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Modelling the relationship between climatic fluctuations and diameter
growth of Pistacia atlantica in Zagros forests using Neural Network
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Extended Abstract

Background and Objectives: Background and Objectives: Climate change, reflected in fluctuations in key
variables such as temperature and precipitation, poses a significant threat to forest ecosystems, particularly
in semi-arid regions like the Zagros. Pistacia atlantica (Wild Pistachio) is a valuable native species in these
forests, with growth highly sensitive to water availability. Quantifying the impact of climatic variables on
its radial growth is essential for adaptive forest management. While traditional statistical methods have
been used, advanced artificial intelligence models such as the Group Method of Data Handling (GMDH)
neural network offer superior capabilities for modelling complex, non-linear relationships. The main
objectives of this study were to: 1) evaluate the effect of climatic variables (precipitation, temperature, and
relative humidity) on the diameter growth of P. atlantica; 2) determine the most influential climatic factors;
and 3) assess the accuracy of the GMDH neural network model in predicting growth based on climate data.

Materials and Methods: The study was conducted in three habitats of P. atlantica (Darreh Shahr,
Abdanan, and Majin) in llam province, Iran. A total of 18 tree discs (six from each site, divided into two
diameter classes: <30 cm and >30 cm) were collected from trees with similar topographic conditions. After
surface preparation and polishing, high-resolution images were taken, and annual ring widths were
precisely measured using Motic image software. Wood density was determined for each sample. Climatic
data (annual precipitation, average, minimum, and maximum temperature, and relative humidity) for the
past 15 years were obtained from the nearest meteorological stations. The relationship between ring width
indices and climatic variables was first analysed using Pearson correlation in SPSS software. The GMDH
neural network model was then implemented in MATLAB to predict radial growth based on climatic inputs.
The data were randomly divided into training (70%), validation (15%), and test (15%) sets. Model
performance was evaluated using statistical indices: Root Mean Square Error (RMSE), Mean Squared Error
(MSE), and Correlation Coefficient (R).

Results: Statistical analysis revealed a significant positive correlation between annual ring width and both
annual precipitation (r=0.188, p=0.002) and relative humidity (r=0.173, p = 0.004). In contrast, a significant
negative correlation was found with average annual temperature (r=-0.185, p=0.002) and maximum annual
temperature (r= -0.152, p= 0.013). No significant correlation was observed with minimum annual
temperature. The GMDH neural network model demonstrated high accuracy in predicting radial growth
from climatic variables, with performance metrics on the total dataset as follows: RMSE= 3.86, MSE=
14.88, and R = 0.90. The model's predictions closely matched the observed growth trends, confirming its
effectiveness.

Conclusion: The radial growth of Pistacia atlantica in the semi-arid Zagros forests is significantly
influenced by climatic fluctuations. Increased precipitation and relative humidity enhance growth, while
rising temperatures, particularly maximum temperatures, have a suppressive effect, likely due to increased
evapotranspiration and water stress. The successful application of the GMDH neural network model, with
its high predictive accuracy (R = 0.90), establishes it as a powerful and reliable tool for modelling climate-
growth relationships in complex forest ecosystems. These findings provide critical insights for developing
climate-adaptive conservation and management strategies to enhance the resilience of P. atlantica stands
against future climate variability.

Keywords: Climate Change, Dendrochronology, GMDH Neural Network, Growth rings, Pistacia atlantica,
Zagros forests.
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Table 5- Statistical indicators of prediction in the stage of training, test and total data

Error StD Error Mean MSE RMSE Lh_’l"’""_’
Criteria
3.7465 0.3434 13.853 3.722 093]
Test
3.876 0.01058 14.990 3.8717 "’:‘”:d
Train
3.3605 0.040188  14.875 38569 RS
Total Data
All Data: R=0.9081 TestData: R=0.91976 Train Data: R=0.9067
3 e
% aob Lo V=T
‘:’j 30
‘:é 20
5
o

