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Extended Abstract

Background: Global warming has increased the frequency of extreme precipitation events across
the globe during the past decades. Information about precipitation and its forecast in various
hydrological applications is important in terms of economic studies and risk assessment, such as
estimating the maximum probable flood and engineering and management of water resources.
One of the important parameters that changes with climate change is probable maximum
precipitation (PMP), defined as the maximum probable precipitation depth in a certain duration,
such as 24 hours, at a single site. There is no comprehensive study on the impact of climate change
on PMP in Iran. This study fills the mentioned gap in the country by generating the precipitation
depths for future periods in Iran. As a result of climate change, PMP and the negative
consequences of such precipitation are expected to increase until the end of the century. As a
result, studying the effect of climate change on extreme precipitation and PMP of different
stations in Iran can be very important and practical.

Methods: In this study, the effects of future climate changes on PMP values in different climates
in Iran were investigated using two distinct scenarios, namely SSP1-2.6 and SSP5-8.5 (optimistic
and pessimistic scenarios, respectively), and the HadGEM3-GC31-LL model from the output of
the latest report of the Intergovernmental Panel on Climate Change (IPCC), i.e., CMIP6 report.
The output of this model and scenarios was downscaled using the LARS-WG model. The
statistical measures of the correlation coefficient (r) and Root Mean Square Error (RMSE) were
used to evaluate the performance of the LARS-WG model. Two statistical methods, generalized
Hershfield and Hershfield-DESA and 30-year data (1993-2022) related to 13 synoptic stations
located in different climates across Iran, were used to estimate the PMP values.

Results: The results of the simulation of precipitation and temperature in the base period (1993-
2022) using the Lars-WG model indicate that the correlation coefficient (r) for precipitation
ranges between 0.95 and 0.99, and for minimum and maximum temperatures is equal to 0.99 in
all 13 synoptic stations in Iran. The range of RMSE for precipitation is between 1.22 and 16.29
mm, and for minimum and maximum temperatures is in the range of 0.18-0.42 and 0.14-0.32 °C,
respectively. Therefore, the Lars-WG model has an acceptable performance in simulating the
climate variables in the base period at all stations. The effect of climate change on the average
annual precipitation is increasing in all regions of Iran, and the highest range of increase in the
next 20-year period (2021-2040) is at Isfahan with a +61.18% increase compared to the base
period and under the pessimistic scenario (SSP5-8.5). The maximum annual 24-hour precipitation
will increase in most areas with arid climates and decrease in per-humid climates (Bandar Anzali
and Astara). The maximum annual 24-hour precipitation of the stations in the base period ranges
from 25 mm in Tabas to 214 mm in Bandar Anzali. In the future period, the annual maximum 24-
hour precipitation will increase in Isfahan, Tabas, Kashan, Birjand, Zahedan, Ardabil, and Yasuj
under both scenarios, and in Khorramabad under the SSP5-8.5 scenario. A decrease in the
maximum annual 24-hour precipitation is predicted in Tehran, Mashhad, Tabriz, BandareAnzali,
and Astara under both scenarios and in Khorramabad under the SSP1-2.6 scenario. The largest
increase and decrease in maximum 24-hour precipitation is predicted with a +55.70% increase in
Yasouj and a -26.92% decrease in Bandar Anzali, respectively, compared to the base period. The
highest ratio of PMP to maximum annual 24-hour precipitation is estimated in arid climates.
According to the Desa method, the highest ratio of PMP to the maximum 24-hour precipitation
in the future will be at Zahedan under both scenarios. The biggest increase in this ratio will be in
Mashhad. According to the generalized Hershfield method, the value of PMP in all stations has
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been estimated many times higher than that of the modified Desa method. According to the
modification of the frequency factor (Kn) in the Desa method, the estimated values seem more
expected according to this method. The amount of PMP will increase in most synoptic stations in
Iran. The highest PMP increase in Zahedan under the SSP1-2.6 scenario and decrease under both
scenarios are predicted only in Bandar Anzali. The percentage of PMP changes in the future will
be higher in most arid and semi-arid climates than in humid climates.

