Downloaded from geographical-space.ahar.iau.ir at 23:10 IRST on Monday December 22nd 2025

Qe (5 0 loud (py g Comnns 0590 & bdas yol axly oMl of5T ol Kitils
YY) Ol AF+F il il i glab ke

'3l ol Agao o
Toly glej Al oo

PETEI P pE ERVER

o)l.Qg Q¥IpS L"MG‘“" u».u‘_g‘):WRF J..\.o o,SJ.A.: L53l9~})|
(Olxiy 9 Jws sl s Ll 1550 andliag)
VENY/AANO 1y VEY N il b

0 S

- e

0% e O Sl AU gla ol Al 53 age B 5a slos gl adke 5 elie Ol Sla s
53 Bl gles azelu A 5 V8 (g5le and 53 WRF Jie 3 Shee bl allis (pl Gida ls (55,538 jis
e gy 2o skS T SSE L Slalllas adlie 55 (g% 50 los o osls .ol Ol 5 Jon)) sla Ol
acle EA 5 V¢ omdjuwéumsw..m@u@UL@J_UAM;LSL@Q\M@;)QW,;WRF
Gl o3ls b sl Sliwl 55 Kt s ol VY 5 Olo s Ol 3 Sty yrms o&asl A 61, ¥ UTC sl s
YE il les gls (3le and Oliwd 53 pn (gl sl Ol s Al aslis b oKl 5 Slalie Blas
adeie 05p Jla S 5 S0 lale i a ol anils aele (A (Gile il 4 Cond (g i S35 aela
MAE U, gle axls Slaie 4 a5 b b= ol b sl V0 a3 Jie &35 Ol b o sl
Je oIS s /A 5 V/E XYY CS 5w Jossl Ol 5o wele YE (g5l 4 gl S R 5 MBE RMSE

Sl o g g Jasol Olil 53 Ol & 35 o ha o B slos (5l 4 I WRF

°.)L€'.' uﬂ)ﬁ.} d‘-’\M}Li 4WRF (JJ.A cJ}‘J}- le,o.) LS‘)L\A 4.:.“2 cL}.:.LA‘)I ‘5:««\) :Lﬁ 03‘3 &A*ls

L) Olgioal Olgiual o8ty ¢ Jas (525 20l 5 WSl kr p sk adSils (ands gL gz 0 8 -
Hojatyazdanpanah@capilanou.Ca(J s sduw 5) 13LIS doadS it 5 e Jlady 55555 5 olKils «olazrl psle 0aSiils (s gLl i 05 8 Y

Ol 38 e 055 e olils (g3, 5LaS eaSiiils o G g oy S Y


https://geographical-space.ahar.iau.ir/article-1-4120-en.html

Downloaded from geographical-space.ahar.iau.ir at 23:10 IRST on Monday December 22nd 2025

VFe¥ Lol Qe o losds poxdy 9 St 0590 ¢ 2 Ll y2> gLad code aolilald Y

VRV
O (ol e 53 (oo o b wlidlsn bl 81 el ge v gy oS ol (gl 0 ble g5 8 ok (LD
s okl b wdo b s S e cel op b glaslas, ol (Singh et al., 2019) T o 35> 5 0Ll SIlss
Van ) L o b mbe 5 WSo (o35liS Gls el (L Gl gt e Olatle 4 ol
S lal 53 oS dna Gyt B ak3s dor o505 L e oB S B bl pa ol blss (Westen, 2000
Lol Oldse (g5 &l bls Ol s (Chaudhary et al., 2021) L5 o sbwl polde Ole B pulide S S
Jelse & Jpame & Dl O3 3515 el (35LES SIS @ g sl ol Odel 3515 55 ey
e 53 Ol 53 olS oS w6l Al e 5 Ol ol Ol Sde el S gles Pl e il
530S sl oy sl el sls L s (Papagiannaki etal., 2014) s> (Ko 3,5 o 513 b slales
Al a5 5 el ey o Sla Ol 4l cpl s ol andls ol Sl 53 s e Sla ey 5 Ol
L 3 dpame W5 Gl p e LAg ol Oliuse (Cebulj et al,, 2022) 55s o e DL 5 Slas
35 L OV same 5 YIVAEE A 60 e s bl ply ais s (Dzebre et al., 2021) ol Juzes bl
Statistics, Information and Communication ) <ol sl A &5 Ol 3 Oliwsl 55 50 5 00LTYY 5 Lus,l Ol
NV gz 4 1y (6303 ol &S ol age Julge 31 S35l J= ol L Lol (Technology Center, 2023
YV o Sl pame o5 558 TV (Sl 5 WAV Ul 3 oS 5k & &S e 3,05 bl al 5355LS
N game 5 5l YAMVA 50 Olis Ol 5 5 by ool VOi e 5550 a0 fus sl olied DBL 51 S Sl e
Agricultural Mechanization ) i &l lrs by 3obke 14T 5550 0 SLL 51 LS Slpe €177 mhass
oy 31 S «susliS OV e W5 Ol 53 Sajbe e Ceal 4 a5 L (Development Center, 2019
Sabziparvar and Khoshhal ) col @S sl o i ((Soile,w 51 ol b wslis s gl
D a3 i ol s Oty s 5 (S5 28 Wlg e ol a5 «KT s« (Jahromi, 2018
S iy 3 e Jule AT iy (Chamberlain et al., 2019) 505 ks Coanl olasllisy oo i
XS o el LS SESTs LU 35 53 1 e SR b GO 6l (6558 S o 3 el LS
S s 0l O Wile (b glaslist; lasein Osel o Sledbl o bl oo i (Zhou et al., 2018)
Merz et al., ) Coils ax 5 50 g i 515 Cunks pde @ b adl ey e Wl et gla ol
Wlgt o Sl 3 Shas b BT iyt sy WL il o (Sl s e Julse 51 S (2020
S Sk 3l ks la V;U;U\ 0St (Tuzyak, 2021) das €l 1y w50 a0 5 sbezel JG (mmm Dol
ol 0 4 S IS 4 wlidles laane w e &lp Osew S, s RFANFIS ANN GP aile opile
¢«(Jorenoosh and Sepaskhah, 2018) ¢«(Omidvar and Nabavi zadeh, 2015) «(lldoromi et al., 2013)
Ovando ) ¢«(Zeng et al., 2021) (Tahir et al., 2021) (Skok et al., 2021) <(Amirabadyzadeh et al., 2018)
S Jie cpl dham 5l el o i gl i, S0 5l o e 03 G S g3 sl Je (etal., 2022
51018 o WRF lis Ole s3ds Jde SaS a0 .ol WRF Jbe (sl a8 5 51 3 a5 3590 Sles 0335 0l

slo by o3V gla aedbl a5 ) oyso 3 5 S Gha 1) lidlon slast; 685 51 LS 5y, L U ol wy


https://geographical-space.ahar.iau.ir/article-1-4120-en.html

Downloaded from geographical-space.ahar.iau.ir at 23:10 IRST on Monday December 22nd 2025

