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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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Table 1. The characteristics of studied white poplar stands in the Chaharmahal & Bakhtiari province

035 o CilS ol Sl sl
o S L ) cb E ailaa ol s,
Land form () () () Lo Location No.
Stand Age (Years) Planting Spacing (m) Elevation (m)

o 8 2% 2 2086 Stz mol St 1
Flat Farsan — Sureshjan

e 10 1x1 2041 }obrsS —obl 2
Flat Farsan — Gojan 1

s & slie ol 2013 Y ol S -0l 3
Flat Mixed Irregular Farsan — Gojan 2

gl 16 1x1 2016 }aes moll 4
Flat Farsan — Deh Cheshmeh 1

o 15 2x2 2026 Vet mol b 5
Flat Farsan — Deh Cheshmeh 2

o 15 1x2 1991 Sl ol 6
Flat Shalamzar — Amirabad

e 7 1x1 2020 e 7
Flat Kiar — Salam

o 12 2x2 2060 cLas kS 8

Sloped Kiar — Dastena

o 10 1x2 2023 ol el 9
Flat Shalamzar — Kharaji

o 25 2x2 1906 Dbl ~oble 10
Flat Saman — Savadjan




c

o

=
£
1
4
-4
O,.Dw:
g

97 O¥9)

3

() 5]

g0 QUS> 5503183l

&

J):

‘4.’).&.' QL:;-J.) g_)l}ﬁ." J"JGMA.’ ;.\_4.‘>r_’n“ 5 L)'-'“

IBLESES)

Lad —glaib (5505 04 500

vjs

Ll (Stratified random sampling)

Rgee Ol gk il

|

oladb L e

5 3 Gl bl g gkl

S Sl o gl

5 aab 5l 0348 sy &

O TR

S Y b s dob b

By

aﬁﬁﬁ

RS

DL



(ol Yo 5 YALYS OTF XY Y0 QA 0T OF OY e e Slib) Cubls 3 ymy gy (sl p (505 i V) IS 5wt
0355 458 5l ciliue 0355 0 )3 alal S pon (V0) LSS Ol e 4 0l 0 Bl b g e Sl Y (g e aid e sl s
02 0355 prgeo Sy ool BV IR g sazme 53 s ol bdl nl L(L e S 55 00 ¢ sazms 53) A (S eI
L g, Seslll s ol N

iz o8 olaws 31 eslial b cpnl ebawe 51 g0 V& sli,l o LT a3 i gl Ol s Slstl 3l g
5SS eslul e sl 35 L (Vertex 11D | o885 el6aus 5l eslizal L 50 oo s JSCLIL?)\ JESROEP RS WG P N L 1Y
e 45) Sy 3 Dlalad s g JhE (Lo a ke o)l o fLEST ) Grsie CRte D s a s A S
Do 45 Ss wlad O a5 e Bl Ol a8 5 S oLl B (s dal gl sl e b 5l B g
A et 5 (S 03l g 5 528 L D810 Touch Jue (Leica) KOV (g5 olus 3l eslizal L L,

Sty 4 Sl el A e kbl 3B i 5 Bl alols ¢Sl estle Y ()5 olSis 4 ol S3ay 03V
WY BA o) St s a5l ewlie dlols 5o olKais ol &S Sl &jpm o SIS 355 .S (g 86l Conls S35 L 55 1
038 05 e (S8 358 0 55 5 a8 13 (S s o355 5 OF 4l 4w S5y (Bla gLl @ ey
JS2) 05 o i o Sl 5 jasie fws O son S «s Sl gL 53 S s 45 S5 2 oSa
L s 255 0 0315 OLES olStws amin (535 » 5 el a5y (S S0 i pl B e 1 e 3 (F
35S, 2 (O JSK) Xyls 3 QA;'-);«.'JL;UE)J&:«;_%)E););«SLSJL\AJ?:JSé)jb);LeKLNJMWj\ oslazul
8 ol O g ols a5 ol o g3y olKas a0 Sl gl Sl 4 a5 L L e e 4T S 4
S opgal Sk s 5 LIS Wl Lo e a8l s ot 4 Sl gl p mSe e 4 s OF asls 5 ol

