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ABSTRACT

The natural suitability of teak (Tectona grandis L.f.) at Mae Yom National Park, 
Phrae Province, Thailand was investigated using logistic regression. The study 
identified the relationship between key physical and soil properties with the presence of 
teak at natural sites, and applied a geographic information system platform to identify 
potential natural sites of teak. Fourteen variables were included in the model, five 
of  these were found to have a significant effect (p < 0.05). Elevation was the most 
significant topographic variable, whereas magnesium, organic matter, potassium, 
and calcium were the most significant soil variables. The site prediction had 91.8% 
accuracy for identifying areas with high, moderate, and low probabilities of being 
suitable natural habitats for teak. These areas covered 87.63, 244.33, and 163.54 km2, 
respectively.  

Keywords: logistic regression model, Mae Yom National Park, suitability prediction, 
Tectona grandis L.f., Thailand

INTRODUCTION

Teak (Tectona grandis L.f., family Lamiaceae) is 
one of the world’s most sought-after timbers due to its 
distinctive qualities and wide variety of applications. 
(Narong et al. 2007; Warner et al. 2016). It originates 
in India and has spread naturally to several tropical 
countries, such as Myanmar and Thailand (White 1991). 
In addition, teak has been grown in about 36 tropical 
countries and covers an area of 57,000 km2 (Narong 
et al. 2007). Teak grows best in tropical deciduous 
forests and on well-drained alluvial soils (Nidavani and 
Mahalakshmi 2014). The species prefers subtropical 
climate with average minimum temperature of 9 °C and 
average maximum temperatures of 41°C. It needs 1,300–
3,800 mm of rainfall per year, and three to five months
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dry season (White 1991). Teak is a light-demanding tree 
species and it is highly resistant to fire.  Naturally, teak 
can be extensively found throughout northern Thailand 
(16–20°N, 97–101°E), and it occurs in mixed deciduous 
forest associated with Pterocarpus macrocarpus, Xylia 
kerrii, Afzelia xylocarpa, Lagerstroemia calyculata, and 
bamboos (Kaosa-ard 1992). Among Thailand’smNational 
Parks, Mae Yom National Park is the last virgin 
“golden” teak forest in Thailand’s national parks.

Surveying the natural distribution of teak is difficult 
and expensive. However, alternative approaches are 
mathematical or statistical modelling, which can be 
used to indicate and predict the most appropriate site
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Province, Thailand, and to identify suitable environmental 
factors for teak using logistic regression analysis, a GLM 
technique, to remedy sample size limitations.

MATERIALS AND METHODS 

Study Area and Occurrence Data

Mae Yom National Park is the 2nd national park 
in Phrae Province, Thailand. It was named after the 
Yom River and was declared the 51st National Park of 
Thailand in 1986. The area is situated between 18°36′8″–
18°49′57″N and 100°4′1″–100°23′33″E and covers 454.75 
km2 area in Ngao District, Lampang Province and Song 
District, Phrae Province (Figure 1). The park’s boundary 
is dominated by teak forest and rugged mountain ranges. 
The Yom River flows through the park all year round. 
The rainy season starts from June to September. Winter 
season is from October to January and summer season is 
from February to May. A group of teaks is densely grown 
along the banks of the Yom River, and bright yellow teak 
flowers are in bloom during October - November, giving 
delightful scenery of the park. The teak forest is located 
about 13 km from the park’s headquarters and can only 
be accessed by foot (Department of National Parks, 
Wildlife and Plant Conservation 2016).

Environmental Data

Environmental variables were divided into two 
groups: topographic variables and soil variables (Table 
1). The topographic variables included elevation (DEM), 
slope aspect, and distance to water source. The DEM data 
were derived from the Land Development Department of 
Thailand. An interpolation technique was used to calculate 
the distance to water source. Aspect was calculated 
from the DEM data. The soil variables obtained from 
soil sampling were analysed at the Department of Soil 
Science, Faculty of Agriculture, Kasetsart University, 
Bangkok, Thailand.

Sampling Points

Sampling points were generated using a two-step 
method. First, the presence area (50 points) was built 
using random sampling in the study area. Second, absence 
points (50 points) were randomly selected outside the 
presence site that did not contain teak.

