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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.
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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




Original Article

Journal of

Drought and Climate Change Research (JDCR)

el

AT

Winter 2025, Vol. 3, Special Issue, pp 17-36 —

—, ey

@ 10.22077/jdcr.2025.9112.1130

Evaluation of Climate Models for Simulation of Temperature and Precipitation:
Selection of the Best AR6 Model Using Multi-Criteria Decision-Making and

Performance Metrics

Negin Nabatghods', Parisa-Sadat Ashofteh®"

1. M.Sc. Student, Department of Civil Engineering, Faculty of Engineering, University of Qom, Qom, Iran.
2. Associate Professor, Department of Civil Engineering, Faculty of Engineering, University of Qom, Qom, Iran.

*Corresponding Author: ps.ashofteh@qom.ac.ir

Keywords:

CMIP6 climate models,
Temperature and
precipitation  simulation,
Climate change, Multi-
Criteria  decision-making
(AHP), Performance
evaluation metrics.

Received:
25 March 2025

Revised:
22 April 2025

Accepted:
06 May 2025

How to cite this article:

Introduction

Temperature and precipitation are fundamental climatic parameters that play a crucial role in
climate change studies. Their accurate simulation is vital for effective water resource
management and strategic planning in response to evolving climatic conditions. General
Circulation Models (GCMSs) serve as powerful tools for predicting future climate scenarios;
however, significant variations among model outputs necessitate the selection of the most
suitable model tailored to the specific climatic conditions of the study area (Qarnqu
Watershed). Previous studies have integrated Multi-Criteria Decision-Making (MCDM)
methods with statistical performance metrics to identify the optimal climate model, thereby
enhancing predictive accuracy and minimizing uncertainties in decision-making processes. In
this study, the performance of 19 CMIP6 climate models in simulating temperature and
precipitation was assessed using the Analytic Hierarchy Process (AHP) method combined
with statistical indicators. The primary objective was to determine the most appropriate
CMIP6 climate model for the study area.

Materials and Methods

In this study, the long-term monthly averages of temperature and precipitation simulated by
19 climate models from the CMIP6 report were computed for the baseline period of 1971—
2000. These simulated values were then compared with the corresponding observed data
obtained from the Miyaneh synoptic station during the same period.
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To assess the accuracy of the models, seven statistical performance metrics—including Nash-Sutcliffe
Efficiency (NSE), Kling-Gupta Efficiency (KGE), Root Mean Square Error (RMSE), Normalized Root Mean
Square Error (NRMSE), Mean Absolute Error (MAE), Percent Bias (PBIAS), and Pearson correlation
coefficient (r) —were calculated for all 19 models and subsequently compared. To enhance the analysis, each
model was weighted using the weighted average method, which incorporates observed mean values of
temperature and precipitation. This weighting approach aimed to provide a more comprehensive evaluation of
model performance. Finally, the Expert Choice software was utilized to rank and select the best-performing
model among the 19 CMIP6 models for simulating both temperature and precipitation variables. The selection
process was based on an integration of statistical metrics and the AHP method.

Results and Discussion

This study evaluates 19 climate models from the CMIP6 report and investigates the selection of the optimal
model for simulating temperature and precipitation. The results indicate that certain models, such as CMCC-
ESM2 and FIO-ESM-2-0, performed well in simulating precipitation, with estimated values showing
reasonable agreement with observed data. Similarly, models like MRI-ESM1-2-LR and AWI-CM-1-1-MR
provided accurate temperature estimates, demonstrating strong consistency with observational data.
Furthermore, the performance assessment of the climate models using statistical metrics revealed that the
models generally performed better in simulating temperature than precipitation. To enhance the analysis, each
of the 19 models was weighted using the Weighted Average Method (WAM), which incorporates observed
mean values of temperature and precipitation. The results showed that models NORESM2-MM and INM-
CM4-8 had the strongest influence on precipitation simulation, while models MPI-ESM1-2-LR and NESM3
carried the most weight for temperature simulation. The final selection of the best-performing model was
conducted using Expert Choice software, which considered the seven key statistical criteria introduced earlier
and performed pairwise comparisons among them. Based on a comprehensive evaluation of all requirements,
the CMCC-ESM2 model was identified as the best model for generating future precipitation data, while the
MPI-ESM1-2-LR model was selected as the optimal choice for simulating future temperature data.

Conclusion

In summary, the findings of this study indicate that climate models generally perform better in simulating
temperature than precipitation. Additionally, the evaluation and comparison of 19 CMIP6 climate models
using Expert Choice software, combined with the AHP and statistical criteria, revealed that the CMCC-ESM2
model exhibited the highest accuracy in precipitation simulation, while the MPI-ESM1-2-LR model excelled
in temperature simulation. These results underscore the importance of selecting climate models tailored to
specific climatic variables and regions. The outcomes of this research contribute to improving climate
projections and supporting decision-making processes related to water resource management and climate
change adaptation strategies. Future studies are recommended to further validate these findings by applying
the selected models to other climatic regions or incorporating additional statistical metrics and advanced
weighting methods.
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Table 3. Prioritization of Models Concerning All Criteria for Simulating (a) Precipitation and (b)
Temperature.
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The best temperature model, in order
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The best precipitation model, in order

MPI-ESM1-2-LR, AWI-CM-1-1-MR, IITM-ESM,
KACE-1-0-G, CMCC-ESM2, INM-CM4-8, FIO-

ESM-2-0, NORESM2-MM, CMCC-CM2-SR5, INM-

CM5-0, NESM3, TAIESM1, FGOALS-G3, BCC-
CSM2-MR, ACCESS-CM2, FGOAIS-F3-L, MRI-
ESM2-0, GFDL-ESM4, MIROC6

CMCC-ESM2, TAIESM1, FIO-ESM-2-0, CMCC-
CM2-SR5, NORESM2-MM, BCC-CSM2-MR, INM-
CMS5-0, MIROC6, AWI-CM-1-1-MR, ACCESS-
CM2, MPI-ESM1-2-LR, FGOALS-G3, KACE-1-0-
G, NESM3, INM-CM4-8, IITM-ESM, GFDL-ESM4,

FGOAIS-F3-L, MRI-ESM2-0
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Table 4. Changes in The Sensitivity Number of The Model With The Highest Sensitivity To Each Criterion (Related To

Precipitation).
Joe NSE KGE RMSE  MAE NRMSE PBIAS r
Model (Dimensionless) (Dimensionless) (mm) (mm) (Dimensionless) (%) (%)
CMCC-ESM2 0.47* 0.46 0.53* 0.48 0.49* 0.34 0.33
FIO-ESM-2-0 0.44 0.30 0.47 0.34 0.44 0.20 0.74*
INM-CMS5-0 0.19 0.15 0.18 0.13 0.20 0.46%* 0.05
TAIESM1 0.42 0.59* 0.41 0.54* 0.42 0.40 0.21
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Table 5. Changes in The Sensitivity Number of The Model With The Highest Sensitivity To Each Criterion (Related to

Temperature).
Jow NSE KGE RMSE  MAE NRMSE PBIAS r
Model (Dimensionless) (Dimensionless) (mm) (mm) (Dimensionless) (%) (%)
AWI-CM-1-1-
0.55* 0.40 0.72% 0.70%* 0.50 0.68 0.50
MR
IITM-ESM 0.46 0.71% 0.59 0.70%* 0.44 0.47 0.12
FGOALS-G3 0.17 0.12 0.11 0.11 0.18 0.12 0.62%
MPI-ESM1-2-
LR 0.56* 0.66 0.68 0.49 0.55* 0.56 0.64*
NESM3 0.26 0.14 0.22 0.13 0.28 0.72* 0.23
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Eﬁgﬁ:ﬁ; Si:?%iiﬁ; Precipitation is one of the most critical components of the hydrological cycle, directly
oIS, ! influencing water resources, agriculture, and climate-related risk management. Accurate

learning; Artificial neural . ) . . . . . .
networlg<5' Support vector Precipitation estimation is essential for hydrological modeling, flood forecasting, drought

regression; Shepard monitoring, and agricultural planning. In mountainous and data-scarce regions, however,
interpolation; West reliable precipitation information is difficult to obtain due to the limited density of ground-
Azerbaijan Province. based meteorological stations and the inherent uncertainties of remote sensing products. In

recent years, reanalysis datasets such as ERAS, produced by the European Centre for
. Medium-Range Weather Forecasts (ECMWF), have provided long-term, globally consistent
Received: climate variables. Despite their advantages, these datasets often suffer from systematic