Conclusion: The general results of this study indicate that the average annual precipitation will
increase in all climates of Iran under the effect of climate change. In addition, the maximum
annual 24-hour precipitation will increase in most regions with arid climates. This amount will
decrease in per-humid climates. The generalized Hershfield method overestimates PMP values,
but the values estimated using the Hershfield-DESA method are more expected. In general, the
PMP will increase in most synoptic stations in Iran in the future. The percentage of PMP changes
in the future will be higher in arid and semi-arid climates than in humid climates. Therefore, it is
necessary to pay attention to the areas prone to adverse consequences from probable floods
resulting from such precipitation. The results of the present research can be used by managers and
decision-makers in engineering and water resources management issues to anticipate the effects
of climate change on extreme precipitation and maximum probable precipitation in different cities
and regions of Iran.

Keywords: Iran, Climate Change, Maximum Probable Precipitation, Hershfield Methode,
CMIP6

How to Cite This Article: Allahverdipour, P., & Dinpashoh, Y. (2026). Predicting Climate Change Effect on Probable
Maximum Precipitation (PMP) in Iran According to the CMIP6 of IPCC. J Watershed Manage Res, 17(1), 94-107.
DOI: 10.61882/jwmr.2026.1299




[ Downloaded from jwmr.sanru.ac.ir on 2026-06-21 ]

[ DOI: 10.61882/jwmr.2026.1299 |

as VEO /Y oylods [pmdin Jlo jusol 0j9> Ca e el jingh

§3l s @l 5 (55,9U8 pole oKty

Gilo o ! (PMP) Joizo (33,4 510 31 o8l paudS 5B (ol int
IPCC i 155

Togucnd Ceiar g | y91c60 09 Al gy

Oyl oy Gy oKl (6559l 0aSuiils ol (swdige 09)5 (55 L;y_ui;jb -\
(dinpazhoh@tabrizu.ac.ir : Jague 6w s3) ¢yl ¢ 3335 ¢33 305 oK1 ¢(63,9liS 0uSuiily ol (pwigo 095 dliwl =Y

VEFLANY 1 bl gl VEFLAN 2l )6 V505 1l gl
VoY B A i

Lo 0355
by coleMbl nilasly il 58l aisiS gladmd )3 olan yuol s 53 Lol o (sla i)l 0 bgsye (sladliyg) ¢ Slan iule ) & dr g5 b 102 9 dodde
5 oMt 9 Jotme M yiShe 30, ale Sy b)) 5 oobatdl lallas L Sl (S5l am cilisee (slad )8 5 ol oty 5 GBk
Jeizme iyl gee Sls lgicds PMP ol (PMP) Jaisto (45,b yiSTas coulll 1uis b b yo pae (slajzal)ly 5 (S0 315 coenl Ol mlio o o
ol ol ot plosil ol 3 PMP 4 o8l 105 55U 5)90 53 anls dalllas 095 oo iy po5 e e Ky 50 g ceslis VF siile asdio lojode 5
39550 ] ponldl Sl s aoes j3 S o g 1y 59uS )3 Eguige ol Slallas 40 HeShe GBI (ol pl 5 (T 0y9d (sl iyb B (w e b adllas
315 ol ilisee (sloolSiu] PMP 5 2,05 (bl 2 el st 5 ellas o > e I3l (18 UL b (1l i o (sl 5 PMP o5

28l 6318 5 e Sl
lopl & Galisee gl 93 31 o))l Cilisee slagaddl )3 PMP polie y oat] (senldl @l s Ol )y GBan b cadllas ol 5 2l W9y 9 dge
ol i o3 cid 355 s3] (29 ) HIAGEM3-GC31-LL Jao g (4l 5 4l bes (slogs i s o) SSP5-8.5 4 SSP1-2.6
LARS- Juo 5,8ks olij) ¢l s LARS-WG Juo jl gy s 5 Jo ) 39,5 alelpoliios) gl -8 olizl CMIP6 i )5S sy (IPCC)
ALasyn (o)lol by, 93 3 PMP palie 390y (sly 05 edlitul (RMSE) as Glaye opSibe jio g (1) (Stwsed oy ()l slaylns | WG

s ool (! ol 5> Caliseo L;l.m,vﬁl 2 &8ly e o] WY s by (VA=Y VY) dlo¥s (claodld g lod — aliads o g 4Bl pross

