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ABSTRACT

Pine species have evolved extensively and been widely used as pioneer plants since they first emerged
during the Mesozoic era. However, their natural populations are becoming increasingly rare under the global climate
change scenario. These changes in native habitats could lead to their decline, particularly among pine species.
Only two pine species are found In Thailand: Tenasserim pine (Pinus latteri Mason) and Benguet pine (Pinus kesiya
Royle ex Gordon). In this study, we focused on the impacts of climate change on the distribution of both species
as a case study to determine suitable habitats and assess potential future changes. Data related to the presence
of Tenasserim and Benguet pines, along with environmental factors—including physical, biological, and climatic
variables-were used to develop a distribution model using MaxEnt software (version 3.3.3k). The results indicated
that the current suitable areas for Tenasserim pine and Benguet pine are 72,198 km? and 59,703 km?, respectively.
Under a best-case climate change scenario (SSP 1-2.6), suitable areas for Tenasserim pine and Benguet pine are
projected to increase by 6.62% and 8.95%, respectively. Under the worst-case scenario (SSP 8-5.8), suitable areas
for Tenasserim pine would still increase by 3.50%, whereas those for Benguet pine would decrease by 2.68%.
These results demonstrate the impact of climate change on the distribution of both pine species, with potential
habitat loss for Benguet pine. This reduction could lead to the invasion of other species, ultimately affecting the
overall health of the ecosystem. To ensure the continued existence of Benguet pine in the protected areas of
Thailand, authorities should develop and implement a management plan for forest restoration in suitable areas.

Effective execution of such a plan would improve the chances of survival of the Benguet pine.
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¢

Primary data

1. Appearance point of Pinus latteri and Pinus kesiya

Secondary data
1. Physical data
2. Climate data

¢

Prepare data in the from of spatial data

Step 1

g

Distribution was analyzed using the maximum entropy (MaxEnt)

Analyze the relationship between the surveyed points and the ecological factors.

Step 2

U

Map of the suitable area for distribution of Pinus latteri and Pinus kesiya (high accuracy)

¢

Data from suitable area for distribution map

- Scope of spread

U

The suitable area for distribution of Pinus latteri and Pinus kesiya in 2040

\Y

Assessment climate change impact on the distribution of Pinus latteri and Pinus kesiya in 2040

Step 4

Figure 1 Outline of the procedures used for constructing the distribution map of Tenasserim pine (Pinus latteri)

and Benguet pine (Pinus kesiya) in Thailand
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Figure 2 Locations of Pinus latteri and Pinus kesiya in Thailand
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Table 1 Environmental factors used to determine the distribution of Pinus l(atteri and Pinus kesiya

Environmental factors Scale Sources
1. Physical factor 1:50,000 Department of National Parks
1. Height above mean sea level (m.) Wildlife and Plant Conservation
2. Soil series 1:50,000 Department of Land
3. Slope (%) 1:25,000 Development
4. Aspect Department of Land

2. Biological factors
1. Land use
3. Climate factors
Annual Mean Temperature
Mean Diurnal Range
Isothermality
Temperature Seasonality
Max Temperature of Warmest Month
Min Temperature of Coldest Month
Temperature Annual Range

Mean Temperature of Wettest Quarter

o 00 N ok LN

Mean Temperature of Driest Quarter

—
o

. Mean Temperature of Warmest Quarter

—_
—_

. Mean Temperature of Coldest Quarter

—
N

. Annual Precipitation
. Precipitation of Wettest Month
Precipitation of Driest Month

[ Sy
AW

. Precipitation Seasonality

—
(@)}

. Precipitation of Wettest Quarter

._\
~

Precipitation of Driest Quarter

—
o]

. Precipitation of Warmest Quarter

—
\O

. Precipitation of Coldest Quarter

Development

Climate Statistical Model
2000-2040
(http://www.worldclim.org/)
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Table 2 Contribution (in terms of percentages) of various environmental factors to the current presence of the

two pine species

Environmental factors

Pinus latteri Pinus kesiya

1. Physical factor
1. Height above mean sea level (m.)
2. Soil series
3. Slope (%)
4. Aspect
2. Biological factors
1. Landuse
3. Climate factors
. Annual Mean Temperature
. Mean Diurnal Range
. Isothermality
. Temperature Seasonality
. Max Temperature of Warmest Month
. Min Temperature of Coldest Month
. Temperature Annual Range

. Mean Temperature of Wettest Quarter

O 00 N O 0 AW N -

. Mean Temperature of Driest Quarter
10. Mean Temperature of Warmest Quarter
11.Mean Temperature of Coldest Quarter
12. Annual Precipitation