20 April 2025 biases, particularly in regions with complex topography, such as West Azerbaijan Province

. in northwestern Iran. Machine learning (ML) methods, capable of capturing nonlinear and
Rev1s2e7d; (2025 multivariate relationships, have emerged as effective tools for improving precipitation
Hgus estimation by integrating satellite or reanalysis data with ground observations. The objective
Accepted: of this study was to assess the potential of two machine learning techniques—Artificial

29 September 2025 Neur.all Netwo?ks (ANN) and .Suppoﬁ V.ector Regresgion (SVR) —1n reducir}g ERA5S
precipitation biases and improving estimation accuracy in West Azerbaijan Province. The
performance of these approaches was also compared with a traditional interpolation method,
Shepard’s technique, to evaluate the relative benefits of modern ML-based approaches.
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Materials and Methods

The study area, West Azerbaijan Province, is characterized by diverse topography, ranging from lowland
plains to high mountain ranges, leading to significant spatial variability in precipitation patterns. Ground-
based daily precipitation records from 16 synoptic meteorological stations were collected for the period 2010—
2023. ERAS reanalysis precipitation data with a spatial resolution of 0.25° and hourly temporal resolution
were aggregated to daily and monthly scales to match station data. Three modeling approaches were
employed: Shepard interpolation, SVR, and ANN (Multilayer Perceptron). For the machine learning models,
several predictor variables were tested, including ERAS precipitation values, station elevation, latitude,
longitude, and temporal lag features (previous-day and next-day ERAS estimates for daily scale; previous-
month and next-month ERAS estimates for monthly scale). Data were divided into training and testing subsets
using k-fold cross-validation to ensure generalizability. Model evaluation was based on four statistical
metrics: Root Mean Square Error (RMSE), Normalized RMSE (NRMSE), Nash—Sutcliffe Efficiency (NSE),
and Pearson Correlation Coefficient (CC). These indicators provided complementary insights into model
accuracy, relative error, predictive skill, and correlation strength.

Results and Discussion

The results clearly demonstrated the superiority of machine learning models over the conventional Shepard
interpolation method. Among the ML approaches, ANN consistently produced the best performance at both
daily and monthly scales. At the daily scale, the ANN achieved the lowest RMSE (2.73 mm), the highest
correlation coefficient (CC = 0.71), and the highest NSE (0.50), while maintaining a low NRMSE (0.05). In
contrast, the SVR model achieved a moderate improvement over Shepard interpolation but was less accurate
than ANN, particularly in capturing extreme precipitation events. Shepard interpolation, by relying solely on
spatial proximity without considering atmospheric predictors, failed to adequately reproduce precipitation
variability. At the monthly scale, all models showed improved performance due to reduced short-term
variability; however, ANN again outperformed alternatives. The ANN model achieved an RMSE of 10.20
mm, CC of 0.84, and NSE of 0.67. SVR also provided reasonable accuracy, but its performance was less
stable, particularly in stations located in mountainous terrain. Shepard interpolation continued to
underperform compared with ML-based corrections. Feature analysis revealed that including temporal lag
variables significantly enhanced predictive performance, especially at the daily scale. This highlights the
importance of accounting for temporal persistence in precipitation processes. Elevation and spatial
coordinates also contributed to improved accuracy, confirming the influence of topography on precipitation
distribution.

Conclusion

The findings emphasize the effectiveness of machine learning approaches, particularly ANN, in correcting
ERAS precipitation estimates in regions with complex terrain and limited station density. By capturing
nonlinear dependencies and incorporating temporal and spatial features, ANN substantially reduced
systematic biases and improved alignment with ground observations. The comparison with SVR showed that
while kernel-based methods are useful, they are less flexible than neural networks in modeling high-
dimensional feature interactions. Shepard interpolation, though simple and computationally efficient, was
unable to address the structural biases of reanalysis data, underscoring the need for more advanced methods.
This research has both methodological and practical implications. From a methodological perspective, it
demonstrates the importance of combining multiple predictors—including ERAS estimates, station metadata,
and temporal lags—for effective bias correction. From a practical standpoint, the improved precipitation
datasets can support hydrological modeling, water resource management, agricultural planning, and climate
change impact assessments in West Azerbaijan and other regions with similar geographic and data constraints.
Future research could expand on these results by exploring deep learning architectures such as Long Short-
Term Memory (LSTM) networks, which may better capture temporal dynamics, or by incorporating
additional predictors such as temperature, humidity, and atmospheric circulation indices. Moreover, applying
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spatial downscaling techniques in combination with ML approaches could further refine precipitation
estimates at local scales. In conclusion, this study confirms that machine learning, and especially ANN-based
methods, offer a robust and reliable approach to enhancing reanalysis precipitation datasets, thereby
contributing to more accurate climate and hydrological analyses in data-sparse mountainous regions.
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Fig 1. Distribution of studied meteorological stations in West Azerbaijan Province
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Table 1. Features used in machine learning models
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Table 2. Results of daily data analysis with one input parameter (CP)

Model Fold1 Fold2 Fold3 Fold4 Fold5 Fold6 Fold7 Fold8 Fold9 Fold10 average
RMSE: Raw Shepard (mm)  4.03 3.92 3.95 4.18 4.18 3.91 4.12 3.98 3.91 4.20 4.04
RMSE: SVR (mm) 3.76 3.69 3.61 3.90 3.85 3.63 3.72 3.54 3.66 3.73 3.71
RMSE: MLPregressor (mm) 3.98 342 3.34 3.68 3.60 3.40 3.55 3.33 3.39 3.54 3.52
CC: Raw Shepard 0.47 0.46 0.43 0.40 0.37 0.46 0.44 0.38 0.45 0.37 0.42
CC: SVR 0.43 0.40 0.33 0.34 0.25 0.41 0.43 0.31 0.35 0.30 0.35
CC: MLPregressor -0.26 0.46 0.44 0.41 0.38 0.46 0.44 0.39 0.46 0.38 0.36
NRMSE: Raw Shepard 0.06 0.05 0.05 0.06 0.06 0.05 0.06 0.06 0.05 0.06 0.06
NRMSE: SVR 0.07 0.06 0.06 0.07 0.07 0.06 0.07 0.06 0.06 0.07 0.07
NRMSE: MLPregressor 0.07 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06
NSE: Raw Shepard -0.14 -0.14 -0.17 -040 -042 -0.12 -0.19 -0.30 -0.16 -0.34 -0.24
NSE: SVR 0.10 0.09 0.06 0.06 0.02 0.10 0.11 0.04 0.07 0.04 0.07
NSE: MLPregressor 0.00 0.21 0.19 0.17 0.14 0.21 0.19 0.15 0.20 0.14 0.16
(CP) o935 yialyly s b byl dlale (ools Julos s ¥ Jgur
Table 3. Results of monthly data analysis with one input parameter (CP)
Model Fold1 Fold2 Fold3 Fold4 FoldS Fold6 Fold7 Fold8 Fold9 Fold10 average
RMSE: Raw Shepard (mm) 2822 2624 2732 26.06 33.19 3131 2845 2852 33.73 23.99 28.70
RMSE: SVR (mm) 2137 2538 23.72 20.06 2426 2681 2252 34.04 30.89 18.85 24.79
RMSE: MLPregressor smmy 2237 2323 2281 1899 2457 2593 2093 52,18 28.23 19.40 25.86
CC: Raw Shepard 0.73 0.84 0.77 0.79 0.74 0.74 0.76 0.83 0.76 0.82 0.78
CC: SVR 0.76 0.79 0.75 0.78 0.75 0.73 0.75 0.70 0.71 0.83 0.75
CC: MLPregressor 0.73 0.83 0.77 0.79 0.74 0.74 0.76 0.00 0.76 0.81 0.69
NRMSE: Raw Shepard 0.15 0.14 0.15 0.14 0.18 0.17 0.15 0.15 0.18 0.13 0.15
NRMSE: SVR 0.10 0.12 0.11 0.10 0.12 0.13 0.11 0.16 0.15 0.09 0.12
NRMSE: MLPregressor 0.11 0.11 0.11 0.09 0.12 0.13 0.10 0.25 0.14 0.09 0.13
NSE: Raw Shepard 0.42 0.61 0.45 0.53 0.42 0.45 0.49 0.60 0.47 0.56 0.50
NSE: SVR 0.56 0.61 0.56 0.58 0.55 0.52 0.49 0.47 0.50 0.68 0.55
NSE: MLPregressor 0.52 0.67 0.60 0.62 0.54 0.55 0.56 -0.25 0.58 0.66 0.51
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Table 4. Results of daily data analysis with 2 input parameters (CP, PE)

