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Figure2. Comparison of the observed volume with the volume predicted by the CART model in the pure
hornbeam stand

MLP 2- 42 4 ANN (5, 81 o aaieitin 6l 4 ol e =il aial 0355 s 55 e (5led e

Ok W P PR CVL R D . T W B D9 X2 > tp S g S o2 pilie Wl

2 G CART (o) 580l 4y o (V+/0Y) Uas lay e
bs Olu,e olke Lsdoe doys 5 (/AY) s
ol )15 sleing gols (OAT)

p&)}g 9 om0 doe fppeelie Ao lay ugVL‘
Goldde 53 5 e = 3l aisual 0355 Sl gy 3o 50

“bfbw\au\m ajjjTO Jﬁ“\"JJQTC’Lqung\

S =i aisl 0355 550 slesls oo — 00 sa

Table5. Evaluation of the test data of the mixed stand of beech-hornbeam

CART ANN o alLL 4 )}Q‘
BIAS% RMSE RMSE% R? BIAS% RMSE RMSE% R? ARSI '
-9.42 0.85 15.12 0.84 1.25 0.76 10.51 0.91 onpargmetrlc
orithm
ool 2 )3 Goledre 53 S3e e S i S i
n.)_,:
Stand
1.00 s S =
) MLP 2-5-1 BFGS 14 Beech-hombeam
0.76 D)

AL M‘.MY'JQM)J Joe U"\ Lwyb)mu

fv-b..uf\” S — iy amal s 50 Sl 4 arg b



e goa s Ol (64l ez (g5l e

YAA

= T My
1 -
e 08 -
£ 3 R2 =0.01
S
- 0.6 - RMSE=1.51%%
- e L
a9 Observed data
A e S S e
0.2 - - Predicted data
A
O L] L L L] Ll T T T T L] L] T T T L} L] L] L] Ll L] T T T T Ll L] L] 1

1 2 5 2 9 31 18 1517 ‘19 21728 2527

Syl Sle s ML
Test data points

J'Jm—ui‘JWTeij:ANN Jow Lmja.\ﬁuu;guiﬁ‘qob‘a.\i nML.fm‘.eo@Lia—VJg.i

Figure3. Comparison of the observed volume with the volume predicted by the ANN model in the beech-
hornbeam mixed stand
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Table6. Validation results of the modeling of the three investigated stands

5 e =iy bl oA e Al
Beech-hornbeam Pure hornbeam Pure beech 055
RMSE% R? RMSE% R? RMSE% R? Stand
1.51 0.91 10.11 0.72 10.87 0.82
ANN CART ANN S AL S

Nonparametric algorithm

el A&y, auls K s s, o S S

“dae Jlis 4 esll plis s e ale b s e

e b de Gba S 5L s e Sl

sl S i ol sl ol S
A2 s 1 53 e 55LeJaa s ANN , CART

A i s sl e oSl b ol e

5 SOMOY AOY/AF i st 5mm il 5 Lalls 5 ee

il e S Coml il b wpae 4 25 L

Jld e b Kis ndos 355 5 elis 255 W,
T S C e S N R Ty 82’ S @.\-?U'T BIBY ]
S PICONENEINS F OV A S
SOl e b S5 b Sl ol s e 8l