10 20 30 40 50
Target

S 5 JJogas =Y S

Figure 2- Correlation coefficient chart

° Output

10Targets


https://yujs.yu.ac.ir/jzfr/article-1-145-en.html

[ Downloaded from yujs.yu.ac.ir on 2026-05-02 ]

e S8 9y 9 (oodlBl Cllwg (o bl (g5l S ] )02 g (G900

(':MM ‘Q)b} 4‘?)0 ‘(;‘A';)L. “i"‘"’ 4‘““" 9
L poiSle 5 posins oo Cugb, ed)e
P U Gr S & Cn i o 4 aS ail e
@lp ool Sbml (Sjgle it Bxd g Glag, GRS
Mirzaeizadeh et al.,) sl 1, IKi> slo
prSeey 5l elll slayes ol (2023
A danlllas 090 adlain 4 wlillgs  sloolSin)

s OLY o IS8 o oads &l ol 4 axgi b
et O Jgaz 50 0 a3l 5 )bl slaaslis il
o Sloc 3l bzl jo oals 48§ ISy Jow a5 ol
il s ol slosesite i 0 2YL ke
2 6995 Gy cmle SBl Gl
$93,9 Sl yile (o et 5l (Oliie plu axlllas

ah b el el Sl ote sy S

i =
o k e
£ ol Al )I,” |
= ll] \ l.{, (A f W |
s [ | \ | | \ \ | | Y | ) b

1 N\ M M J 9 NI W ‘ ' 4 U |
E ’:'.~"“'c~x'-ifl ‘.ﬁ e d“‘""‘-l"u“ © . o ").‘ RRURAN LS | 4‘ I ‘} AMAAAY T ) J
LraT

5 ISE~- lL!TS‘I,ﬁMSE = 3.'5563 - me Hﬂ'n = 0.0'01‘8. gnor sm = usos
E } "l“J' f
w I'.",""L"'r"""\h W }4} (vl A N\ f.'l " ' ,\.

ools (soled gy p a0 0 Lo sbo,loges ¥ S0
Figure 3- Prediction charts in the stage of checking all the data

Train Data
o 60 T T
=
=2
= -
S 40 l - -
: lﬂ b ”) ")
@ } AR h
éé-, 20 (‘ h m“ M ” 1% f \ av Il
o
- o M " i i
o 50 100 150 250 300 350 400 450 500
o MSE = 14.9902, RMSE = 3.8717 Eggor Mean = 0.01058, Error StD = 3.876
w» 20 40
S
W o m 20
-20 o
o 100 500 -20 -10 o 10 20 30

isel gl ye 50 (i Gy sl jlogei —F S
Figure 4- Prediction charts in the training phase

AR


https://yujs.yu.ac.ir/jzfr/article-1-145-en.html

[ Downloaded from yujs.yu.ac.ir on 2026-05-02 ]

Oe—5F :Olbo NP+ F [ Jgl 0 5lols [pexiy 0,90 | Ao (6o pricwonw o5 | i lidini’ alxo

Taegeds ard Orulputs
=

MSE = 138538, RMSE = 3.722

vk

20 X Lh] 50

Test Data

Targets
Cuigats |

Erras Maan = 330434, Error 510 = 37465

0303] Al o )0 (S Ll sl loges —O S5
Figure 5- Prediction charts in the test phase

el oas ol o g, LielS Q] JLo a5 Sl
WAY Jlo jo e 0y 50 5L g eSSk
Joe slaosls b 0e (Xl op i sl
amgi g ctls aalss il V¥R Jlo ,3 Sk
ot Jbo ol ) el st sles (alS @
O e sladle )0 a5 wbiee Gl g,y 08,

WS (oo ot [ o e, Se e

Growth

o (g putito by S5 gl g ) dany Lo
e oeFlen o5 s e S 7 S lasil
ORg) el reS L YA L s IS
Sl e sles Sile o ol 5 e
S OTAY o 5o U5 gy onSiles 5 ol 4zl
ool el 00 ing, el (i gyl
S SHIVYAY Lo ;o 508 059 55 (5L ggene

