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Variable-top Merchantable Volume Equations for Teak (Tectona grandis Linn. f.)
in Thailand
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ABSTRACT

Variable-top merchantable volume equations for teak plantation were first developed in Thailand.
In this study, data of 196 sample trees were collected from 15 teak stands in 11 provinces represented the
various sites of teak plantations. The plantation age ranged from 9 to 44 years. The mean diameter over bark
at breast height of the sample trees ranged from 5.7 to 42.1 cm and the mean total height ranged from 6.3
to 29.2 m. The total stem volume equations were constructed for predicting individual trees volume. The
volume ratio models introduced by Burkhart (1977), Cao and Burkhart (1980) and Van Deusen et al. (1981)
were used for developing variable-top merchantable volume equations for teak. Variable-top merchantable
volume equations were jointly estimated as a product of total volume and volume ratio equations. These
equations presented here can be used for predicting total stem volume and merchantable volume to top diameter
limit or any height limit of individual trees. The results from the models tested revealed that the models
of Van Deusen et al. (1981) and Cao and Burkhart (1980) gave the best fits for volume ratio equations to
variable-top diameter limits and height limits, respectively, however model validation with an independent data

set suggested that both models could be applied for developing variable-top equations for teak in Thailand.
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Table 1 Description of 7. grandis plantations and theirs sample trees used to develop model.

No. Plantation Province Age Samples DBH Height
(year) (trees) (cm) (m)
1 Mae My Lampang 30-39 40 11.1-34.6 14.3-21.0
2 MaeKham Mee Phare 33 15 23.5-37.1 16.1-27.1
3 WangChing Phare 38 20 28.0-29.5  22.6-29.2
4  Suwankhuha Nong Bua Lam Phu 15 8 5.7-24.4 6.3-20.13
5  DenDarn Uttaradit 10 5 11.0-234 11.7-18.4
6  NaDung Loei 33 13 18.8-42.1  152-22.8
7  DongLan Khon Kaen 9 7 11.2-16.1 9.5-15.5
8  ChiengThong Tak 33 7 11.9-23.1 13.9-22.6
9 Rampa Kam Phaeng Phet 22 9 14.2-20.0 12.4-19.5
10  MaeMo Lampang 34 11 19.6 - 24.7 14.9-22.9
11 HoiRabum Uthai Thani 38 6 19.2-26.7 15.6-23.0
12 Ladyao Nakhon Sawan 34 12 17.6 -35.7 14.9-27.2
13 MayMy Lampang 44 11 21.2-26.0 15.1-24.5
14 Farmer Kam Phaeng Phet 24 15 95-192 9.6-16.6
15 Mae Huad-Mae Ko  Lamphun 35 17 18.7 -28.7 14.4-20.7
4 ‘ h

. Total stem volume equation

s V = 0.00006%(DBH2¥H)0:9401 .

- R2=0.9929 n=196

Z 10
g
0.3
0.0
0 10000 20000 30000 40000 50000
DBH2.H (cm)
\. J

Figure 1 The best regression model for estimating total stem volume.
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ratio equations to top height limits) FUIRINY
v
LUVI1a09 (ANN1F volume ratio) NINUANUE
0 w A A = ]
TIAYDYIYY (p< 0.001) L‘JJf’JL‘].I%fJ‘UWIfJTJﬁgﬁ'J'N
o 2 g o
HYUMa9d (5) tag (6) “BQLﬂULLUU%Tﬁ@QIHﬂTi

#3198UM3 volume ratio to top diameter limits
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NU1A1 RMSE 4841131804 (6) eeninuuy
91904 (5) 4AAT R: YBUUVI809 (6) NIANI
nuusand (5) naaaliifiuimuusiang (6) @
AN Luusaes (5) dmsumai liladeaums
volume ratio to top diameter limits 1ummzﬁgﬁa
WRefoussnanuusians (7) uaz (8) Fuily
suudaeslumsadaaums volume ratio to top
height limits #a1)51n9 3171 RMSE v93U 131004
(7) Woonuuusand (8) uazA1 R: voduly
$18049 (7) WINANMVVTIA04 (8) taaliiziu
HuUaed (7) anduuuiiasa (8) lumsiilil
a3198UM3 volume ratio to top height limits ® 19'ls
AauienFeuifoum RMSE tazm R 52179
1LV (5) 11 (6) Az 3EHIN(7) M (8) U3ng
iimuandaiudnosninuaaa i
91204 (5) (6) (7) taz (8) awnsarih lannad
AUNIT volume ratio (Rd L1ag Rh) 1aiuodsd

Table 2 Parameter estimates and fit statistics for total volume equations.