Yo e u‘Mw&&'ﬁ WRF J.\cé)S.Lo.:@Ll}ﬂ

(o (53,0 5 adsl Ll s Cundad oo sy oS Sl w5 L anl (Maddah and Parhizkar, 2021) s s
i 3 Sas Je 53 st sl sl Jute kil bl i pm s e il sl el (S5 sladl
Jhe oUls aseis sl Jte gla oLyl s e o ((Liuetal, 2021) 5,8 o Jte s> sla
@b sl iass elol es s (Dzebreetal., 2021) coul ()5 ,0 ore gls o3l W55 45 ol o
RMSE s> 0l Nasr Esfahani et al. (2018) Guis 53 Jls Olge @ (Conl 4,5 Cojg an) opl 5o
S 3 hee WRF it 5l oslizal b sy ol 5 0l ad s 53 (555 55 glos wisle YE (g5l et 3l OLES
5 Casby ey weli SA 5T YE Y Gla o 5o Zhang etal. (2019) .5 ls wele (A (53l e 0 o
d 53l bl a8 W05 S Uil e 8 Jled 53 Y10 sulis 5 455 55 WRF Jus sl oo
,3 Naveena et al. (2021) .ol oo il58l oo i Ole 20058l b o Gy slallast o) b 3550 it
WRF Jus b s 585 51 3 ol VY 1) s G ogir 5o Y)Y 4 YE-TY =L S T 25 s
Ol oo e a3 glalise sls osls b i sla i i 3l alis SLis W oylel slie .3 S i i
53 Pl gles 5 Stas glos (3L sla (g3le 4 oU3,1 L Politi et al. (2021) .5, wel VY 5 A (Y8
bz sla ols st 4 WRF Jis &5 Loy amgS ol & Y0 8=Y4As 653 sl WRF Jus abwsy OUg
WRF Jus Ul 55 ) anllas »» Bhimala et al. (2021) .ol o3 S A 550 1, 550 5 Pl Sl
OF Lsls jaseis (bl la s oo 15 im0y 103 OIS 53 (5% 53 slos 5 ik 3lw 4 sl
i Maddah et al. (2021) .65 5 oLl o 1 e ddS J2ls s <l sls ool 581 s Je LUl e
2 L3S s WRF Jlo s gy a5 S wiln s ad s 3 15 7014 oyl T 33 e il sl
Nooni et al. 5,05 555 o sSae Stwsly ol oo i SE0L Sldds 5 o i Ol Sde cpw sls OLES
Ol 3 Uy 31 G55 s slie (K 20l Cdn ($3le and s WRF e Sl 55 3 55 (2022)
05,5 Wb b b S 68 awys 4 WRF Jue sls 0L S Lsls S5 s e [ YeY
53555 sl SBT 5 T as = gl WRF e 25 o35, 0 B e o 2o Tedlaetal. (2022) .o
Y 5o, YUY Ol e gl (3L s S Comen 3l 0L s Lol s S py o ) VoY sl U
SSTAA G & 55 e 53 slos 5 OLL B 3oL (il 4 53 WRF Jus 5 Shes Lin et al. (2023) .o
vy Al Gl wsls L WRF Je 25 5 gle asls aslis L 1) s oMb gy, » Y*IA
Castorina et al. .ol acils oy 5, Shas ke 313 0L s OF Godos s s S L3l ol sla sl
e oo WRE Joe oo 1) Ul Opm 53 Y034 0l 1Y) G0l 2 V-shaped 0L b sla=, (2023)
sl s ol Gl Lels 585 b s i 6l e Ol WRF Jue s asiie ol 55 45 K3 505
o303 'C)wi;,ﬂd;)l{ 03550 B ) o i 53 WRF Jie 5 Sles Ghassabi et al. (2023) .l oy b 5 s
! adlaie Jde 45 8 S a5 03 S s 455 Y0 5 TASYTN lass, b 1 Olal s Osmile sl 5w
2513 CFS 5 GFS o 3 ples sla s &y S 57200 5 Shos 0lpl 53 Ol 51 A6 0 e iy 53 WRF

asls ¢ 5V d:uﬁ&ﬁswaRF Jde aels $A oo s 515 QLG RMSE luie (piomans


https://geographical-space.ahar.iau.ir/article-1-4120-en.html

Downloaded from geographical-space.ahar.iau.ir at 23:10 IRST on Monday December 22nd 2025

VEVF bl Qe oylods pamiy 3 G 093 o oy bidl pir sl sole aslibiad ¥

Joe alons @ Loz aelu $A 5 T8 (ola (G3lo 4 Coms 5 033 Olie bl cbls 53 JRass ol 53 ol
el O3 5 sl la Ol s o)l Ol sl s s sl 0 WRF

ey 9 39

Slas ailate

S Jled 2,2 ¥AT LY BTV o Ol S led 55wy e shS WAYE) dabee nes U o)l Ol
ol e Bl Ol s Jled s g S Ol il 1 B0 Jsb £A7 00T B EVE WY Ll e
om&x.;@;ﬁ&gs\pjmbyt,;gﬂ@QJJJ;ML;\&L?,%@W;&;@)U\QM
Sis b 5 PS5 b calae Sl 5o 1on glos mis AEL o g BB Bl Slo s gl 5 o
Do Slelisyl 5 op 208 Ol cdis 5 o)l Glagy 053 55 Wly Sy (5 Of b sl
) -(Management and Planning Organization of Ardabil Province, 2023 .il o ol Gble o 55
oo V0 s YV B 5 Yo% L 0iS O Jled adke s o AekS YV Cany L Ol Ol
O syl oSole 350 L1 mgn S 5Ll cia 51 3,5 dsb Yo' 5 847 Y 5 V7l bl Jles
A iy 5 sl adlate 3 e Yoe Ll L Obal s el (5 ey Sl e 51 2o V00 51 iy
by ail bl sls 13 Oliiale Ol gt Slelin) 51 Olackw o5 (sla 058 3 2 Yo plisl L O
T e S e S e il sad G Ul o L Bl g a0l sy 4 edSl
s 89 Gllas adn 5 Ol S s esede s = Y Gl wlS o Olied SUL les Sl s L ias
o= > (Management and Planning Organization of Zanjan Province, 2023) ol o35 ol 53 e s
Sy g ol g oKl A BBl gles sla eols 5l azsla £A 5 Y Gl (g5l and U3l S skie 4 aslllas
5558 bzl Oloslu 5l ol glaesls S = fus ) Ol 53 Kty s ol gn oKausl VY 5 Olowiy Ol 3
Sl o] 5 andlas 3550 adlaie oLl ar Cuxdge o) 5 ) IS S eslid — s S 051 (IRIMO)

°
N 2
¢ N
£ A z| I s A r
24 2 L o -~
c =l % y r
8 2] . | |
-
°
= =
° o
o1 ©J
3
Firuzabad (Ardgb :2 7
o
£
- 3]
£ ;'.‘;5 2
” o
®Zanja o
bad 8
=Z maﬁ rramdareh =z 4
S °
o H
Legend - Legend it
12 16 S : SO
Z| « Stations . cimaiDogroes | S | study area
2] I 1 a & < 0051 2 3 4
& [ Ardebil and Zanjan provinces province I il Degroes
46°0'0"E AT°0'0"E 48°0'0"E 49°0'0"E 50°0'0"E 44°0°0"E 48°0'0"E  51°0°0"E  54°0°0"E  57°0'0"E  60°0'0"E  63°0'0"E
(b) (&) (a) (<h


https://geographical-space.ahar.iau.ir/article-1-4120-en.html

Downloaded from geographical-space.ahar.iau.ir at 23:10 IRST on Monday December 22nd 2025

39°0'0"N

38°0'0"N

Legend
Hight
— 114-518
1518 -1,031
11,031 -1,432
1,432 -1,732
1,732 - 2,055
B 2,055 - 2,540
- 2,540 - 4,788 0/0.2 04 0.8 1.2 1.6 )

