMUUTUNNG (Relative density;

1 % v J
RD) tagAaNUAUTUNNG (Relative dominance;

RDo) (Marod & Kutintara, 2009) 1agN915 841

(% a

v oA o 9 I 1A
ﬂ“]fuﬂ1ﬂ’31ilﬁWﬂﬂlﬂl@\i%uﬂhliJ’é)flﬂlﬂuﬂQMﬂﬂ

o

Y 1A Yy Aa Y s
UliJViL‘!iJ o "lmﬁumwummﬁumuﬁuﬂﬂmﬂ
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We9en WIANNHTBININY 1 LEUAIAT UATioY
171 4.5 IFUANAT (sapling = 1 cm = DBH < 4.5
em) naz 1 lna) Ao T¥Ruiifvuiaduniin
gqudnaluiiosen ¥INNIIUTOININY 4.5
BUANAT (Tree = DBH 4.5 cm)

3.2 UsziiuainnuraInsia (Species
diversity) Juudazulasdiegrans Tasldy
AUNITIUATIEHABHAIIUNAINFHAVDA

Shannon and Weaver (1949) Al

S
H'=- =Y (pi) (Inpi)

i=1
A v A a a Y
o H'= ﬂ“]fuﬂ?”lllﬁa1ﬂﬂfuﬂ"|]@\3°]5uﬂllll
o a 9 ?1’1
S= ﬁ]”lu?u%u‘ﬂvlll‘ﬂ\iﬁllﬂ
. o 1 o Y 2 Y oa
p1= ﬁﬂﬁ?uﬂ1u3uﬁumﬂﬂwuﬂﬂsﬂuﬂ 1
' o Y v Y Y a
@]i’)i]"luﬁuﬂum@ﬁwuﬁ‘”liﬂnﬂsﬁuﬂ

.
Woi=1,2,3,4,5......... S

1 v 4 a
3.3miﬁumwu‘gmmimcﬁmmm
v JY Y Aa 9 Aa
Wl!ﬁllﬂ Wil"liil!”lﬁﬂﬂﬂ”liﬂi%il!ﬂl!{]llﬂ15
v v ¥ g ¢
ﬂi%ﬁ]"lf]?lullllﬁ"lll"llu”lﬂ%u!ﬁl!W"ll!fjfl!flﬂa”N
(Diameter class distribution) INOAIINABUNT
A 1 YR [ A a 1
ﬁﬂ@lﬂwuﬁﬁlUﬁ\‘]ﬂﬂJW%’ Iﬂﬁlﬂﬂ@]ﬂﬁﬂ\lﬁunluu
A o Y Y >
W‘i’t]’i]'luﬂuGIuul,ililﬂ']ilﬂﬁﬂullﬂﬁﬁiu‘ﬂ'lﬂﬁiﬁ

F
[ 2 1 4
ﬂwuummmﬁuwmﬁuaﬂamw'%

e e
-
=

Y oo 9

Wuimhdadu'ls (Condit, 1995)

3.4 M NATIZHANULUANAIITEH I
Uszianth 1¥msdnarzrinnuutlsysivua
RMGER, (One-way ANOVA) Lﬁamﬁaumm

HANANIEHINNGY Tasmnuaszautiodinny

'
aad

NWNADAN p<0.05 HAZHINNUANNUANA

1 A w ) [

9y =
2YNUUYA ALY ﬁ]%ﬂl“ﬁﬂTiﬂﬂﬁi’)ULﬂ%ﬂﬂmﬂﬂ

5109A287% Tukey’s HSD 1W031A512 1AW

HANAITEHIAaEAYeINqui1 (Howell,
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Y
2012) M3 ATz HYOYANMNAR LU 1Y
d v
14 T1)50n51 SPSS 855U 26.0 (Field, 2013)
= A tg a
3.5 UIAFININIHUONUAY (Above
ground biomass, AGB) B4 9 yavuia

