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Dust storm, Drought, The Zagros forests, with an area of about 6 million hectares in the western and southwestern
Biodiversity, . . .
Photosynthesis, Soil regions of Iran, are one of the most important natural filters or lungs of .Iran against the
erosion. phenomenon of dust storms. These forests, as the largest and most important forest
ecosystem in Iran, have recently been affected by two major threats: climate change and dust
Received: storms. Research conducted so far has mainly focused on identifying the overall impacts of
06 March 2025 climate change on Zagros forest ecosystems, but there is no comprehensive analysis of how
these threats persist and their chain consequences on ecosystem structure, vital services, and
Revised: new vulnerabilities in this regard on the vegetation cover of this region. Thus, this study aims
25 March 2025 to examine the simultaneous impacts of climate change and dust storm phenomena on the
stability and health of these forests.
Accepted: Through this comparative evaluation, the study seeks to highlight the strengths and
09 April 2025 limitations of each algorithm and deliver actionable insights for water-resource managers

tasked with mitigating long-term aquifer depletion
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Materials and Methods

A 15-year monthly dataset (2000-2014) was assembled using observations from six precipitation stations,
three temperature stations, groundwater abstraction records from 591 operational wells and ganats, and water-
table measurements from 33 piezometric wells across the plain. Spatial averages of climatic variables were
computed using the Thiessen polygon method, ensuring representation of spatial heterogeneity. The input
matrix combines climatic, hydrological, and anthropogenic variables known to influence groundwater
fluctuations in the semiarid Shahrood aquifer. The five machine learning models were calibrated under a
systematic grid-search procedure to determine optimal hyperparameters. Model performance was evaluated
using MAE, RMSE, and r to capture both magnitude-based and pattern-based predictive capability. This
design enables fair assessment of contrasting modeling philosophies: tree-based boosting (XGBoost,
CatBoost), instance-based learning (KNN), margin-based regression (SVR), and recursive partitioning (DT)
under identical data and validation conditions.

Results and Discussion

Groundwater levels showed a continuous declining trend over the study period, dropping from 1326.48 m in
2000 to 1315.68 m in 2014, an overall decline of 10.8 m, averaging 0.77 m per year. This pattern reflects the
combined influence of insufficient recharge, reduced precipitation, rising temperatures, and intensifying
extraction for agriculture, domestic use, and industry.

The model comparison demonstrated the clear superiority of gradient boosting methods. CatBoost achieved
the lowest prediction error (MAE = 1.4029 m; RMSE = 1.9484 m), while XGBoost produced the strongest
linear agreement with observed water-table fluctuations (r = 0.8185). Both algorithms outperformed classical
models by a substantial margin, reducing RMSE by approximately 25-35% relative to DT, SVR, and KNN.
The Decision Tree model exhibited limited accuracy (RMSE = 2.779 m; r = 0.6701), reflecting its inability to
generalize under nonlinear, multivariate interactions. SVR provided slightly better pattern reproduction (r =
0.6903) but higher errors (RMSE = 2.6995), suggesting difficulty in capturing nonlinearities and noise-driven
variability. KNN performed the weakest (RMSE = 2.8617 m; r = 0.5799), likely due to high sensitivity to
noisy, heterogeneous hydro-climatic data. Overall, boosting algorithms’ ensemble structure and capacity to
model complex nonlinearities allowed them to reproduce both long-term declining trends and short-term
fluctuations more accurately than traditional learners. The performance gap confirms that aquifer systems
characterized by strong climatic—anthropogenic coupling benefit from high-capacity, ensemble-based
predictors.

Conclusion

The extended comparative analysis demonstrates that machine learning, particularly gradient boosting
algorithms, provides a reliable, scalable framework for modeling groundwater level changes in arid and semi-
arid regions. XGBoost and CatBoost consistently outperformed classical models, achieving lower errors and
higher correlation with observed groundwater levels. Their predictive strength arises from their ability to
capture nonlinear interactions among climatic variables, extraction rates, and return flows interactions that
simpler methods fail to fully represent.

The findings emphasize that boosting models can be integrated into groundwater monitoring systems to
inform extraction control, evaluate climate-change impacts, and support sustainable aquifer management.
These models offer practical value for policymakers by enabling early detection of critical declines and
providing operational decision support for regulating pumping and designing recharge interventions.
Limitations include the absence of land-use, soil, and hydraulic-property data, and the inability to incorporate
deep multi-temporal dependencies that recurrent networks (e.g., LSTM) could capture. Future research should
explore hybrid and deep-learning architectures, incorporate uncertainty quantification, and expand datasets
using remote-sensing inputs. Nevertheless, the main implication is clear: ensemble-based machine learning is
a powerful, cost-effective tool for predicting groundwater dynamics and guiding sustainable water-resource
planning in data-limited, climatically stressed aquifers.

Journal of Drought and Climate change Research (JDCR)
Winter 2025, Vol.3, Special Issue, pp 1-16



t/f g&fg . .0 & e & -
- brroadl S 9n
- pecs . ) s

(gm.b‘ 93 Il

Ao

-

% V=17 Olxdio AF+F lawo) aobiofsg cpguw 09
.

@ 10.22077/jaaq.2025.10441,1132

o1 A OB 5lepgr ol g Codlw 2 o S5 5 9 (oSl Ol pudi Ol 5T (o 2

o)l I T (50l 50 ol g 5

$l duxo

(o byl Gl rb il 5 (65,58 el g Dliizg S e cmiye 5 ISiz Slagdog iy holiul o)
Ol gyl 055,08 gua s g hyeel \linion ylojle

m.pato@areeo.ac.ir :Jgiwwo odows 9i*

ouS>

Sdle 10 (ol pl (e (B 5lepg (2 imtn 9 (2 FS )3 Oleed (o ST s SS=
IR 0y slgh § eldl Olpud S (SLyhs oy g9 ey s
Ceadls 3 55l 2 oy 39 () Glojed Syl cusy p Bualy Glbgdy ol oilans S
wile (2olLL 5l pine (oole @b jobine () sl ol oubiplnil LS ()
Jdxi g oy S slolw & yg0as Google Scholar ¢ Web of Science Scopus
G0y Vo gl g laa slod glas ;0 VB sul3dl a5 wao o0 Llis badl .aiudb
ol oole pals oy YO U 1) S cugby 9 00,5 wald 1) b JLuslis (b o)l
9 oS0 ;500 g bk ohga w515 LUK (Lol disS Cwdlw (Ol i ()
Yo Sl b oS, gpligh Ko sow jl a0 wagd wuba |y bagis o
w2y WA L1 SB puleyd g 00,8 Jisko |y puwgid aiulyd b ygs oh guoyd
oSy Az G lpg » sy Ol e LS 50 (alge nl aifesls a3l
Qo )3 VA G )5 (gilwo s d Cad )b g o0 YO U s ) 955 &5 (5 9bas cadlails
9 of sy il wib (B leeyr Gle o Sles (izrod (Cowl a8l gals
O e HLole Wl s wigy (pl aldl .ailond i walia (S Couds
Sl S iyl g slan 9 SUT ply 50 1) ol 9 00l i 1) (515 M
polio (aaigs cbls (ol gl dnty Cu oo wiile ()51, LGl o1 b ablio
©y9pb g g3 ol el ol gy (oo (PLS Sibg sbel g (SiS @