P I I Y - T - - ] o I e I B T oy TR = T o - = (N R =
e 0Q g 0 09 o0 09 Of Qo @ o Oy O O O O Q
o T T s T O T O O O T O - T O T T T T T T T
pid Qe e il il Qi [t Q- i Qi Q- el Qe il i it R e g
r
Years
w—— Average Growth  ==®==Precipitation

aslllas 590 dibaie y3 YL S5,k g S s, dualio -5 S
Figure 6- Comparison of total growth and annual rainfall in study area

6‘)‘° A g AD e s o S Ui, u—‘i'l-*-"
LIS AL Jlo jo Lo 1 Skee 090 xSl (9 s
¥ Jlo o oo :Ske g (12Kloo (3 jiaS

gy (el 45T 0B oo LS Y S slaazily
5 ebs opyeS s 20 54 sl Jlo o S


https://yujs.yu.ac.ir/jzfr/article-1-145-en.html

[ Downloaded from yujs.yu.ac.ir on 2026-05-02 ]

e S8 9y 9 (oodlBl Cllwg (o bl (g5l S ] )02 g (G900

9 0L Ol GRlBIL o lo Jlo o g clos S
WA Jlo o (ogas 4 Cusby (tal¥l o] 4z jo
LBl (G0grs

VWA Lo slyr Joe 09 creSiles oyt gl
ot |y Ggy (el Azl )0 g les (e il

1.2 23.0
1
2.0
0.8
=
<0.6 1.0
504
So0.
20.0
©o.2
0 19.0
AN MM <N ONN00 0O d AN M ST N OSSN0 O O
00 00 O 6 0 0 O 0 0 Oy O O O O O O O O O O
M N N MHM N M N MO 0N MO N MO N MO N oNn on on on <
R I e I I I e O R B B SO A IO e O e O O TR I e IR B O |
Years
e Average Growth

VLo slas (nSloo 5 JS g dmmlio ¥ JSC
Figure 7- Comparison of total growth and average annual temperature

5 poeeels Sodled STl ) ae) ) b (sl
Cherubini et ) oS o ol s yuwgd slbosl s
5 Sly ool @l 2003; Sheng et al., 2007
Col Gl s 51y il (Sis bl
OLBer g jpeol, AYAT e 5 (5 000)
(B0 g9 s auis b les molidlc blas o .(VYAF
oy Goyb 3l g edls il plisye o 1) ol A
Sgaee |) 0l S @i AalS g ladiyg) ot
Van der Werf et al., 2012; Stanoosh ) s;Le
o5 S YU sles 4y ate by ol (€T AL, 2009
Gy e Oladllae o 5 Conl S e sladlaie
ouds oddlie b gy g Lol dle w31 (sladisS
> o« (Arsalani et al., 2022) . .l
slp b O okl wsl) ols sleollans,
00l 5,155 5 Leo b o) Cuite alall) 500 (laaisS
saasyLis a5 (Alipoorfard et al., 2023) ..
el oBas; o S3lsST Ll il Cenl
Casb ) i ssalice axdllae cpl 3 a5 eblen
Cals 4 ab)y p s oline 5 e Sl 55 o

G Ol 3l Wl oo [0 lid a8 L e )

4

S oS Az g Sy

sloilly (npete 51 (S Oloie 4 pldlis

b yxie wllug 35,0 5l (Ray, 2008) sl 8
9 Lo hrae D3l bl 5 Lo ale S
Itter et al.,) o)l JKo> slopiuwsST 5,Se
Sllogs (ol (o8 S cyp 4 pol> anlllas (2016
,o (Pistacia atlantica) au 455 (s,ha8 o, ,
aal) Gl iledae 5 51y Sidans glaSix
o35, GMDH aié iy ceacaSed ) oaliul b
Sulobixe jobay an olad ol a5 ol las eassly
S0 oS (S 5oy )03 )13 oSl elge Sl s
A G 5 52Sle) Les g S Sl o Cusho
Skl s nl (F Jgaz) Wyl (T 5 (he
oaddgaze 3blie )5 (LS 0 0l (g3sl5 5 5l SsS
59093955 9,50 Slalllas I (6 )lay gl § T by
Cedroetal., ) sls Jlges alin sbolliys, ;o

