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Extended Abstract

Background and Objective: Given the restrictions on wood imports and the implementation of
conservation policies in Iran, the expansion of poplar plantations has become a strategic imperative.
West Azerbaijan province, ranking third in cultivation area, serves as a key hub for this industry;
however, the lack of precise volume models remains a significant barrier to the scientific
management of these resources. This study aimed to develop volume tables for the black poplar
species (Populus nigra L.) using non-destructive methods. By providing a tool for accurate volume
estimation and economic planning, this research not only strengthens wood self-sufficiency but also
provides the necessary foundation for regional policy-making and the sustainable management of
wood farming.

Material and Methods: In the first phase of this study, major Populus nigra stands were identified
across the province, and 57 sample trees were selected from five distinct stands in the districts of
Shahindezh, Urmia, and Khoy. A stratified random sampling approach was employed, focusing on
diameter classes ranging from 10 to 30 cm, with five trees selected from different stands for each
class. To estimate volume non-destructively, the diameter at breast height (DBH) and total height
were measured. Additionally, upper-stem diameters were recorded at 2-meter intervals (up to a
minimum diameter of 5 cm) on standing trees using a Leica D810 laser distance meter. The actual
volume of the segments and the total trunk volume were then calculated using Smalian’s formula.
To validate the accuracy of the laser measurements, 13 trees scheduled for felling were measured
both before (using the Leica device) and after cutting (using a caliper), and the results were
compared via a paired t-test, which confirmed the reliability of the non-destructive measurements.
Finally, non-linear regression models, including seven single-factor (DBH-based) and nine two-
factor (DBH and height-based) models, were fitted to the data. Model performance was evaluated
using standard statistical indices, including the Akaike Information Criterion (AIC), Root Mean
Square Error (RMSE), Mean Absolute Error (MAE), Nash-Sutcliffe Efficiency (NSE), and the
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Willmott Index (WI), to select the optimal model. This systematic approach ensures high precision
in predicting the standing volume of poplar plantations in the region.

Results: The results indicated that for the 57 selected trees, the mean diameter at breast height
(DBH) was 19.9 cm, the mean total height was 17.9 m, and the mean actual trunk volume was 0.29
m?. The paired t-test demonstrated no significant difference between the diameter measurements
obtained by the caliper and the Leica device, confirming that both instruments perform identically
in measuring diameter. Based on the evaluation criteria for ranking the models, the Hohenadl-Krenn
model was identified as the best-performing single-factor model, while the Takata model was the
superior two-factor model. Consequently, these models were utilized to develop the single-factor
and two-factor volume tables for Populus nigra L., respectively.

Conclusion: This research demonstrates that non-destructive methods are efficient tools for
accurately collecting the parameters necessary for volume estimation while preserving tree health
and preventing unnecessary felling. This approach not only reduces inventory costs and time but
also enables continuous monitoring and optimized management of poplar plantations. Given that
West Azerbaijan province possesses significant potential for poplar wood farming, access to
accurate volume tables is vital for managerial and economic planning. Ultimately, by providing
precise volume tables and emphasizing non-destructive techniques, this study represents a major
step toward the sustainable management of poplar plantations in West Azerbaijan. It is expected
that these findings will serve as a basis for informed and strategic decision-making in the expansion
of wood farming, contributing to the achievement of sustainable development goals for natural
resources.

Keywords: Standing volume, Diameter classes, Black poplar, Hohenadl-Krenn model, Takata
model.
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Table 2. Characteristics of the used volume models

Je & doe bl Jde el Iy
Model Type Formula Model Name No.

V=ap+ aD’ Kopezky-Gehrhardt 1

V=aD + aD’ Dissecsu-Meyer 2

e S V=ap+aD + aD’ Hohenadl Krenn 3

) Ln (V) =ag+ ailn(D) Hummel 1 4

Single entry Ln (V) = ap + ailn(D) + a>D! Brenac 5

V=ap+ag Hummel 2 6

V =a, D% Berkhout 7

V=ay+ aD’H Spurr 1 8

V = D% (ap + ai(1/H)) Honner 9

V =Dy + aH) Ogaya 10

Lls s V=ap+aD’+ a:D’H + asH Stoate 11

Ln (V) = ap + a;ln(D*H) Spurr 2 12

Double entry Ln (V) =ap + a;ln(D) + axin(H) Schumacher-Hall 1 13

V = apD" H*? Schumacher-Hall 2 14

V=a;D? + a;D’H + a;DH + a, Nislund 15

V = D’H(ayp + a;D)”’ Takata 16

Ares Jde ol o a4 UaOJ\TASAJ:AWﬂuW:V‘PWﬁQt};)JL}SCwJ\l:H o le i il Jle8 D

D: diameter at breast height (cm), H: total height of trees (m), V: stem volume (m?) and ao to as are the model coefficient.
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Table 3. Results of pair sample t-test in comparison of the corresponding diameters of 13 felled poplar
trees measured by two devices: caliper and Leica