S g0 ST 515 sl S slal g cilis (sl 550 9 (5598 Lol

fgls glaejly
(rj Eot ( HaSiF 0T, Glsh
SG gl s siigts

WL P T
VEFIY/ND

165550 &b
VFe¥/+ V-0

toe sy GyU
VEF/1 /18


https://orcid.org/0000-0002-1895-932X

axai |y B lepg oo S5 (S mole 3 5l
(Azizi et al., 2015) &les,S
e ialS (Sarab et al., 2022) o) Ken 5 ol o
wly oy olhase, o Pl g ejp) sl
3 o e 3l S Jlsas adlesls dans b JLSas
oy dzee g (oS eloix] (olaidl Ll
€9 0 &S S50 led 4 b O 0 5k0k;
ol Skoks BT 5 ols a5z ol esdy ISl (lsmsc]
Sl @:.».‘o ‘_g)/L: )in) )I ).:La,;..o.c 9 ).:odj.a.wf w‘).oé\.:
oy 50 0 (YoVY) 6,k 5 %8 (Hajarian, 2025)
s 5 S sloFis Sleisl 5 Gl olsie b o5
G Yer) gldle Sy o3b yo olpl o JlsSes
Slesiis a5 adl jo 590 5l e jleslaiul L YY)
g Sl il o S sl Jle o jelS o
W2y )0 e 385 635 0 g (Brb gz o bl
gl oo dinej )3 598 DLl g wls 18 s
didls (539,01 e olazdl 5 sluly (555l88
Aziziet) -)|,Ken ¢ 53 5¢ .(Fakhar & Nazari, 2024)
Sl 5588 oy s Sh, i Licw (al, 2015
Wlosges ylo o S5, 40 9390 3w |y T cuas
et )8l aST ols las (Bavaghar., 2012) L4l
Gost 3 Sing Lol 035 o8 p |y o fSiz ol Jolas
S ey e sles (Noroozi & Miri., 2015)
0diiS J,uS g adhie o 0 o8l g sleadlie
S92 e 5 bl (b sbeonl
CbL emen else psboos Swl g atls e
e a5 Wlosgad ol bl Cusdse (B Sae
@l @ G355, laplsb olml g 590 55 Jelse
Y- cdél (Adab et al, 2014) Koo 5 ool .35l
el yiwgd PS4 1) cogicen) gaey0
Kooh ) 4l )Ken g gllals 055 .ailosls cond oo 55 )
S lopy Sleas ol 5.5 (Soltani et al., 2018
O g Sgmals Wilos,S uwl 1) yienST odgs ale
E55 e, YO ualS (Shahsavani et al., 2012)
5wl ) (Jelse b lejen Sl ) S
Iy Jols ol (Sazen &5 sl by (oS5,

Journal of Drought and Climate change Research (JDCR)
Winter 2025, Vol.3, Special Issue, pp 1-16

SRR

doddo

Flie ;oY Blo S plsiedy s glad 5 o JSux

s 511, o 51 ol oo 5 S (e Jos oo S5,
Pt Sz glapgEilepy plply S e 0d
Slen b 0515 Sla oz gl oo lgo arhal o
CE erx g o Gble 0 S el 7 oogu>
oo b b sladlo (o St 5 S Olprear Ol
alawle Ll ace cavy pl blae jo ol nl slaay,
w88 laflo b byl | ars B sl
slafliz 4 Lo Sh, poxe o) e wload o35
3 el Sl lups: ol mte o 285 5 05T
2 SHslegagh (986 95, ©dr 5 lge ahas
laiss by oS5, wix e b)) 4
ol 3blie il 5o Ly Sl 5 IS il
S g et DS S oy Jinll e
Mo cpae yolie s g oblide jshites 2o )55)
5 o s olSir e ladisT Laugs las S5, e
R 05z ey Sl g iz bl b s
ool (Moradi et al., 2021) Cewl (6508 Jlws 0 55
s (Quercus persica) glyl bsl Gows a5 o 5>
able o wilbas JSas Sis 4 polin sladiss
(o gl i )0 alS L )5S Cpf GliwasS
AVl lpgron; cpl il coddl Jols o S cois
Ol 5 &S (oo (el 1) )9S Ol 5l as s Feosg0s
Joe @hoble 9 gl plp 0 b G
Jplb (Qorbani Salkhord et al., 2012) ailel g0
azlpe oz Slaag b bz ol 3l gleans o
AVlo loo 1 Sho (ial38l b o o8l Ol s ailoas
Gaoy Voo gpals g ugeada 4z 0 VO ol @
00,5 wauis |y by Jluses @isds Jlo ¥ b la o)l
Soltani et al., ) cul ools juals 1, S cusb,
Skl &S 555, slaglsk o] LS e 2020
Ry NpSee L a5 3he lagble
5 5,9 oals L oawdyle wads olag, VO 3 i b Jle

! Filter



b e 3)5 555 5 o8l iy Sl sy

Google 4 Springer Link Science Direct Science
Fols g2 g godS (slaesly .ol plesl Scholar
S Koy « 55, slanlbsby &« L8l Ol sy
e &S ol « LSSy« ST
Oygod &S Wdg «Glepg by g«
A oolaiwl OR g AND  ahio glo Sloe b g oS 5
) o3leaels” (paiz ailsi oo AAND Slos I oolinal L
b ass oo |y o8l (! 50 OR Sloe 5,5 Jako o 4
S b Sles (nl g gl anS aviz (m
g 998 plxl 5% 5 S380 bgzienr U wiS o
sl ansls Sledbl gomins 5l (g g a8
wole Oy Ll glalae bl o aslie
GYF Sy osl b Modlyw o ool b jcies
(7S slrosls &l (o9 39,4 ueeds gl VeVY
Jooslinal 5 gsdge b Ly silodus b b
ol slaJas (s el slads wiile sale slagis,
gl gogzine 3l L aial QL glawe Sldlae b
ool e Loas ws glulls e VY
el bl ol G515 g e FO (398 slo,las
oS Sledbl (@l : ol al> o Jloz o b Judos anl 3
() E955 Sl arls ¢ Ol doo Ol s aisle)
(o bl ()lal; 5 (Jaetan; wile) (&S s
5 (Uoh srals oo ioldl) a8l Ol sy (gaidiws
Sygods (s Jlols (S Gl d) oS,
S35 5 ol ol s e (@ dime
2 &M e sl paly (2Ll (55 O Slups
Al bl ladllas
Glel slaghs, 5l e Jlos el (ol
Fold ool o e swin 5 ey
solatwl «(RCP) Yooiles cdale (slo o (slogs ,liw
oS5, whie o yuizon .(Petritan et al., 2021) ol
sladeds 5 595 b 28l slados 1 el L
(Liang et al, 2014) w05 ol ) Lo
Gl Job5 ok 4 (ol lie jo oy, (ol Slss>
Gl sl ods (g 005 Lxisl jo layl 1SS 5l g wilouds