13. Precipitation of Wettest Month

14. Precipitation of Driest Month
15.Precipitation Seasonality

16. Precipitation of Wettest Quarter

17. Precipitation of Driest Quarter

18. Precipitation of Warmest Quarter

19. Precipitation of Coldest Quarter

29 36.4
22.4 33.1
2.1 1.6
1.6 0.3
19.5 1.1
0.6 4.1
15 1
0.1 0.4
0.8 1.2
0.3 1.5
13 0.6
0 0.1
3.7 10
0.7 1.1
0.4 1.8
0.4 2.5
0.1 0.7
0.2 0.3
1.1 0.3
0.3 0
0.7 1.7
0.4 0.1
24 0
10.4 0.1
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Table 3 Contribution (in terms of percentages) of various environmental factors to the current presence of the
two pine species using a second data analysis

Environmental factors Contribution (%)

Pinus latteri
1. Physical factor

1. Height above mean sea level (m.) 30.8
2. Soil series 253
3. Slope (%) 3.7
4. Aspect 1.4
2. Biological factors
1. Landuse 16.8
3. Climate factors
1. Annual Mean Temperature 1.1
2. Mean Diurnal Range 1.6
3. Temperature Seasonality 0.8
4. Min Temperature of Coldest Month 0.6
5. Mean Temperature of Wettest Quarter 29
6. Mean Temperature of Driest Quarter 0
7. Precipitation of Driest Month 1
8. Precipitation of Wettest Quarter 0.5
9. Precipitation of Warmest Quarter 2.8
10. Precipitation of Coldest Quarter 10.6

Pinus kesiya
1. Physical factor

1. Height above mean sea level (m.) 9.5
2. Soil series 37.4
3. Slope (%) 1.6
4. Aspect 0.8
2. Biological factors
1. Land use 0.7
3. Climate factors
1. Annual Mean Temperature 13.2
2. Mean Diurnal Range 1.5
3. Temperature Seasonality 2
4. Max Temperature of Warmest Month 1.1
5. Min Temperature of Coldest Month 2
6. Mean Temperature of Wettest Quarter 22.6
7. Mean Temperature of Driest Quarter 1.2
8. Mean Temperature of Warmest Quarter 1.2
9. Mean Temperature of Coldest Quarter 24
10. Annual Precipitation 0.9
11. Precipitation of Wettest Quarter 2
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Table 4 Map accuracy percentage of Pinus latteri and Pinus kesiya Distribution in Thailand

Species

Cut-off value Map accuracy percentage

Pinus latteri (AUC = 0.93)

1. Maximum training sensitivity plus specificity logistic threshold

2. Equal training sensitivity and specificity logistic threshold

3. 10 percentile training presence logistic threshold
4. Minimum training presence logistic threshold
Pinus kesiya (AUC = 0.976)

1. Maximum training sensitivity plus specificity logistic threshold

2. Equal training sensitivity and specificity logistic threshold

3. 10 percentile training presence logistic threshold

4. Minimum training presence logistic threshold

0.2647 12.72
0.2448 72.72
0.3731 68.18
0.1219 81.81 **
0.2268 80
0.1964 82.85
0.2855 80
0.0215 91.42 **
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Figure 4 The modeled area suitable for the distribution of Pinus kesiya
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Figure 5 Areas predicted to be suitable for Pinus latteri in a future climate change scenario in 2040 (SSP1-2.6)
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Figure 6 Areas predicted to be suitable for Pinus latteri in a future climate change scenario in 2040 (SSP5-8.5)
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Figure 7 Areas predicted to be suitable for Pinus latteri in a future climate change scenario in 2040 (SSP1-2.6)
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Figure 8 Areas predicted to be suitable for Pinus latteri in a future climate change scenario in 2040 (SSP5-8.5)
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Table 6 Predicted extent (in km?) of pine distributions under various climate change scenarios

Modeling option

Pinus latteri Pinus kesiya

Current

Potential distribution

Current distribution within remaining forest cover
Distribution within protected areas

2040 SSP1-2.6 pathway

Potential distribution at current

Current distribution within remaining forest cover
Distribution within protected areas

2040 SSP5-8.5 pathway

Potential distribution at current

Current distribution within remaining forest cover

Distribution within protected areas

72,198 59,703
62,529 50,922
45,195 34,233
76,984 65,050
65,768 54,174
48,098 36,283
74,748 58,104
63,328 48,367
47,438 32,433
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