Logistic Regression

Logistic regression is a type of linear model (GLM) 
Nelder and Wedderburn (1972). In this research, the 

by considering various environmental conditions. The 
species distribution model (SDM) is an important tool 
for predicting how species are distributed throughout a 
study area, and it can be applied to determine the most 
suitable habitats. SDMs have been used in various fields 
of biology as well as other several purposes, such as 
conservation planning, surveying, evolutionary studies, 
and climate-change impact assessments (Engler et al. 
2004; Guisan and Thuiller 2005; Thuiller et al. 2005; 
Marini et al. 2009; Nanglae and Nilthong 2015). SDMs 
are generally used to identify appropriate environmental 
factors (e.g., topographic, climate, and geological factors) 
and identify the areas containing these (Pearson 2007).

SDMs techniques were classified into two types: 
profile techniques and group discrimination techniques. 
Profile techniques, such as environmental envelope 
(BIOCLIM) and environmental distance (DOMAIN) 
rely on presence-only data that include locations 
where associations among species occurrences, or 
other environmental factors (Franklin 2010). Group 
discrimination techniques was the methods that 
require both presence and absence data for example, 
generalized linear models (GLMs) and generalized 
additive models (GAMs). Both groups are based on 
statistical models(Stokland et al. 2011) Predicting and 
generating statistical functions or discriminative rules. 
In general, group discrimination techniques  better 
results than profile techniques. (Mateo et al. 2010) for 
predicting species distributions because they incorporate 
absence data or background data, which are important 
for considering the relationship between species 
occurrence and environmental variables (Brotons et al. 
2004). However, in case of lacking accurate absence 
data, pseudo-absence data or artificial absence data can 
be generated. While pseudo-absence data are based on 
statistical theory, background data are random sampled, 
based on machine learning model (e.g., maximum 
entropy) (Mateo et al. 2010). Contemporary statistical 
analysis, including SDMs, have been considerably used 
in ecological studies. Approximately 70-80% of articles 
published in the Journal of Wildlife Management and the 
Journal of Landscape Ecology used regression models for 
model predictions occurred from 1998 to 2007. (Drew et 
al. 2011). Such methods also require absence or pseudo-
absence data. Logistic regression models that include 
both presence and absence data have been evaluated and 
widely accepted as a great statistical tool for forecasting 
the probability of occurrence of categorical variables 
(James et al. 2013).

This study aims to determine the factors affecting 
the distribution of teak in Mae Yom National Park, Phrae 
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model has been fit for better extraction of suitable areas 
in Mae Yom National Park. Meanwhile, dependent 
variables have 0 and 1 binary values (presence as 1 and 
absence as 0). This model used a logit link (i.e., logit 
transformation) to describe the relationships between 
the response probabilities and the 14 predictor variables 
(Table 1). The logit link is modelled as a linear function 
(Equation 1):

						             (1)

where p is the associated function of causative factors, 
n is the number of predictor variables, and xi are trail 
conditioning factors and b0, b1, ..., bn are the coefficient. 
The model was fitted using the maximum likelihood 
method. The model prediction was formed as an 
exponential function (Equation 2):

						              (2)

Predicting the Natural Suitability of Teak

Figure 1. The area in Mae Yom National Park, Thailand where the study in predicting the natural suitability of Teak 
(Tectona grandis L.f.) was conducted.

Table 1. Variables in the species distribution models 
used in predicting the natural suitability of teak 
in Mae Yom National Park, Phrae Province, 
Thailand (2017). 

Variable Description
Elevation
Slope
Distance
Aspect
pH
CaCO3
Mg
Ca
P
K
OM
Sand
Silt
Clay

Elevation (m)
Slope (%)
Distance from a stream (m)
Direction of the slope face (0–360°)
Potential of Hydrogen ions (pH)
Calcium carbonate
Magnesium
Calcium
Phosphorus
Potassium
Organic matter (%)
Sand (%)
Silt (%)
Clay (%)
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where P(Y) represents the probability (i.e., probability of 
presence area). This was transformed into a continuous 
probability Y ranging from 0 to 1. In this study, the GLM 
function in the program R was used for logistic regression 
and the logit function was chosen as the link function.