Shesladd oo, m0 idss 5o oy ol Slaal o d



A4

olaal o)l calbs (Y-\Y) Najafi 5 Bayati 5 (\¥45)
Sambl sl s gk gyl 5 ks wmals pledl
B (Sted 55l 3 03 plis s e Sl
4 Sl g ol Gl Cankened o-fjw L tub‘ s
Al sl e plye 4 ﬁ\iﬁ)\ 5 8 s e
A B ae gyt RB 5 4, L4 Jae 5o
i sl il e bl @l Al
Joe e il anl 0a g ol ol GOR o5 0
“\/0\ 5 R?=-/4) L MLP 2-5-1 s L ANN
& S ANN Jis sls €11 1, lag, o ERMSE%
Ul wb Jalpe Joa s oo S5 sladus
iledae 5 & laosls 03 5 5 s e 5 5500
Che et al., ) 5,5 oLl b on s o Ly,
b e ot P ANN Joe o) 1 o)le (2019
app Gl samaplsl &S 5SS badisei 5l ealin]
23> ol Kim 5o 5m 50 355) 1 Glresed ln 0l
ANN Jas o3 5dma o3ls Ai\.. Kb Wl ool YL
L G GHGE e byl sbul 4 0
.(Diamantopoulou & Milios, 2010) el & gew S,
wile @bl Sloyie 035 35l slp ol 1 edle
R PO S Y PV e S ST UON S POy | PR
oo S eslial bl cp ege 3 (S ol os 2
Gl Sl & muly bkt ot ) ANN
alS o S ks el a0l (JSie Sl
Bl 5o ol b sl s o s e Ly,
ol ook ey 50 ANN g, 5l eslacal Lol cle
Function approximator eslatwl 5,5 e &5 ol
23 a5 $oas sbesls o Wl BBlas g ol
o 5 53 45 o ki 85 e
St ANN oSl oty 55 ool 5ol glmss G
£5 i e s S b o b o
5o 1 besls w55 oW Cumdy Cpizen Py
sl @S bl Sk Bl 5wl w5,
sodle 5 aS e B b Wasls adsl maess Cw 5l my

Yooleo Vo sl o)) isio s 1K Sl e 4y i

5aS b slan el Cesay LS 53 Sz VYA/YO
soon D sbeg s bal sl u«i\aﬂ Aol
S A el w35 > il e Az et
el Gl 5 ee 2l 005 50 51K a5l S

b plas A 2l g 5o e iled CL“
RI=-/AY) VL s CL‘ ANN  Jse
Ans e &l 1, (BIAS%=\/¥% , RMSE%=\\/AV
55 (Y+\Y) Najafi , Bayati sy 5 4 ed Jool> axs
TSP S PV B (PN CENI ¢ e SN
5 saly ol K3 R2=2 /A L oy Gy 5 o &Sls
ols,s ol aa lede 5o 5 (VYAF) oS
55 29,8 K ¥ e o &l b Gibvge] sl
Lodls ol aseel wag YA Ssul o5 o &l
KK 5 (Y+7Y) o), 5 De Oliveira 5 R?=-/44
~Jae 53 I ANN R2=4/8Y L (oa5kl) Gusar bl e
X3S (B e e S5l

SNy A 5ee 0 3 e Gilede ans
Gb O sl b ol sl plas el gl e
el 55385 @l gLl RP=+/VY L CART oz, S
laasis 5l 5 5o 56 (YY) oL,&a 5 Noorian
5 ASTER suimin laosls 3 sslina) b JKis oS
oledl QB8 &S cas s 55 CART 5, Sl
oS ol e Joe o e RP=/VE L 0, 5801l sl
ol K55 g0t Ry A b

Comdl a2 o 4 ax s b b e o g Ol
Go9r2 FEB eerp 2 oM @ly S5 Jdaa gl
Sl e e Codl 0311 Slas Sl Aty cpl Ly o
Jolo s ol 0 ool Jie 3 s 3y Jis
wial 5 LAl e (A A5 355 A B s
Gt (Vo) B aasin ws akin e i)
LS 510 5 F 0 Joam) ol sl 53 1, s
Gy 09 oS A e Lol K el
adeal o5 5 /A7 =LA e sy o /A8=alls
oL 5 gamly adles b &S sy (/VF =) mem i,



e gea g ol s ol ez g5ledae

o sl bty S Al 550 50 S e P8
50 ailaie 53 35250 lrerg Gl ol e 5l
B u))’\& .3_9“ JL&;\ 3 P 1 deLJ L; A;JLE‘,