! Representative Concentration Pathway

Sl gdoye Yoo als uzmen g w0 g0 ol
LS Slmaz s Gl 4 by |, (UK ol e
Gilises gl i 1 peldl i 55UsS sl wles S
Ol 5 ead s Gldl slsz g (s lame ooy
0 ey sl lly i 5 S plrea
sl iegyy (Arvandi, 2024) ool ol 4S5 9 o
st Sl IS Slolid  Bose 595 ouds alal
wload 35 ke Ty SIS slapSilony: 2 el
5 Sl ol polas (SSx (el Jelos L
Sloas (8 lepe JLle ool sl iy slaasly
Sy 2 dwe) nl 0 was sl pdices! 5 Sl
Jls sz Olllas o)las 0429 adhie (pl 2LS ils
i S Sopgen ) LSz p el i 3l
e wile) (il s 5ads L g5le Lol asles,S
Jol b alS ide oSl dads S5 0
wle ol lagBilupg 5o ohgh (S¢S
ol 008 ol S 515

Syte il oode gy addlie ol Gos
Sk 2 08, slaglsh 5 oedlll il
2 Lol slasly Jdos (51 SR Sslees
5 SsST e SIS g (g g9 oS Cudle
cblis 5 lagags ol GEalS gl os gla,lSal, 4|
sl xSl e gl 5]

g, 9 9lge
Olesped sy n Sl 5 550 Sygoh Shaghy ()
OBoleps 055, slglsh 5 (ooll Sl
Sl or @alllas 590 ailaie b ploxl o STy (S
Olrl s 53 ,BSe okes 7 090> (Jolae b T
SlrsS Sl lopg (2 555 5l (S g 0ad &l
S Sz ol (V JS8) 9900 jled 4 SiSaes
JoSis (Quercus persica) (gl bgly slaaisS Boes
5 e el g L3l ComBge JJo 4 wloas
Qorbani ) Wyls 1,3 sowis Jaowe sl is 5 ee
diepllas jgp0 3k 5l Wesls .(Salkhord et al., 2012
PRI E T NE EEY ST 3Y1 LY RN R SV
Web of Scopus Jsli e Sledbl slaolL

o8l s JlSis sl yimgsy Al

V-V o AT s asbiofng cpam 0,90



ol ilas 318 solanwl 050 gl (sla Lo
o jlaume Comdg b)) slp (ole (297l anlllas
p—“‘;é aiw) opl 5o o8 g S sla,Sal, &)l

oeay gl T p

Sald s mline Lis (raghy sole jliel 5l Lol
b o)l cilideo blie o Sdeatl lase glaosls

“\"SLS'Q (e u‘}...cd.u as w‘ ol r:l.‘>u| c\.‘>9.'JJl3 Go.Jﬁ‘ 65..4
44°0'0"E 46°0'0"E 48°0°0"E 52°0'0"E 54°0'0"E S56°0°0"E -
1 1 l Il ‘P
o ol 3T il . o
> & L ,5
] 2 SIS S
s Gleuls ;5T = &
= a | o
=
3 >~ =
B ‘ | £
t =
u b
SF e oS
=
= =
2
3
=
=
£ =
=
= + z
2995 5% 50 w15 0l8ls g, o3 gus a
o
Legend
© zt> -
= ez ey
= ¥ olkag
= | 7
Z [100 50 o 100 Kilometars L - z
T T T T T !g
46°00"E 48°00"E 50°0'0"E 52°00"E 54<0'0"E S56°0'0"E

.(Mirakhorlou, 2021) w515 saybiw! g oyl pl jo (w515 ol gy Codgo ) S
Fig 1. Location of Zagros Habitat in Iran and Zagros Provinces (Mirakhorlou, 2021).

Al S glaiy ) pagw s 4 a5 s oo i3l
(Ahmadi et al., 2014) ol ool Lo (1! ol
50 oz aVle wl, F5 a5 wws e plas badl
5> IS codle 5 ials aoys Frojl 5l gblie
(Sarab et al., 2022) ceol a8l polS wop Yo U
ol o ) b K cuds oials Wy, VS
LS ol s o GLas YoV LY Ve 0,90 b Lo
slos Jlie )0 (Boges j9m0) Cwdw s iules
00 4 0,3 A0 5l Coodlws halS (B3] some) iYL
2lr oy GBolepsr (SanSs 5 wiS 0 b)) deys

Journal of Drought and Climate change Research (JDCR)
Winter 2025, Vol.3, Special Issue, pp 1-16

oSl sl a5 ol Glas g9 addllas
Sloglsb 5 oaldl o g (S 5 s ilicos
bogie Gl b o8l Slpess i)l 18 0 5,
Vo uals g wgmde a0 VO e 4 a¥ls glos
I b Jlses @ldds aos 4w 0 b il sas)
Uil38l (Andersson, et al., 2011) ol 00,5 wyais
5 ool i 1) a5 o slagsll sl b o Les
Sl el Gl o maa 1) Sl Jsene Joles
O 89y Sl JBS ple g gl 6l 1) 65k

I, S Cogb, odayl o ol (Fakhri, 2024) o ,ls of e
Ao, YO U 1) 5 mhaw g ools uals oo YO U



\% e 3)5 555 5 o8l iy Sl sy

(o y0) S5 cudlw hals
B
o
o

Decline in Forest health (%)

S Jlgs g Led o 38l fo  Sunor

Correlation between temperature increases and forest decline

0.00 0.25 0.50 0.75

Temperature (°C)

1.00 1.25 1.50 1.75 2.00

(gudis 4 30) Led

.(Sarab et al., 2022) b Ko caodlw idl5 g Lod yin 133 o S ¥ JSCi
Fig 2. Correlation Between Temperature Increase and Forest Health Decline (Sarab et al., 2022).