37°00"N

36°0'0"N

P

Decimal | Degree:
NE WE S0°E &0°E : ] Ardebil and Zanjan provirices
2 ; l ;
(d) (CJ) © 46°0'0"E 47°0'0"E 48°0'0"E 49°0'0"E 50°0'0"E
(©) (&)

il et 25,0 sl 4 b 0T Sty g sl ol 5 Ol 5 Jo )l sl Ol (gLl jhor Copnd go (0 5 1Y S
s s (& (DEPS://Qirs.ir) e sy a4 Jusyl 5 Obwi) sla Ol gl o585 dus (& LS o3liel WRF Jote
WRF Jus sl
Fig. 1: a and b) Location of Ardabil and Zanjan provinces and their synoptic stations used to assess
simulation of WRF model. c) Ardabil and Zanjan provinces digital elevation model in meters

(https://girs.ir). d) Computational grids of WRF model.
L oals
Gl 8 ol i pulde 3 T3m 5 ST (63 S s SO (WRF) [ a5 G 5 e il
Shals olie 5s ebialga slas 538 51 aws auls (Jde sl sds b g5 sl o e s Sl
(NCAR/UCAR) il o ls 15 e 5kS Oly15a B e la oo
g Plas sles arelu $A 5 VE gls (g3le and 5 WRF Joe LS SUsol iess cida addles cpl s
5 oo b ol Jusol Slal o3 &l B 8 K s b sk ol e ol o)le e s Ol e e
Yo oSl Hsb a4 5o Ol Olisl 53 5 (Akbary and Mozaffari, 2019) (Sobhani et al., 2017) cigos )l
s (MirMousavi and Hosseinbabai, 2011) ool o5lg oy 53 Oldsty aadls Oloy Cuigus )l Yo U sy 3
EA 5 YE) 0305 Y ) ol e el Ol g i 53 e ol Jole JBlus slos 4ol 4 a5 L 5
YN LosT VTG asle YA 5550 csles 5l €503 555 Y8 6l s WRF-ARW Jue b (6 e 55 slos (azeles
e 6l Slls als A a3 S L ) (Spin-up) e Ol gl ol el 1Y L el Y UTC sl
S (@) K)ol (oY) sy 4 an 3l ISKie WRF (gode Jue aliws 4 5% ¥ sles (5L
1ol 3 O Slasie
Sy B Yeu) 5 Il am 5 Ym0 sl 5 Sl e S VY il S5 gl s S5 4Kl
aSh s e Jols 1 200 AKM XYYAEKM Al los o8 ol alal VIV YY 40 ) B slas das e


https://geographical-space.ahar.iau.ir/article-1-4120-en.html

Downloaded from geographical-space.ahar.iau.ir at 23:10 IRST on Monday December 22nd 2025

VFe¥ Lol Qe o losds poxdy 9 St 0590 ¢ 2 Ll y2> gLad code aolilald <

gy 1y B ammn YA=00 5 Il amm s YU-EY esgdome 5 Gl ekS 4 881 KS& lyls e st
S 3,5 3 1 VMK XAVAE KMyl le 4 ool o PPV AT i pl BLE sld s o
Sy ) (B ams 1800 5 Mk a3 YO-Er esgdoee 5 Conl meslS Y B S8 gl S S
A S el VKM x02KM .y Al OF Cols oS ol ahall VIVIOAY 6t o) BLE s e e
Slale laesls 5 S5, 5 adsl Jaul i ol (oS ) 55um) a3l T s es ,0lS 5 (6ol 5enl (slaesls
Soosls o S e 5laz s o8 B SSE L5 aele ¥ oglaesl 5o GFS @ psuse sl S plad (g3l Jubs
(Azadi etal., 2012) Ol ;5 s b5 G218 mobe onde gl (o554l A3 4 S (NCEI) las
Nasr Esfahani et al. (Zakeri et al., 2014) (Ghafarian and Barakati, 2013) «(Zoljoodi et al., 2013)

() b elisel G ol 55 WRF dute sl KEMYD (50 Sy (o3 slaels b 51(2018)

WRF Juae L: L;}L‘ Jae S [ ul;v.‘.’.t‘ u—i".)::é ‘_;LA er C}b =\ J_,b
Table 1- Selected physical schemes for modeling by WRF

S b
Jde S5 KFMYJ
physical scheme
S b o,
2528 9 S o)log Lin et al. scheme
Microphysic

L zae dgb b el b
longwave radiation

b sS oo dsb b ol b
shortwave radiation

b &Y ol b

surface-layer

RRTM scheme

Goddard Shortwave scheme

Eta Similarity scheme

) g o b Noah
land-surface model

Slosbw 850 Y o)lsz b
Planet boundary-layer

Mellor Yamada

- a ‘
o e jc’b Kain-Fritsch
cumulus convection
Pl 160s
time step
W6 sl 5 sl -
Number of vertical levels
5l $ cavard
[ dSIRCE PLANT T L USGS

Land cover classification



https://geographical-space.ahar.iau.ir/article-1-4120-en.html

Downloaded from geographical-space.ahar.iau.ir at 23:10 IRST on Monday December 22nd 2025

Yo u‘Mw&&'ﬁ WRF J.\cé)S.Lo.:@Ll}ﬂ

dbe 25!

Sledd sdalie gla osls L azeles $A 5 Y8 (g3l and Blas (slos (gl oals 3olas Olse 5 335 Lol (sl 5
SLOT L blas glalis sl UWRF Jue dewp ot ob i polie acslis gl 5 SuSy Jls e
s2>Ls (RMSE) Sl e oKke glas [ sdome (MAE) s ks 065 o Sle aibe bl gls jals
(8 6 gbadslee) di eslizal (R) Sieeor <o 5 5 (MBE) o)l Sl

1 n
MAE=EXZ|0t—Ft| ()
t=1
RMSE = Xi=a (0 — F)? (¥
n
n n (‘ﬂ
1
MBE = —(ZFt_ZOt>
n t=1 t=1

R =

t21[(0r = 0,) x (Fe = F]
2 (¢

(100 = 02 X B (P, - )

plie ke Op.onl Laosls 3las Ny ol ol i oolie By 5 odd U ois 3lis Op (45 sls aslas o
el 0l (Gl 4 pslie Sl Fr s Slislise

o gl
Jwﬁjfkguosbl{(w\}ﬁ.&.u)eMoMméuo:\:»qbéﬁgf&xﬁM%rb
33 e s AYA 5 AYY s St oy e Juosl bl 3l Ssllas (Jites o) WRF
Shalis sle osls by oV (Saan §same 534S S OF sdas OLa el $A 5 Y8 b (g5le and
35 A 53 Sheen o Olge 13155 5 WRF Jue sl (g3le 4 sla o303 5 Js,l Ol (sla ol
ol palie Oy Oll 53 Lol ajls 55y (Stad pslie oo S Ol 5 Cl VU 5 S (5l a
e 5w asle A 58 gl (gl and 5 e 3l edel cns gls e3ls 5 lalie Blas gl Siaes
313 5 gms oS  Stesend (3l and 53 8 5 S he gla it &S el 0T SOLES a8 sl /7Y 5 +/YAN
oS Sl 53 a3 bl Sasly das e 0l (05 WY ) sl Ol (sl (SAST s s
Blas (glos (gls o3ls ite 53 3L (Kaaly SSlo b ool 66503 513 &g S5 Lo slial 3 L35 bl 5 ool
23 s beslsaly Sasl, (@5 oY IK8) by Oliwl gl (S8, slased Js ol ob i 5 Slalis

.Juh:v,aQLiJL;jb%ij;ﬁ)zbjg;ﬂj;dbubwww4>.=:23


https://geographical-space.ahar.iau.ir/article-1-4120-en.html

Downloaded from geographical-space.ahar.iau.ir at 23:10 IRST on Monday December 22nd 2025

VFe¥ Lol Qe o losds poxdy 9 St 0590 ¢ 2 Ll y2> gLad code aolilald A

e Ol 53 1pa Jiliz sles azslu b gled et Ol 3 1y Bl (gles axslu Vi (g3luad
48-hour minimum air temperature simulation in Ardabil Province 24-hour minimum air temperature simulation in Ardabil Province

