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Background and Objectives: Estimating the volume stock of poplar
plantations is crucial for assessing their current status and ensuring
sustainable management, thereby supporting production planning and
enhancing decision-making for wood farming development. Volume tables,
as key tools in this context, facilitate economic planning and optimization
of harvesting operations. For the development of these tables, the use
of non-destructive sampling which enable volume estimation without
damaging trees is of great importance. This research aims to construct
single- and double-entry volume tables for white poplar (Populus alba L.)
in Chaharmahal and Bakhtiari Province, enabling volume-based wood sales
and increasing profitability for poplar farmers.

Materials and Methods: Initially, major poplar stands in Chaharmahal
and Bakhtiari Province were identified through field surveys.
Subsequently, 67 trees of Populus alba L. were selected from 10 distinct
stands using stratified random sampling across diameter classes ranging
from 10 to 30 cm. For each sampled tree, diameter at breast height (DBH)
and total height were measured. Using a Leica D810 laser-based device,
diameters at both ends of each 2-m log along the stem were measured
non-destructively from the stem collar upward. The actual stem volume of
each tree was then calculated by summing the volumes of individual 2-m
logs using Smalian's formula. To evaluate the accuracy of the Leica D810
in measuring stem diameters at various heights, 13 additional poplar trees
scheduled for felling were measured both before felling (with the Leica
device) and after felling (with a caliper) at corresponding heights.
Measurements were compared using a paired Student's t-test. For volume
table development, DBH, height, and stem volume data were analyzed
using nonlinear regression models. Seven single-entry models (based solely
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on DBH) and nine double-entry models (based on both DBH and
total height) were fitted to relate diameter to actual stem volume and
diameter—height combinations to actual stem volume, respectively. Model
performance was evaluated using AIC (Akaike Information Criterion),
RMSE (Root Mean Square Error), MAE (Mean Absolute Error), NSE
(Nash-Sutcliffe Efficiency), and WI (Willmott Index of Agreement) to
select the optimal models.

Results: The paired t-test revealed no significant difference between
diameter measurements obtained with the Leica device and the caliper,
indicating equivalent performance of the two instruments. Among the
evaluated models, the Schumacher—Hall model (RMSE = 10%, R? = 0.98)
demonstrated the highest accuracy for double-entry volume estimation,
while the Berkhout model (RMSE = 17%, R2 = 0.95) performed best for
single-entry estimation. The single-entry volume table was derived from
the equation V=0.00003776xD**° and double- entry (two- way) volume
table was prepared based on the equation VV=0.0000276xD***xH%7"®

Conclusion: The regression models developed in this study provide
reliable tools for estimating the standing volume of white poplar trees,
supporting plantation management and enabling volume-based commercial
transactions. The resulting volume tables offer valuable baseline
information for accurately determining standing and saleable volumes in
poplar stands, thereby informing harvesting decisions, growth analysis, and
sustainable management strategies essential for wood farming development
and related industries in Chaharmahal and Bakhtiari Province.
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Table 1. The characteristics of studied white poplar stands in the Chaharmahal & Bakhtiari province.
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Figure 1. The location of study area in the Chaharmahal & Bakhtiari province in Iran and studied white
poplar stands in the province (red dots).
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Figure 5. Calculating the
diameter at height above breast
height of a poplar tree stem.
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Figure 4. Laser beam from a

Leica device hitting a poplar
stem to measure the diameter.
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Figure 3. Installation the Leica
device in a poplar plantation stand.
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Table 2. The characteristics of the used volume models.

Je & o Jbe dal, Je el a3
Model Type Reference Formula Model Name No.
1) V = gy + a,D? Kopezky-Gehrhardt 1
(22) V =a,D + a,D? Dissecsu-Meyer 2
23) V =ay + a,D + a,D? Hohenadl_Krenn 3
ale
- 19) Ln (V) = a5 + a1In(D) Hummel 1 4
Single- entry
(24) Ln (V) = ap + a;In(D) + a,D* Brenac 5
19) V=a+ a0 Hummel 2 6
19 V = a, D% Berkhout 7
25) V =a + a,D?H Spurr 1
19) V = D?(ap + ay(1/H)) Honner
19 V = D%(ap + a;H) Ogaya 10
19 V = gy + a,D? + a,D°H + agH Stoate 11
alale
” (25) Ln (V) = a + a,In(D?H) Spurr 2 12
Double- entry
(26) Ln (V) = a5 + a;In(D) + axIn(H) Schumacher-Hall 1 13
(26) V = a,D*H* Schumacher-Hall 2 14
19 V =a,D° + a,D’H + a;DH + a,H’ Naslund 15
19) V = D?H(ap + a,D)* Takata 16

J.MJ:L:JAJJA %‘Jéa4uaojg:,.x§aﬂ o &5 V'»:V‘J;‘w‘ﬂ QU&)}JSCU.:)‘ :H k‘):.“;:)hﬂ = Wﬁ.ﬁ#jD
D: diameter at breast height (cm); H: total tree height (m); V: stem volume (m3); a, to a,: model coefficients
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2- Root mean square error

3- Mean absolute error

4- Nash-sutcliffe efficiency

5- Wilmout index of agreement
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Table 3. Results of the paired student's t-test comparing the corresponding diameter measurements of poplar
trees using caliper and Leica devices.

Golsme ol 3031 a5 e sls jlas ol il ol Kb Laesls o

p-value t Degree of freedom  Standard deviation of difference  Mean difference Paired data
-1y

0.051™  2.009 61 0.632 0.161 = -

Leica - Caliper

™ non-significant difference s gme D3l 3 pae ™
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Table 4. Statistical characteristics of the measured variables in sample trees.

(CoSap0) 45 (3l oo () J5 gl (o) s )y e
Actual stem volume (m?) Total height (m) DBH (cm) Variable
LS
0.04 12.3 9.7 )
Minimum
1.17 35.0 31.0 A
Maximum
. /'L.a
0.33 20.3 19.4 o
Mean
Lo 3l il
0.28 5.1 6.1 s S
Standard deviation
s
84.8 25.1 314 (o) Sl e o

Coefficient of variation (%)
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Table 6. Single- entry (one- way) volume table for a part of white poplar stem that is more than 5cm in
diameter, based on the equation V= 0.00003776xD>**° in Chaharmahal & Bakhtiari province.

(e j20) 45 o (o b)) o ol b (e 2e) 45 o (o l) i ol s

Stem volume (m3) DBH (cm) Stem volume (m3) DBH (cm)
0.275 20 0.026 9
0.318 21 0.035 10
0.365 22 0.047 11
0.417 23 0.060 12
0.473 24 0.077 13
0.534 25 0.095 14
0.600 26 0.117 15
0.671 27 0.142 16
0.748 28 0.170 17
0.830 29 0.201 18
0.917 30 0.236 19
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