clalish AVl gl Gl abyl, ¥ S ., 2017
Cdl Ll g (o jo olagg, YO B O 3D 055,
Rashki et al., ) aas oo oLas |, (NDVI) alS s,
Q017

yob 4 adlg oo o S5y aS wileols lis Slalllas
el 5 )38 Sl s ye (st w2 i
gl QLS bwg sdie Slge 5 Ol Qi Gl rals
SIS 590 crge Wi on W3 )55 ;5 oy ((pizmen
5 oS iz (OhemST odgs aiile t gy ool d o
Qg gyinll 098 dihie mhe o lsegol eolis
O slopst ] ) e Jale S5 sy lao S
.(Matinfar, 2014) cwl 5>

w50 (o,0) b K> codlw Gl ¥ S5 50
Gladle (b (ugmde a2)0) 4Vl glos il
70 & /Y 5l juals 5 o0 puwyd YoV L Y-Y-
(Sarab et al., 2022) aas oo ylid

Sl b Gl b S el Jsp s,
Sl & oSl 58 aaisS sVl gl
3l akaly cpl b pcwl cogb, mbe cél § Sk
SrSo e 5 S sboyE Lasl sssals slacaslow
slaBal, 5l (cadu (codldl Dl pis 4 pglie slaaisS
Oslops 2 hleS e LU ke ln 50
52 285 o ST,

ol 2l o O 3t 55 055, slagsb
slapble Lics L wonyay cplailaisls Ko 8 5Leps
Iy, oy 495 oas (Azizi et al., 2015) 4,00 ¢ 3lye
03,5 o |y siwgd 0l,8 g 0ol ymals wo o Y U
e 005l Sl Gy Vo fall 4 a5 cul
Sy opwl g 938l (Kabrick et al., 2008) 4.5 oo
g ools Il as w YA LT, S jole,d o, olyd
Adams et ) el 00 YL do, 0 VO U ) (5,50 daw

o8l s JlSis sl yimgsy Al

V-V o AT s asbiofng cpam 0,90



ohea g gk A

oSl LS Bdiss (635 32 5LE 3058 slagyligh il
The impact of dust storms on the vegetation of the Zagros

@
o

e B 579 (1)
(9%) preay woneyaday
o
o

= 40t
g
U‘ -~

“ 20t
-4 Al A

€ a S ~ ™

. o ——— ” - P
[~ -] v >t \ / B
n' .S. 0 [ 4 " A A A A ’ A - A

2000.0 20025 20050 20075 20100 20125 20150 20175 2020.0
Year L.

.(Rashki et al., 2017) w515 2LS kg Caodlw 90,5 31 sbdyligb alal, ¥ JsCis
Fig 3. The relationship between dust storms and the health of Zagros vegetation (Rashki et al., 2017).

3552 9 csoaldl s ka3 151

3,53, 5 comelll Slyis Jole 59 oloj b
Syl Jlos a1y sas li8len

a8l jals wo,o YO U Sl gblin jo g g5
Bl aigs Y 4 FO 5l wles alS slaaiss olass g
op>d Cud,bb (Soleymani et al., 2021) cowl 05,5
aYlo Ciz e g a8l als de VAL 58 n S
Ashena et ) Cowl ooy o,y ;0 5 V4 (5 VY 51 COs
.(al., 2019

oelil S5 ) 56 Lol el g ¥ S5
Dad Ol Gialed b o JS8 (nl 1S oo amlia | (Lol
A oo lid Jele o J,.,;L?

5 WS e dumlio ) hele 2 s 3B P USS
Iy ool (o yiniion ghnore Ol s plas” a5 a0 o ol
5 4y 4 ks &S WS e 3ly ST sl o

3,10 (5,88 oy e

Journal of Drought and Climate change Research (JDCR)
Winter 2025, Vol.3, Special Issue, pp 1-16

adlaie (BLS Gibgy (55, 0,5, akuly 4 (V) IS

Sy o3k b o515
0,99 sl o a5 wws oo plis (alS idgy eesd W)
285 )3 VL B g o LS dg e
Iy o Ceodw Yooe ams glal sl Jlo jo 9 col
FN0 b6 V-0 sl Jeepll sl 00,8 4o

ol @Sy YoV B Voo

aS 598 o0 odalin cs“l"f Oidgs )0 ewgmmo Dllug
..\.Qéu’.n ul-MAJ ‘) ‘5”5».9 u...bls 9 L)M"‘)B‘ 6&0)90

e |, el g, alS ibe (YN0 Jl o
Oliee &5 398 oo osalie 055 Slolp (ow)p 0 05
5o Lol sl 00gs by L.wq 0,95 Jalgl jo oagay oyl
Oty Sl BN (6 Ko il e 5l S
aS Cewl ouds &S YeNY o 0g0 0 055, ol
Ol ) 355, slplsk YL Slsld boojes S5
.Mb‘j.o

S99 05 5, ke o JSlleg (Jlo cnl 5 m
o s b il 5l cattie Wy, Ll ol anils
g god oadlie Do Job



q e 3)5 555 5 o8l iy Sl sy

o e S aana Jalys 55U
Impact of environmental factors on Zagros forests

2.0}
S
=" 1%
=
%g 1.0
-
hE:
3
3 3 os}
2%
Lo
8 o0
f T |

-0.5

i 2l

Temperature increase Decrease in rainfall  pyst storm concentration level

s Gl e als

Forest decline Relative impact
S )

Sk 39,5 s

.(Soleimani et al., 2020) v 515 L o lopgr p e Jolge ol 5T F S5

Fig 4. The Effects of Environmental Factors on Zagros Forest Ecosystems (Soleimani et al., 2020).

FY sga 4 YO Jlo o vy 0 5l ST rals
3 PMyp cdale golisl ol o 1 VeVY Jlo jo asje
Ot esee Gl caSeyte p p)Sg S VY 4 O
U Sl VA Sised s b e alal,
Koch ) coul ol ibg yials sl Oy piine
(etal., 2019

S b sl ls 0 a5 cul o 51 Sl leesls
(e 5 Sy VY e VL 5,55, slaplish
Rt SN IRWNE P CRUNK SNERSH K
Fiaagih 45 Bl B 6 (55, 0,5, Y Sl
VO 28l L oolyen doadl cpl el 00,8 i |,
OB Slopg (SauSs w090 (nl o S CedS o)
Dosre 5 WS o dnl oS, ln o 1 S
(Ashena et al., 2019) s ls o.5T obla> olladl

Ole Rl a5 was oo i zodga Jloged ()l
Lol ol par 2LS il o515 alS L lge ;0 PMyg
Hlasl mlie G2obly g lgp (Sogll rals coenl azdly o
(PLS GbapiarwsSt La> gl Ty boan¥l 9 5,55,
LS by sl o o 51y wiile abolis s 055
L a5 ools Wy, ol oo oo plas sl wles
Omishie abaly S Sl adeolsplis jeyd ez las
el 2LS idigy rals g PMyg il3dl