2002; Pourtahmashi et al., 2008; Banj
Shafiei et al., 2011; Radmehr et al., 2015;
.(Ghodskhah Daryaei et al., 2021

o..&.;.:SW LJ.ol.c u")"gsl“‘ Q\};.c 4 ‘5?\.\.:)[.:
9 9 Jyad 10 ohg 4 SB Cugb) el b,


https://yujs.yu.ac.ir/jzfr/article-1-145-en.html

[ Downloaded from yujs.yu.ac.ir on 2026-05-02 ]

Be=27 :lmiuo NP [ Jgl o ot [ pmiy 050 | (S (s pimman 55 lipins almo

L awlie » GMDH  Juo oLlS o)y
Gz ol (G by, (65955 1 SendS sla b,
Losls (29,5 JLsle oraeaSl Joo 05,54
Sy w8l alaly g5l o lp (GMDH)
sl sty b Joe (nl aezn o Slee
St <ol ks (R=0.9, RMSE=3.86)
S Sug, 18 550 A S e 9l 1) o (558
b et Laly, (h3lo yo 1) Gedle 6 S0k e
ol dameing; gleosls ;o sszge cauzma g
@ ol (Maxwell et al., 2018) sas
) eyan (h9a slaas &5 1) Slision glaaisl
SosS s Sy, Sl S8 Wby it sl
WS oo Zug® g apb wilaeidly s
Samarasinghe, 2006; Salehnia & Ahn,)
GMDH e a5 el o] o] o 43S (2022
Jie 1 aopleilusss il b Wl oo
Losslodae o @l glgadly 5o (sl
Zhang et ) oS 6,55l ol oac sloasis
Jod=s L GMDH  Jow s awslis @l., 2000
(F Jguz) oo cnl 50 adyl Hgwrm (Shnon
il (o 0,509, &5 w3 se (LiS zedgn
b o it oy Joles 58,8 15,0 L e
cled addss VL prend )08 5 eS sl
Lo oadlee (ol oblpin 5 oo
Slidos glp 1) e o5 39 ol oo glalusguze
g8 L (loj 0,99 s ilaigo (g, 0]
Saeaily gloais, gwyp lp (o 10) osls
G liioll  arug s (S5 lBl o
eyl i Wl an lp SoueSYsb
3 (Naghipour Borj et al., 2019) us al,
plesl 59: 35 poe (S (ooclll lapiie 1 Jote (2
S 8ly Cosb, wile Pie e slaools
ittt S 5 (slossigy B slaasls
) Jowe ods ilgs o (Itter et al., 2016) aisls!
b i slas lens 5554 pgm a0 ol
Silode )0 a5 Geee 650k 5 etle xS0
QiN ) wlos S Jos 33ge srb molio ooumms Jilowe

4]

‘M Sgape ul.._>)o o ‘) u—l d)..a.o G")lsﬁ wls
o L asl ol (Lebourgeois, 2004) 545 o
Habibi) s)ls Jlsgen J3b Oldlas S p
Bibalani et al., 2008