Koo
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Model Fold1 Fold2 Fold3 Fold4 Fold5 Fold6 Fold7 Fold8 Fold9 Fold10 average
RMSE: Raw Shepard (mm) 4.03 3.92 3.95 4.18 4.18 3.91 4.12 3.98 391 4.20 4.04
RMSE: SVR (mm) 3.29 3.36 3.13 3.37 3.33 3.31 3.44 3.10 3.12 3.24 3.27
RMSE: MLPregressor (mm) 3.22 3.38 3.09 3.15 3.24 3.22 3.27 3.06 3.31 3.26 3.22
CC: Raw Shepard 0.40 0.34 0.41 0.41 0.39 0.41 0.39 0.35 0.41 0.36 0.39
CC: SVR 0.57 0.51 0.55 0.56 0.55 0.52 0.51 0.54 0.58 0.55 0.54
CC: MLPregressor 0.44 0.41 0.45 0.44 0.43 0.45 0.43 0.41 0.44 0.41 0.43
NRMSE: Raw Shepard 0.06 0.05 0.05 0.06 0.06 0.05 0.06 0.06 0.05 0.06 0.06
NRMSE: SVR 0.06 0.06 0.05 0.06 0.06 0.06 0.06 0.05 0.05 0.06 0.06
NRMSE: MLPregressor 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06
NSE: Raw Shepard -0.13  -032 -0.12 -0.17 -0.25 -0.16 -0.18 -0.25 -0.20 -0.25 -0.20
NSE: SVR 0.32 0.24 0.29 0.30 0.27 0.25 0.24 0.27 0.33 0.28 0.28
NSE: MLPregressor 0.19 0.16 0.19 0.19 0.18 0.20 0.19 0.16 0.19 0.17 0.18
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Table 5. Results of monthly data analysis with 2 input parameters (CP, PE)

Model Fold1 Fold2 Fold3 Fold4 Fold5 Fold6é Fold7 Fold8 Fold9 Fold10 average
RMSE: Raw
Shepard (mm) 2822 2624 2732  26.06 33.19 3131 28.45 2852  33.73 23.99 28.70
RMSE: SVR (mm) 21.04 3042 2327 20.00 26.06 27.06 2543 33.85 30.02 19.92 25.71
RMSE:
MLPregressor (mm) 2229 2336  23.05 19.09 2488 26.10 2095 2820 28.24 19.25 23.54
CC: Raw Shepard 0.73 0.84 0.77 0.79 0.74 0.74 0.76 0.83 0.76 0.82 0.78
CC: SVR 0.76 0.67 0.76 0.78 0.71 0.73 0.66 0.70 0.73 0.80 0.73
CC: MLPregressor 0.73 0.83 0.77 0.79 0.74 0.74 0.76 0.82 0.76 0.82 0.78
NRMSE: Raw
Shepard 0.15 0.14 0.15 0.14 0.18 0.17 0.15 0.15 0.18 0.13 0.15
NRMSE: SVR 0.10 0.15 0.11 0.10 0.13 0.13 0.12 0.16 0.15 0.10 0.12
NRMSE:
MLPregressor 0.11 0.11 0.11 0.09 0.12 0.13 0.10 0.14 0.14 0.09 0.11
NSE: Raw Shepard 0.42 0.61 0.45 0.53 0.42 0.45 0.49 0.60 0.47 0.56 0.50
NSE: SVR 0.57 0.44 0.58 0.58 0.48 0.51 0.35 0.47 0.53 0.64 0.52
NSE:
MLPregressor 0.52 0.67 0.59 0.62 0.53 0.55 0.56 0.64 0.58 0.67 0.59
(CP, PE, NE) (559)5 yolyly ¥ L (50l ailyg) sbrosls koo gl & Jgur
Table 6. Results of daily data analysis with 3 input parameters (CP, PE, NE)
Model Fold1 Fold2 Fold3 Fold4 Fold5 Fold6 Fold7 Fold8 Fold9 Fold10 average
RMSE: ‘(‘[ﬂf:)s“epard 403 392 395 418 418 391 412 398 391 420  4.04
RMSE: SVR (mm) 3.30 3.44 3.20 3.35 3.56 3.30 3.33 3.13 3.17 3.31 3.31
RMSE: “melf)"eg"ess"" 302 306 28 298 300 28 304 281 28 295 294
CC: Raw Shepard 0.47 0.46 0.43 0.40 0.37 0.46 0.44 0.38 0.45 0.37 0.42
CC: SVR 0.57 0.50 0.53 0.57 0.49 0.53 0.55 0.54 0.57 0.53 0.54
CC: MLPregressor 0.65 0.62 0.64 0.68 0.64 0.66 0.64 0.64 0.66 0.64 0.65
NRMSE: Raw Shepard 0.06 0.05 0.05 0.06 0.06 0.05 0.06 0.06 0.05 0.06 0.06
NRMSE: SVR 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.05 0.06 0.06 0.06
NRMSE: MLPregressor  0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
NSE: Raw Shepard -0.14  -0.14 -0.17 -040 -042 -0.12 -0.19 -030 -0.16 -0.34 -0.24
NSE: SVR 0.31 0.21 0.26 0.31 0.16 0.26 0.29 0.25 0.30 0.25 0.26
NSE: MLPregressor 0.42 0.37 0.41 0.45 0.41 0.43 0.41 0.40 0.44 0.40 0.41
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Table 7. Results of monthly data analysis with 3 input parameters (CP, PE, NE)

Model Fold1 Fold2 Fold3 Fold4 Fold5 Fold6 Fold7 Fold8 Fold9 Fold10 average
RMSE: Raw 28.22 2624 2732  26.06 33.19 3131 2845 2852 33.73 23.99 28.70
Shepard (mm)

RMSE: SVR (mm) 21.66  32.07 21.72 19.87 2795 26.16 24.61 3476  32.57 19.52 26.09

RMSE: 2230 2343 23,12 19.06 25.18 26.25 36.09 28.58  28.26 19.29 25.16

MLPregressor (mm)
CC: Raw Shepard 0.73 0.84 0.77 0.79 0.74 0.74 0.76 0.83 0.76 0.82 0.78
CC: SVR 0.75 0.63 0.80 0.79 0.69 0.75 0.70 0.68 0.68 0.81 0.73
CC: MLPregressor 0.73 0.82 0.77 0.79 0.74 0.74 -0.94 0.81 0.76 0.82 0.60
NRMSE: Raw 0.15 0.14 0.15 0.14 0.18 0.17 0.15 0.15 0.18 0.13 0.15
Shepard
NRMSE: SVR 0.10 0.16 0.11 0.10 0.14 0.13 0.12 0.17 0.16 0.09 0.13
NRMSE:
0.11 0.11 0.11 0.09 0.12 0.13 0.17 0.14 0.14 0.09 0.12
MLPregressor
NSE: Raw Shepard 0.42 0.61 0.45 0.53 0.42 0.45 0.49 0.60 0.47 0.56 0.50
NSE: SVR 0.55 0.38 0.64 0.58 0.40 0.54 0.39 0.45 0.44 0.66 0.50
NSE: MLPregressor 0.52 0.67 0.59 0.62 0.52 0.54 -0.31 0.63 0.58 0.66 0.50
(CP, SA, LO, LA) (5359 eyl sl b ook l9; sbosls Juln gl A Jgor
Table 8. Results of daily data analysis with four input parameters (CP, SA, LO, LA)
Model Fold1 Fold2 Fold3 Fold4 Fold5 Fold6 Fold7 Fold8 Fold9 Fold10 average
RMSE: Raw Shepard (mm)  4.03 3.92 3.95 4.18 4.18 391 4.12 3.98 3.91 4.20 4.04
RMSE: SVR (mm) 3.88 3.77 3.66 3.96 3.84 3.74 3.86 3.57 3.72 3.77 3.78
RMSE: MLPregressor (mm) 3.46 3.35 3.32 3.58 3.52 3.26 343 3.29 3.30 3.44 3.39
CC: Raw Shepard 0.47 0.46 0.43 0.40 0.37 0.46 0.44 0.38 0.45 0.37 0.42
CC: SVR 0.49 0.48 0.44 0.42 0.40 0.50 0.47 0.40 0.47 0.40 0.45
CC: MLPregressor 0.49 0.50 0.46 0.46 0.43 0.53 0.50 0.43 0.50 0.44 0.47
NRMSE: Raw Shepard 0.06 0.05 0.05 0.06 0.06 0.05 0.06 0.06 0.05 0.06 0.06
NRMSE: SVR 0.07 0.07 0.06 0.07 0.07 0.07 0.07 0.06 0.07 0.07 0.07
NRMSE: MLPregressor 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06
NSE: Raw Shepard -0.14 -0.14 -0.17 -040 -042 -0.12 -0.19 -0.30 -0.16 -0.34 -0.24
NSE: SVR 0.05 0.04 0.03 0.03 0.03 0.04 0.04 0.03 0.04 0.02 0.04
NSE: MLPregressor 0.24 0.25 0.21 0.21 0.18 0.27 0.25 0.18 0.25 0.19 0.22
(CP, SA, LO, LA) (5335 yiolyly 5k b by ailalo sboools Julos gulis & Jgazr
Table 9. Results of monthly data analysis with four input parameters (CP, SA, LO, LA)