20

15
o)

z 10

= 5

0

.
. .
0 5 10 15 20 25 0 5 10 15 20 2.
Observations (°C) Observations (°C)
(b) (&) (a) (<
Ol 0l 33 g2 Jille sles el A (g3l and Ol Dl 53 1pa il sles sl ¥E (g3lu
48-hour minimum air temperature simulation in Zanjan Province 24-hour minimum air temperature simulation in Zanjan Province
25
. .
2 . °
20
15

o 015
2 g
= 7
g 10 g

£ 10

2 5

0 0

T
0 5 10 15 20 0 5 10 135 20
Observations (°C) Observations (°C)
(d) (&) (©) (&)

Solw ad ‘_;|J.3 WRF Juae suis d“l o s esls Jg‘ﬁ 35 ol sdalin J5|-\> slos s esls ‘_;xSl,; ‘SuJ‘J"-ﬁs:Y JS.J
b Ol (& 9 @) ¢ sl Dbl (5 AN s wslu A 5 YE la

Figure 2: Scatter plots of observed minimum temperature data versus hindcast data of WRF model for
24 and 48 hour simulations in (a, b) Ardabil Province; (c,d) Zanjan Province
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Oll (gl azel SA 5 V8 la (3le ad 55 3550 i ool Olges 558 o odin £ S 53 S 55k Oles

el 03 95 e a3 VIV Y7V S 5 a0 Oy Dbl 3 5 s a3 VIV 5 VB OS5 4 s
aolie 53 Al et sdaline Blas (sles (gl o3ls (gl Oljue asls gl RMSE s MAE (sls 2L
Sy 0l 5wl b Olial s wsle SA 5 VE gl o i 53 WRF Jue 51 eel s gla e3ls L
ot 53 Jde 3 Ol 53 p3 oS cl O 51 S (8 K8) 5580 gls i lie .l a8 415 ealizl
RMSE 5 MAE (sls axli 45 (g o 4 ol 0350 ateles $A (g3lo e 3l mi wxeler YE PBlu> slos (g3l
VIV s 5w ool Ol gl 5 g 453 0/ 5 8/ i 5 0 Ol Ol (gl el VE (g5l a5
G Ol Ol gl atelu A (il and o3 S de gla asls pslis &S J- s ol o3 p Vs
s lar olie IS b 4 il sdevy gk a3 ¥ 5 V8 & sl Okl gl 5 s N 8/0
Vi la 3l and 53 Jie 63,50 2 i Dlis 55 5 Jide s 5 le eals 5 Slaslie gla eals oy  Sien
ol bl ls gl ol s Blas gles 335 ile amd 5 e i 3 Shes 31 OLaS sl A

el axils fus )l Olead gl Blas sles (5l and 53 (6 g 5 Shee WRF Je ¢ U551 sls amens 5lia


https://geographical-space.ahar.iau.ir/article-1-4120-en.html

Downloaded from geographical-space.ahar.iau.ir at 23:10 IRST on Monday December 22nd 2025

N oleasy S g sl WRF Joo o Slos b 35!

0 [CELLREF] [CELLREF]
6
5.5
5
CELLRE
__ 45 [CELLRE :
s
v 4 ]
" = ELLREF
3 ‘2 3.2 ELLREF] [CELLREF] [CELLREF]
g o
o g - [CELLRE [CELLRE
L ELLRER ELLREF]
15 ]
1
0.5
0
24-hour simulation 48-hour simulation 24-hour simulation 48-hour simulation
(Zanjan Province) (Zanjan Province) (Ardabil Province) (Ardabil Province)

(B3 Okl ol Y8 oU3,0 (Ol Oll) aelu SA b5, (sl Oll) asle Y6 b5, (sl Slinl) wole £A b5l

Evaluations L L},

B MAE ®RMSE m MBE

Bloss 5 Jussl sl Ol gla ol JS 53 WRF Jute gla (3le amnd ol 5 oslitel 5,90 sla Lasls palie 8 K3

Figure 4:L The values of indices used in evaluating of WRF model simulations in all stations of Ardabil
and Zanjan provinces

5Vl Sl and s e b)) la et ls Sl el oy puslie oUlax w3 sle 42K 3l
4 S L5 (6 1S (glast a8 fus ) Ol bl gn sla oK) slans 5 (0 SK8) ol 5 pgdie 50 azeles EA
o855 el coped g S (S sl oK) el YE (gl and sl il Ol Ol
33 Y/0 3l S RMSE 5 a5 Y 51 28 MAE oo/ (VU Sawan LT o0l 5 0liials codolist (ol
o 4 Y10 (Vb & Wast sl ope 5 5 sl st Oy ollis b« Jaassl o853 o oSl 53 5 Al
b oSl sdulitst 5 Olasi s o855 5 (el i g e (0 B Sl o] sl £A (55l i 55
wele Y (g5le ad & Cond andl &5 ol 433 Y/0 5 Y 5l xS 55 4 W 0T RMSE s MAE & stizes
LT3 oyl o8558 Sl aly gla ol 3 5 S0 Gla sl oman 350 o ol | (5 58 sl

Als by a3 Y70 51 i slas ldde oyde 5 s slT s (Ol


https://geographical-space.ahar.iau.ir/article-1-4120-en.html

Downloaded from geographical-space.ahar.iau.ir at 23:10 IRST on Monday December 22nd 2025

VFe¥ Lol Qe o losds poxdy 9 St 0590 ¢ 2 Ll y2> gLad code aolilald

\Y

37°0'0"N 38°0'0"N 39°0'0"N

36°0'0"N

37°0°0"N 38°0'0"N 39°0'0"N

36°0"0"N

Legend
r-48
© [0.58 -0.65
@ [0.65-0.7
o 0.7-0.75
© [0.75-0.8
@® 0.8-0.85
® 0.85-09 I — o ecimal Degroes
46°0'0"E 47°0'0"E 48°0'0"E 49°0'0"E 50°0'0"E
(a2) (v
@ N
Legend
MAE-48
© 1.12-2.0
© [20-25
2.5-3.0 .
@® 3.0-35
O 3.5-4.0
® >4 '!Pgél:‘ - 1:7)ecimalnegrees
46°0'0"E 47°0'0"E 48°0'0"E 49°0'0"E 50°0'0"E

(b2) (Yo)

37°0'0"N 38°0'0"N 39°0'0"N

36°0"0"N

37°0"0"N 38°0'0"N 39°0'0"N

36°0'0"N

¥ N N
J
L

Legend . Y
r-24 (%
© 0.44-0.5
O 0.5-0.6 J
O 06-0.7
@® 0.7-08

0 0.2 04 0.8 13 16
@ 08-09 —_— M .cimal Degrees
46°0'0"E 47°0'0"E 48°00"E 49°0'0"E 50°0'0"E

(a1) (<

@ N
Legend
MAE-24
O 095-20
© 120-25 L]
O 25-3.0
@® 30-35
® >35 , ‘ 1;‘:)mma|uegrees
46°0'0"E 47°0'0"E 48°0'0"E 49°0'0"E 50°0'0"E



https://geographical-space.ahar.iau.ir/article-1-4120-en.html

Downloaded from geographical-space.ahar.iau.ir at 23:10 IRST on Monday December 22nd 2025