Y @ o Y 9
UNIFUENDNNTEAUDN uazmmawamu"ln

U U

]
A o

Ad15uIMuIAMIdS NI T MWK
a 9 G

au Tagldaunisuoalamasvos Ogawa et al.
o Y] a ! < o

(1965) A1 TurialAITIazIUYINIT T

. o o iy a Y =

1a Tsutsumi et al. (1983) amisurThauuae ¥4

a o &
UFUNIT AU

Thauuds WS = 0.0509 (D’H)"*"*

0.977

WB = 0.00893 (D’H)

0.669

WL = 0.0140 (D’H)
WT =WS + WB + WL
WR = WT*0.27

0.933

TuAes ay WS =0.0396 (D*H)

Yuvganssa WB=0.00349 (D’H)""
WL = (=2 + 0.025)
Ws+Wb

WT=WS+WB+ WL

WR = WT*0.27

A = A dy a J o ¥
e WS = warmMmridenuauludiuaiau (nn)

¥

WB = wadmmriienuauluaiung (an.)
9

=}
U

= A
WL = Uas3n N

ke

A a 2’,

WT = 1923 INNHUDNUAUNIHUA (nn.)

= A ya 1
WR = yrasmwnile laauluaiusin (nn.)

D = varduruguinaiizaunNgs
1.30 145 (DBH)

2 ) 9
H= mmgwwmmamu% (was)

[ 3 4 =
2.6 manmnumsvoulunlIaginim
(Carbon stock) #1150 A 11UV 1A INGAT
v & J (J J =
MININUAITUBU (AUABNIAT) = WIATININ

(Y] 4 4
(AU/LFNUAT) x AUITUTUUDIATS VO U

awuauluauly (n)
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9 1 dd’ 1 1
($owaz) IPCC (2006) t&1®INTAN JNT UM
9 9 4 Y
ANMTNTHYRIAIS U UaINITD ldA1Aa1a
(default value) UAUNIAY 0.47 US03pas 47

?;l LY Y
VBIUTIHUNUN

a d
WauazIn13 (Results and Discussion)

1. I1n39931963ANNY (Forest structure)
1.1 thrfiasa (Deciduous dipterocarp
forests, DDF)
Taseadranazeenlsznounssald
Tdafe iearrandulfnanua (Overall
trees) MTvIAULgUINAALTEION (DBH)
YINNIIHITOLNINDY 1 LEUAINAT (Table 1)
wurtianssald $1uau 45 ¥iia 36 dna

I A 1 A Y 1 4
9 WA UANUUUUUIRAY 800 AUADLINLAT

—_

{ Y o

Nuimhdamas 19.13 msmaTAoIenLAs 3
AAFUAIINNAINTHAVUDY Shannon-Weiner
(H) 917D 2.30 wHanssa ldiau s aaduusn
(Table 1) Tdun 59 (Shorea siamensis) ﬂiz@:ih
( Pterocarpus macrocarpus) b 9 3 ( Xylia
xylocarpa) P18 il (Vitex peduncularis) 0¥
veviutow (Phyllanthus emblica) GREE AT
ANNEINTY 1NN 119.04, 25.07, 17.36, 12.77
wag 12.64 nlosisud audeu
iearswrszauldlng (Tree) 71
vnadurgudnaluiioson (DBH) ¥1nNI1
WIOINY 4.5 1UAAT (Table 1) Wuyiia'ly

112U 43 ¥iia 35 ANA 19 WA IANUHULLLY

¥ '
= =

785 AUADLINUAT NUNUIIAA 19.13 A1514
IWATADIINUAS NAIAFUANUKRAINTHA ()
1T W a Y o W Y LY
M0 U 2.29 il lau 5 dr1auusn laun 59

Uszdth uae uazuzanuion Wudu adyil
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ANVdIATY N0 123.17,25.17, 17.82, 12.42
S 3 4 o w [ ]
way 12.07 1Wesiyua awa1ay diuluseau
Y1 . A Y ] L4 =~
13¥5u (Sapling) ATvFUATUTUINA B
80 (DBH) 1108071 4.5 (5UALAT (Table 1) WU
a Yo a A=
sianssa lis1uau 10 ¥iia 9 @na 4 29 1
’ Y ¢ A A4 9 o
ANUHHULUY 15 AUADLINLAT NUNKUIAA