Model Fold1 Fold2 Fold3 Fold4 Fold5 Fold6 Fold7 Fold8 Fold9 Fold10 average
RMSE: Raw 2822 2624 2732 2606 33.19 3131 2845 2852 33.73 23.99 28.70
Shepard (mm)

RMSE: SVR (mm) 2090 21.80 21.53 17.67 2222 2416 1950 2644 2594 18.63 21.88

RMSE: 17.23 1838 1732 1566 17.67 1938 16.73 2145 47.84 16.89 20.86

MLPregressor (mm)
CC: Raw Shepard 0.73 0.84 0.77 0.79 0.74 0.74 0.76 0.83 0.76 0.82 0.78

CC: SVR 0.76 0.85 0.81 0.82 0.79 0.79 0.79 0.85 0.81 0.83 0.81

CC: MLPregressor  0.85 0.89 0.88 0.87 0.87 0.87 0.86 0.91 0.41 0.86 0.83
NRMSE: Raw 15 014 015 014 018 017 015 015 018 013 015

Shepard
NRMSE: SVR 0.10 0.11 0.10 0.09 0.11 0.12 0.09 0.13 0.13 0.09 0.11

NRMSE: 0.08 0.09 0.08 0.08 0.09 0.09 0.08 0.10 0.23 0.08 0.10
MLPregressor

NSE: Raw Shepard  0.42 0.61 0.45 0.53 0.42 0.45 0.49 0.60 0.47 0.56 0.50

NSE: SVR 0.58 0.71 0.64 0.67 0.62 0.61 0.62 0.68 0.65 0.69 0.65

NSE: 071 080 077 074 076 075 072 079 020 074 0.6
MLPregressor
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Table 10. Results of daily data analysis with 6 input parameters (CP, SA, LO, LA, PE, NE)

Model Fold1 Fold2 Fold3 Fold4 Fold5 Fold6 Fold7 Fold8 Fold9 Fold10 average
RMSE: Raw Shepard (mm)  4.03 3.92 3.95 4.18 4.18 391 4.12 3.98 3.91 4.20 4.04
RMSE: SVR (mm) 3.35 3.28 3.18 3.37 3.26 3.19 3.35 3.02 3.20 3.19 3.24
RMSE: MLPregressor (mm) 2.86 2.81 2.75 2.80 2.71 2.62 2.75 2.65 2.64 2.72 2.73
CC: Raw Shepard 0.47 0.46 0.43 0.40 0.37 0.46 0.44 0.38 0.45 0.37 0.42
CC: SVR 0.64 0.61 0.61 0.68 0.65 0.67 0.64 0.65 0.65 0.65 0.64
CC: MLPregressor 0.70 0.68 0.68 0.72 0.72 0.73 0.72 0.68 0.72 0.70 0.71
NRMSE: Raw Shepard 0.06 0.05 0.05 0.06 0.06 0.05 0.06 0.06 0.05 0.06 0.06
NRMSE: SVR 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.05 0.06 0.06 0.06
NRMSE: MLPregressor 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
NSE: Raw Shepard -0.14 -0.14 -0.17 -040 -042 -0.12 -0.19 -0.30 -0.16 -0.34 -0.24
NSE: SVR 0.29 0.28 0.27 0.30 0.30 0.30 0.28 0.30 0.29 0.30 0.29
NSE: MLPregressor 0.48 0.47 0.46 0.52 0.51 0.53 0.52 0.46 0.52 0.49 0.50
(CP, SA, LO, LA, PE, NE) 5599 yelyl # b (o,b ailale sbrosls Judoi zuls N Jguz
Table 11. Results of monthly data analysis with 6 input parameters (CP, SA, LO, LA, PE, NE)
Model Fold1 Fold2 Fold3 Fold4 FoldS Fold6 Fold7 Fold8 Fold9 Fold10 average
RMSE: Raw 2822 2624 2732 2606 33.19 3131 2845 2852 33.73 23.99 28.70
Shepard (mm)
RMSE: SVR mm) 21.02 21.86 21.61 17.74 2237 2428 1956 2642 26.01 18.62 21.95
RMSE: 1697 1860 17.17 1565 1773 4154 1623 2178 1871 1665  20.10
MLPregressor (mm)
CC: Raw Shepard 0.73 0.84 0.77 0.79 0.74 0.74 0.76 0.83 0.76 0.82 0.78
CC: SVR 0.76 0.85 0.81 0.82 0.79 0.78 0.79 0.85 0.81 0.83 0.81
CC: MLPregressor  0.85 0.89 0.88 0.87 0.87 0.48 0.87 0.90 0.91 0.87 0.84
NRMSE: Raw 45 014 015 o014 018 017 015 0I5 018 013 0.5
Shepard
NRMSE: SVR 0.10 0.11 0.10 0.09 0.11 0.12 0.09 0.13 0.13 0.09 0.11
NRMSE: 0.08 0.09 0.08 0.08 0.09 0.20 0.08 0.11 0.09 0.08 0.10
MLPregressor
NSE: Raw Shepard  0.42 0.61 0.45 0.53 0.42 0.45 0.49 0.60 0.47 0.56 0.50
NSE: SVR 0.58 0.71 0.64 0.67 0.62 0.61 0.61 0.68 0.64 0.69 0.64
NSE: 072 079 077 074 076 005 073 078 082 075 067
MLPregressor
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Table 12. Results of overall daily data analysis

Model 1 2 3 4 6
RMSE: Raw Shepard (mm) 4.04 4.04 4.04 4.04 4.04
RMSE: SVR (mm) 371 327 331 378 324
RMSE: MLPregressor (mm) 3.52 322 294 339 273
CC: Raw Shepard 042 039 042 042 042
CC: SVR 035 054 054 045 0.64
CC: MLPregressor 036 043 065 047 0.71
NRMSE: Raw Shepard 0.06 0.06 006 0.06 0.06
NRMSE: SVR 0.07 0.06 006 0.07 0.06
NRMSE: MLPregressor 0.06 0.06 005 0.06 0.05
NSE: Raw Shepard -0.24 -020 -024 -0.24 -0.24
NSE: SVR 0.07 028 026 0.04 029

NSE: MLPregressor 0.16 0.18 041 0.22 0.50

S5 b wilale glaools Judow g s NY Jgas
Table 13. Results of overall monthly data analysis

Model 1 2 3 4 6
RMSE: Raw Shepard (mm) 28.70 28.70 28.70 28.70 28.70
RMSE: SVR (mm) 2479 2571 26.09 21.88 21.95
RMSE: MLPregressor (mm) 25.86 23.54 25.16 20.86 20.10
CC: Raw Shepard 0.78 0.78 0.78 0.78 0.78
CC: SVR 0.75 0.73 073 081 0.81
CC: MLPregressor 0.69 0.78 0.60 0.83 0.84
NRMSE: Raw Shepard 0.15 0.15 0.15 0.15 0.15
NRMSE: SVR 0.12 0.12 0.13 0.11 0.11
NRMSE: MLPregressor 0.13 0.11 0.12 0.10 0.10
NSE: Raw Shepard 0.50 0.50 0.50 0.50 0.50
NSE: SVR 0.55 052 050 0.65 0.64
NSE: MLPregressor 0.51 059 0.50 0.66 0.67