Y oleasy S g sl WRF Joo o Slos b 35!
@ N
E; Legend ; Legend
RMSE-48 RMSE-24
® 1.27-20 © [1.09-2.0
£l © 20-25 £l 0 2-25
2| © 25-3.0 gl © 25-3.0
@ 3.0-35 ® 30-35
0 0204 0.8 16 0 0204 08 16
O >3.5 | Decimal Degrees [ ] > 3.5 o™, : | Decimal Degrees
46°0'0"E 47°0'0"E 48°0'0"E 49“()"0"E 50°0'0"E 46°0°0"E 47°0'0"E 48°0'0"E 49"0"0“E 50°0"0"E
(c2) (Y;’a) (c1) (\,’,)
N @ N
A 3 A
z z
g g ®
°$ eg ‘i o
N
z z f 3
g 3 r
£ [Legend Z | Legend
& | MBE-48 % | MBE-24 "
© [4.62--3.0 O 4.6--3.0 (%
© 3.0-15 ® [3.0--15
Z| 0 1.5-0.0 Z]l o0 -.5-0.0
2| @ [0.0-15 2| © 0.0-15 @
o [1.5-3.0 ® 1.5-3.0
0 02/ 04 0.8 1.6 0 02 04 0.8 1.2 16
® >0.3 Fﬁ-l_ Y Decimal Degrees (] >3.0 ™ 1 Decimal Degrees
46°0'0"E 47°0'0"E 48"0I‘0"E 49"0"0"E 50°0'0"E 46°0'0"E 47°0'0"E 48‘0"0"5 49"0l'0“E 50°0'0"E
(d2) (vo) (d1) (V&)

(YO HWRF s sl §A 5 Y6 sla (5lo amd (5l 3 0dd dmbone o Sasls Ll ae 5 sla 42 10 JS3

MBE (Y& (RMSE (Yo o tMAE (Y & <R

Figure 5: Geographical distribution maps of the indices calculated in evaluation of 24 and 48 hour
simulations of the WRF model: al,2) R; b1,2) MAE; c1,2) RMSE; d1,2) MBE.

Pl 4 a4 by oS o O ol ool cle VL Sldlas adaie 55 WRF Jie glast Ol e JS 55k w0

s of gsdaze sla ald 5 La oS oS dzen Slea S ol Okl 35 0bs 5 Jussl sl Obial 5 ol a2l

o EAVY G L OB 055 A 5 O3 Ol by Sy e YO0 il L il 8 B o) 438 515

)J w‘ &:M‘ GJ;WJEL}.J.& ‘_;.b\.wa“)ﬁ b&f— CL@)‘ Ja.ﬂ,& ‘J'l‘zfj CM-.'\ J.;.»b)‘ QLLA‘MJJS.L.LZ

s a ool 5 ool Callas adly Ll 5 LWRF Jue 31 S 5 o5 sl o3l Céjfgglot,«);‘xfwugb

Ml ol Sbedss Glaedls L e s 2 (g% 93 les sla osls s es b ol 035 iy a5 Je s


https://geographical-space.ahar.iau.ir/article-1-4120-en.html

Downloaded from geographical-space.ahar.iau.ir at 23:10 IRST on Monday December 22nd 2025

VFe¥ Lol Qe o losds poxdy 9 St 0590 ¢ 2 Ll y2> gLad code aolilald \¥

(Duan et al., 2018) (Zhang et al., 2013) ..l ol T Gble jo Joe &35 s 53 5 305 (g5b)
e o 9 b o5l ad 6l s WRE Jue s Sl Ll 5 ol 545 L Ll (Suarez-Molina et al., 2021)
5 S S s Bl 3 olil g3 sl ea g Ol Oliul I g Jeasl Obeal 53 osle oy s Ol
3 dde ol gls eols aglie o b5l Slue aSCul a5 L s s plie Cunsy oLl 5l 5e
Soslize Ol g3 3 addate (Bl 5 315 5 5 Bl 5l s olKasl oS1 5 a3 g Ledone ol _alKiy (gla 03l
O3 Ol (pl o sdle ol o o slite Olisl 53 (5l WRF Jute 51 sl s s 13 (e 0 5 o
P R P T U VB I = PG PR PG U G
e 5 Gl 0liS (pnd aaS (Slod (Sl Gl (ol 03 o 2058 Sl eosdome )3 0 & Olal ol 5o 08
AS o axlge et L

S S domi

s o sl 4 WRF Jie (6 2o 95 glos azsls $A 5 YE gls (o3l a5 Slas oLl 4 dlis ool s
Lot Sledel s (g 20 53 glos Blam olie dd atlsy Josyl 5 0l sl Okl 5 o)l Oltss
Ol Olial 55 ol A 5 Loyl Olial 5y Ky g wliilgn ool VY Slialin Blas sl sla ool
o Josyl Okl 53 oS wele YE (5le 4l MBE 5 RMSE MAE L)l sbe e ls slie s anslis
ol dd s o OLES od g pwgends a3 Y/ 5 0/8 /Y LS 5w Oy Olul 3 5 VE S Y YN LS S
S Sl Slas o SYL SEs Gl Ol s e s azele EA (Gl 4l 4 S (g 3 gles el YE
Sl Sl Ol Ol 53 3 5 Jeas) Okl L3 wela A 5 YE Gla (3le and 3 ([Siees g o p3lia
G o b g3l and gl WRF Jus s Shes [ S gla Lasls pslie ol 5 om0 SuG L
e end (Stan O3 Ol 53 sl 0350 Olawis Oliad 51 2 Lol Ol 53 05l s 23 Ol i
33 by o5l a3 WRF Jus 5 Shas B ods ol Ut (VL islas Shalie sla osls 5 Jde sla osls
Sslize 53 b 1 el ol e Ol 5> cpl wlie Lt 318 5 5 Jald sy b oS il 3 L6 s
a5l St Sl Sl by Okl O3 e 58 5 ol 5 1S g Bld Sl b elagl Cundpe 03
!y 5 Bhimalaetal. (2021) G .codls Gaow cpl 53 e 3550 Oloj 53 O3 oidy 35 0 5 53 b
aidaie plos 53 WRF e 313 L2 jole Gaos aiile w5 I8y 103 OMS 3 (g0 ¥ (sles (sla enls (g3l and
ad gl Politietal. (2021) fass s odd asls ot slie pimman ol SLSG 3 See Slllas
ol 03 Jensl Ol (gl edel ety =W LL,s 55 WRF Jite dhwe s Ol L3 4lis, Blas slabes 550
b O alie S5 Olpe g5l 4t Oloy e (I3 L AS Gale agn cal 53 a0l Cplie Gois
3,05 Sls5ea Nasr Esfahani et al. (2018) 5 Tedla et al. (2022) = llzs o Loasl cpl oS 558 0 %S
LWRF Jis b 0T )y 03 el Sosline a0l = L Naveena et al. (2021) tay3 sls sl Ll
Gy YOV e LS T 855 Ol L i 03 eeede 455 +/08 MAE 5 V/88 RMSE i

¥V s & JiLL sl Maddah et al. (2021) Lol azils ol Guiss 4 Cand ($ i 5 Ses Ls G,


https://geographical-space.ahar.iau.ir/article-1-4120-en.html

Downloaded from geographical-space.ahar.iau.ir at 23:10 IRST on Monday December 22nd 2025

o e u‘Mw&&'ﬁ WRF J.\cé)S.Lo.:@Ll}ﬂ

VoY U VA oo i Ol Sde 5 L5 S oo i WRF Jue s |) a2 S il ab > 50 Y04 ke
L anl )l 5 Lol jaskis (S (b G R Sl Ol Se o e 1 sl g 85 51 18 el
o 235 Ol 53 a3 (il gles (il a5 Jde glallast Olsee 4 a5 Lol OLES oS G ol
Gets ol sl asl L 5o Ghassabi et al. (2023)  iass, Bl gemed il iy aele TE gl
53 s Sl O gele w0 bg e gla 300 o i 53 WRF Jite 5 Shes U551 L e OT 15 5,160 Sl sean
Rl s ol esls BLI L 65 G35 s wele EA 2 53 RMSE 0lje 45 43 S a0
95 slos la osls 035 0555 VU S 5b 4 andl ol atils (g naS (gl Ol el YE (g5l ad o
ol odzms 5 Sea S 51 S cansy 3l 20 L1, S he gla olad 53 WRF e 51 edel s (6 20
(Gomez-Navarro et al., 2015; Suarez-Molinaetal.,, sl jass kb oS 4 ol &S Sl bls