3 g p 03ls OLES Qiﬂwwtgwﬁjwwo@z Ao g a0 5 g0 CLL?)\J;Q}JzaJJa_BLQ,\;'-)z



e

DISTO™ D810
touch

Y —, . . XY 4 e
jljygtwjljaﬁiww—op wﬁl&ya&méjﬁjjb)?ﬁ—fp a:j,:l&Ya@:;‘,&mlayﬁ—\”Jﬁ
RGP S5 &S A pl )hi‘_;,..fajl.\sl‘_;lﬁﬁ_,w SIS e
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Table 2. The characteristics of used volume models

Je & i Joke adal Joke eL s,
Model Type Formula Model Name No.
V =a,+ a;D? Kopezky-Gehrhardt 1
. V = a,D + a,D? Dissecsu-Meyer 2
. V = ay + a;D + a,D? Hohenadl_Krenn 3
Sinﬁ?:i:try . Ln (V) = ao + a;In(D) Hummel 1 4
. Ln (V) = ap + a;In(D) + a,D™ Brenac 5
. V=ay+ag Hummel 2 6
V = a,D% Berkhout 7
I V = a, + a,D’H Spurr 1 8
. V = D?(ap + a,(1/H)) Honner 9
. V = D%ap + a;H) Ogaya 10
e a9 V = a, + a;D? + a,D?H + a;H Stoate 11
Double- . Ln (V) = ap + a;In(D°H) Spurr 2 12
entry . Ln (V) = ao + a;In(D) + a,In(H) Schumacher-Hall 1 13
. V = a,D*H* Schumacher-Hall 2 14
a9 V = a,D? + a,D’H + a;DH + a,H’ Naslund 15
. V = D?H(a + a,D)"! Takata 16

a4Uaoj%u§AJuwﬂ4;5V.>_r.>-ZVn,lawﬁdl:o'-_)JJSCw).IHnﬂ&bwﬁwﬁ\ﬁ)ﬁ_@ZD

Ll o Jbe ol 5

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

Gols me t o)l sl i s a3l 5lme 3l il Lo Sle Laesls Ci
p-value t Degree of freedom Standard deviation of difference Mean difference Paired data
-Gy
0.051™ 2009 61 0.632 0.161 S
Leica - Caliper
": non-significant difference s sme sl s pde 8

S s g3 e Blas gla kb e (¢ Se3lll slie o sl (Sig.= 0.051) Y Jsd (gols e Ogiw 4 a5 L
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Table 4. Statistical characteristics of the measured variables in sample trees

(S j0) 45 (235 oo (o) JS gl (o ) o il e
Actual stem volume (m®) Total height (m) DBH (cm) Variable
0.04 12.3 9.7 s
Minimum
1.17 35.0 31.0 e
Maximum
0.33 20.3 19.4 S
Mean
0.28 5.1 6.1 e Sl

Standard deviation

84.8 25.1 31.4 (Ao y3) Ol pois g

Coefficient of variation(%)
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Table 5. Ranking result of the used models to develop single- and double-entry volume tables of white poplar trees