0.01 A1TIUNATADLINUAT UAIAF AN
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wa1nuatw (1) iy 2.15 ¥ia ldiau 5 dau
15N A9 39 819N51A (Dipterocarpus intricatus)
auo'lne ( Terminalia chebula) A1 ® N oo
(Gardenia obusifolia) wazuad F1udu Jaeasi]
ANVEIAY 11U 50.77, 50.05, 45.38, 35.64

I 3 J o w
iag 26.97 wWosiFua muaay

Table 1 Top five dominance species in each stage based on I'VI in the deciduous dipterocarp forest (DDF); basal

area (BA, m’. ha'"), density (D, stems. ha™), and importance value index (IVI, %), respectively.

No. Botanical name Family BA D IVI
Overall trees
1 Shorea siamensis Miq. Dipterocarpaceae 10.25 388.00 122.87
2 Pterocarpus macrocarpus Kurz Fabaceae 1.74 55.00 24.83
3 Xylia xylocarpa (Roxb.) Taub. Fabaceae 0.57 49.00 17.77
4 Gardenia obtusifolia Roxb. ex Kurz Rubiaceae 0.76 37.00 14.82
5 Phyllanthus emblica L. Phyllanthaceae 0.39 32.00 12.29
Others 45 species 543 235.00 110.05
Total 19.13 796.00 300.00
Tree
1 Shorea siamensis Miq. Dipterocarpaceae 10.24 383.00 123.17
2 Pterocarpus macrocarpus Kurz Fabaceae 1.74 56.00 25.17
3 Xylia xylocarpa (Roxb.) Taub. Fabaceae 0.57 48.00 17.82
4 Phyllanthus emblica L. Phyllanthaceae 0.39 32.00 12.42
5 Vitex peduncularis Wall. ex Schauer Lamiaceae 0.82 23.00 12.07
Others 38 species 5.36 243.00 109.36
Total 19.13 785.00 300.00
Sapling
1 Shorea siamensis Miq. Dipterocarpaceae 0.00 2.00 50.77
2 Dipterocarpus intricatus Dyer Dipterocarpaceae 0.00 4.00 50.05
3 Terminalia chebula Retz. var. Chebula ~ Combretaceae 0.00 2.00 45.38
4 Gardenia obtusifolia Roxb. ex Kurz Rubiaceae 0.00 1.00 35.64
5  Xylia xylocarpa (Roxb.) Taub. Fabaceae 0.00 1.00 26.97
Others 10 species 0.00 5.00 91.20
Total 0.01 15.00 300.00
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1 < ,i’ AR = Y

Pudaselununanyiy Insaasing

Y v A Yo '
wisas lindsenovudlewiianssar hilaruau la
Y1N ANABFUAININNAINFHAVDS Shannon-
Weiner 0g1uszan11unaly deandoeny

(%

' o ] XA A 9 9
aﬂymwmmwaﬂclmﬂmiauuuwummum

v
A v A

9
ninlianunainytadesninthausu (Slik,
2004) wiia lhauniny 15w 59 dszgih uay

3| : I @ { wa
uae iudu Fuiulindalunliqguanianu
X g o ]
TWuaznuuds Fuiludnvaziauvoanssa'ld
U 1% ' <
Twihwauwaaluuazal@ase (Baker ef al.,
3 d' g’/ 1 9
2008) Taganiz 59 Anunslunguldyuia
I U <
Tugiuag 1¥ju naadddiiudsnnuannsalu
dal (% dy dl 9 1 = a A
msiudmazasosiui ldedadiUszansam
ya a 9 o Y ' Y
meldingasiutlateniadon 150 nguas
] ﬂo} 1 1 1 %
s1uunay lvlvhgen nguldguliaidesi
ANunaInriadeuded Is1uiuriiation
= 1% a ] Y
ueraatamInszgnaIvesriia i lusisduves
AR Yy = o !
mM3sduae Feervaznoudsinaauain il

o w [ -4
Tuefa niedosiian uuaanUgLaznIs

LWINTZY TOAARDINUNTANEIVDY Aiba &
. A v A A o
Kitayama (1999) Anunnunthwaaluluwe
Y Y Yy A a 9
FouuvanaslaNINaInyiadoonae

