10.22034/ij£.2026.543471.2066 :(DOI) Jluzms awles ol pl S ozl o)l Ko dloxe
ﬂ @® cCcBY4.0 Voo sl oV 8 ,lads qeaacme Jlo

YoO-YYY o

ol .,ij:_—* el ‘5‘“"@’)‘4 4”.&0

o> gy ¢t e Jalss g9 0395 (5, UE L (G 519 (B pd (LSS £9 U owy
(S5 ) 9 (Suan (omas Bl s jl o3kl b (S b sl 45 4Vl

T e FgS o 9 ' a5 > o Ol Sgecme

Ol el ol ¢ gl molie 80SLaily (g j Laies 09,5 (5 250 8 gal dls”
Olnl sl i)l (b @l g (65,5LiS pole oKisls (b alie 5uSiils (gl 04,5 )lg_ol;...r

OF-BIYIVA i pdy )5 VE-FFIYS sl o & )

RN S

CloSe wiile (ol Sg5u o) 5laslys oo g Cl (Ao Sl jlups: 0 Shoe 5 55l s loadlie 5l (i) 555 d0ido
Be) 55 00,8 sl iagh sgrg Ly il 38 5 IS slaosys 0dy 5 (s adsi 1 eslisS (09,0 Sull, 2ol 5 slaisS
Oloyed jsbar SIS o Sl Siz oz gy et 55 sheme Jelse 5 0055 Ll o 553 sladisS 95 3l g —gs Alal,
5 LS () Sl piie b3l 9 S e Sla Kz AVl oz (g silede (o (nl Bas sl oad (pw) p SeS
el Syl g S el (gl Sag, 5l oolizul by lago

13 SR 50 xS yie) AV ez gy b (6 pslaer Ul A 5yg8 Sy 45 el Higed dakad YOA 3l Laosls :asbgy 5 Slge
e e (LS 3 e ) o7 e s s 5 (SasT 35 slo ke 5 8 438,518 3 4y i lyzeas (Lo
Olprsan (Bl 9m s (e ALl 5 0Dy0% 5l s Sled w0l Sae s (S 43 mipe yie) Wged ankad j5 iS5 (5 jelad
ol @b 8=t 5 (MLP) aYaiz (9w n (oras 00 oz (oew 5 5l 3ladoe sl ind Lo o)l Jitae (sl poite
i 3, BIAS s RMSE R2slaaslis ulul ; s Jos 3,Shos ¢ b oslitl (RBF) _elas

= 50 RBF g (+/0V) ailfaiz fygum )55 4 Cad (6 540 0,50os /A (psd o0 LMLP Jus a5 olo ylis gl ilaasidly
Ol o |y 85U it 2,0 Yo/ ng b 550 slaaiss sl a8 ols lis MLP Jow colas Jlos 0,18 oz jia,
Jae,e Ve sgas SO o aoe Julge g 0o, YA 0500 ghemme 10 0058 (5 L5l slo e a5 Jbo o il alils gozx> s,
30,8 i 1y Sl s

(0 ST £95 e S né g oz Jolad Jol> U pe oSz ez () 45 wes oo s bhadly 1 g S A
5815 s, ol (55l sl SISyl Ol sy e ($1a45t ool |y 5 ol e Ll 5 e 5L
sladSizr Saseails )lanly 5 g0t Gl 5o (sl (S e plgiedy (50 sladisS g5 Lk Conl @l cal 0]
Syl oSt S,

—as Al w09 sl Yl T g, su’JLfﬁ.m 6L°Ji"“? (50 sladiss Eo Cmln> o :6"\'.'.'15 6Lb°3‘3
(S Fean

k.hamidi86@yahoo.com : J.| SANYDFAFA 1 ulos o,las Jsiae oty gs *



Y5 FYY Y0 oo O Fe 0 bl o 5l aozme Jlo ool SLISa ezl o]l i alors

sl,— (& Bauhus, 2016; Ouyang et al., 2019
= 0 4S 35,8 ol Ouyang et al. (2019) Jtw
03555 1,5 5 iy ale Sl « o (slocsbol,5
2 sty 55 At Caad (5 3B Sl (S
Rita & y—iores .o il adls o ey oyt
Cide gladal, WLS! sle > sBorghetti (2019)
aS S0 s S A5 ads g (5550 55 ol
sloe Giwlidlassls Lzi Morin et al. (2014)