Prediction Map Creation and Evaluation

The parameters were used in interpolation procedures 
to create the prediction map based on elevation, pH, 
CaCO3, sand, silt, clay, phosphorus (P), potassium (K), 
magnesium (Mg), calcium (Ca), organic matter (OM), 
slope, aspect, and distance from water based on GIS. 
The suitability weights were obtained using the logistic 
regression model. Teak suitability was classified into one 
of three intervals—high, moderate, and low classification 
accuracy—based on a model assessment, which was 
performed to compare the classification results with 
ground survey results. The number of sample points was 
calculated using binomial probability theory (Congalton 
et al. 1983).

RESULTS AND DISCUSSION

Factors Affecting the Model

Logistic regression was used to select the variables 
affecting the model, and Akaike’s information criterion 
(AIC) to select the optimal model (R2 = 0.81). Fourteen 
variables were selected, of which four were significant (p 
< 0.05) (Table 2). Although some variables (pH, CaCO3, 
sand, silt, clay, K, Mg, OM, P, Ca, slope, aspect, and 
distance from water) in the model were not statistically 
significant, these were included in the model due to their 
presumed effects on teak distribution. Elevation was the 
most significant topographic variable, while OM, K, Mg, 
and Ca were the most significant soil variables.

Of the topographic variables, aspect and distance 
from water had positive effects, whereas slope and 
elevation had negative effects. Thus, suitable areas for 
teak should have high solar radiation, as teak is a light-
demanding and fire-resistant species (Kaosa-ard 1992);  
have slopes of no more than 30°; and be located far from 
streams or water sources.

Among the soil variables, pH, clay, OM, P, and Mg 
had positive effects. However, since the experimental area 
is dominated by a limestone mountain, CaCO3, sand, silt, 
K, and Ca had less significant effects. Therefore, suitable 
areas for teak should have higher OM and clay, which 
is consistent with the failure of some teak plantations 
established on low-lying, poorly drained land with clay
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Table 2. Factors selected in the generalised linear models 
(GLM) using the logistic regression method in 
the prediction of the natural suitability of teak 
at Mae Yom National Park, Phrae Province, 
Thailand. 

Factor Estimate Sig.
Elevation
Slope
Distance from water
Aspect
pH
CaCO3
Mg
Ca
P
K
OM
Sand
Silt
Clay

−0.0171
−0.0621
0.0007
0.0037
2.9232

−0.0027
0.0084

−0.0065
0.0232

−0.0363
1.4808

−0.1512
−0.0207
0.0125

**

*
**

***
**

* 0.1 significance level
** 0.01 significance level
*** 0.001 significance level

soil (Seth and Yadav 1959 ;Fernández-Moya et al. 2014). 
In addition, teak is considered a species with high soil 
nutrient requirements, and deep, well-drained soils 
with high chemical fertility and low acidity are usually 
necessary for the habitat of this species (Fernández-Moya 
et al. 2015). Moreover, teak is predominantly found in 
soils with pH values ranging from 6.5–7.5 (Kulkarni 
1951; Yoshinori et al. 2010). The OM content of soil 
also has an important role in the ecological distribution 
of teak, and Ca is the major constituent of teak wood 
(Kaosa-ard 1989).

Prediction Map Creation and Evaluation

To predict the most suitable area for teak, thresholds 
were used for transformation into a probability map using 
GIS (Figure 2). Site prediction had 91.8% accuracy for 
areas with high, moderate, and low probabilities of being 
suitable natural habitats for teak; these areas covered 
87.63, 244.33, and 163.54 km2, respectively (Table 3). 

Table 3. Area of potential natural sites for teak in Mae 
Yom National Park, Phrae Province, Thailand, 
2017. 

Prediction Level Area (km2) Area (%)
Low (0 - 0.33)
Moderate (0.34 - 0.66)
High (0.67 - 1)

163.54
244.33
87.54

33.01
49.31
17.68
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Predicting the Natural Suitability of Teak

CONCLUSIONS AND RECOMMENDATIONS
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estimate the potential distribution of teak in Mae Yom 
National Park, Thailand. The potential distribution of 
teak depended upon topographic and soil variables, and 
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Ca. Ca is the major constituent of teak wood. Site 
prediction using GIS had 91.8% accuracy for areas with 
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Figure 2. Areas of potential natural sites for teak in Mae Yom National Park, Thailand (2017).
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