RMSE Radar Chart

e RMSE: Raw Shepard(mm) ess=RMSE: SVR(mm)

e RMSE: MLPregressor(mm)

1
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Fig 2. Radar plot of RMSE criterion for daily precipitation data
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Fig 3. Radar plot of RMSE criterion for monthly precipitation data
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Atlantic, Iran plateau. . . . .
Rossby-wave frameworks, recent studies have emphasized non-stationarity and

Received: intermittency. Cloud cover, which is central to the surface radiation budget and the

02 June 2025 hydrological cycle, is particularly sensitive to such large-scale controls over complex terrain.
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Materials and Methods

Monthly cloud-cover data from 136 synoptic stations covering the period 1979-2023 were
quality controlled and normalized, with ERAS fields used to provide reanalysis context and
for compositing. We applied the ROCK-PCA pipeline:
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(i) Hilbert analytic embedding to encode phase and lag information in complex form; (ii) kernel PCA with
linear and Gaussian kernels to capture curved manifolds within a reproducing-kernel Hilbert space; and (iii)
Varimax and Promax rotations to achieve simple-structure loadings and enhance component interpretability.
Rotated component scores were correlated with the NAO, AO, PNA, EA/WR, SCAND, AMM, TNA, TSA,
DMI, EP-NP, and other indices using Spearman’s rho, evaluated on annual and seasonal timescales.
Statistical significance was assessed at o = 0.05 with consideration of false discoveries. To examine
dynamical consistency, we generated composites of geopotential height, winds, and humidity at 850, 700, and
500 hPa for key index phases and combinations (e.g., NAO+/EAWR+).

Result and Discussion

At the annual scale, the Tropical North Atlantic (TNA) emerges as the leading control on Iranian cloudiness,
exhibiting coherent negative correlations that peak near |r| = 0.49 across approximately sixty stations. EP-NP
ranks second (about 31 stations, |r] = 0.45), followed by EA/WR (around 20 stations, [r] = 0.46). At the
seasonal scale, the North Atlantic Oscillation (NAO) is dominant, showing broadly positive associations
(mean r = 0.33 across roughly 130 stations). The strongest spatial responses occur along the Zagros Mountains
and over the southern—central plateau, whereas southeastern Iran displays mixed signals consistent with
monsoonal influences. Composite diagnostics confirm physical plausibility: NAO+ and EA/WR+ phases
jointly restructure the subtropical jet and storm-track pathways, producing belt-like reductions in cloud cover
over Western and Central Europe and enhanced cloudiness over the Caucasus—Caspian corridor extending
into Iran. Vertically, regions of increased cloudiness coincide with 500-hPa divergence and positive vorticity
advection, 700-hPa moisture convergence, and 850-hPa surges in humidity.

Conclusion

Methodologically, ROCK-PCA integrates phase awareness, nonlinear manifold learning, and interpretable
rotation—three properties that are rarely achieved together—yielding components that are both
meteorologically coherent and operationally useful. Substantively, the analysis refines the teleconnection—
cloudiness nexus over Iran: the TNA provides a persistent annual-scale control, the NAO governs seasonal
modulation, and the EP-NP and EA/WR offer additional region-specific leverage through jet displacement
and storm-track rephasing. These findings support the targeted use of teleconnection-conditioned forecasts for
water-resource management, solar-energy planning, and climate-risk monitoring. Future efforts should
assimilate satellite-based cloud products, examine kernel and hyperparameter sensitivity, adopt causal
discovery approaches (e.g., PCMCI+), and embed ROCK-PCA outputs into S2S and machine-learning
forecasting systems.
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Index Number of stations Significance level Spearman correlation
TNA 60 60 -0.49
EP-NP 31 31 0.45
EAWR 20 20 0.46
AO 6 4 0.32
AMO 4 4 -0.50
MEI 4 4 0.50
PDO 4 4 0.47
SOI 3 3 0.45
AMM 2 2 0.39
TSA 1 1 0.50
ONI 1 1 0.33
NAO 0 0 0.00
PNA 0 0 0.00
QBO 0 0 0.00
SCAND 0 0 0.00
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seasonal mean cloudiness in the studied stations

Journal of Drought and Climate change Research (JDCR)
Winter 2025, Vol.3, Spatial Issue, pp 57-78



sY g Niga 90 SBlogi & ol STyl gl

Sea)s s pSaiz 3 e cnl sl 030 Coie 38
== A Y YY 5 V-V el o e fyguige alex
391 00l jelial ailate b (g0 l> ot peS ol Yb o
5 Je o Ll )0 (e VE N Lo o ol
4 ol 00l 890 oyl 0 jele blse slaslas,
L iiSeon 50 bl ailaie slaazls M5 )9-b
58 A8 STEP-NP ale> 5l ol,1 ugil3l sla sl
5 )il (lojlocizr oz OyaBlalse jo 5 ss
sy e 5 5o o, el St
Sl Ly S 5 o el o (sl jomail e
e 2L Sla s, ais Wogl (sol> )3 280
49 0’94 (storm-track regimes) ulbl jugil3l ldgs
2 el oS5535 Lol Sl b wilgi e ol

o ) g il sbrailels LS )3 sl e Gy

O Gl 5o sy Gl lal 6y |y Rl it
2 b JL8 Lol F o 5 5 b | TNA/AMM
g s o3 ipnd Cusb ) ) 18 5 (6 e S ulbo]
0k =) 5 oylcizr WS 2y il 4 azg b oS
Gl A0l IS e o) jauS” blas el jo gasl o
Sandler et al., 2024; Molteni et al., 2023; Strand et )

al., 2022; Vazques et al., 2023; Rivosecchi et al.,
2024; Cheng et al., 2024; Halifa et al., 2024 and

.(Shaw et al., 2024
Yl ol 31 (Composite) oS 5 o,y 4 dslol ;o
NAO, TNA, i 8,56 asls av alabs 5 Lasd
MO+ gVerdes mohaw o Lyl uSen, s EAWR
a3y st i SU rSle 5 JI 525
)‘.A_?).ul.? 5 6o 3)lge A Cewl odgl Ay p3Y 05l oo
a5 S s Jedod 3550 0al 00 pl e a4

o] 00 cﬁlﬁ

2 GV 90 Sl ad el glaloged ¥ SS o
Slez shile Jlogai cul ool ools lis STl adlge
sy b o g, ula leges .cwla, b, e, d oo
d g cosism 50 L LRPCI-6 5|, 4tk ¢ o Sy s
SloolSinl ;3 2ig ;90 b oy Slol3 Sloges
i ol 00l olei |y gt aslllas 0,90
RPC2 ;o Seonys 2572 53 bl sloasisn 590
g 0 azg b Ly 4SS 0t o cvnlin
35 Slact ollol S St o i 3
oS el gy dalllae 550 (loolSiy Cilises g
Gl 48§ | 5RPCL o (b SK5) (uSas g iy 50
SU ol ¥l :Sils Julos o a5 cod Jl> 45 o]
XY S eSileo b oSl VP ool il 1, yao
asiols lts Jad pulbl (asls b 1) Cote Sian
Ol Foml Jlodo bl lagi (a2l ogas 5
woyd yo Jad slal,> 9 NAO Lad ol Sl as a4
JO{ CRPCO RV F U < IS Y 2 PR PO T IS URICANE
ol # g o)l adlain o) SUpl o gl &
90955 30 28 50 lely (Sl i pal g e
AL L (O53) GeeslS (28 Sl 50 palST g pesl,
CIYA < IF e e IYA XY o Ay Sean EP-NP
ol alT Jlss —al)T gyms asla L1, < /FF 4 - /Y'Y
Adsls

3 Sglite (—55k ) 4 Ol o odes LYY
95 Or9S omalib Gb a5 58 o)lal )9lS B b0
Jg=ad 5o g Col ailhoe 4l 5 el pae LS
oz Sl 1 55 aibie 3 i asile Sl S
s el slagasls o Slagle; s logas wa

P AMO wlbe (DM asli 0s> g AMM Jio yulbol

OY-YA o AAEAS uLw.n) sMUo}is CPgm 0,90



Composite of Cloud Cover
EAWR POS | Dec | 1979-2023 | Level: mean_all_levels
s

[ 2 T
| )
50°N | ‘
a0°N 4
30°N
200N
10°N
e 2
20°W 0° 20°E 40°E 60°E
-0.04 -0.02 0.00 0.02 0.04

Cloud cover anomaly (fraction 0-1)