Sols ome t o, R a5l lns Bl ol Lo Kk Laosls i
Sig. t-Statistics df Std. Deviation of differences =~ Mean of differences Paired data
SIS -GN

0.051"s 2.009 61 0.632 0.161 - )

Leica- caliper

ns: non-significant difference Slagre Dl 3 gy pde NS

o33 i Yo Gy, g i S Ol aalsl s sdalie (P-Value= 0.051) ¥ Jydr 4 4= 55 L
Cs NV as (g Cw)\)sjla})wﬁﬁjk} sla s st (¢ Se3lll pslie o osles aS 54l
B =S APPSR 2S PRSI -3 SO RV VR s Sl e OV 5 IS olSs 53 e bl
s e 0Lz baesls ol (gl oS el gl sKaws 53 s oolea (P>0.05)
LS o Jas OLS, S

jb@jyﬂwégﬂ&)b\' e.,\..jaéj:fe)'\.,\i\ dupkuﬁbmwwuﬁyéu‘}ﬁjieb—i d‘ﬁv\}
K{Yﬁﬂge&ué

Table 4. Results of pair sample t-test in comparison of the corresponding diameters of 10 standing
poplar trees measured by two devices: caliper and Leica

Slsome to,lel ool3l a s (PSP WP PP Lol Sl Laosls s
Sig. t-Statistics df Std. Deviation of differences =~ Mean of differences Paired data
S -GN

0.359" 0.941 19 0.21 0.045 - i

Leica- caliper

ns: non-significant difference o gme Sl 5 gy pde S

ol 5 S oIl (e pate sheo 5 (slae bl 0 J s sdaline (P-Value= 0.359) § Jsi> 4 4> 55 L
Olu b3l Okl 3 3,0 655 Lged St y3 OV Gla b ot g Sl ) olie o sl 4S540
o ol a8 ol La aze cpl s e 11y 8 G I3 e Y 5 LIS o&ais 53 oo blas
Olpea o daas Ol s Bly o2 5 IS 6l SSeslul gl oKiws 55 K5 &lea (P>0.05)
R P STRT e ey S Py RSN W P PP S e Joe OLSS la
b S 18 Jdo e 43 g e (P a5 (S8 i
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Table 5. Statistical characteristics of the measured variables in selected trees

(aSa 20) 45 (a3l oo () Js gl (o Ble) ol a3 e
Actual stem volume (m?) Total height (m) DBH (cm) Variable
LS
0.03 10.5 9.2 "
Minimum
0.73 272 294 o
Maximum
Sl
0.29 17.9 19.9 o
Mean
Lxo 3 >l
0.2 5.1 6.1 T
Standard deviation
0.03 0.68 0.81 Slrs ol
Standard error
Lo Sl oas >
68.9 28.5 306 (h232) Sl o 2

Coefficient of variation (%)

a8 LS YL s sdisly Vo ilate 6 slapan
Sz 52 a5, L Takata Jde pomy (gday Jde 51 5 LS
53 ol s b oslinad daless o ol g
Jader ag ¢l p o eslanal adale g 5 ol S Jube
Wl 4 5 A Ll D sons g
:‘Hohenadl Krenn alsle S Jue

V=10.0261463 — 0.0087329xD +

A il
0.0010169xD 2 i

‘Takata alsle 55 Joe
V=D?xH / (6.20136 +0.401xD) q i,
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Table 6. Ranking result of the used models to develop single- and double-entry volume tables