lad ab, a5 ol Glas g ol slaassl
sl <> o (Pistacia atlantica) « s
Sllusgs 3l o (g olins jsbay o 515 St das
Bblo o i Oldllae b guls cployls )8 o L3l
ol Jele ) Su)l oS Sasaes 5 Sas
Cherubini ) .ol POV PREH PPV NVEL KYRE
&las (et al., 2003; Pourtahmasbi et al., 2008
AVl Sl (obollivg, oz o sl |
sy Al bt L) Cote (Scen on i
45 WS o an b fadge ol (F Jguz) sl oyl
Oler lail 9 0w Jguad )0 0Ty )b oS polie
5 poesals Sudlad 9,8 5Ls 590 Cugb; ool 1
S 4 pglie sladis o (sriwgs glaon] s
(Radmehr et al., 2015) ccl Sl> an asile
Wi 9 el oy dod 3l 08 s9w
alayl) cpl.cils w598 0adlosl Tl slos
WIS 9§85 g e Gl Sl AU Wl e (S
uwmmwdwbm)ﬁ)ogiw
Ay Cadgazme Coles 5o 9,5 i els dedss,
Sheng et al., 2007; Van der Werfet ) ss 5 o
sba YU sles &y e gl 5531 ol @l 2012
Saiss ;500 53, iS5 9,8 Sladllas )0 alie
35BS 9 s Sl Lok abex 510 515 o
as (Arsalani et al., 2022). cool oo 3,155
sladbie So3elssT gl S Gl wedee ol
3085 Cwl S8 a a3 el 0Bl 4 S i
Gl b YL ol sl (o5 sbaolRiyg, Sy
Slgi oo Lo b oy alaily egline (5550551 L (paloaiss
(Alipoorfard et al., 2023) Jlwo sy ol oo
Mgy, o oig bulyd 18,58 Senl y o
sl ..»SL


https://yujs.yu.ac.ir/jzfr/article-1-145-en.html

[ Downloaded from yujs.yu.ac.ir on 2026-05-02 ]

e S8 9y 9 (oodlBl Cllwg (o bl (g5l S ] )02 g (G900

KPP CORRIIIR BUPNSIC IS S PP S [P CE IRV Sote lp o P8 il . et al, 2023
YL 8o g 25 Ll o cnl (Sl sl owyp el sl gl
i 3 Gslw e 0 GMDH  cacasis Jose Sllos 4 (635 @Yol wile) Jaa8s So5e)g 5
Lulg, Sy oUlsi b Joe ol 0g welBlous, ala, a6y gaads) JoSe Wlgige  sonlil
Comnd piaied ;a8 (g |l ooz OMlss g Jas 18 il Sossleig g s
Grdpaaml Qb)) Slp prmye b3 slaghs;
w25 ol Sllug il 0 JKir ol pissST B S A
b ot oolidipg 2ls 3l fgomma ;o 0S5 e 8 oS awl o5 sba g
(Ermas Ghen ileae  aiiig slebs, s Sasb)y 5 (S e STy SaSaes sla S
6,5, s ools (lis imehy ol o a5 sbilen (p)5 Jad ;o oig ) Lo g )5 Jutend Joloe (l5ie &
b IS gely (sl Soummns sige 55 sl Liduosl S8 oy (598 oaiiSogame ele SO (lye &
ik e slao pal) o g el 4 9 eBlss s )0 WS (oo JpS ) 220
el )51 sl o Il s ail LS iy wilaie )3 ()b 6551 s g Los (Il (i

Seals Jlaxl g u_ﬂ oS il sl S aidl )l

&b

Alipoorfard, M., Pourtahmasi, K., Raeini Sarjaz, M. & Nadi, M. 2023. Reconstruction of Jan-
Mar mean temperature using tree ring widths of Juniper trees in the east of Lorestan province.
Iranian Journal of Forest, 15(1): 53-67. [In Persian]

Allen, C.D., Macalady, A.K., Chenchouni, H., Bachelet, D., McDowell, N., Vennetier, M.,
Kitzberger, T., Rigling, A., Breshears, D.D., Hogg, E.H., Gonzalez, P., Fensham, R., Zhang,
Z., Castro, J., Demidova, N., Lim, J.H., Allard, G., Running, S.W., Semerci, A. & Cobb, N.
2010. A global overview of drought and heat-induced forest mortality reveals emerging
climate change risks. Forest Ecology and Management, 259: 660-684.
https://doi.org/10.1016/j.foreco.2009.09.001