5)ls Sl san 2021; Zhang et al., 2013; Duan et al., 2018)
0l 0k s Jessl gls Okl L3 wele $A 5 Y8 Blos gles g3le and 53 WRF Jie bl Guis )
A s Je o8l ole b Ollsn o g el 0L eole e e Olsy Bl o Ay sk
Ol g e Gl il b s 2Ll 5 oz 5o 0nl 5l s Sl G5osliS OV e 4 ol

3,05 e bl b S G Sl SR e B85 S 53 e S ol s e


https://geographical-space.ahar.iau.ir/article-1-4120-en.html

Downloaded from geographical-space.ahar.iau.ir at 23:10 IRST on Monday December 22nd 2025

VFe¥ Lol Qe o losds poxdy 9 St 0590 ¢ 2 Ll y2> gLad code aolilald \F

References

- Agricultural Mechanization Development Center. (2019). Frost and hail damage reduction plan using
new mechanization technologies. Ministry of Agriculture-Jahad, Agricultural Mechanization
Development Center: 10 p. Available at http://www.agmdc.ir (visited 22 December 2020).

-Akbary, M., & Mozaffari, S. (2019). Determining the Calendar of Frost on the basis of Probability of
Occurrence (Case Study: Ardabil Province). Journal of Environmental Science and Technology,
21(7), 137-148. Doi: 10.22034/jest.2020.26525.3554. [In Persian].

- Amirabadyzadeh, M., Nazeri Tahroudi, M., & Zeynali, M. (2018). Evaluation of the Accuracy of
Artificial Intelligence and Regression Models in Simulation the Daily Temperature. Journal of
Meteorology and Atmospheric Science, 1(1), 65-76. [In Persian].

-Azadi M., Taghizadeh E., & Memarian MH. (2012). Verification of WRF precipitation forecast over
IRAN country during NOV.2008-JUN.2009. Iran-Water Resources Research, 8(2): 48-59. [In
Persian].

-Bhimala, K. R., Gouda, K. C., & Himesh, S. (2021). Evaluating the spatial distribution of WRF-
simulated rainfall, 2-m air temperature, and 2-m relative humidity over the urban region of
Bangalore, India. Pure and Applied Geophysics, 178(3), 1105-1120. https://doi.org/10.1007/s00024-
021-02676-4.

-Castorina, G., Semprebello, A., Insinga, V., Italiano, F., Caccamo, M. T., Magazu, S., Morichetti,
M., & Rizza, U. (2023). Performance of the WRF Model for the Forecasting of the VV-Shaped Storm
Recorded on 11-12 November 2019 in the Eastern Sicily. Atmosphere, 14(2), 390.
https://doi.org/10.3390/atmos14020390.

-Cebulj, A., Mikuli¢-Petkovsek, M., Veberi¢, R., & Jakopic, J. (2022). Effect of spring frost damage
on apple fruit (Malus domestica Borkh.) inner quality at harvest. Agriculture, 12(1), 14.
https://doi.org/10.3390/agriculture12010014.

—-Chamberlain, C. J., Cook, B. I., Garcia de Cortazar-Atauri, I., & Wolkovich, E. M. (2019).
Rethinking false spring risk. Global Change Biology, 25(7), 2209-2220. Doi:10.1111/gch.14642.

-Chaudhary, M. T., & Piracha, A. (2021). Natural disasters—origins, impacts, management.
Encyclopedia, 1(4), 1101-1131. https://doi.org/10.3390/encyclopedial040084.

-DuanH,, LiY., Zhang T., PU Z., ZHAO C., & LIU Y. (2018). Evaluation of the forecast accuracy of
near-surface temperature and wind in northwest China based on the WRF model. Journal of
Meteorological Research, 32: 469-490. http://dx.doi.org.10.1007.s13351-018-7115-9.

Dynamics of Atmospheres and Oceans, 103, 101386.
https://doi.org/10.1016/j.dynatmoce.2023.101386.

—-Dzebre, D. E., Ampofo, J., & Adaramola, M. S. (2021). An assessment of high-resolution wind
speeds downscaled with the Weather Research and Forecasting Model for coastal areas in
Ghana. Heliyon, 7(8). https://doi.org/10.1016/j.heliyon.2021.e07768.

-Ghafarian P., & Barekati SM. (2013). Verification of the weather research and forecasting model
(WRF) for the heavy precipitation forecasting in the Karun basin. A case study (8-9 February 2006).
Journal of Climate Research, 4(15): 129-149. [In Persian].

-Ghassabi, Z., Karami, S., Vazifeh, A., & Habibi, M. (2023). Investigating the unprecedented summer
2022 penetration of the Indian monsoon to Iran and evaluation of global and regional model
forecasts.

-Gobmez-Navarro, J. J., Raible, C. C., & Dierer, S. (2015). Sensitivity of the WRF model to PBL
parametrisations and nesting techniques: evaluation of wind storms over complex
terrain. Geoscientific Model Development, 8(10), 3349-3363. Do0i:10.5194/gmd-8-3349-2015.

—Ildoromi, A. R., Zareabyaneh, H., & Bayatvarkeshy, M. (2013). Rainfall Estimation with Artificial
Neural Network Based on Non-Rainfall Weather Data in Shiraz, Mashhad and Kerman Regions.
Geography and Planning, 17(43), 21-40. [In Persian].

-Jorenoosh, M. H., & Sepaskhah, A. R. (2018). Prediction of frost occurrence by estimating daily
minimum temperature in semi-arid areas in Iran. Iran Agricultural Research, 37(1), 19-32. Doi:
10.22099/iar.2018.4689.

-Lin, Q., Chen, J,, Ou, T., Lai, H. W., Prein, A. F., & Chen, D. (2023). Performance of the WRF
Model at the Convection- Permitting Scale in Simulating Snowfall and Lake- Effect Snow Over the


https://geographical-space.ahar.iau.ir/article-1-4120-en.html

Downloaded from geographical-space.ahar.iau.ir at 23:10 IRST on Monday December 22nd 2025

W, oleasy S g sl WRF Joo o Slos b 35!

Tibetan Plateau. Journal of Geophysical Research: Atmospheres, 128(16), e€2022JD038433.
https://doi.org/10.1029/2022JD038433.

-Liu, J., Zhang, H., Li, H.,, & Mamtimin, A. (2021). Improving Forecast Accuracy with an Auto
Machine Learning Post-Correction Technique in Northern Xinjiang. Applied Sciences, 11(17), 7931.
https://doi.org/10.3390/app11177931.

—-Maddah, M. A., & Parhizkar, F. (2021). A review of the WRF-ARW numerical model's performance
as a tool for precipitation simulations over Iran. Water and Irrigation Management, 11(3), 561-573.
Doi: 10.22059/jwim.2021.327499.904. [In Persian].

-Maddah, M. A., Akhoond-Ali, A. M., Ahmadi, F., Ghafarian, P., & Rusin, I. N. (2021).
Forecastability of a heavy precipitation event at different lead-times using WRF model: the case
study in Karkheh River basin. Acta Geophysica, 69, 1979-1995. https://doi.org/10.1007/s11600-021-
00669-4.