GRIPl o Sote (S SG l3ged iles 8l
A oo olid aS wes e plas 1, K Jlgy g Lo
oz O 5lepsr p oyl wais el YL lales
g

o Gl g )L GalS  Sw)l s
ools lis was oo 3 hie sbicos |, S cwdle
Oiigy o515 rels cel Wl oo rals bl ool
Jolse plo plp jo IS5z syl Gl 5 alS
g (are 15 il

S5,y ke YL s 9,55, ok bl
WS (oo S SR a4 oS el e
Gloaulp 5 e b b ausy ol el oadoslslis
) o codles (i g Jimgtd asile (lalS Sl
IS g0 D¢

Gl a4 e belge ol (rez b Sl
3 o3P gy Se b oS 3eb e Sz Cdl axgi LB
Gl 00l ooly 4yl Laosls

Sl 0o (LY 4y [50) ide o515 Lials B S
YO F ol b (g/mP VY- o 00) PMyg L3l
U s (Koch et al., 2019) aas o Lis |, Y+YY &
2 p595%0) PMip cbale saamsplas (A1 5o O
(02)3) (LS b 0515 (090 joome 5 (GunSayie

ml8l o JLSis glaiags e

V-V o AT s asbiofng cpam 0,90



MASSEELE L

x (Annual data) slls slaesls

65.0} % - - - R :
~ ~==« (Decreasing trend in dens (505
\? 62.5 =
St e
N e >
2 £ I 2020
> ‘U 60.0} > J
Qa‘ g \‘\ _)
“x
‘1,\ ': 57.5} N
] g W 2018 §
i e o
4 8 ssof “x, -
PR N
) %ﬂ e
= = 52.5} \\\ 2016
50.0 b g
\\ 2014
-~
a7.5t . A i A i i % i
50 60 70 80 90 100 110 120
PM10 (Microgram per cubic meter)
waSe yie y3 o 5 g ySe

(Koch et al., 2019) PM10 ks ;5 LS Jbgs o515 Ol uds O JSi
Fig 5. Vegetation Density Changes and Concentration PM10 (Koch et al., 2019).

3.75
3
L ow
Jg 3 35
L E
Y, =
2 E 25
4 =
32
N
‘IL g L5 1.184
2
v, © 1
% E
Nz 05
2 =
i 0
b |
o Sy poeodls
Arsenic Mercury Plumbum Nickel Cadmium
Elements otz

.(Jahanbazy Goujani et al., 2020) Lol U5 )0 Sy (59, 00 Cguy 9,5 3y oyljwo & JS&
Fig. 6. Amount of Dust Deposited on Oak Tree Leaves (Jahanbazy Goujani et al., 2020).

e e Sk e F e 1Y Lo Blhe sl ot g 3,55, 4055 3] ol ol
Sl olaisl og5 4 Sl &5 awd oo plis o STy oKz 5o S osm,
e 5 Canl polie plo l i 0,55, ;9 39250 @y
53 o 95515 IS5 5 09 Syl pl ez Loy o

Journal of Drought and Climate change Research (JDCR)
Winter 2025, Vol.3, Special Issue, pp 1-16



1 e 3)5 555 5 o8l iy Sl sy

Y Arsenic )] ¥ Cadmium pze0¢ ™ Plumbum oy

(5]

bt
(=)
i

259 3 o 3 o - S polis
Heavy elements - mgikg
o [
o i

=)
S

H
=

Healthy Il

H R

Unbhealthy It

Health <M

(Jahanbazy Goujani et al., 2020) boli FuSis Jbo 10 9 pllw lis )0 €l jo (i polic o duglin Y S5

Fig. 7. Comparison of Heavy Element Accumulation in The Tissue of Healthy and Drying Oak Trees
(Jahanbazy Goujani et al., 2020)

I sl e 9 adl golidl el a4z o
Olyuss opl ((Moradi et al., 2021) col asl zals
(Sarab et al., 2022) S Cugb, /Y0 jals 4 s
50 .ol oals (Bavaghar, 2012) ,.55 Y0 isliél
Sl s b w51y (S slap B sleps o
@‘ﬁ‘ ‘b}b ul:.>)o iloads 4.>‘9.A TR (.';’T 9
Cgme dibaie ul jo (I 45gT a5 (Quercus persica)
3 Olass opl slces pdtes yob 4 Wigd
ol aYle ) iy aS W se lis Slddss usland )§
Gl a3l jzalS /Y Loy L RSP WEPIVA RN PSR
slo! xhw zelS (Karmian & Mirzaei, 2020)
5 had sbailsog, g basis HubSis (oo
5Ll o l,8 55 (Sarab et al, 2022) 515 olelas |
‘) (;l.m.im? 6[&0)56 9 oo; LJ-A.?DO ‘) LQJi..} (5:...».’0
Sub mels g Lo mlil cwl o055 SYsb
2 el Jlil Gl 4 e (rizes
GYL ks oS5 el oul u*‘)f‘) s K=
Glp by bulis ol e Gli8l g S s, jrals
ol el 008 ool d sy o ts] RS
5 BLS Ghbs 58y w3l wzge L lacsjgm ]

Coomw 4 yxin 2L CBlL 0 X polic gz
ollS She caled o g gy o ST skl
Aol aezs 2LS glo Jolu 0 YU polie jo yolic oyl
yolis (Byme 55 o815 Glaazdis o 5 b0 &5 S
Tob WpSoe B 355, L3 0 vgzee e
Sydsr Soidssed g Sl Skl gy aisls
clize glacddled glls (X jolic (Dubey, 2011)
Soow Sl p Fgmg 9 G2Ppee diim lalS 55 »
Sharma & Dubey, ) LS g, jwals ole oyl
Sialex el daS al 59,58 dzren (2007
Gl Do plo 5l iingid olBiws ol e ¢ oydy
Dalcorso ) .l ol o olS 5,0 b 5 )lse opl el aS
etal., 2010