Arsalani, M., GrieBinger, J. & Brauning, A. 2022. Tree ring based seasonal temperature
reconstructions and ecological implications of recent warming on oak forest health in the
Zagros Mountains, Iran. International Journal of Biometeorology, 66: 2553-2565.
https://doi.org/10.1007/s00484-022-02380-5

Banj Shafiei, A., Eshaghi Rad, J., Alijanpour, A. & Pato, M. 2011. The effect of the Oak bud
tortricide (Tortrix viridana) on the width of the annual growth rings of oak (Quercus libani
Oliv.) in the forests of Piranshahr and Sardasht. Journal of Plant Protection, 25(2): 178-185.
[In Persian]

Bonan, G.B. 2008. Forests and climate change: forcings, feedbacks, and the climate benefits of
forests. Science, 320: 1444-1449. https://doi.org/10.1126/science.1155121

Cherubini, P., Gartner, B.L., Tognetti, R., Braker, O.U., Schoch, W. & Innes, J.L. 2003.
Identification, measurement and interpretation of tree rings in woody species from
Mediterranean climates. Biological Reviews, 78(1): 119-148.
https://doi.org/10.1017/S1464793102006000

Y


https://doi.org/10.1016/j.foreco.2009.09.001
https://doi.org/10.1007/s00484-022-02380-5
https://doi.org/10.1126/science.1155121
https://doi.org/10.1017/S1464793102006000
https://yujs.yu.ac.ir/jzfr/article-1-145-en.html

[ Downloaded from yujs.yu.ac.ir on 2026-05-02 ]

Be=27 :lmiuo NP [ Jgl o ot [ pmiy 050 | (S (s pimman 55 lipins almo

Das, AJ. & Stephenson, N.L. 2015. Improving estimates of tree mortality probability using
potential growth rate. Canadian Journal of Forest Research, 45(8): 920-928.
https://doi.org/10.1139/cjfr-2014-0368

Cherubini, P., Gartner, B.L., Tognetti, R., Braker, O.U., Schoch, W. & Innes, J.L. 2003.
Identification, measurement and interpretation of tree rings in woody species from
Mediterranean climates. Biological Reviews, 78(1): 119-148.
https://doi.org/10.1017/S1464793102006000

Flower, A. & Smith, D.J. 2011. A dendroclimatic reconstruction of June-July mean temperature
in the northern Canadian Rocky Mountains. Dendrochronologia, 29(2): 55-63.
https://doi.org/10.1016/j.dendro.2010.08.001

Fritts, H.C. 1976. Tree rings and Climate. Academic Press, London. 567 p.

Ghodskhah Daryaei, M., Ahooghalandari, N. & Torkaman, J. 2021. Investigation the effect of
climatic factors of temperature and precipitation on growth patterns of the cypress (Cupressus
sempervirens Var. Horizontalis (Mill.) Gord) trees in Noshahr and Rudbar habitats [In
Persian]. Journal of Plant Research, 34(3): 669-681.

Habibi Bibalani, Gh., Bazhrang, Z., Pour-Rabi, S., Joodi, L. & Shibaei, N. 2008. Study for some
climatic characters on annual ring growth for Melia azedarach at Ramsar [In Persian].
Proceedings of the First International Conference on Climate Change and Chronology Tree,
Surrey, UK, 25-26 May, 45-52.

Hamidi, S.K., Fallah, A., Bayat, M. & de Luis, M. 2021. The effects of climate variables
(temperature and precipitation) on growth characteristics of trees (case study: Farim forest).
Journal of Forest Research and Development, 6(4): 593-607. [In Persian]

Itter, M.S., Finley, A.O., D'Amato, A.W., Foster, J.R. & Bradford, J.B. 2016. Variable Effects
of Climate on Forest Growth in Relation to Ecosystem State. Ecological Applications, 27(4):
1082-1095. https://doi.org/10.1002/eap.1518

Lebourgeois, F. 2004. Climatic signals in earlywood, latewood and total ring width of Corsican
pine from western France. Annals of Forest Science, 61(2): 155-164.
https://doi.org/10.1051/forest:2000166