S olsee soote oRean oo el o) b bl
S plasl s S bl Sk olm sl bl
38 el e 385 0l 35500 55 55 Lo o
S Se e abe has Sl 5SSl ol e e
Jole an crals s Bld 4 (00 51 Gramier sl
ol Gl el s 4 CBs ) oley b e
osdke .3 S eoliml s Ll Bl ok (39,5 sl e
ook sy sl Gy el sbel, 5o ol
s SWl o\a.ébf 23 ot oM wad e dlgiy
28 A s o5 5 bes g Gilisee L3l s o e

&1 5wl
$3058S e o8anls Jlu b b gty s
S OO I [V 3 IOV S L
g;\.a u*“l SVERPY JKals Sools ik i olas
Sk 5 S (F \F-ev) WS L ey o b

solaiw! 8590 29l

- Alijani, V., Sagheb Talebi, Kh. and Akhavan, R.,
2014. Quantifying structure of intact beech (Fagus
orientalis Lipsky) stands at different development
stages (Case study: Kelardasht area, Mazandaran).
Iranian Journal of Forest and Poplar Research, 21
(3): 396-410 (In Persian with English Summary).

- Bayat, M., Pukkala, T., Namiranian, M. and Zobeiri,
M., 2013. Productivity and optimal management of
the uneven-aged hardwood forests of Hyrcania.
European Journal of Forest Research, 132(5-6):
851-864.

- Bayati, H. and Najafi A., 2013. Performance
Comparison Artificial Neural Networks with
Regression Analysis in Trees Trunk Volume
Estimation. Forest and Wood Products, 2(2): 177-
191 (In Persian with English Summary).

- Breiman, L., Friedman, J., Stone, C. J. and Olshen, R.
A., 1984. Classification and regression trees, CRC
press.

V4

sty gamae )l ox-w;) sl S QT 2
s Jols 4 Ws (Vahedi, 2016) cos giledse
oy 5o wla &S sl goo5e ol 4 by e S5
(25 655 5 S ba S 2y QLS 4 a2 55 L s
Sde S, bl plis ol S Gl el s
e s ) e (See Jgene Hlsl GO, 1 saies
s Jols Uil 5,5 el s s ol s AL
Sl 4z b as ol s ol a4 ol (See imen
T A T PR OUN R NV sl Slaos g
2o o Sl s e S0l Lo s el (IS
Glkl wly s Jlewsl by 4 by Kb
axg b gl s ol azls ANN s, lal b rtn
4 Sl 285 b by e Jae sial sy s

_w\) WT 53_93 BL) P» LS:MW Lg\ﬁ L}JYLJ g.,‘.?.m.)

Jae s Ol . wi:tm Ol oz Ll el 5 e
Cond BNl Blas gls (63555 mite Olsiea o]
Joe & o Sl JBlas 55 5 Slash 25 5el slassls &
O LWy S C PG
6L“=J<»‘—°: 0 Sl a4 am s byl g0 Ress 0o
315 352 v-<--‘~“ tub‘ ) JL'-" o 5,05 J‘S‘ BL ng
;)ﬁ..wf) Jdss 55 &S (Tiryaki & Aydin, 2014)
Sead Jis b ite S Dspo 5 aa
4298 0 el o LS il Bl car e o)Ll s 5
5 alus ;fb—;'r“ (2t ASd 5 Jseme b
& o 2ode 5 Ced S5 bt Méﬁ"
5 B3) a5 a0 sl 51 K o by,
A e 53 s ad 4 258 e e 55 (RS 2
Sl s2ss Sl e Slsea 5500 GiRs oo Pl
R c.'e;\} S5 s & Jhe
& o ANN 2,501 8 sls ol sl ool
Crimad S5 e et 4z CART (xS
G o= 2y aial 0355 61 p’*ﬁ):g‘ ol 5 Sas
i bl e s 2L LA e 5l S 4
S5 ez 3 ANN ) S0 il oty ol 65y



area index of Caucasian Hackberry (Celtis caucasica
Willd.) in Taileh urban forest, Sanandaj, Iran.
Iranian Journal of Forest and Poplar Research,
19(4): 609-620 (In Persian with English Summary).