Region: -40.0°-75.0°E, 0.0°-60.0°N | Units: fraction (0-1) | Time: 1979-2023 | Projection: PlateCarree
(o

b)

Composite of Cloud Cover

50°N |

40°N

30°N

20°N

10°N

20°W 0° 20°E 40°E 60°E

-0.04 -0.02 0.00 0.02 0.04
Cloud cover anomaly (fraction 0-1)

Region: -40.0°-75.0°E, 0.0°-60.0°N | Units: fraction {0-1) | Time: 1979-2023 | Projection: PlateCarree
(s

Composite of Cloud Cover

NAO NEG & EAWR NEG | Feb | 1979-2023 | Level: mean_all_levels
= —py ¢
N

50°N
40°N
30°N

20°N

—-0.04 -0.02 0.00 0.02 0.04
Cloud cover anomaly (fraction 0-1)

Region: -40.0°-75.0°E, 0.0°-60.0°N | Units: fraction (0-1) | Time: 1979-2023 | Projection: PlateCarree

f

Journal of Drought and Climate change Research (JDCR)
Winter 2025, Vol.3, Spatial Issue, pp 57-78

S hein y3 Bl g atde odlaw -

Composite of Cloud Cover
EAWR POS | DJF | 1979-2023 | Level: mean_all_levels
s .

0
i
50°N
40°N e
30°N
20°N
10°N
20°W 0 20°E 40°E 60°E
-0.04 -0.02 0.00 0.02 0.04

Cloud cover anomaly (fraction 0-1)

Region: -40.0°-75.0°E, 0.0°-60.0°N | Units: fraction (0-1) | Time: 1979-2023 | Projection: PlateCarree

Composite of Cloud Cover
EAWR POS | Feb | 1979-2023 | Level: mean_all_levels
& —

50°N

40°N

30°N

20°N

10°N

Arabian Sea

20°W. 0° 20°E 40°E 60°E

-0.04 -0.02 0.00 0.02 0.04
Cloud cover anomaly (fraction 0-1)

Region: -40.0°-75.0°E, 0.0°-60.0°N | Units: fraction (0-1) | Time: 1979-2023 | Projection: PlateCarree

©)

Composite of Cloud Cover

NAO NEG

50°N ‘
40°N
30°N
20°N

10°N

20°W 0° 20°E 40°E 60°E

—-0.04 —-0.02 0.00 0.02 0.04
Cloud cover anomaly (fraction 0-1)

Region: -40.0°-75.0°E, 0.0°-60.0°N | Units: fraction (0-1) | Time: 1979-2023 | Projection: PlateCarree
(o
e)



#9 e Sem59d Sllwgs 4y lpl (STl Fuwly

Composite of Cloud Cover
NAO NEG & EAWR NEG | Jan | 1979-2023 | Level: mean_all_levels

50°N

30°N
8
20°N

10°N

-0.02 0.00 0.02
Cloud cover anomaly (fraction 0-1)

-0.08 -0.06 -0.04 0.08

Region: -40,0°-75.0°E, 0.0°-60.0°N | Units: fraction (0-1) | Time: 1979-2023 | Projection: PlateCarree

Composite of Cloud Cover
NAO NEG & TNA POS | Apr | 1979 2023 | Level mean_all_levels

{
20°E

40°E

T T T
—-0.02 0.00 0.02
Cloud cover anomaly (fraction 0-1)

-0.04

Region: -40.0°-75.0%, 0.0°-60.0°N | Units: fraction (0-1} | Time: 1979-2023 | Projection: PlateCarree
D

Composite of Cloud Cover
NAO NEG & TNA POS | Jan | 1979-2023 | Level: mean_all_levels

30°N

20°N

10°N

20°W 0° 60°E

-0.02 0.00 0.02
Cloud cover anomaly (fraction 0-1)

-0.06 -0.04 0.04

0.06

Region: -40.0°-75.0°E, 0.0°-60.0°N | Units: fraction (0-1) | Time: 1979-2023 | Projection: PlateCarree

(€
g

Composite of Cloud Cover
NAO POS & EAWR NEG | Jan | 1979-2023 | Level: mean_all_levels

40°N

30°N
20°N
10°N
20°W 0 20°E 40°E 60°E
-0.06 -0.04 -0.02 0.00 0.02 0.04 0.06

Cloud cover anomaly (fraction 0-1)

Reglon: -40.0°-75.0°E, 0.0*-60.0°N | Units: fraction (0-1) | Time: 1979-2023 | Projection: PlateCarree

(s
i)

JUBCily g8 Qoo Yo A il (S ol (uSileo ﬁNAO, TNA, EAWR BB 590 Pl caS 5 owy P JSCB
Fig 4. Investigation of the impact of the merged teleconnections of NAO, TNA, and EAWR on mean
cloudiness in three levels of 500,700, and 850hpa
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Materials and Methods

The study area comprised six maize fields within the Magsal Agro-Industrial Complex in Qazvin Province,
characterized by a semi-arid climate. The single-cross maize hybrid SC 704 was selected due to its
widespread cultivation in Iran and its known sensitivity to temperature stress during reproductive stages.
Field-level data on crop growth, soil characteristics, management practices, and daily weather variables were
collected. The AquaCrop model (developed by FAO) was used to simulate crop development, yield, and
biomass. Model calibration was performed using observed data for flowering and maturity dates, biomass
accumulation, and final yield.

To quantify thermal stress, two key indicators were calculated: (1) the seasonal average of maximum daily
temperature, and (2) the cumulative number of days with maximum temperature exceeding a defined
threshold based on the physiological limits. Regression analyses were conducted to relate these indicators to
observed yield and biomass, both at the full-season level and within four specific growth stages (vegetative,
flowering, grain filling, and maturity). Model performance was evaluated using statistical metrics including
RMSE (Root Mean Square Error), NRMSE, MBE (Mean Bias Error), R?, and adjusted R2. To further assess
uncertainty, the F-factor and R-factor indices were applied.

Result and Discussion

Calibration of the AquaCrop model demonstrated reliable performance in simulating maize development, with
RMSE values between 4.6 and 6.3 for flowering and maturity predictions. When regression models were
developed using seasonal indicators, average maximum temperature was found to be a strong predictor of
yield (R? = 0.79, RMSE = 0.84), while cumulative high-temperature days better explained biomass variation
(R2=10.67, RMSE = 0.72).

However, the stage-based models consistently outperformed seasonal models in accuracy. Yield prediction
models that incorporated maximum temperature and cumulative thermal stress during specific stages had R?
values of 0.90 and 0.88, with corresponding RMSE values of 0.57 and 0.68, respectively. Similarly, biomass
was best predicted using maximum temperature during critical stages (R? = 0.83, RMSE = 0.52). All
regression coefficients were negative, indicating that temperature was associated with reductions in both yield
and biomass. The flowering stage was identified as the most temperature-sensitive period, with high
temperatures disrupting pollen viability and grain set.

Simulated scenarios also showed that increased temperatures during sensitive stages could lead to a 13-25%
reduction in final yield. Uncertainty analysis using F-factor (0.1602) and R-factor (0.1944) demonstrated
strong agreement between the model outputs and observed data, affirming the robustness of the developed
regression models.

Conclusion

This study highlights the detrimental effects of temperature stress on maize productivity, particularly during
flowering and grain filling stages. It emphasizes the need for stage-specific modeling approaches rather than
seasonal averages, as stage-wise models provided more accurate predictions of yield and biomass. The
regression models developed in this research can be integrated into decision support systems for better climate
risk management and crop planning.

Given the observed yield losses under projected temperature scenarios, adaptive strategies such as adjusting
planting dates, selecting heat-tolerant hybrids, and modifying irrigation schedules should be prioritized. These
findings also underscore the importance of integrating crop modeling tools such as AquaCrop with climate
data to improve resilience and sustainability in maize production under future warming trends.
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Fig 1. Geographical location of Magsal agro-industrial farms.
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Table 2. Relationships used for equation development.
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Table 4. Statistical indicators used for the evaluation of the AquaCrop model.
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Introduction

Drought is a multivariate phenomenon whose effects are manifested in characteristics such
as duration, magnitude, and intensity. Analyzing drought using only one variable (e.g.,
precipitation) is insufficient because drought is influenced by various variables such as
precipitation, runoff, and soil moisture. Univariate or bivariate indices typically represent
only one type of drought (meteorological, hydrological, agricultural, or socio-economic).
Since different types of droughts may occur simultaneously, composite indices have been
proposed to simultaneously reflect multiple variables and the complex relationships among
them. One such method is the vine copula, which, by decomposing the problem into a
hierarchy of bivariate pair-copulas, enables precise modeling of multivariate dependencies
in high dimensions. The aim of this study is to develop a multivariate drought index based
on vine copulas that can model nonlinear correlations among four key drought variables
(precipitation, runoff, evapotranspiration, and soil moisture) across different time scales.
Additionally, the performance of this new index is compared with univariate and linear
composite indices, and its ability to identify historical and compound droughts is evaluated.
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Another objective of this research is to analyze the risk of concurrent meteorological, hydrological, and
agricultural droughts using a conditional vine copula approach and to provide practical management strategies
to mitigate drought impacts in vulnerable areas.