Gty par —W! (m*ha) NSE (m*ha)  MAE (m¥ha)  RMSE (m®/ha) AIC
. BEVIAE Y Jbe C}'
Ldde beads a3, e a3, B a3, LB a3, Ll 4 e f "7 Model
Model N )
Model ~ Rank Rank Value Rank Value Rank Value Rank Value Rank Value odel Nme No Type
Ranking ~ Sum
Kopezky-
14 71 15 09827 15 09341 15 00500 15 00723 11  -155736 Gehrant 1
13 66 14 0.9854 14 0.9437 14 0.0462 14 0.0669 10 -166.270 Dissecsu-Meyer 2 ‘5”
11 58 12 09882 12 09544 13 00415 12 00601 9 -178.455  Hohenadl_Krenn 3 “%?
12 64 13 09864 13 09502 11 00395 13 00629 14 -53.397 Hummel 1 4 g G
11 58 11 09882 11 09557 10 00387 11 00593 15 -52.895 Brenac 5 3
14 71 15 09827 15 09341 15 00500 15 00723 11  -155.736 Hummel 2 6
10 50 10 09889 10 09561 12 00409 10 00590 8 -183.052 Berkhout 7
5 25 5 09956 6 09826 2 00227 6 00371 6 245.156 Spurr 1 8
6 29 7 09955 5 09827 7 00230 5 00370 5 -245.613 Honner 9
7 34 8§ 09955 7 09825 5 00229 7 00372 7 -244.683 Ogaya 10
4 22 3 09959 3 09840 9 0023 3 00356 4 -246.768 Stoate 11 o
8 35 6 09956 8 0985 1 00227 8 00372 12  -119.705 Spurr 2 2 2 g
9 43 9 0994 9 09821 3 00228 9 00377 13  -117.741 SChlljl’:I";‘clher' 13 gg
1 8 1 099%3 1 0984 4 00220 1 00340 1 25483 ooy S
2 16 2 09960 2 09844 8 00234 2 00351 2 -248.483 Naslund 15
3 21 4 09958 4 0983 6 00229 4 00364 3 -247.671 Takata 16

V43, L Schumacher-Hall 2 o VY oleds Jde (V7 U A ol sladae) alele s sladde s 55 0 Jgdr ulal
B oslad sladie) alalecSy sladie o 3 (e A3 e3linul dholess wom S a8 sl O 51 &5 ol o 1 200

Vo



2l a3 el delec pm Jsir w8 12 O 5l a8 sl Jie op 2 Vv a5, L Berkhout s Voo jles e (V

il o 4 A slaalaly o 4 abale sz 5 ahalecS o Il 4 (sl e eslizad abale 53 5 aalec Jute 5

V= 0.0000276xD***xH* 77 A Sl ) Y Jls — ol b el 53 Js

V=0.00003776xD*** A daly) &S, abele S Joke
St e a5 e IV e e Ol IS fHH e Sl ey el L3 D

.M%Qb‘))b)}ﬁdj;d\ﬁv A.LALG)ij’ ﬂﬂbp@r»d)v\}ybd.lﬂj.) u«:Lﬂ‘f&L{L@)J

Foby b 45 0355 65 45 31 Famd (515 dhole S e gl —F g
Gl 5 v lg Ol 53 V=10.00003776XD** i bl 5 5,05 520 Sk O

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

(e 20) &5 e (o Sl) s ol had (e 20) &5 e (o Sl) dpms ol Jhad
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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Table 7. Double- entry (two- way) volume table for a part of white poplar stem that is more than 5 cm in diameter, based on the equation V= 0.0000276xD****xH%"® in Chaharmahal & Bakhtiari province
() gl
e (o) s
35 34 33 32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 D (cm)
0035 0033 0031 0030 0028 0026 0024 0022 9
0045 0042 0040 0038 0035 0033 0030 10
0059 0056 0053 0050 0047 0044 0041  0.037 11
0078 0075 0072 0068 0065 0061 0057 0054 0.050 12
0094 0090 0086 0082 0078 0073 0069 0064 13
0421 0117 0112 0107 0102 0097 0092 0087 0082 14
0148 0142 0137 0131 0125 020 0114 0108 0102  0.096 15
0184 0178 071 0165 0158 0152 0145 0139 0132 0125 0.118 16
0211 0204 0197 0190 0182 0175 0167 059 0151 0144  0.136 17
0257 0249 0241 0233 0224 0216 0208 0199 0190 0182 073 0.164 18
0309 0300 0291 0282 0273 0263 0254 0245 0235 0225 0216 0206 0196 0185 19
0358 0348 0338 0327 0317 0307 0296 0286 0275 0264 0254 0242 0231 0220 20
0400 0389 0378 0366 0355 0343 0331 0320 0308 0296 0284 0271 0259 0246 21
0445 0433 0420 0407 0395 0382 0369 035 0342 0329 0315 0302 0288 22
0506 0493 0479 0465 0451 0437 0423 0408 0394 0379 0364 0349 0.334 23
0558 0543 0528 0513 0497 0482 0466 0450 0434 0418 0402  0.385 24
0.630 0613 0597 0580 0563 0546 0529 0512 0495 0477 0459 0441 25
0707 0689 0671 0653 0635 0616 0598 0579 0560 0541 052 0502 26
0790 0771 0751 0732 0712 0692 0672 0652 0632 0611 0590 0569  0.548 27
0.880 0859 0838 0817 0795 0774 0752 0731 0709 0686 0664 0642 0.619 28
0976 0953 0931 0908 0885 0.862 0839 0816 0792 0768 0744 0720 0695 0671 29
1079 1055 1031 1006 0982 0957 0932 0907 0881 085 0830 0804 0778 0752 0725 30