Model Parameter Estimate RMSE R? p Value

1 Bri 0.000063 0.022437 0.032711 0.992898 <0.001
Bas 0.940060 0.005693

2 Bi2 0.000063 0.031069 0.032863 0.992863 <0.001
P22 1.874410 0.027270
B3z 0.949990 0.043534

3 Bis 0.027732 0.004627 0.039497 0.983300 <0.001
B23 0.000033 0.000001

4 Bia -0.051971 0.011393 0.084155 0.924500 <0.001
Boa 0.000823 0.000017

Remark: SE = standard error of estimate
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Model: Rd:1-0.55706(d5"““.‘DBHS'”"E')

o

Moxel: Rd=Exp(-0.832198 (4" **“oBH" “*™y)

- o
—
o
Figure 2 Volume-ratio equation (Rd) for 7. grandis in Thailand
(A) developed from Burkhart (1977) (model5)
(B) developed from Van Deusen et al.(1981) (model 6).
Modsl: Rh=1.1.0024((H.h> 542%™ Medel : Rb=Exp(-1. 9143 ((H-h)? 7953 20033) )
2
=i
=k

Figure 3 Volume-ratio equation (Rh) for 7. grandis in Thailand
(A) developed from Cao and Burkhart (1980) (model 7)
(B) (B)developed from Van Deusen et al.(1981) (model 8).
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SHuveIaumMIsaI1aIu311A5(Volume-ratio
equation)fuaumsUszumlFas Ifdud
Suddurtanuaiiaunnuunsias (1) wans
T ineaaa lumsnageuaunslizina
Usuas ul,ﬂ)ﬁl“ﬂua um (Variable-top merchantable
volume equations) (L&l a1y Tabled

HanI AT HMIadaLaaslfiIfiun
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Table 3 Parameter estimates and fit statistics for volume ratio equations.

Model Parameter Estimate SE RMSE Rﬁ p Value
5 Bis -0.5571 0.0164 0.051937 0.9627 <0.001
B2s 3.1976 0.0224
B3s 3.0745 0.0238
6 Bis 0.8322 0.3849 0.048018 0.9681 <0.001
B26 4.6870 0.0362
B3s 4.4833 0.0375
7 B17 -1.0024 0.0253 0.029697 0.9878 <0.001
B27 2.3645 0.0102
B3z 2.3813 0.0135
8 Big 1.9143 0.09484 0.034565 0.9838 <0.001
B2s 3.2880 0.0190
B3s 3.3003 0.0255

Table 4 Statistical values of the model validation in this in this study to estimate total stem volume

for T.grandis in Thailand.

Model ~ MRES 1\/?;58 RMSE RXA’S)E AMRES Al\(’f,}:)ES AIC MS
(1) 0003853 1.143608 0.026330 4536162 0017676 5246703  -246.96  0.026344
(2) 0002808 0.830818 0.026467 4552797 0017533 5188073  -244.60  0.026475
(3) 0002262 0.668239 0027120 4661264 0019526 5768411  -24492  0.027125
4) 0001465 0431756  0.038767 6.655461  0.027601  8.134829  -22026  0.038770

Table 5 Statistical values of the model validation in this study to estimate merchantable stem volume

for T. grandis.

Model  MRES NS RMsE  ooFamres AR arc MS
(5) 0001903 0673400 0.034478 6485001 0022491 7.956798 -2,721.62 0.034482
(6) 0000150  -0.052768 0.032819 6.150589 0.021009 7.379101 -2,761.57 0.032819
(7) 0039410 1404381 0021016 3.967328 0013897 4952341 -3,122.58  0.021032
(8 0001764 0623608  0.022809 4.289092 0015343 5425494 -305629  0.022812

asiwanmisfiny 2. Volume ratio model (Rd)lugalu
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