Reis, L.P., Souza, A.L., Reis, P.C.M., Mazzei, L.,
Soares, C.P.B., Torres, C.M.M.E., Silva, L.F.,
Ruschel, A.R. and Régo, L.J.S., 2018. Estimation of
mortality and survival of individual trees after
harvesting wood using artificial neural networks in
the amazon rain forest. Ecological Engineering, 112:
140-147.

Sadeghi Kaji, H. and Soltani, A., .2017. Single tree
volume modeling for even age Persian oak (Quercus
brantii) coppice in Central Zagros (Case study:
Chaharmahal VA Bakhtiari province, Ardal and Kiar
district). Iranian Journal of Forest, 9(3): 361-372 (In
Persian with English Summary).

Tavares Junior, 1.D.S., de Souza, J.R.M., Lopes,
L.S.D.S., Fardin, L.P., Casas, G.G., Oliveira Neto,
R.R.D., Leite, R.V. and Leite, H.G., 2022. Machine
learning and regression models to predict multiple
trees stem volumes for teak. Southern Forests:
Journal of Forest Science, 1-9.

Tiryaki, S. and Aydin, A., 2014. An artificial neural
network model for predicting compression strength
of heat treated woods and comparison with a
multiple linear regression model. Construction and
Building Materials, 62: 102-108.

Tooke, T. R., Coops, N. C., Goodwin, N. R. and
Voogt, J. A., 2009. Extracting urban vegetation
characteristics using spectral mixture analysis and
decision tree classifications. Remote Sensing of
Environment. 113: 398-407.

- Vahedi, A. A., 2016. Simulating commercial biomass

in the Hyrcanian mixed-beech stands. Iranian
Journal of Forest and Poplar Research, 24(3): 451-
462 (In Persian with English Summary).

Vahedi, A., Mataji, A. and Akhavan, R., 2017.
Modeling the commercial volume of trees in mixed
beech stands of Hyrcanian forests through artificial
neural network. Forest and Wood Products,
70(1):49-60 (In Persian with English Summary).

Zobeiri, M., 2005. Forest inventory measurement of
tree and forest. Second edition, University of Tehran
Publication and Printing Institute, Tehran, Iran, 401p
(In Persian with English Summary).

Yooleo Vo sl o)) isio s 1K Sl e 4y i

- Che, S., Tan, X., Xiang, C., Sun, J., Hu, X., Zhang, X.,

Duan, A. and Zhang, J., 2019. Stand basal area
modelling for Chinese fir plantations using an
artificial neural network model. Journal of Forestry
Research, 30(5):1641-1649.

De Oliveira, D.V., Rode, R., de Oliveira Neto, R.R.,

J.R.V. Gama and Leite, H.G., 2021. Use of artificial
neural networks for predicting volume of forest
species in the Amazon Forest. Scientia Forestalis,
49(131).

Diamantopoulou, M. J. and Milios, E., 2010.
Modelling total volume of dominant pine trees in
reforestations via multivariate analysis and artificial
neural network models. Biosystems Engineering,
105(3): 306-315.

Lawrence, R. L. and Wright, A., 2001. Rule-based
classification systems using classification and
regression tree (CART) analysis, Photogrammetric
Engineering and Remote Sensing, 67(10): 1137-
1142.

Lhotka, J.M. and Loewenstein, E.F., 2011. An
individual-tree diameter growth model for managed
uneven-aged oak-shortleaf pine stands in the Ozark
highlands of Missouri, USA. Forest Ecology and
Management, 261(3): 770-778.

Mehtatalo, L. 2020. Biometry for Forestry and
Environmental Data: With Examples in R. CRC
Press, Boca Raton, FL.

- Moridi, M., Fallah, A., Pourmajidian, M.R., Sefidi, K.,

2021. Quantitative Analysis of Forest Structure at
Growing Up Volume Stage in the Evaluation of
Natural Beech Stands (Case Study: Kheyroud
Forest). Iranian Journal of Forest, 13(2): 115-128 (In
Persian with English Summary).

