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ABSTRACT

Background and Objectives: Contemporary climate change has intensified in recent decades and is exerting
substantial impacts on ecosystems worldwide. However, long-term studies evaluating its effects on trees
growth in Thailand remain limited, primarily due to the substantial time and financial constraints associated
with traditional research methodologies. Consequently, this research employed dendrochronological
techniques, which offer high-resolution accuracy and mitigate the temporal limitations inherent in studying
tree growth. Nevertheless, data analysis frequently encounters spatial gap issues, as meteorological stations
are typically situated in urban areas distant from forest ecosystems. This discrepancy results in climate data
that does not accurately reflect the actual environmental conditions of the study site. To address this limitation,
this study incorporates satellite-derived climate data. Therefore, the primary objective focused on investigating
the relationship between climatic factors and the growth of teak in the Huai Tak Teak Biosphere Reserve,
Lampang province. The integrating tree-ring data with satellite datasets was employed to ensure that the
environmental impact assessment is accurate, precise, and reliable as possible.

Methodology: This research applied dendrochronological principles to study the growth of teak. Teak
samples were randomly collected from 35 trees, with extractions taken from two opposite directions per
individual tree. Following sample preparation using sandpaper, all samples were cross-dated by comparing
tree-ring patterns both within individual trees and among different trees. Tree-ring widths were measured
using a Velmex measuring system (0.001 mm resolution) in conjunction with a microscope, and the results
were recorded using Measure J2X software. Subsequently, measurement accuracy was verified using the
COFECHA program, and key dendrochronological statistics were analy zed, namely correlation with the
master series, mean sensitivity, autocorrelation, and standard deviation. Thereafter, a tree-ring index
chronology was constructed to remove age-related influences using the ARSTAN program, and the reliability
of the chronology was evaluated using the Expressed Population Signal (EPS). The derived index was then
analyzed for correlations with climate data—specifically precipitation and average temperature—over a 43-

year period, from 1981 to 2024. This climate data was acquired from satellites via Google Earth Engine,
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utilizing monthly total precipitation datasets from CHIRPS Precipitation Pentad: Climate Hazards Center
InfraRed Precipitation with Station Data (Version 3.0), and monthly average temperature data from ERAS -
Land Monthly Aggregated - ECMWF Climate Reanalysis covering the study area. Finally, simple correlation,
multiple regression, and stepwise variable selection were employed to precisely identify the climatic factors
and time periods correlated with teak growth.

Results: The teak tree-ring width dataset from the Huai Tak Teak Biosphere Reserve in Lampang Province
comprises a total of 3,818 rings, establishing a chronology that extends back 78 years, spanning from 1947 to
2024 Teak growth exhibited relatively high variability throughout its lifespan. The mean annual tree -ring
width was 3.511 mm, corresponding to an average annual diameter increment of approximately 0.7 cm.
Subsequently, the relationship between the teak tree-ring index and both total monthly precipitation and mean
monthly temperature was analyzed using data from CHIRPS (V.3) and ERAS, covering the study area from
1981 to 2024 The results revealed that the total precipitation in May of each year exhibited a highly significant
positive correlation (p < 0.01) with the teak tree-ring index. The correlation coefficient for May precipitation
was 0.177, indicating that increased rainfall during this month tends to enhance the teak growth index.
Conversely, the analysis of monthly mean temperatures demonstrated that the mean May temperature was
significantly (p < 0.01) negative correlated with the tree-ring index. The correlation coefficient for the May
mean temperature was 0.223, suggesting that elevated temperatures in May lead to a decline in teak growth.
Furthermore, upon evaluating the combined relationships between the tree-ring index, total monthly
precipitation, and mean monthly temperature, it was found that the mean tem perature in May and the total
precipitation in June were significantly correlated (p < 0.05) with the tree-ring index. The multiple correlation
coefficient for May precipitation and May mean temperature was 0.298. This finding supports that an increase
in May precipitation promotes the teak growth index, whereas an increase of temperature exerts a suppressive
effect on growth.

Conclusions: Based on a comprehensive dendrochronological analysis of teak ( Tectona grandis) tree-ring
widths spanning a substantial 78-year historical time frame specifically covering the continuous period from
1947-2024 the empirical findings clearly elucidate the long-term radial growth dynamics of this ecologically
valuable species. The quantitative results of the study revealed that teak exhibits a consistent mean annual
diameter increment of 0.7 centimeters throughout the study periods. Upon statistically correlating this
extensive dendrochronological dataset with regional climatic variations by systematically assessing the
physiological responses of the standardized tree-ring index, it became evident that meteorological variables
occurring during the crucial seasonal transition period play a fundamental role. Specifically, the total monthly
precipitation alongside the mean monthly temperature during the month of May—which geographically marks

the critical onset of the tropical monsoon and the commencement of the early wet season—exert a profound
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and measurable influence on tree development. Indicating that early-season precipitation serves as a primary
environmental catalyst, effectively promoting robust cell division and cambial reactivation. Consequently, an
increase in total accumulated rainfall during this specific temporal window leads to a signifi cantly enhanced
and accelerated growth rate in the teak populations. Conversely, increased mean temperature during this
month was negative and suppressive impacted on the radial growth process. Therefore, based on these robust
correlations, it can be firmly concluded that both the amount of precipitation and the prevailing temperature

regimes during May play the important role as the critical climatic factors on overall annual teak growth.

Keywords: Growth, climate, dendrochronology, Teak, satellite data

: Department of Forest Management, Faculty of Forestry, Kasetsart University, Bangkok, 10900 Thailand
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Figure 1 Map of the study area in Huai Tak Teak Biosphere Reserve, Lampang Province.
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Figure 2 The relationship between total monthly rainfall and average monthly temperature in the study

area. The gray bar represents total rainfall, and the black line with markers represents average temperature.
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Table 1 Summary of mean ring-width data and statistical characteristics of teak samples.

Previous reports

Pumijumnong Choiraioi Sangram Lumyai
Parameters This Study
(2012) (2014) (2015) (2018)
Average annual ring 0.717 —
3.511 2.700-3.200 2.390-5.337  3.441-4.310
width (mm) 5.315
Correlation with master 0.480 0.260-0.400 0.463-0.545 - 0.395-0.497
Mean sensitivity 0.493 0.321-0.359 0.467-0.499  0.403-0.551  0.391-0.418
Autocorrelation 0.516 0.522-0.698 0.538-0.589 - 0.615-0.641
Standard deviation 2.375 1.250-1.760 1.696-2.025  0.470-0.690  0.418-0.615
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Figure 4 Tree-ring width index chronologies of teak from the Huai Tak Biosphere Reserve. The gray
dotted line represents the Standard Chronology (STD), the black dashed line represents the Residual

Chronology (RES), and the black solid line represents the ARSTAN Chronology (ARS).
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Figure 5 The expressed population signal (EPS). The solid black line represents the calculated EPS values,

while the gray dashed line indicates the generally accepted standard threshold of 0.85.
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Figure 6 Relationship between the tree-ring index of teak from the Huai Tak Biosphere Reserve and May

rainfall (derived from CHIRPS v.3) from 1982 to 2024. The solid black line represents the tree-ring index,

and the solid blue line with markers represents the total rainfall in May.
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Figure 7 Relationship between the tree-ring index of teak from the Huai Tak Biosphere Reserve and

average May temperature (ERAS5 dataset) from 1982 to 2024. The solid black line represents the tree-ring

index, and the solid brown line with markers represents the temperature in May.
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