Materials and Methods

In this study, to analyze and assess drought over a 20-year period (2000-2020) in the Minab watershed, four
drought monitoring indices were used: SPI (Standardized Precipitation Index), SRI (Standardized Runoff
Index), SPEI (Standardized Precipitation Evapotranspiration Index), and SMDI (Soil Moisture Deficit Index).
Subsequently, based on the three indices SPI, SRI, and SMDI, which exhibited the highest mutual correlation,
an integrated drought index (IDI) was constructed using the vine copula method. This approach enables for
the independent selection of dependency functions for each pair of variables and is particularly effective in
modeling hydrological phenomena such as drought, which involves variables like precipitation, runoff, and
soil moisture. Vine copula preserves the complex relationships among variables while reducing computational
complexity, providing an efficient solution for analyzing high-dimensional problems. Finally, using drought
characteristics (intensity, duration, magnitude, and peak) derived from the integrated drought index (IDI), the
conditional return period was calculated.

Result and Discussion

The results showed that the Frank copula function with parameters 4.8 and 7.1 is the most suitable
dependency model for the SPI-SRI and SRI-SMDI pairs, respectively. This selection was made based on
Kendall’s tau values (0.441 and 0.567), indicating a moderate to strong dependency between the variables.
Among the four drought indices, the three indices SPI, SRI, and SMDI, which had the highest correlation,
were analyzed. The results indicate that in the C-vine structure, the SRI drought variable is positioned at the
root node of the first tree and connects with the two other drought variables, reflecting the strong dependency
of SRI with the other variables. Furthermore, given the correlation coefficient of 0.82 between the SPI and
SRI drought indices, the highest among the pairs, they were selected as the first suitable index pair and the
first edge for constructing the multivariate drought index using the vine copula method. The developed IDI
index demonstrated superior ability in identifying compound droughts compared to univariate indices. Return
period analysis showed that in the multivariate case, the M | SDP scenario at a probability of 0.99 reaches a
return period of 225337 years, indicating the rarity of high-magnitude drought events along with other
features. The examination of relationships among drought characteristics also revealed a strong correlation
(0.95) between drought intensity and duration. Additionally, drought persistence conditional on intensity,
magnitude, and peak (D | MSP) at the same 0.99 probability yielded a return period of 11,388 years, which is
lower than the first case but still considered extremely large.

Conclusion

This comprehensive study examined the characteristics of drought in the Minab watershed using advanced
statistical methods. The results showed that SRI acts as the central variable in the tree structure, with the
highest correlation observed between SPI and SRI. The analysis of drought characteristics revealed the
strongest correlation (0.95) between drought intensity and duration. Examination of conditional probability
functions indicated that at low drought magnitudes, the likelihood of short-term droughts increases.
Additionally, long-term droughts generally have moderate magnitudes and less frequently reach critical levels.
This study demonstrated that using composite methods such as vine copulas can provide a better
understanding of drought phenomena and their features. The findings suggest that multivariate drought
analysis can be a powerful tool for water resource management and drought risk assessment. The observed
differences in return periods and relationships among variables emphasize the importance of regional drought
analysis and caution against directly generalizing results to other areas. These results can serve as a solid
scientific basis for management decisions in confronting drought events.
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Table 5. Results of the C-Vine structure on drought indices
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Table 6. Descriptive statistics of drought characteristics obtained from the IDI index in the study basin
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Table 8. Values of univariate and quadrivariate drought return periods in the Minab watershed using
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1- Khajepour, Mohammad (2014), an article entitled “Alam al-Shab and how it is influenced in the Quran”.

2- Tarkhan, Qasim (2020), an article entitled “The role and effect of supernatural causes and factors in natural
disasters”.

3- Naderi, Mahmoud (2003): a book entitled “Philosophy of Natural Disasters and Sufferings and Ways of
Prevention from the Perspective of Verses and Traditions”.

4- Mirsemiei, Seyed Mohammad (2015): A book entitled “Events and Disasters in the Qur'an and Hadiths”.
Examining the results of each of the mentioned research studies indicates that their authors have partially
addressed the individual spiritual factors of drought. However, in the upcoming article, the author has focused
on specific social and spiritual factors of drought, which include enjoining good and forbidding evil, unjust
judgments, and neglecting the community

Materials and Methods

In this article, the methodology is descriptive-analytical alongside a library approach. First, extracting the
verses and traditions related to the subject, then using interpretations and other relevant sources, to explore the
implications of those verses and traditions on the socio-spiritual factors of the discussed drought will be
reviewed. The statistical population of the current research includes all the verses of the Holy Quran (6236
verses) and 121601 narrations from the hadith books (Kanz al-Amal, Ayun al-Akhbar, Al-Amali, Bihar al-
Anwar, Man Lay Hazra al-Faqih, Al-Kafi, and Maani al-Akhbar). The author has extracted verses related to
the subject from among 6236 verses. Subsequently, based on these verses, relevant narrations have been
selected from the pool of 121601 narrations to address the social and spiritual factors of drought.

Result and Discussion

The specific social factors of drought from the perspective of the Holy Quran and Hadiths are the factors that
people neglect and disregard (enjoining good, forbidding evil, and neglecting the community) and the
wrongful behavior of certain officials (unjust judgments by judges) serves as the grounds for divine
punishment (drought) in society. The factors mentioned in the Holy Quran and Hadiths indicate that drought
is essentially a form of worldly social affliction brought about by human actions. The most significant
outcome of this research is that the cause of the drought phenomenon is not solely natural factors; the
influence of spiritual factors is no less significant than natural and material factors. Given that some
individuals attribute, drought solely to natural causes, viewing it as an event disconnected from human
behavior and others, due to incomplete understanding of verses and traditions, apply it to the conduct of
specific groups, leading to suspicion and discord among different segments of society, it is recommended that
experts thoroughly analyze the potential ramifications of this phenomenon, devise management strategies and
seek solutions to mitigate its impact. They should draw relevant information from reputable texts,
publications, and theses that have addressed the issue of drought comprehensively and impartially, devoid of
any particular political agenda. Through meticulous planning and execution, this phenomenon can be
addressed to the best of human ability.

Conclusion

The findings of this study affirm that drought transcends mere natural phenomena, encompassing profound
socio-spiritual dimensions as elucidated in the Quran and Hadiths. Key factors such as neglecting enjoining
good and forbidding evil, unjust judgments by authorities, and societal indifference to communal
responsibilities precipitate divine retribution in the form of drought. This underscores the imperative for
collective moral reform to avert such calamities. Policymakers and religious scholars should integrate these
Quranic and narrational insights into drought management strategies, fostering awareness and ethical
governance to harmonize human actions with divine laws, thereby mitigating spiritual causes alongside
material interventions. Future research may explore practical implementations of these principles in
contemporary drought-prone regions.
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Table 2. Types of Drought (Jame* al-Ahadith Noor Software)
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Fig 1. Chart of the correspondence of drought types with the extracted Qur’anic verses and narrations on
the topic.
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Keywords: Introduction
Chma@ Change, Global (a6 change and global warming are recognized as among the most critical challenges of
g g g g g g
Warming, IPCC, NIPCC, . . N . .
Greenhouse Gasos the 21st century in scientific and academic circles. Climate change refers to long-term shifts
’ in Earth's weather patterns, primarily driven by human activities, posing a serious threat to
human life on the planet. Beyond rising temperatures, it encompasses intensified storms,
increased droughts, extreme precipitation, and rising sea levels. The term "climate change" is

Received: preferred over "global warming" for its broader scope, capturing all persistent alterations in
04 March 2025 the Earth's climate system. However, some experts argue that human settlements cover only
1-3% of Earth's surface (Babacian et al., 2019), questioning whether this alone can cause

