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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.
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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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curve 40 g QSM (Quantitative structure models)
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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
a 1 a { o & a
TA83T Stem curve Hag QSM UAIAIY Yszuralsuias b uidududldTaely
] Vo < 4 4 4 a an
ATIAAADUININY 0.02 11aZ 0.03 gNUIANILAT IATOIAUNUAIYOTNIANUAUAIGTD RANSAC
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[ 1 9
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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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(Lewis, 1982)
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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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ﬁ?ﬂ (Conclusion)
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