ol Lden ol W S )3 oS witwn ] 5 (S Lars-WG Jue ) oolis b (YAAY=Y YY) b 093 (slod g ()l (giloduds zols :aidl
ATZALY 9 VXY O L)“’)lf le)g ).)RMSE )l.,;w 039450 RO RYLL l.; 'l){ Al 9 4.»«5 dmlp.) d‘){ 9" AV ERLLY O u»)lg Lg‘)gr )L::u: 03945x0
Gilwand > Lars WG Jao oyl plo ol ol)S olo doyd «/VF=e/¥Y 5 «NA=/FY dialy 3 ey & Al 5 4ieS slalod (gly 5 jio Lo
ot g ol ol 381 sl olanaldl dam 10 VLo 5L 56ke 1 walBl i 5l 0 s Joud LB 5,Slas bnolSiun] dos aly 049 wlél s yusio
Slipss gyl o6 g wb 0yed & Camd il o> SVVA L ladusl [5 el 093 45 o (VoVV=Yo¥0) ST allo¥e 0,93 )3 ol ialsdl ao o
i (il 5 J31 y12) osbye o ol > 5 I3l K5 0l b Sblio 51 55 ¥ s YF (sl s 35500 (s (SSPS-8.5)
10 T 0)90 )3 Caml puito I3l 500 53 e oo YIF B Lo )3 yio oo YO 31 a0l 093 )3 laolKiun] a5Wlo aielo V¥ 3L yiSTus .cdl anlgs
anlgs iol38l SSP5-8.5 4 )liw s dblp > 13 5 92,k 93y Cod zawl g Judyl colanlj iz po LIS ¢ b ¢ ylodiol 13 VLo aielo VF )b
i Yl aelo YE 5L Sl (2alS SSP1-2.6 4 )l o sblp 5 )3 5 gl 93y o Tyl g (I35 jay oy cdpedio (o5 )3 wdly
2 Ghels aoyd =YEAY 5 zawl 50 Lilil ko yd H0O/V e b s sl 090 4 G dtebs YE 5L yiSlas ials g (isli8l oy iy 098 0
s s gy i 45 55t 93 on Syl Kt (Slagel 5 Lo Wl VF il 511 a0 PMP G s S50 it 5
Sl salgd 3l dpuie )0 35 Comd ol Gial3l oy i Dg dmled laal )0 g liw 93y cod g eai] o diele YE 5)L ,iSlas 4 PMP Cows
Ol ol Mol @ g by g sl o 25l Lo (2ol by, 3l sty 50 molSiu] dad )3 Blyerans Abddyn by, 3o PMP o
il aalgd il ol baen cbolKiw) ST ,5 PMP lade wsy oo ks 4 )las] 590y (B9, ol o 05 3y50 0 polie Lod oy » (Kin)
Ol yaass Mo )d 398 g0 sl (Il A Hd bl ¢ )y dyee gl 93 b Cod LS SSP1-2.6 45l cou laaly )0 PMP iol38l oy iy
g1 dalgd Cgb yo waldl 5y Siiddas g Sis clanaldl 1151 )3 0an] > PMP

0958 cdl aalgs (nl3al ol claealdl don > VLo (5l (pSibe qoaldl s il cov &5 s ] 5 (S adlbae ol S guli 1 g S Aol
Aoy igy g Jales  dalS Cab e sl waldl )3 jlade pl il sales (i)l Sis 5 8l L d.‘ol.m 25150 ¥l aelw V¥ 5L wSlis oopl 5
PMP o IS jgbods b asil 5y90 Los = aladudyn g, 51 o3l b 005,90y pdlie (Jg 05 (63505 st PMP pdlie 590y > ailpuess
Cgbyo wmaldl | iy Siiddoss g St slapaldl )3 0an] 13 PMP jlude @l puis duoyd bl salos ial5dl oan] )3 o)l bses (claolKiu) ST,
ol s ol Cuwl gy u“*"u’l o)l Job Jaioee (sl ply 45 )leSU (sladely dxiwe 3blio 4 dag (opl s g Jles
520 byl el s sl Sl 2Tty Car 3 oS 5 ol odlitl 350 (] glie Cujie g utins Clesdge 0 Wil e
5y 38 Ol iz 3blie g bajeed 53 Joies ()l Sl

i IS i n gy edeiona ol ST il s ) 15 sloo3ly

Lin et al., 2018; Kim et al., ) Sloss plos] diwe oyl 3 doddo

syl 5l S .(2022; Allahverdipour et al., 2024 ,,_;,,] » ;vJﬁ‘ ),,b 9 u&,.lel dL“)M ey

! Probable Maximum Precipitation



[ Downloaded from jwmr.sanru.ac.ir on 2026-06-21 ]