Maaten, E.V.D. 2012. Climate sensitivity of radial growth in European beech (Fagus sylvatica
L) at different aspects in southwestern Germany. Trees, 26(3): 777-788.
https://doi.org/10.1007/s00468-011-0645-8

Maxwell, A.E., Warner, T.A. & Fang, F. 2018. Implementation of machine learning
classification in remote sensing: An applied review. International Journal of Remote Sensing,
39(9): 2784-2817. https://doi.org/10.1080/01431161.2018.1433343

Mirzaeizadeh, V., Mahdavi, A., Naji, H. & Ahmadi, H. 2023. Modeling the Distribution of
Species Pistacia atlantica in llam Province using MaxEnt Methods [In Persian]. Ecology of
Iranian Forests, 10(20): 129-139. https://doi.org/10.52547/ifej.10.20.129

Naghipour Borj, A.A., Heidarian Aghajani, M. & Sangoni, H. 2019. Predicting the impact of
climate change on the distribution of Pistacia atlantica in the Central Zagros. Journal of Plant
Ecosystem Conservation, 6(3): 197-214. [In Persian]

Najafi Harsini, F., Pourtahmasbi, K. & Karimi, A.N. 2012. Dendrochronological Investigation
of Radial Growth of Quercus infectoria in Kermanshah Oak Forests. Journal of Forest and
Wood Products (JFWP), Iranian Journal of Natural Resources, 65(1): 119-129. [In Persian]

Nasseri Karimvand, S., Poursartip, L., Moradi, M. & Sosani, J. 2016. Dynamic Effects of climate
variables (temperature and precipitation) on the annual diameter growth of Iranian oak

7t


https://doi.org/10.1139/cjfr-2014-0368
https://doi.org/10.1017/S1464793102006000
https://doi.org/10.1016/j.dendro.2010.08.001
https://doi.org/10.1002/eap.1518
https://doi.org/10.1051/forest:2000166
https://doi.org/10.1007/s00468-011-0645-8
https://doi.org/10.1080/01431161.2018.1433343
https://doi.org/10.52547/ifej.10.20.129
https://yujs.yu.ac.ir/jzfr/article-1-145-en.html

[ Downloaded from yujs.yu.ac.ir on 2026-05-02 ]

e S8 9y 9 (oodlBl Cllwg (o bl (g5l S ] )02 g (G900

(Quercus brantii Lindl) [In Persian]. Forest Research and Development, 2(1): 63-71. [In
Persian]

Poursartip, L. 2012. Comparison of anatomical characteristics and chronology Avery trees
(Quercus macranthera) and Oak (Quercus castanifolia) (Case study: North Caspian forests).
PhD Thesis, Faculty of Natural Resources, University of Tehran, Karaj, Iran. 80p. [In Persian]

Pourtahmasbi, K., Parsapajouh, D., Marvi Mohajer, M. & Ali-Ahmed-Korouri, S. 2008.
Evaluation of Juniper trees (Juniperus polycarpos C. Koch) radial growth in three sites of
Iran by using dendrochronology. Journal of Forest and Poplar Research, 16(2): 327-342. [In
Persian]

Qin, Y., Wu, B, Lei, X. & Feng, L. 2023. Prediction of tree crown width in natural mixed forests
using deep learning  algorithm.  Forest  Ecosystems, 10:  1001009.
https://doi.org/10.1016/j.fecs.2023.100109

Radmehr, A., Sosani, J., Balapour, Sh., Hosseini Ghale Bahmani, S.M. & Sepahvand, A. 2014.
Effects of climate variables (temperature and precipitation) on the width of Rings-growth in
Persian coppice oak in the central Zagros (Case study: Khoramabad). Journal of Wood &
Forest Science and Technology, 22(1): 93-110. [In Persian]

Ray, D. 2008. Impacts of climate change on forestry in Scotland - a synopsis of spatial modelling
research. Forestry Commission Research Note 101, Forestry Commission Scotland,
Edinburgh.