515 O 3lp g 52 ooaldl Sl i ST
9 ool Dl 45 wad o0 LS gk (nl b
Sz o leps » e Sl 055, Slaplish
Ol a5 amo oo lis besls o Ladlazils )55
VIO St YA Lo 5l w315 adleie jo a¥le sleo

ml8l o JLSis glaiags e

V-V o AT lins) csliogyg cpgu 0,59



Seals el sladize, ool waid,er e mals
Jool sh T s Gl s s ol
ol alex 5l Jae alie Julge 5 wlgd oo
a5 3,008 3l el Ol g Sw)b el 0,55,
oo ¢ Sl e aile 6,550 Julgs 0,55 0 ogdle
ol Olyess pl 0 58 gladl sbbaeldlad ¢ ols (ol >
L aS aeo oo lis (B) IS8 50 Waosls (IS wig, a3 )le
oo a5 (AL Al 0515 PMio lie ol
FuS PMip a5 ol Jls jo alS ibg o515 laas
(Mxiaj.m » ‘A)fs)igo Fo 5O (50090 )Q) o
BRI Ul PO N J B /A VAR PR C PRV ey ¥
Ve ogam a5 4t mliE PMio oy o bl
4 oL Gide o515 s St n )5S

sl 08 )5 o als -7 5l S

Goglish 5 anlll Gl l3le ol
o513 B 5lepg 2055,

Sl S 5 a5 ams e Lt sdiplool gl pus s
Jole 5o Gl 055, slaplsk 5 (ooldl Dl
Gl 4 e (b Sbapniian ) cu B 5o golS
Soleimani et al., ) cuwl ool Swn) g9 4o YOI
GosSll s st Lo 4 Bawe zalS ol (2020
oy Slold g ol Jiali8l g oo iolidl ¢ Syl
el 0313 &y 5,55, Glish 5 St wile go
0y O 4 ke WEA Ghemeten; lid ol
g0 dSL coud slaieS slie pals g wlus sladaiss
5 Sy @olozr Bl g oS 5 0 (SelsST Sl s
Lol 0350,8

oS5 els g (Lo (Bileps B (izeen
S o Codilb 0 WAL als 4 alS b
sl K> (Ashena et al., 2019) caul ool ,oxie
Cgee i8S (S 0w i Sl &S ST,
seals LSe o o5 a5 VYl e SaSTes
claoly (p,S Cim o o Slee cdl l Lailesls

Journal of Drought and Climate change Research (JDCR)
Winter 2025, Vol.3, Special Issue, pp 1-16

Obles 5 $L Y

b adgisl ad > asl eads i) g9 alS
el 03,5 P s 551 B leps

05515 583 epg 2 3,5 5 sk il
3 edes el sbpally 5l s (S
sl L b 055, slaglish il (ST
(Azizi et al., 2015) cwsl a,0m ¢ Gle lagbls
D929 Jodo 4 0l o5 595 3988 aS wieo o L ooy
Rashki et al., ) a8l zals’ V-7 U slee SIS oyl
a5 g 00,5 ke |, yiigss anTd sl opl a5 2017
Adab et al., ) cosl oolo xals Y- U 1) odgicuny
355 Slaglish g el ele (014
N0 g S ialeyd e p0 VAL il3dl e
Jahanbazy Goujani et al., ) ailoals xlaw (5,98
slgs canlin i 3l mibe S (6,98 38l (2020
Oibgy Sl g D) 4zt 3 g 0ol (lalS Lawgs (gdae
alosls i uizmes Sldlas aiS oo wags 1) 2LS
Aid Oy diSle Ko olie gl 0,55, @l )b as
PS5 Coons czge g abhpend aLS il y0 &5
Jahanbazy Goujani et ) &gl co 2LS pedgilio o
&S NDVI LS g cuodes asls (al, 2020
ol LS iy el (Lol slabes (S
5 o515 cdl saimsylis 4 «(Rashki et al, 2017)
SR nl poedle il (Sl S cedS
3 olgy V0w Jlo yo olag, O 51055, slaplésh
s a5 (Rashki et al., 2017) el adl yiol38l Lo
2 5 el 31 e 9,5 52, 45 w3 e (ol anllas
heblis gly ol 815 ol e hals
Sdoay oy ool Sl oY il ol (alS by
ol pals gl sopse sb,Sal, 5 04d ow,p
@l e 5 053 12l aibaie oS5lapg » o] hie
S8 Ry 5% 397 ee Bl ol cdale palEl a5 (V) Jsa
2o oSl fix (g Jls » sosiiee b
Doy pxie 90y slalal, .(Kooch et al., 2019)
285w ol Jlo Jsb 50 355, (e 9 (2LS
Bl GRbg bl 055, o gl
355y e 586 il (Ktmed nl sl sl il



VY e 3)5 555 5 o8l iy Sl sy

5 oS Sz bl abex ST (B leps
A vl ol (g5lwo usd

oreb mlie Cupae bl 3wl (ol
oibly ln Mellom slag,Sen 5 da o sl
o ol el el gy9p0 35, ol
oS Sl Saales 5 gl 0,505, So pilins (B jlups
Sl cwlw 5 g sl (o I
Pl 5,98 DLl gy 08 p o 1) (S jlame
glabs a1, 51 GldKer Sy s, ol
ol slp o Glasely 5 wley a5 LG e
2 2l sl sla ey S slnl dilate Jaoxecon ;
5 (st byl ol aeaidy slassy, Jolos
2 el Oy elaml - solamdl Sl ib )y
hoe 9 Jll sladeol, B oS 5 5e8 (e aals>
5 @) apab Bl yae ol Lai ol

Olpds OIS ol gly ol slayl,

S5y 9 ol
5 ol Sl 008 Gladely 4 4y b

sl oS OBsleps » 355, slaglsb

ol 5l F el 6y Sl Cupae slalSal,

: ol a5,

ST o el iy 5 il 10 qalin e
5 ol mle Li> Gl S slhaw Glasl
iy 2l e e o

cals ey slzl 1 alS by glole
sbul g GBS (SiS w polie slaaiss
(2ol b ablie sl s sloan o8

(hli> (65)5laS Gl by, s 1S Cupiae
SB o JTolge il 5 ol gl 5l eolizal
oile B s sl

GloysiS b laihie slag)San 13,55, alse
SLGS Sl )5 ) mle Copas glp wluws
lso o Bl Sl gilule, el 5 ()

O Wlg se g oyl dalaie )5 Jolw lp sles S
Gk 3l o8l Olpess o R sloo s>l Gl
Wl 50 0gd i laldS slaslE Lasl ol
por alwsly 4 a5 ool8l ool cloanl 5 (n)S 45z
) aoad S s wind e plowl IS 55
Gloanlp wass 5 (BLS by w55 Kd g
o] > YO liil & e Sl
Sesgos aboz 5l o gee STl o0 o )STy lo Sz
aS Sl -l (Sarab et al., 2022) cuwl ool lg>e>
GhrS Seputy BE50 (Siednd and Lulpn o
43z o g 00d plemmgS] iy lg5 el il o
» oSl cdle glul wilg e o
Slaas @) o o] b b 5 aislail s 4 Gaeasl
lie el g (Sajalypann Jolas Liio 1ol (S slups:
Aoy alS ) ol