-Management and Planning Organization of Ardabil Province. 2023. Statistical Year book of Ardabil
Province-2021. First edition. Tehran: Plan and Budjet Organization of the Country.

-Management and Planning Organization of Zanjan Province. 2023. Statistical Year book of Zanjan
Province-2021. Zanjan: Management and Planning Organization of Zanjan Province.

-Merz, B., Kuhlicke, C., Kunz, M., Pittore, M., Babeyko, A., Bresch, D. N., ... & Wurpts, A. (2020).
Impact forecasting to support emergency management of natural hazards. Reviews of
Geophysics, 58(4), e€2020RG000704. https://doi.org/10.1029/2020RG000704.

—-MirMousavi, S., & Hosseinbabai, M. (2011). Study of frost tempo_spatial probability distribution in
Zanjan province. Geography and Environmental Planning, 22(3), 167-184. [In Persian].

—Nasr Esfahani M., Yazdanpanah H., & Nasr Esfahani MA. (2018). Evaluation of WRF model for
temperature forecast and frosting occurrence in Zayandeh Rud Basin. Physical Geography Research
Quarterly, 51(1): 163-182. https://dx .doi.org.10.22059.JPHGR.2019.262062.1007258. [In Persian].

-Naveena, N., Satyanarayana, G. C., Raju, A. D., Umakanth, N., Srinivas, D., Rao, K. S., & Suman,
M. (2021). Prediction of Heatwave 2013 over Andhra Pradesh and Telangana, India using WRF
Model. Asian Journal of Atmospheric Environment, 15(3), 33-44. doi:
https://doi.org/10.5572/ajae.2020.117.

-Nooni, I. K., Tan, G., Hongming, Y., Saidou Chaibou, A. A., Habtemicheal, B. A., Gnitou, G. T., &
Lim Kam Sian, K. T. (2022). Assessing the performance of WRF Model in simulating heavy
precipitation events over East Africa using satellite-based precipitation product. Remote
Sensing, 14(9), 1964. https://doi.org/10.3390/rs14091964.

—-Omidvar, K., & nabavi zadeh, M. (2015). Daily Precipitation Forcasting Using Artifical Neural
Networks in the Province of Kerman, A Case Studies for Stations of Kerman, Baft, Miandeh Jiroft..
Journal of Geography and Regional Development, 12(2), -. Doi:
10.22067/geography.v12i23.26991

-Ovando, G., Sayago, S., & Bocco, M. (2022). Development Of machine learning models for air
temperature estimation using MODIS data. AgriScientia, 39(1), 15-28. DOl:
10.31047/1668.298x.v39.n1.33225.

-Papagiannaki, K., Lagouvardos, K., Kotroni, V., & Papagiannakis, G. (2014). Agricultural losses
related to frost events: Use of the 850 hPa level temperature as an explanatory variable of the
damage cost. Natural Hazards and Earth System Sciences, 14(9), 2375-2386. Doi:10.5194/nhess-
14-2375-2014.

-Politi, N., Vlachogiannis, D., Sfetsos, A., & Nastos, P. T. (2021). High-resolution dynamical
downscaling of ERA-Interim temperature and precipitation using WRF model for Greece. Climate
Dynamics, 57(3-4), 799-825. https://doi.org/10.1007/s00382-021-05741-9.

—Sabziparvar, A. A., & Khoshhal Jahromi, F. (2018). Comparison of Multi-Layer Perceptron artificial
neural network and Linacre regression model performance for predicting daily minimum temperature
(Case study: Kerman, Shiraz, Rasht and Hamedan). Iranian Journal of Geophysics, 12(3), 107-121.
[In Persian].

-Singh, D., Pandey, D., & Mina., U. (2019) Earthquake-a natural disaster, prediction, mitigation, laws
and government policies, impact on biogeochemistry of Earth crust, role of remote sensing and GIS
in management in India-an overview. J Geosci 7(2):88-96. DOI:10.12691/jgg-7-2-5.


https://geographical-space.ahar.iau.ir/article-1-4120-en.html

Downloaded from geographical-space.ahar.iau.ir at 23:10 IRST on Monday December 22nd 2025

VFe¥ Lol Qe o losds poxdy 9 St 0590 ¢ 2 Ll y2> gLad code aolilald A

-Skok, G., Hoxha, D., & Zaplotnik, Z. (2021). Forecasting the Daily Maximal and Minimal
Temperatures from Radiosonde Measurements Using Neural Networks. Applied Sciences, 11(22),
10852. https://doi.org/10.3390/appl112210852.

-Sobhani, B., Ganji, M., & Goldoust, A. (2017). Determination and Investigation about Beginning
and End Dates of Early and Late Freezes and Possibility of its Continuity, Intensity and Succession
in Ardabil Province. Physical Geography Research Quarterly, 49(1), 39-53.
https://doi.org/10.22059/JPHGR.2017.61578. [In Persian].

- Statistics, Information and Communication Technology Center of Ministry of Agriculture-Jahad.
(2023). Amarnameh Keshavarzi 2022- 3: Horticultural and greenhouse products. Ministry of
Agriculture-Jahad, Deputy of Economic Planning, Statistics, Information and Communication
Technology Center, Tehran: 400 p. Available at https://www.maj.ir (visited 24 December 2023).

-Suarez-Molina, D., Fernandez-Gonzalez, S., Montero, G., Oliver, A., & Gonzalez, J. C. S. (2021).
Sensitivity analysis of the WRF model: Assessment of performance in high resolution simulations in
complex  terrain in  the Canary Islands. Atmospheric ~ Research, 247,  105157.
https://doi.org/10.1016/j.atmosres.2020.105157.

-Tahir, A., Ashraf, M., Akhter, M., Uddin, Z., & Sarim, M. (2021). New Regression models for
Estimation daily temperature of Karachi and its Neural Network analysis. Global NEST
Journal, 23(4), 519-525. https://doi.org/10.30955/gnj.003953.

-Tedla, H. Z.,, Taye, E. F., Walker, D. W., & Haile, A. T. (2022). Evaluation of WRF model rainfall
forecast using citizen science in a data-scarce urban catchment: Addis Ababa, Ethiopia. Journal of
Hydrology: Regional Studies, 44, 101273. https://doi.org/10.1016/j.ejrh.2022.101273.

-Tuzyak, Y. (2021). Comparative analysis of global and national systems for observing, monitoring
and forecasting natural disasters and hazards with a view to reducing risk. Technology audit and
production reserves, 6(2), 62. DOI: 10.15587/2706-5448.2021.245825.

-Van Westen, C. J. (2000). Remote sensing for natural disaster management. International archives
of photogrammetry and remote sensing, 33(B7/4; PART 7), 1609-1617.

—Zakeri Z., Azadi M., & Sahraeiyan F. (2014). Verification of WRF forecasts for precipitation over
Iran in the period Feb-May 2009. Nivar, 38(87-86): 3-10. [In Persian].

-Zeng, L., Hu, Y., Wang, R., Zhang, X., Peng, G., Huang, Z., Zhou, G., Xiang, D., Meng, R., Wu, W.,
& Hu, S. (2021). 8-Day and daily maximum and minimum air temperature estimation via machine
learning method on a climate zone to global scale. Remote Sensing, 13(12), 2355.
https://doi.org/10.3390/rs13122355.

-Zhang, H., Pu, Z., & Zhang, X. (2013). Examination of errors in near-surface temperature and wind
from WRF numerical simulations in regions of complex terrain. Weather and Forecasting, 28(3),
893-914. DOI: 10.1175/WAF-D-12-00109.1.