Obey sk 5o 1y 0 (gyluly wilgi oo (550 slaaisS
O 48 Sl 1 Kl (a8l bl cpl aws W)
Oleyen (58,5 455 )3 pilinss lo Koz (o> g,
el e 5 5o i e

O (e Jelse (s £95 9]
9l La Sz iy 5 9-d) 6o (e 5o (ool
ol g—med ol s (Fallah et al., 2023)
(TWD) 855155 Cush, asls oo (slod (gl 9>
s Uy et oty sl (s o ety
Sy Sl 0 9 Sl S plie 4 (s p
Bayat et al., 2021; Kweon ) aiil a5 ,.50 o)
&ly— (& Comeau, 2019; Bayat et al., 2022
as aools Lis Bourque & Bayat (2015) asgel
FSop Gte b Gt (g ol ce s
45 WS (o0 e 1) (550 sladisS sl s
LSlw o e bl e r’l‘ Sl 9050 2l
Lol K> slosgs o Sloc g

e (= by ety S Rgh Fiian 5
Sleslinl by JSiz adgi g 005 )bl S
G o ol ¥ g5 sl S
Bayat et al., 2021; Kweon & Comeau, 2019; )
2 e B e pl (Jl>pl b .(Bayat et al., 2022
Jboy a9 9 blyy oog (s wile pla 558
bazro slwools jo el (1 Sow a5 il aools
el ol ;o ks 35 el jsbay A
5 aile S bbb s,
b nt iy gledos jo Ulg Jdoa e5ran

as 6L®d<‘

doddo
Gk ol sleadlie 5l (o) £95
Ol o oaten 50 5 Sl ISz sl Ly
59 0,00 i sST sl (60, Sloe g 5 L5
SLod S5 g () g9 O Al 3 slaans
5 % 4 doJKi (5055 0,515 oiusts ipanpmssS]
ko Jox lites slagiagh (Lol le g
Grats goi Gialidl cosz il (nl jo .l ons
S—ile la gl 3 )b sl ol oo (50
) el g mle 5l sl e S i eeSS
Gm9) 3 ) Sy Gl carge sl g0
Paquette & Messier, 2011; ) 5o JSKi> glaosgs
Sz g Dl o Jl>cpl b (Van de Perre et al., 2016
oS 6t g (codldl iliSie Ll 5 o alaly
s e e 555 o ] S g
Baruffol et al., 2013; ) oS o5 0095 sl S5g
.(Forrester & Bauhus, 2016; Ouyang et al., 2019
eyl (S6 plpred S e sla S
slaass ol g9 5l (ol S slagBilups:
5951895 1 oz 5 Jlweals sla il 5 500

reosS] las s el 5 ate S
Sz Glrosg o> s (plopiuewsS| i
(s sbasss sl g oS 5 b cou b
ek gl wiile 5l e sla S5 5l e oSl
aiile (e Jolse izman 5 8y 5L 5 o5
Gl (SIS 58 Ll g Cushy cgand o3 (b oo

.(Bayat & Hamidi, 2019; Bayat et al., 2023)

BRRRERN o=

AP g () E95 o Ay (gasie slahegh,
b 0 alos STy 1y S ig, L
SrassS slie lw jlolins g S (slalal,y o g5y

Paquette & ) cowl oals ()55 sy odgi g S50
Messier, 2011; Baruffol et al., 2013; Poorter et
al., 2015; Van de Perre et al., 2016; Hamidi et al.,

oliddes S blas ;o (2020; Vahedi et al., 2024
L o s Conl S dlal,y ol aS” wlools jlis
Forrester ) a_il g tizle 5 Jaoes Loyl 1l ainly



oz gy g e Jelss 90058 (6 LSl sla Sy (550 ladisS 45 S0 o) Y.y

Oy O 50 Sylolire e (S5 )0 sladigS 4
Lo U Jabes 5 31 el ot Lo ctly ails oz

R R P R Sy

a9y 9 Sl

AS_ls 35,5 S IS i gy o
o =l o e85 el lhaiile el yo ol
L S50 pls Sl &g daled YOA w95 JSi
Sl = Bolal O jg0a LS 1208 Colu
il E e Yo ox )00 olad U S (s,
895 715 sl o oles e ol gl () U2
IPERCHUREE SPUIEHINN SR TS P
B O S aligad dnakad 5550 5l ol AL
Slalad ool 9 10+ o Voo slal b (sls Ll
2 Sllel Gogy il )l o0 el dges
! o logl Lansgs oS ol IS o slo JSi
ol @l b ple ol adex ) jpiS
ol 00 oolanl SIS sla K> aeails