Salehnia, N. & Ahn, J. 2022. Modelling and reconstructing tree ring growth index with climate
variables through artificial intelligence and statistical methods. Ecological Indicators, 134:
108496. https://doi.org/10.1016/j.ecolind.2021.108496

Savva, Y., Schweingruber, F.H., Vaganov, E.A. & Milyutin, L.I. 2003. Influence of climate
change on tree-ring characteristics of Scots pine provenances in Southern Siberia (Forest-
Steppe). IAWA Journal, 24(4): 371-383. https://doi.org/10.1163/22941932-90000342

Sheng, D., Yamanaka, N., Yamamoto, F., Otsuki, K., Wang, S. & Hou, Q. 2007. The effect of
Quercus liaotungensis forest trees on soil properties in the Loess Plateau, China.
Dendrochronologia, 25(1): 29-36. https://doi.org/10.1016/j.dendro.2007.01.002

Stanoosh, K., Bhattacharyya, A. & Chaudhary, V. 2009. Climatic influence on radial growth of
Pinus wallichiana in Ziro Valley, Northeast Himalaya. Current Science, 96(5): 697-702.

Thomas, C.D., Cameron, A., Green, R.E., Bakkenes, M., Beaumont, L.J., Collingham, Y.C.,
Erasmus, B.F.N., de Squeira, M.F., Grainiger, A., Hannah, L., Hughes, L., Huntley, B., van
Jaarsveld, A.S., Midgley, G.F., Miles, L., Ortega-Huerta, M.A., Peterson, A.T., Phillips, O.L.
& Williams, S.E. 2004. Extinction risk from climate change. Nature, 427: 145-148.
https://doi.org/10.1038/nature02121

Trigo, R.M., Garcia-Herrera, R., Diaz, J., Trigo, I.F. & Valente, M.A. 2005. How exceptional
was the early August 2003 heatwave in France? Geophysical Research Letters, 32(10):
L10701. https://doi.org/10.1029/2005GL 022410

Van der Werf, G.W., Sass-Klaassen, U.G.W. & Mohren, G.M.J. 2007. The impact of the 2003
summer drought on the intra-annual growth pattern of beech (Fagus sylvatica L.) and oak
(Quercus robur L.) on a dry site in the Netherlands. Dendrochronologia, 25: 103-112.
https://doi.org/10.1016/j.dendro.2007.03.004

Zahedipour, H., Fatahi, M., Mirdavoudi Akhavan, H.R. & Azdoo, Z. 2004. Investigation, the
distribution, ecology and phenology of wild pistachio in the Markazi province (case study:

70


https://doi.org/10.1016/j.fecs.2023.100109
https://doi.org/10.1016/j.fecs.2023.100109
https://doi.org/10.1016/j.ecolind.2021.108496
https://doi.org/10.1163/22941932-90000342
https://doi.org/10.1016/j.dendro.2007.01.002
https://doi.org/10.1038/nature02121
https://doi.org/10.1029/2005GL022410
https://doi.org/10.1016/j.dendro.2007.03.004
https://yujs.yu.ac.ir/jzfr/article-1-145-en.html

[ Downloaded from yujs.yu.ac.ir on 2026-05-02 ]

Be=27 :lmiuo NP [ Jgl o ot [ pmiy 050 | (S (s pimman 55 lipins almo

Koh-e-Nazarkardeh, Saveh city). Research and Construction (Pajohesh and Sazandegi),
17(3): 97-103. [In Persian]

Zhang, Q., Hebda, R., Zhang, Q.J. & Alfaro, R.I. 2000. Modeling tree-ring growth responses to
climatic variables using artificial neural networks. Forest Science, 46(2): 229-239.
https://doi.org/10.1093/forestscience/46.2.229

£5


https://doi.org/10.1093/forestscience/46.2.229
https://yujs.yu.ac.ir/jzfr/article-1-145-en.html
http://www.tcpdf.org