. ) . AIC RMSE MAE NSE WI ) )
e e b e “) e “) e ) e “) B “) R
Model Type  No. Model Name Value Rank Value Rank Value Rank Value Rank Value Rank Rank sum  Model ranking
1 Kopezky-Gehrhardt  -137.76 10 0.067 14 0.052 15 0.887 14 0.97 14 67 14
> 2 Dissecsu-Meyer -138.32 8 0.067 11 0.05 12 0.889 11 0.97 10 52 10
A % 3 Hohenadl Krenn -136.39 11 0.067 10 0.05 11 0.889 10 0.97 11 53 11
S o 4 Hummel 1 -9.81 14 0.067 13 0.05 13 0.888 13 0.97 13 66 13
E %D 5 Brenac -8.69 15 0.068 15 0.05 10 0.885 15 0.97 12 67 14
“ 6 Hummel 2 -137.76 10 0.067 14 0.052 15 0.887 14 0.97 14 67 14
7 Berkhout -137.98 9 0.067 12 0.051 14 0.888 12 0.969 15 62 12
8 Spurr 1 -181.69 5 0.045 8 0.028 9 0.949 8 0.987 9 39 9
9 Honner -182.42 3 0.045 5 0.028 7 0.949 5 0.987 7 27 5
> 10 Ogaya -181.44 6 0.045 9 0.028 5 0.948 9 0.987 8 37 8
2 % 11 Stoate -181.1 7 0.044 4 0.028 8 0.952 4 0.987 2 25 4
3 % 12 Spurr 2 -74.02 12 0.045 7 0.026 1 0.949 7 0.987 5 32 6
& 2 13 Schumacher-Hall 1 -72.97 13 0.045 6 0.026 2 0.949 6 0.987 6 33 7
A 14 Schumacher-Hall 2 -183.41 2 0.044 2 0.028 6 0.952 2 0.987 4 16 3
15 Néslund -182.14 4 0.044 1 0.027 4 0.953 1 0.988 1 11 1
16 Takata -185.28 1 0.044 3 0.027 3 0.952 3 0.987 3 13 2

00
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Table 7. Single- entry (one-way) volume table for the stem part of P. nigra that is more than 5 cm
in diameter, based on the equation V= 0.0261463 — 0.0087329xD + 0.0010169xD ? in West
Azerbaijan province

(o Bl) s ] a3
DBH (cm)

Stem volume (m?)

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

0.030
0.041
0.053
0.068
0.084
0.103
0.124
0.147
0.172
0.198
0.227
0.258
0.291
0.326
0.363
0.402
0.443
0.487
0.532
0.579
0.628
0.679

)90 b pgm as e 93 3 Sramek et al. (2023)
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Table 8. Double- entry (two-way) volume for the stem part of P. nigra that is more than 5 cm in diameter, based on the equation V=D?xH / (6.20136

+0.401xD) in West Azarbaijan province

D H (m)

(em) 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
9 0.027 0.031 0.034 0.038 0.041 0.044 0.048 0.051

10 0.037 0.041 0.046 0.05 0.054 0.058 0.062

11 0.044 0.049 0.054 0.059 0.064 0.069 0.079

12 0.058 0.063 0.069 0.075 0.081 0.092 0.098 0.104

13 0.073 0.08 0.087 0.093 0.107 0.113 0.12

14 0.091 0.099 0.107 0.122 0.129 0.137 0.145 0.152

15 0103 0112 012 0138 0.146 0155 0163 0172 0.8

16 0125 035 0154 0164 0174 0183 0.193 0202 0212 0222

17 0139 015 0172 0182 0193 0204 0214 0225 0236 0247

18 0166 019 0201 0213 0225 0237 0249 0261 0272 028 0296

19 0.182 0208 0221 0234 0247 026 0273 0286 0299 0312 0325 0338 0351

20 0.227 0.242 0.256 0.27 0.284 0.298 0.313 0.327 0.341 0.355 0.369 0.384 0.398

21 0.247 0.263 0.278 0.293 0.309 0.324 0.34 0.355 0.371 0.386 0.402 0.417 0.432

22 0.267 0.284 0.301 0.318 0.334 0.351 0.368 0.384 0.401 0.418 0.435 0.451 0.468

23 0.306 0.324 0.342 0.36 0.378 0.396 0.414 0.432 0.45 0.468 0.486 0.505 0.523

24 0.348 0368 0387 0406 0426 0445 0465 0484 0503 0523 0542 0.561

25 0394 0414 0435 0456 0477 0497 0518 0539 0559 058 0601  0.622

26 0442 0464 0487 0509 0531 0553 0575 0597 0619 0.641 0664  0.686

27 0471 0494 0518 0542 0565 058 0612 0636 0659 0683 0706 073 0753

28 0.525 0.55 0.575 0.6 0.625 0.65 0.675 0.7 0.725 0.75 0.775 0.8 0.825
29 0.556 0.582 0.609 0.635 0.662 0.688 0.715 0.741 0.768 0.794 0.821 0.847 0.874 0.9
30 0.588 0.616 0.644 0.672 0.699 0.727 0.755 0.783 0.811 0.839 0.867 0.895 0.923 0.951 0.979

D: DBH (cm), H: total height (m), V: stem volume (m?)

ov
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