TaseadEousoaaoutia Ty

1.2 thwauwaaly (Mixed Deciduous Forest, MDF)

4
TaseadauazonlsznouvoInT Il
X ) A a 9 Yy
Tdhwaundaly iWenvisandoyalddu
Y
NanuA (Overall trees) WUFHANT TR 1T 11U
a J 1 H
75 ¥A 51 @NA 25 1A VANWHUILUUNAY
Y 1 14 dy ~ Y o =
1,763 duantanuas nunnindamae 21.35
AT IUNATADLINUAS UAIATUANIUNAINFUA

Y94 Shannon-Weiner (H) 1N 171U 2.98
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a Y o W 9 1 o
%uﬂWiimlluLﬂu 5 A1AULTN Ulﬂ!l,ﬂ Tuﬂuu
(Wrightia arborea) ‘ﬂig@:ﬂ1 wavuwal (Microcos
tomentosa) RUIW (Dalbergia nigrescens) a2

Y
N9V B A (Albizia odoratissima) W A9 ¥ U
ANVEIATY 1NN 53.32,21.22, 11.12, 14.62
J 3 4 o o
uag 12.30 L‘]Ji’)ﬁl"]ﬂ!ﬁ ANA1AY (Table 2)
o1 wrseau 1 1va) (Tree)

wusialdiiuau 60 vila 46 ana 20 19d

4
s A A 9

TANUHUILY 898 AuaotaNUAT NUNMIAA

)

J v A

20.75 AT 1UVATABIIAUAS UAIAFUAIIY
nannate (H) 19 2.74 sia ldau 5 d1au
A v 1o dy

usn Ao Tundu Uszgh auiu mevnea uas
Wauna1 UA1AriaudIAYy (NN 85.83,

S 4
41.52,23.84,19.88 uay 1345 11a51%ua
aud1ay aausza i3y (Sapling) wuwiia

o a 4

wisan li¥$uau 60 wiia 45 @na 23 29 I

s A

NULUY 837 Audptanias NuNnIaa 0.50

Y

1 4 1 a
ATNNATADLINUAS VAR UANUKHAINFUA
MI0Y 3.18 ¥ia liia 5 da1duusn laun

o (9
WAUNA UNUBU (Cleistanthus helferi) VL1

[

(Millettia leucantha) THA Y HAZWYITINA

[

(Diospyros variegata) ﬁﬁ1ﬁ’%ﬁﬂ’31nﬁ1ﬂﬂg
MINY 50.48, 27.85, 25.02, 17.89 1ag 16.94
ANA1AY (Table 2)
A A= a
TunuRAAYITANUYAINHA1ENI
= 1 9 = ] dyd? o 9
FINNADUVIIGY FIUVIFDINNUFUFOUYD
Taseadndenuisluszauge azdounis
WauHaIuYed dnihvestwaalunye
9 ' [ a Y Aa o Y
ANUTULEIuIn auduria laniiiniele

J

53191 TUs2eLa1e 9 YBIMITVADNUTHIONT
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NAUNUFIANNY (Plant community succession)

(Ashton, 2014) Tagwia Ay vy Tuniy
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ﬁnﬁmﬂanmgﬁﬂﬁﬂﬂtjﬁmmmymfﬁ'eeﬁu
Tuouine (Baker ef al., 2008) aNHULAINA1D
A0AAADINUNITANY VDY Maxwell & Elliott
2001) fsrvarudrtiwaundalulunia
azdusomiouniloveslnenazainiinis
paunauszrIria lindalulugaudaiy

wiia lidun luwaaluludadrunilosnn

Table 2 Top five dominance species in each stage based on IVI in the mixed deciduous forest (MDF); basal area

(BA, m’. ha™), density (D, stems. ha), and importance value index (IVI, %), respectively.