D: diameter at breast height (cm); H: total height (m) and V: stem volume (m®)
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Development of volume tables for white poplar (Populus alba L.) trees using a non-
destructive sampling in the Chaharmahal & Bakhtiari province of Iran

Abstract

Background and objectives: Estimating the volume stock of poplar plantations is crucial for
understanding their current status and ensuring sustainable management in order to production planning
and enhances decision-making for the development of wood farming. Volume tables, as one of these key
tools, enable economic planning and optimization of exploitation. For the development of these tables, the
use of non-destructive sampling that allow estimating volume without damaging the trees is of great
importance. The aim of this research is to prepare a single- and double-entry volume tables for white
poplar (Populus alba L.) species in Chaharmahal & Bakhtiari province, so that it is possible to sell poplar
wood based on volume and provide more profit to the poplar farmer.

Materials and methods: To conduct this research, first, main poplar stands in Chaharmahal & Bakhtiari
province were identified through field operations. Then, in 10 different poplar stands with Populus alba
L., a total of 67 trees were selected by using stratified random sampling method, based on diameter classes
from 10 to 30 cm. For each selected tree, diameter at breast height (DBH) and total height were measured.
Using a Leica D810 laser-based device, from the stem collar of each sample tree, diameters at both ends
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of each 2-m log along the stem were measured without felling the trees. In the next step, the actual stem
volume of each tree was then calculated by summing the volumes of the 2-m logs, obtained from the
Smalian’s formula. To evaluate the accuracy of the Leica D810 device in measuring stem diameters at
various heights, a set of 13 poplar trees, which were previously scheduled for felling, were used. The
diameters of these trees at different stem heights before and after felling were measured using a Leica
device and Caliper, respectively, and compared using a paired Student’s t-test. To develop volume tables,
data on diameter, height, and stem volume of sample trees were analyzed using nonlinear regression
models. For this purpose, seven single-entry models (based on DBH alone) and nine double-entry models
(based on both DBH and total height) were fitted for the data of diameter with actual stem volume and
diameter and height with actual stem volume of trees, respectively. Then, 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
best model.

Results: The results of the paired t-test showed that no significant difference between the Leica and
caliper in diameter measurements, in other words, the two devices performed the same for measuring the
diameter. For estimating the volume stock and prepare a single- and double-entry volume tables, among
the models, Schumacher-Hall model (RMSE%= 10% & R*= 0.98) performed best for double-entry, while
the Berkhout model (RMSE%= 17% & R’= 0.95) showed the highest accuracy for single-entry. Single-
entry (one- way) volume table was obtained based on 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 can be effectively used to estimate the
standing volume of white poplar trees, aiding in plantation management and wood volume-based sales.
The findings of this study can be valuable baseline information for use in determining the accurate
standing and saleable volume of each poplar stand, planning and management decisions regarding
harvesting, growth analysis, and sustainable management strategies in the field of wood farming
development and related industries development in Chaharmahal & Bakhtiari province.

Keywords: Diameter classes, Goodness of fit, Regression models, Standing volume, Stem volume.
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