Bl oS a5y sla Sz aSul 4 4z g L
oyl «Qorbani Salkhord et al., 2012) siwn ;525 ol
@ dibie ol Coel slp slos S glavaly Ol s
oeolS Cge (LS i el .clls walys ol e
1285 b xbae Wy, il 5 S g udydsi
IR 5 sy o e adss 2als 4y e colys
Pl Egazme )3 dgdse e SlaMw g9 sl
ale il sl g g Wig e by, ol
Slappiun; ol @ dly wolgr Siane 5 (b
5 sonte sb,aly gl plply il sl
Swzr SOt Jeel e Bl slacwln
Soslol Gl g Bl Gl ol als
eys0 B @ 55978 ol STy sl

sl Ko a5 ol ol egh cpl aels Julow

Slapleh 5 odldl Clws iboos Gada )5
olBl g ok el des alllasd 551,800 55
g5 el (gulS laaiss ol Sl Cge 05,
Ky cpl dloads G 5leps las SIS andl § (i
S sl S5 Gels 4 e @all Gjge jo

o8l s JlSis sl yimgsy Al

V-V o AT s asbiofng cpam 0,90



Journal of Forest and Poplar Research, 23(3), 502-
515.
https://doi.org/10.22092/ijfpr.2015.105655.Bavagh
ar, M.P. (2012). Evaluation of the capability of
IRS-P6 satellite data for predicting quantitative
attributes of forests (case study: Northern Zagros
forests). Iranian Journal of Forest, 3(4), 277-289.
[In Persian]. https://www.ijf-
isaforestry.ir/article_4663.html.

Dalcorso, G., Farinati, S. & Furini, A. (2010).
Regulatory networks of cadmium stress in plants.
Plant  Signaling & Behavior, 5(6), 663-667.
https://doi.org/10.4161/psb.5.6.11425.

Dubey, R.S. (2011). Metal toxicity, oxidative stress,
and antioxidative defense system in plants. In
Gupta S.D. (Ed.), Reactive oxygen species and
antioxidants in higher plants. CRC Press, Boca
Raton, pp- 177-203.
https://doi.org/10.1201/9781439854082.

Fakhar, M.S. & Nazari, B. (2024). Multitemporal
analysis of drought in Iran: Monitoring and
evaluation of spatial and temporal characteristics
using MODIS indices. Journal of Drought and
Climate Change Research (JDCR), 2(1), 39 — 58.
https://doi.org/10.22077/jdecr.2024.7011.1050.
Fakhri, M. (2024). Investigating the condition of
Iran's temperature changes compared to the past
long-term climatic standard period. Journal of
Drought and Climate Change Research (JDCR),
2(3), 17 - 32.
https://doi.org/10.22077/jdcr.2024.7392.1062.
Hajarian, A. (2025). Meteorological drought risk
monitoring and zoning using a random forest
model. Journal of Drought and Climate Change
Research (JDCR), Articles in press, Accepted
manuscript, available online from 20 January 2025.
https://doi.org/10.22077/jdcr.2025.8551.1093.
Jahanbazy Goujani, H., Iranmanesh, Y. & Talebi,
M. (2020). Factors affecting the decline of Zagros
forests and management strategies. Research
Institute of Forests and Rangelands Press, Tehran.
ISBN: 978-9644734236.
https://agrilib.areeo.ac.ir/book 8578.html.

Kabrick, J.M., Dey, D.C., Jensen, R.G.,, &
Wallendorf, M. (2008). The role of environmental
factors in oak decline and mortality in the Ozark
Highlands. Forest Ecology and Management,
255(5-6), 1409-1417.
https://doi.org/10.1016/j.foreco.2007.10.054.
Karmian, M. & Mirzaei. J. (2020). The most
important factors affecting the dieback of Iranian
oak (Quercus brantii) in Ilam Province. Iranian
Forest Ecology, 8(15), 93-103.
https://doi.org/10.52547/ifej.8.15.93.

Koch, K., Samson, R., & Denys, S. (2019).
Aerodynamic characterisation of green wall
vegetation based on plant morphology: An
experimental and computational fluid dynamics

Journal of Drought and Climate change Research (JDCR)
Winter 2025, Vol.3, Special Issue, pp 1-16

ohea g 5k NE

ol slbable arwy gl 9 Sl e
5 5,55, 5 ok bRl anlllas o ponlil ol
o8l U‘J-'-‘L‘ Ao 50 6005 slajtagh (ol >
ool sl 5lepg »
Gi;.ml.o.a 3 )lailg: sl glzl b ool (o
OBileps sl g ols oS 1, 055, slaglish
2,8 e 0di] (gl s g1y 1y o )ST

&L
Adab, H., Amirahmadi, A. & Atabati, A. (2014).
Relating vegetation cover with land surface
temperature and surface Albedo in the warm period
of the year using MODIS imagery in northern Iran.
Physical Geography Research, 46(4), 419-434. [In
Persian].
https://doi.org/10.22059/jphgr.2014.52994.
Adams, H.D., Zeppel, M.J.,, Anderegg, W.R.,
Hartmann, H., Landhdusser, S.M., Tissue, D.T.,...
& McDowell, N.G. (2017). A multi-species
synthesis of physiological mechanisms in drought-
induced tree mortality. Nature Ecology &
Evolution, 1(9), 1285-1291.
https://doi.org/10.1038/s41559-017-0248-x.
Ahmadi, R., Kiadaliri, H., Mataji, A. & Kafaky, S.
(2014). Oak forest decline zonation using the AHP
model and GIS technique in the Zagros forests of
Ilam province. Journal of Biodiversity and
Environmental Sciences, 4(3), 141-150.
https://innspub.net/oak-forest-decline-zonation-
using-ahp-model-and-gis-technique-in-zagros-
forests-of-ilam-province/
Andersson, M., Milberg, P. & Bergman, K. O.
(2011). Low pre-death growth rates of oak
(Quercus robur L.): Is oak death a long-term
process induced by dry years? Annals of Forest
Science, 68(8), 159-168.
https://doi.org/10.1007/s13595-011-0015-0.
Arvandi, S. (2024). The effect of climate change on
the way of investing in modern irrigation systems.
Journal of Drought and Climate Change Research
(JDCR), 2(3), 97 - 110.
https://doi.org/10.22077/jdcr.2024.7834.1071.
Ashena, M. & Hossein, A.S. (2019). Evaluation of
factors affecting changes in carbon dioxide
emissions in Iran with emphasis on the role of
urbanization: Decomposition analysis method.
Geography and Environmental Hazards, 9(2), 145-
163. https://doi.org/10.22067/ge0.v9i1.84249.
Azizi, G., Miri, M., Mohammadi, H. &
Pourhashemi, M. (2015). Analysis of the
relationship  between  forest decline  and
precipitation changes in Ilam Province. Iranian