(ol S92y Ly aslad 5 18 args 55 oz
5§ Syl sl Jas o Slos )lsjon duoldo
sle K oz Liag) Gu )0 (omas oSl
el 00l gy oS 95 B S e
Gl o1 Girgin opl (ool dlius ¢ ol ol
4z U G e (A sbhosy o> g, &5
(=S Sy £ ol )...,L, o ol
3,0 )8 ame el 5 0055 (o)Ll la S
O35 ) Silede lats, 5l Suplas” oUlss
o=l (o ) ((Fgran (oras L L Alfai
T Gy Sl (GiRgi—y il Sae
b p o) P e LS Glpeas B o sla S
S Sl jite o 550 ladisS 55 la s
by oy Slos dlio g o ame Jolse 50355
Lol Lol (mal e )0 S e U 5 Sl
Lo o 1 S o (o Sl Ay (pinen
e )l ogbice gl aibanngs sloJae ;> Jiee
39 s ¢ (BEF)picmsST o S)LS —goi5 4, L

ol b plaie slaSiis 1o (0,5 bl) (5o paiges Slakad STy, o)l jas5le il jo ipgh ddlaie Cuxdge-) K&
ol Lle iz Joges (S8 diis) ddlnio (6,905 CoBge cyin VO XY

Figure 1. Location of the study area in Mazandaran Province, sampling plots (yellow dots) on a regular 200 x
150 m grid, national location (inset map), and prevailing wind direction
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Figure 2. Correlation matrix between independent and dependent variables; color intensity from light to dark

indicates increasing correlation
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Table 3. Statistics of changes used in modeling
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Figure 3. Relationship between predicted and observed annual net volumetric growth (yield) using regression
.model (green line) and artificial neural network (ANN) (red line)
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Table 5. Percentage of the effect of individual and group variables (species richness, biotic and abiotic factors)
on annual net volumetric growth based on the sensitivity analysis of the MLP model
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Figure 4. Relationship between tree species richness and annual volume growth in Hyrcanian forests; red line
shows the loess fit and pink band the 95% confidence interval
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Abstract

Introduction: Biodiversity plays a fundamental role in maintaining forest ecosystem stability and functioning
and can enhance forest productivity through mechanisms such as species complementarity and reduced
intraspecific competition. Despite extensive research on biodiversity—productivity relationships, the
simultaneous effects of tree species diversity, stand structure, and environmental factors on volumetric growth in
the Hyrcanian forests have received limited attention. Therefore, this study aimed to model annual volumetric
growth in the Hyrcanian forests and assess the importance of biotic, structural, and environmental variables
using parametric and non-parametric approaches.

Materials and Methods: Data were collected from 258 permanent sample plots over a nine-year period. Annual
volumetric growth (m?* ha™! yr') was considered as the dependent variable. Explanatory variables included tree
species diversity indices, stand basal area (m? ha™), basal area of the largest trees within each sample plot (m?
ha™'), wind speed, air temperature, solar radiation, and topographic wetness index (TWI) were included as
explanatory variables. Multiple linear regression, multilayer perceptron (MLP), and radial basis function (RBF)
neural networks were developed, and model performance was evaluated using R?, RMSE, and BIAS.

Results: The results showed that the MLP model outperformed multiple regression (R* = 0.57) and the RBF
neural network in predicting annual volumetric growth, achieving a coefficient of determination of 0.85 (R* =
0.85)Sensitivity analysis of the MLP model revealed that tree species richness had the highest individual
contribution (30.9%) to volumetric growth prediction, Stand structural variables collectively accounted for
approximately 29%, while environmental factors each contributed around 10% to the explained variation.
Conclusion: The findings suggest that annual volumetric growth in the Hyrcanian forests Is associated with
complex and nonlinear interactions among biodiversity, stand structure, and environmental conditions. Artificial
neural networks provide an effective framework for capturing such ecological complexity. These results
highlight the importance of conserving tree species diversity as a key component of strategies to maintain long-
term forest productivity and sustainability in the Hyrcanian forests.

Keywords: Annual volumetric growth, Artificial neural network, Hyrcanian temperate forests, Sensitivity
analysis, Stand structure, Tree species diversity.

* Corresponding Author Phone: 09113569068 Email: k. hamidi86@yahoo.com