No. Botanical name Family BA D VI
Overall trees
1 Wrightia arborea (Dennst.) Mabb. Apocynaceae 7.08 364.00 53.32
2 Grewia eriocarpa Juss. Malvaceae 4.38 10.00 21.22
3 Microcos tomentosa Sm. Malvaceae 0.01 191.00 11.12
4 Dalbergia nigrescens Kurz Fabaceae 2.15 68.00 14.62
5 Albizia odoratissima (L. f.) Benth. Fabaceae 1.61 73.00 12.30
Others 70 species 6.52 1057.00 187.42
Total 21.74 1763.00 300.00
Tree
1 Wrightia arborea (Dennst.) Mabb. Apocynaceae 6.84 324.00 85.83
2 Pterocarpus macrocarpus Kurz Fabaceae 4.27 89.00 41.52
3 Dalbergia nigrescens Kurz Fabaceae 2.06 58.00 23.84
4 Albizia odoratissima (L. f.) Benth. Fabaceae 1.56 54.00 19.88
5  Microcos tomentosa Sm. Malvaceae 0.34 49.00 13.45
Others 55 species 5.68 324.00 115.49
Total 20.75 898.00 300.00
Sapling
1 Microcos tomentosa Sm. Malvaceae 0.10 144.00 50.48
2 Cleistanthus helferi Hook. f. Phyllanthaceae 0.06 93.00 27.85
3 Millettia leucantha Kurz var. buteoides (Gagnep.) Fabaceae 0.04 80.00 25.02
4 Wrightia arborea (Dennst.) Mabb. Apocynaceae 0.03 49.00 17.89
5 Diospyros variegata Kurz Ebenaceae 0.03 52.00 16.94
Others 55 species 0.24 419.00 161.82
Total 0.50 837.00 300.00
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FaanunyluvuSunveaszuuiauuuiila

=\

a A 49! ' Y1
HaNuvanriangaiulunguldiu
P

o
De

1

.

dyl A A= dyd & @ a 9/::' 9
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Mo g19a0Iiod uaziilon1ananis
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(Slik, 2004).

1.3 thavudas (Dry evergreen forest, DEF)
Taseardratazesnszneunssa ldth
auuds (DEF) ifefintsandoya ldduianua
(Overall trees) Wu¥HANT5o 13 311471 86 ¥iia
62 A0 29 WA HANuMILUIRAE 2,364 AU

Y
= v

AoLINLAS NUNHINAAINTAY 30.66 A1T1UNAT

a

AptanLAs IAMasNANURAINTIa (H) MIn1
a Y ) [ 9 U
3.68 wianssa lau s ardvuusn 1dun un
[ t:y ] dy Y
UBU Wauwal 3211 (Bombax anceps) Y018
(Terminalia nigrovenulosa) W9 azn1aiow
Id Y Al v oA o w
(Xylopia vielana) 11luau Na1astinud19y
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I 4 o W
1Wosiyua mua1aL (Table 3)
ienasaszan 18 el (Tree) W
siianssa 1T 1uau 78 wila 57 ana 26 29d
=1 [ 9 [ 4 dy d‘ Y o
UANUAUUUY 974 AUABDLINLAT NUNKIIAA
29.25 MINNATABLFALAST UAIFFTIANUNAIN
a / 1 [ a Y v A
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o o w 9 ldysl Qy [l
anudiaglu 5 drauusn laun ¥o1e a1h ae
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1 I Y
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AMNAIADY 1NN 24.10,20.67, 18.11, 16.99
uag 15.94 awadey dauszau liiju (Sapling)
a o a o
wusiianssa Ll 64 tia 52 @na 23 2198
o 1 o a Y a =
wazda ldansasunriiald 2 via inw
[ 9 1 4 tg A Y o
NUWUY 1,398 AUADLENIAT NUNKTNAR 3.57
MIATABLEnLAs IAdsiiauaInyia
/ J [ a Y 1 [ S
M) 1910y 2.69 vHaldiauaruasiing
andiaglu s drdunsn laun unueu
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Y Y . A
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dy d‘zﬂ = a
TununAnEIdANURAINFUANT T
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Table 3 Top five dominance species in each stage based on IVI in the dry evergreen forest (DEF); basal area (BA,