-Zhang, T., Li, Y., Duan, H., Liu, Y., Zeng, D., Zhao, C., Gong, C., Zhou, G., Song, L., & Yan, P.
(2019). Development and evaluation of a WRF-based mesoscale numerical weather prediction
system in northwestern China. Atmosphere, 10(6), 344. D0i:10.3390/atmos10060344

-Zhou, L., Wu, X., Xu, Z., & Fujita, H. (2018). Emergency decision making for natural disasters: An
overview. International journal of disaster risk reduction, 27, 567-576.
http://dx.doi.org/10.1016/j.ijdrr.2017.09.037.

-Zoljoodi M., Ghazi Mirsaeed M., & Seifari Z. 2013. Verification of WRF model on accuracy and
precision of various schemes and evaluation of precipitation forecast in Iran. Geographical
Research, 28(2): 187-194. [In Persian].


https://geographical-space.ahar.iau.ir/article-1-4120-en.html

Downloaded from geographical-space.ahar.iau.ir at 23:10 IRST on Monday December 22nd 2025

A u‘Mw&&'ﬁ WRF J.\cé)S.Lo.c‘fng}ﬂ

Evaluation of WRF Model's Performance to Predict Late-Spring Frost
(Case Study: Ardabil and Zanjan Provinces)

Seyedeh Mahboubeh Ebnehejazi *, Hojjatollah Yazdanpanah?’, Mohamad Ali Nasr-Esfahani®

! Department of Natural Geography, Faculty of Geographical Sciences and Environmental Planning, University of Isfahan, Isfahan,
Iran

2Geography Department, School of Social Sciences, Capilano Universality, North Vancouver, BC, Canada
®Department of Water Resources Engineering, Faculty of Agriculture, Shahrekord University, Shahrekord, Iran

* Corresponding Author

Abstract

Medium- and regional-scale air temperature forecasts play a crucial role in reducing frost-related
damages, especially in the agricultural sector. The aim of this study is to evaluate the performance of
the WRF model in simulating 24-hour and 48-hour minimum temperatures in Ardabil and Zanjan
provinces. The 2-meter air temperature data over the study area were simulated by the WRF model
with a spatial resolution of 3 km during the occurrence of late spring frosts. The simulated 24- and 48-
hour temperature data at 03:00 UTC were then compared with the observed minimum temperature
data from 8 synoptic stations in Zanjan province and 11 synoptic stations in Ardabil province. The
results indicated that, for both provinces, the 24-hour minimum temperature simulations were more
accurate than the 48-hour simulations. Although the complex topography and mountainous nature of
the region reduced the overall accuracy of the model, the evaluation indices MAE, RMSE, MBE, and
R for the 24-hour simulation in Ardabil province were 2.3, 3.0, 1.4, and 0.8, respectively,
demonstrating that the WRF model performed better in simulating minimum temperature and
predicting frost occurrence in Ardabil province.

Key words: Late-Spring Frost, Minimum temperature simulation, Verification, WRF model

Introduction

Mesoscale and regional forecasts of temperature play an important role in decreasing the damage
caused by frost, especially in the agricultural sector. Among atmospheric hazards, frost is an important
cause of serious damages to agricultural products. Due to the important influence of frostbite on
production of agricultural products, a solution which can help decrease the potential damage of
frostbite is prediction of minimum temperature (Sabziparvar and Khoshhal Jahromi, 2018). Since
climate changes can affect the extent and intensity of late-spring frostbite, prediction of such events is
of utmost importance (Chamberlain et al., 2019). One of the methods of prediction is numerical
weather prediction (NWP), an example of which is WRF model (Weather Research & Forecasting
Model) which has drawn much attention to itself nowadays. Assessment of models to determine the
capacity of numerical weather prediction systems to generate accurate data is essential (Dzebre et al.,
2021). Indeed, much research has been conducted on this basis. In these studies, performance of WRF
model in predicting various meteorological variables like rainfall and 2m temperature in various
regions has been assessed by using statistical indicators (Bhimala et al., 2021, Nooni et al., 2022, Lin
et al., 2023, and Castorina et al., 2023). Furthermore, in some other studies the accuracy of WRF
model's predictions in various predicting periods of e.g. 24, 48, and 72 hours was evaluated. In such
studies, for each prediction period, obtained data from model were compared with observed data from
statistical indicators and, ultimately, through comparison of indicators, the best period for prediction of
variables was determined (Zhang et al., 2019, Naveena et al., 2021, Tedla et al., 2022, Ghassabi et al.,
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2023). In this study, we also aim to assess the accuracy of 24 and 48-hour simulations of temperature
through WRF model in predicting the incidence of late-spring frost in Ardabil and Zanjan provinces.

Materials and Methods

In order to evaluate the 24 and 48-hour simulations of minimum temperature through WRF model in
Ardabil and Zanjan provinces, with regards to the end of frost time in these two provinces, 1 and 2-
day, 2m temperature simulations were conducted for 19 days from March 28" to April 16", 2012 at 3
UTC. The computational network for simulation included three nested domains with grid resolutions
of 3, 9, and 27 kilometers. Horizontal resolutions of land roughness data and land use data equaled 30
seconds. Initial and boundary conditions from Global Forecast System (GFS) data in time periods of 3
hours with horizontal resolutions of 0.5 degree were obtained from National Center for Environmental
Information (NCEI). Temperature data of at least 8 synoptic stations from Zanjan province and 11
synoptic stations from Ardabil province were obtained from Iran Meteorological Organization
(IRIMO). For a more precise determination of data match rate of minimum temperature data of 24 and
48-hour simulations with observed data in synoptic stations of Zanjan and Ardabil, a scatter plot was
used. Also, in order to compare predicted values through WRF model and observed values in stations,
statistical indicators like MAE, RMSE, MBE and R were made use of.

Results and Discussion

By comparing data obtained from WRF model and data observed through statistical indicators, we
concluded that compared to 48-hour simulation, 24-hour simulation of 2m temperature was more
accurate in both provinces. In addition, regarding the statistical indicators, performance of WRF model
in simulating the temperature and predicting late-spring frost was better in Ardabil Province than in
Zanjan Province. It should of course be noted that the complex mountainous topography can account
for the low accuracy of 2m data obtained from WRF model in these two provinces. Correlation
coefficient (R) in Ardabil in both 24 and 48-hour simulations was about 0.8 while it was about 0.3 in
Zanjan for both simulations. Assessment indicators of MAE, RMSE, and MBE of 24-hour simulation
in Ardabil Province equaled 2.3, 3, and 1.4, respectively. In Zanjan Province, they were 4.3, 5.9, and
3.1, respectively. These results show that compared to 48-hour simulation, 24-hour simulations of 2m
temperature in both provinces were more accurate. Also, based on the values of the above-mentioned
indicators, performance of WRF model in simulating the temperature and predicting late-spring frost
has been better in Ardabil Province than in Zanjan Province. In Zanjan Province, the weak correlation
between the data of the model and the observed data and high error rate prove WRF model
performance in 2m temperature simulation unacceptable. Of course, considering the results of this
research and other researches done on accuracy of WRF predictions, it can be inferred that overall, the
low accuracy of 2m data obtained from WRF model in Ardabil and Zanjan provinces results from
uneven, complicated, mountainous topography of these regions.

Conclusion

This study illustrated the capacity of WRF model in 24 and 48-hour simulations in Ardabil and Zanjan
provinces in predicting the incidence of late-spring frost. Spring-frost prediction is an efficient method
in reducing the damage to agricultural crops. Therefore, examining and evaluating various methods of
late-spring frost prediction plays an important role in selecting the most accurate method to predict
this hazard.
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