Revised: such widespread changes, necessitating multifaceted analysis.
06 June 2025 International bodies like the Intergovernmental Panel on Climate Change (IPCC), established
in 1988 by the World Meteorological Organization (WMO) and the United Nations
Accepted: Environment Programme (UNEP), assess scientific, technical, economic, and social research

09 September 2025 on climate change. IPCC defines climate change as statistically significant variations in

climate averages or variability over decades, attributable to natural processes or human-
induced atmospheric and land-use changes (IPCC, 2007). Its reports assert that human
activities are undeniably the primary driver, with warming oceans, reduced ice/snow cover,
rising sea levels, and elevated greenhouse gases. IPCC warns that global emissions must
halve by 2030 to avert the worst crises. Conversely, critics view IPCC's approach as
politically biased, potentially limiting developing nations or promoting wind/solar
technologies at the expense of oil-producing countries.
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The Non-governmental International Panel on Climate Change (NIPCC), founded in 2003 and supported by
the Heartland Institute, challenges IPCC's consensus by emphasizing natural factors. It cites historical
evidence of higher CO2 levels pre-human era with cooler temperatures and greater methane impacts (Singer,
2008). Debates intensify over CO2 vs. methane roles, politicized by implications for oil-rich vs. industrialized
nations. NIPCC references "Climategate" data manipulation claims, later debunked as non-systematic (Nature,
2010; IPCC, 2014). This article analyzes these perspectives, stressing the need for rigorous scrutiny to avoid
unexamined policies with unintended consequences.

Materials and Methods

This report examines the formation, methodologies, and differences between IPCC and NIPCC through
comparative analysis. IPCC relies on climate models like CMIP5/CMIP6, using RCPs and SSPs scenarios to
simulate global/regional temperature, precipitation, sea levels, and other indices (IPCC, 2014, 2021). NIPCC
prioritizes critical literature reviews, historical data, and case studies, critiquing IPCC models' uncertainties
and advocating natural cycles (e.g., solar/oceanic) (Singer, 2008; Idso et al., 2014).

IPCC structure includes three Working Groups (scientific basis, impacts/adaptation/vulnerability, mitigation)
and a Task Force on greenhouse gas inventories, with 195 member countries and offices in Geneva. Over 37
years, it has produced six Assessment Reports (AR1-AR6, 1990-2023), plus Special Reports (e.g., SR1.5 on
1.5°C warming, SRCCL on climate/land, SROCC on oceans/cryosphere). NIPCC, an independent scientist
panel, focuses on unbiased data interpretation without political agendas, contrasting IPCC's governmental ties.
Review involved synthesizing IPCC reports (FAR 1990 to AR6 2023), protocols (Kyoto, Paris), critiques
(e.g., SEPP 1992; Maddoy 1991), and NIPCC publications, with tabular summaries (Tables 1-2) for key
findings.

Results and Discussion

IPCC reports progressively affirm human dominance: AR1 (1990) linked observations to greenhouse models,
enabling the Rio Convention; AR2 (1996) detected human fingerprints, birthing Kyoto Protocol (5%
emissions cut 2008-2012); AR3 (2001) tied changes to fossil fuels/land use; AR4 (2007) deemed warming
"very likely" human-induced; AR5 (2014) outlined RCP scenarios (2.6-8.5 W/m? forcing, linear-then-
weakening temperature response), underpinning Paris Agreement (limit warming to <2°C, ideally 1.5°C);
ARG6 (2023) projects 1.8-4°C rise by 2100, amplifying hydrological shifts (e.g., +30% irrigation needs at 2°C).
Special Reports reinforce urgency: SR1.5 (2018) on societal transformations; SRCCL (2019) on land-food-
security fluxes; SROCC (2022) on ocean/ice risks.

NIPCC counters with natural forcings, historical CO2-temperature mismatches, methane potency, and model
flaws. Tables 1-2 summarize reports, highlighting IPCC's policy influence (e.g., Paris commitments) vs.
NIPCC's skepticism.

IPCC's model-driven approach enables quantitative policy but faces NIPCC critiques on uncertainties and
political biases (e.g., Climategate). Debates politicize gas roles (CO2 for oil nations, methane for industry),
yet evidence confirms ongoing changes—disputed mainly on origins and extents. IPCC successes include
global treaties, but implementations falter (e.g., U.S. Kyoto withdrawal, Paris funding gaps). NIPCC fosters
doubt, promoting natural factors, but lacks IPCC's scale/consensus.

Conclusion

No climate hypothesis should be accepted unscrutinized; deep research is essential. While changes are
evident, human vs. natural contributions remain contested. Hasty policies risk negative outcomes. Balanced
analysis of IPCC/NIPCC perspectives urges evidence-based strategies for sustainable adaptation over
alarmism.
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Fig 1. The annual CO: emissions based on the projected four scenarios of the fifth assessment report
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2100 (IPCC, 2014)
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e provide solutions to policy makers and planners to reduce the

damage.
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e impacts assessment of aviation industry on climate change and
climate change
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e use of technological solutions and environmental policies to reduce
the negative effects of aviation industry
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e the need for global warming and continual efforts to develop
sustainable and clean technologies to reduce the effects of aviation
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e various simulations of greenhouse gas emission paths and their
impact on temperature, precipitation, and other climatic
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e serious and negative impacts of climate change on the ground if
greenhouse gas emissions continue
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e review the various challenges and issues related to the transition in
the field of combating climate change
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e analysis of technological and methodological issues in the
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e reduction of greenhouse gases and coping with climate change in forestry
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land management
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¢ review of carbon dioxide capture and storage technologies
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e the importance of carbon dioxide absorption and storage for
industries and sectors that greatly use fossil fuels, in reducing
greenhouse gases and helping to cope with climate change
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e review the relationship between ozone layer and climate change and
measures to protect this layer mod8l Slea i 5 095l Y 5 cbla>
O35l 4 & 03)ls lacnl 5 waldl s slaossay Gl by ST @ 2005 Safeguarding the ozone layer and
e emphasis on interactions between climate change phenomena and the global climate system
damage to ozone layer
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e positive effects of ozone depletion in reducing climate change
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2011 Renewable energy sources and
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e use of renewable energy as a fundamental solution to reduce
greenhouse gas emissions and reduce dependence on fossil fuels

climate change mitigation
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e review the risks and risks associated with climate and natural
disasters such as floods, hurricanes, droughts and wildfires, and
how to manage these risks
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o identify strategies to reduce the damages caused by climate
phenomena and strengthen the capability to better adapt to climate

change including strengthening of resistant infrastructure,
strengthening forecasting systems and developing local capacities.

2012
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Managing the risks of extreme
events and disasters to advance

climate change adaptation
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e coping with climate change, sustainable development and poverty
alleviation
038395 (S5 9 Canseo 9030 1 ool i (5,135,055 @ 2018
¢ the impact of climate change on people, nature and everyday life
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e it is possible to limit heating to 1.5 © degrees Celsius
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Global warming of 1.5°C
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e review of climate change, desertification, land degradation,

sustainable land management, food security and greenhouse gas
flow in terrestrial ecosystems
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e highlighting multiple interactions between climate change and land

2019
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Climate change and land
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e Check out the current and future changes of the ocean and ice sphere
6 5k Sleladl 5 canglin (iul38l Sy Co poe sl Sal, () p @ 2019

e reviewing risk management strategies, enhancing resistance and
adaptation measures
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The ocean and cryosphere in a
changing climate
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7 Why Scientists Disagree About Global Warming:
The NIPCC Report on Scientific Consensus

8 Climate Change Reconsidered I1: Fossil Fuels

? Global Climate Models (GCMs)
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Summary of results Year of publication Title
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o lack of much impact of co Yon earth temperature
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o the role of natural factors, such as solar changes and ocean processes in
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e more influence of solar radiation on climate change to greenhouse gas Nature, not human
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o lack of scientific consensus of IPCC reports

cre IPCCS iz o1 5 Glazr Ghaleys 5 005 aemSTlss Glali¥l e L3 (092 yeS @
03,5

Less than the relationship between increased carbon dioxide and global
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the important role of increasing the temperature and concentration of
carbon dioxide in the atmosphere by raising the amount of agricultural
produce to prevent environmental degradation
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e estimating excessive warming in the IPCC climate models 2013
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aquatic organisms

Sl ol S S0 jegS e ol @
e reduce mortality from global warming
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change
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