https://doi.org/10.22059/jphgr.2014.52994
https://doi.org/10.1038/s41559-017-0248-x
https://innspub.net/oak-forest-decline-zonation-using-ahp-model-and-gis-technique-in-zagros-forests-of-ilam-province/
https://innspub.net/oak-forest-decline-zonation-using-ahp-model-and-gis-technique-in-zagros-forests-of-ilam-province/
https://innspub.net/oak-forest-decline-zonation-using-ahp-model-and-gis-technique-in-zagros-forests-of-ilam-province/
https://doi.org/10.1007/s13595-011-0015-0
https://doi.org/10.22077/jdcr.2024.7392.1062
https://doi.org/10.22077/jdcr.2024.7392.1062
https://doi.org/10.22067/geo.v9i1.84249
https://doi.org/10.22092/ijfpr.2015.105655
https://doi.org/10.4161/psb.5.6.11425
https://doi.org/10.22077/jdcr.2024.7011.1050
https://doi.org/10.22077/jdcr.2024.7392.1062
https://jdcr.birjand.ac.ir/?_action=press&issue=-1&_is=Articles%20in%20Press&lang=en
https://doi.org/10.22077/jdcr.2025.8551.1093
https://doi.org/10.1016/j.foreco.2007.10.054
https://doi.org/10.52547/ifej.8.15.93

V0 e 3)5 555 5 o8l iy Sl sy

region, Iran. Catena, 158, 305-312.
https://doi.org/10.1016/j.catena.2018.03.011.

Sarab, S.A., Rashki, A., Moayeri, M.H. & Shatace
Jouibari, Sh. (2022). Investigating the impact of
drought and dust on oak trees in the west of Iran.
Arabian Journal of Geosciences, 15, 1583.
https://doi.org/10.1007/s12517-022-10759-2.
Shahsavani, A., Yarahmadi, M., Mesdaghinia, A.,
Younesian, M., Jaafarzadeh, N., Naimabadi, M.
(2012). Analysis of dust storms entering Iran with
emphasis on Khuzestan Province. Hakim Res J
15(3),192-202. [In Persian].
http://hakim.tums.ac.ir/article-1-1040-en.html.
Sharma, P. & Dubey, R.S. (2007). Involvement of
oxidative stress and role of antioxidative defense
system in growing rice seedlings exposed to toxic
concentrations of aluminum. Plant Cell Reports,
26(11), 2027-2038. https://doi.org/10.1007 /
$00299-007-0416-6.

Soleimani, Z., Teymouri, P., Boloorani, A.D.,
Mesdaghinia, A., Middleton, N. & Griffin, D. W.
(2020). An overview of bioaerosol load and health
impacts associated with dust storms: A focus on the
Middle East. Atmospheric Environment. 223,
117187.
https://doi.org/10.1016/j.atmosenv.2019.117187.
Soltani, S., et al. (2020). Climate change and
vegetation dynamics in the Zagros region. Global
Change Biology, 26(4), 1574-1590.
https://doi.org/10.1111/gcb.14863.

approach. Biosystems Engineering, 178, 34 — 51.
https://doi.org/10.1016/j.biosystemseng.2018.10.01
9.

Kooh  Soltani, S.,  Alesheikh, A. A,
Ghermezcheshmeh, B. & Mehri, S. (2018). An
evaluation of potential Oak decline in the Forest of
the Zagros using GIS, RS, and FAHP methods.
Journal of Ecohydrology, 5(2), 713-725. [In
Persian].
https://doi.org/10.22059/ije.2018.225917.448.
Liang, L., Zhao, S. H., Qin, Z. H., He, K. X., Chen,
C, Luo, Y. X., & Zhou, X. D. (2014). Drought
change trend using MODIS TVDI and its
relationship with climate factors in China from
2001 to 2010. Journal of Integrative Agriculture,
13(7), 1501-1508. https://doi.org/10.1016/S2095-
3119(14)60813-3.

Matinfar, H. (2014). Spatio-temporal distribution of
atmospheric aerosols in the western part of Iran
based on MODIS spectral data. Journal of Water
and Soil Conservation, 21(4), 119-137. [In
Persian]. DOR: 20.1001.1.23222069.1393.21.4.6.7
Mirakhorlou, Kh (2021). The importance of digital
and thematic land cover information in the Zagros
habitat, Research Institute of Forest and Rangeland,
Forest news and updates, 20 December 2021. [In
Persian].

Moradi, A., Taheri Abkenar, K., Shabanian, N. &
Afshar Mohammadian, M. (2021). The potential of
oak (Quercus spp.) and wild pistachio (Pistacia
atlantica Desf.) forest species to deposit microdust
particles. Iranian Journal of Forest and Poplar
Research,  29(3), 273-284. [In  Persian].
https://doi.org/10.22092/ijfpr.2021.356258.2023.
Noroozi, A., Miri, M., Nikkami, D., Razi, T.,
Sarreshtehdari, A., and Shoaei, Z. (2022).
Assessment of climatic hazards' impact on oak
dieback in the west of Iran. Watershed Engineering
and Management, 14(4), 424-437.
https://doi.org/10.22092/ijwmse.2021.353749.1885
[In Persian].

Petritan, A. M., Petritan, 1. C., Hevia, A.,
Walentowski, H., Bouriaud, O. & Sanchez-
Salguero, R. (2021). Climate warming predisposes
sessile oak forests to drought-induced tree mortality
regardless of management legacies. Forest Ecology
and Management, 491, 119097.
https://doi.org/10.1016/j.foreco.2021.119097.
Qorbani  Salkhord, R., Mobasheri, M.R. &
Rahimzadehgan, M. (2012). A fast method for
assessment of PM10 concentration using MODIS
images, A case study in Tehran. Hakim, 15(2), 166-
177. [In Persian]. http://hakim.tums.ac.ir/article-1-
1019-en.html.

Rashki, A., et al. (2017). Effects of dust storms on
soil characteristics and vegetation in the Zagros

o8l s JlSis sl yimgsy Al

V-V o AT s asbiofng cpam 0,90


https://doi.org/10.1016/j.biosystemseng.2018.10.019
https://doi.org/10.1016/j.biosystemseng.2018.10.019
https://doi.org/10.1016/S2095-3119(14)60813-3
https://doi.org/10.1016/S2095-3119(14)60813-3
https://dor.isc.ac/dor/20.1001.1.23222069.1393.21.4.6.7
https://doi.org/10.1016/j.foreco.2021.119097
http://hakim.tums.ac.ir/article-1-1019-en.html
http://hakim.tums.ac.ir/article-1-1019-en.html
https://doi.org/10.1016/j.catena.2018.03.011
https://doi.org/10.1007/s12517-022-10759-2
http://hakim.tums.ac.ir/article-1-1040-en.html
https://doi.org/10.1007/s00299-007-0416-6
https://doi.org/10.1007/s00299-007-0416-6
https://doi.org/10.1016/j.atmosenv.2019.117187
https://doi.org/10.1111/gcb.14863