Noorian, N., Shatace, Sh., Mohammadi, J. and
Yazdani, S., 2014. Estimating forest structural
attributes by means of ASTER imagery and CART
algorithm (Case study: Shastkolateh forest, Gorgan).
Iranian Journal of Forest and Poplar Research,
22(3): 434-446 (In Persian with English Summary).

- Ozcelik, R., Diamantopoulou, M.J., Brooks, J.R. and

Wiant, H.V., 2010. Estimating tree bole volume
using artificial neural network models for four
species in Turkey. Journal of Environmental
Management, 91(3): 742-753.

- Pourhashemi, M., Eskandari, S., Dehghani, M., Najafi,

T., Asadi, A. and Panahi, P., 2012. Biomass and leaf



Iranian Journal of Forest and Poplar Research Vol. 30 No. 2, 2022

192

Modeling the commercial volume of pure and mixed stands of beech trees using non-

parametric algorithms in the educational-research Forest of Darabkola, Sari, Iran

A. Fallah !, N. Nazariani 2, M. Imani Rastabi ? and F. Bakhshi *

1- Prof., Department of Forestry, Faculty of Natural Resources, Sari University of Agricultural Sciences and Natural Resources, Sari,

Iran

2"- Postdoctoral Researcher in Forestry, Department of Forestry, Faculty of Natural Resources, Sari University of Agricultural
Sciences and Natural Resources, Sari, [ran. Email: Nazariani69@yahoo.com

3- Ph.D. of Forestry, Department of Forestry, Faculty of Natural Resources, Sari University of Agricultural Sciences and Natural

Resources, Sari, Iran

4- M.Sc. student of Forestry, Department of Forestry, Faculty of Natural Resources, Sari University of Agricultural Sciences and

Natural Resources, Sari, Iran

Received: 13.07.2022 Accepted: 01.10.2022

Abstract

Commercial volume trees are an important variable that contributes to economic decision-making and analysis in
forest management. In this regard, Commercial Volume modeling in Hyrcanian forests is the key to implementing
sustainable forest management plans. Due to time and cost constraints and the lack of local or public volumetric
measurements in the equations, most forest managers still use traditional expansion factors to estimate volume.
Therefore, using independent variables in volumetric modeling is an essential step in fitting models to representation.
Therefore, the present study aims to model and predict business volume with minimal error using two ANN and
CART algorithms. The study area was parcels 14, 16 and 24 of the educational-research forest of Sari Faculty of
Natural Resources located in Darabkola, one of the functions of Sari city. After rotating the forest, masses with
different forest types were studied according to the purpose of the study: Trees of pure beech, pure hornbeam and
beech-hornbeam. For this purpose, at least 20 trees fell in each type and all standing trees in each sample parcel were
measured. In each plot, quantitative characteristics of all trees including total tree height, trunk height (length),
diameter per chest and qualitative characteristics including the degree of tree rot were measured. After measuring all
the required characteristics of fallen trees at the level of Study forest types by species, to accurately estimate the
volume was measured. Then the actual volume of the tree was calculated in the form of different trunk parts based on
the ESmalian relationship. Finally, ANN and CART algorithms were used for modeling in STATISTICA 2.0 software
environment. The results of modeling the commercial volume of three masses of pure beech, pure hornbeam and
beech-hornbeam with two ANN and CART algorithms showed the values of R2 explanation coefficient (0.82; 0.77),
(0.44; 0.72) respectively and (0.91; 0.84). The results of modeling the commercial volume of three masses of pure
beech, pure hornbeam and beech-hornbeam with two algorithms ANN and CART showed that the ANN algorithm
with a R>=0.91and the percentage of RMSE%= 10.51 is more precision. Finally, the findings showed that the ANN
algorithm leads to better prediction than the CART algorithm. Also, the performance of this algorithm for beech-
border mixed mass is higher than any of the pure beech and hornbeam masses.
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