m’. ha"), density (D, stems. ha), and importance value index (IVI, %), respectively.

No. Botanical name Family BA D IVI

Overall tree

1 Cleistanthus helferi Hook. f. Phyllanthaceae 0.75 552.00 31.86
2 Bombax anceps Pierre Malvaceae 4.40 28.00 17.45
3 Microcos tomentosa Sm. Malvaceae 1.03 168.00 15.99
4 Terminalia nigrovenulosa Pierre Combretaceae 1.58 112.00 15.86
5 Xvlopia vielana Pierre Annonaceae 1.21 130.00 14.98
Others 86 species 21.69 1,374.00 203.87
Total 30.66 2,364.00 300.00
Tree
1 Terminalia nigrovenulosa Pierre Combretaceae 1.57 96.00 24.10
2 Bombax anceps Pierre Malvaceae 4.40 27.00 20.67
3 Xylopia vielana Pierre Annonaceae 1.17 75.00 18.11
4 Irvingia malayana Oliv. ex A. W. Benn. Irvingiaceae 3.63 22.00 16.99
5 Afzelia xylocarpa (Kurz) Craib Fabaceae 2.54 36.00 15.94
Others 73 species 15.95 718.00 204.20
Total 29.25 974.00 300.00
Sapping
1 Cleistanthus helferi Hook. f. Phyllanthaceae 0.50 512.00 90.03
2 Sampantaea amentiflora (Airy Shaw) Euphorbiaceae 0.10 170.00 29.51
3 Microcos tomentosa Sm. Malvaceae 0.08 116.00 22.28
4 Xylopia vielana Pierre Annonaceae 0.05 56.00 13.93
5 Walsura pinnata Hassk. Meliaceae 0.05 34.00 11.63
Others 64 species 1.60 1,908.00 432.63
Total 3.57 1,398.00 300.00
iofin1saIAILANA19YBIT 1Y Connell & Slatyer (1977) fiss131T32020173
saawssa 1 auvnuininvesdulyd wiegaveavesmsitushindammainyiiags
Audiniidande mdslinunainyia deRnraniuiiviise wuithauuds (DEF)
USu1uu1aFI0 1N (Biomass) 1azn1s LAY ﬁﬁuﬁwﬁﬁmmﬁqﬂ HANAR YN TATY
A58 (Carbon storage) WU I1T1UIU T A fuufase (DDF) uag thuaundaly (MDF)
Wiimllﬁ}‘ﬁﬂ 3 11 Tauuana1enued19d ﬁizﬁ’ummg%ﬂ’uﬁ p<0.01 LAAIDINIG
Wod1nny (p <0.001) A0AARDINUNANNITUOY ﬂiaummﬁ?uﬁm@ﬂﬁ’mmﬂiwg} A0ANR AN
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msnans Inseadnuesthizozganoniuy
tg (2 A
nszudIumsWNuYvesdaauny (Late-
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(Chazdon., 2003; Phumphuang et al., 2024)

I VIDF
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R*=0.9686
R?=10.9023

R*=0.9801

Expon. (MDF)
= = = = Expon. (DEF)

Bell. (DDF)

e

25 30 35 >40

Figure 2 Diameter distribution of trees in various types of forest; dot line represented exponential form (Expon.)

and broken line indicated unimodal form or bell-shaped (Bell.), respectively.
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Table 4 Biomass and carbon stock of different forest types at Wang Nam Khiao Forest Research Station
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