[ DOI: 10.61882/jwmr.2026.1299 |

0950 Csiny 9 )58y Wl by

W et 55 3l ol (PMP) Juis il 55105 3 ol s 55 s

b yn () ol b plol dblesess Aiddp g Ai o
wBlgweess (B9) plp w8 9 9 5 e o e VA-—AD- L
» PMP )4l (Bakhtiari et al., 2017) 5g yio Juo
idyn g alidym o)l lagdg, jlosliul b by
VPAY WA 0353 55 ((siten) Seid sy 5 8l
g aLad,n gla jigy D PMP palie uls sllee ub plool
2 g pagke VT o #5410 (e adlippass At po
Farmanara & ) &5 3yl yie e VWA So5d g,
Fattahi & ) o> 5 (>l ¢ dui>s ,> (Bakhtiari. 2020
Gy lod — alad e 5 aad e by, 5| (Habibi, 2022
53,8 ool VAAV-YYY 6y93 )3 o)l PMP sy,
P g Jled o go Lo VermVVee (o PMP ylis oy i
polRe (B (D gy yie due VVe=Ver gy bl ple
&bl ey 90 edldtwl b &z )ou] 459> PMP
Mado @l llas 3 )0 aBlorass Aok yn 5 A yo
ioise YYEIV-YAV/¥ alid a So, b ddlais oyl 3 PMP
WYIN=VAVIE 039d5t0 1> diblpaond Mty Jigy 3ub 5
(Akbari et al., 2023) 1 34 yio o

aslllas dgamm0 jobds oylpl 3 PMP 5 ol clyoss il
156 (Afrooz et al., 2015) o Ko ¢ 59,8 Moo .ol 0
S slaaly Jlis by adgs )3 1) PMP o8l yoss
Yo=Y ¥ 0y03 )0 PMP polie Gisliél i S S i
waliseo (glag liw o g (VAVY=Y e e o) il 080 4y Causss
g 05,5 — kbl B wiie oy AYSYVY oy
oal8l o5 35U (Afzali-Gorouh et al., 2022) ,Son
CMIPS 1 o3l b guoyd ads> jl oie |, PMP
(VA=Y YY) al )90 0 @l b @illae .65)S" oy p
Slag b v )] Jlade g yia Jeo VEY' L ol PMP lids
V-4 5 V-0 QA uiyia; RCP8.S o RCP4.5 RCP2.6
AVE 9 AVY VA 5 (YNA=Y-FA) oo o] (gl yio o
S5 b s (Vo FA=Y < VA) 93 0] (glys yio Lo
PMP ,lséo 55l ¢l (Monjezi et al., 2023) Ko 4
sy B9y 93 31 eyl il 3 ey il as9 5
g yluw cos PMP lude .1655,8 eolasiol Lws — aliads o 4
(VA=Y V<) &b 0)55 L auslis )> RCP4.5 4 RCP8.5
(ol Akdd i (hg) 53 g (phalS Lod — abdd e ) )

3o Jol5 TPCCY 52 i cin oS 500
G |y Folite porldl byl b o conl > slogy )l
ol B opl plo WS Gmile (S slab)lS 4
PMP olie p ouldl pows @l il log g (i adllas
u,u)l)f 51eolazal L O‘)ﬁl s Ll glaolKiw)
Je 5 SSP5-8.5 5 SSP1-2.6 (clagy L Jolis CMIPGE”
.Cwl HadGEM3-GC31-LL

W gy g dlge

S399r%n 3 PMP porio 58" (lolS iy 5 sk o
Bethlahmy, ) a5 Wax (Hershfield, 1961) cos!
23S W PMP (¢q, 3. (Eliason, 1997) ysuwlll 4 (1984
Voo Sl G )9S S 0 PMP (x50Le ((02M5
bl 3 o Juo £ov 5l Liky y 4o 4 (Bari, 2021) yio i
e Wl (gl sl e 3y )3 yiaideo ¥oo U gdlye
Fro O Cgr 3 g ylahe 000 aliye (2ly ()
S N
{(Clark & Dent, 2021)

dallae Calizeo (gl yguiS 1> PMP &l yuss o oul8l puss )31
(Kunkel et al., 2013) o,Ken 5 JSSK Mio .ol ol
» (Hussain et al., 2015) l,an 5 s dSG 50l 5o
O e 05 (Leeetal,2016) Ko g J e sillo
¥l ks 3 (Chen ef al., 2017) ,Ken 4
Rastogi ) o, Ken g (S giuly osoio YU o pl)] gLl
» Lo YU = 1568 LbLYT alsg, ases , (et al., 2017
Sarkar & ) le g 48w g odoxe WYL B0d Cain
Lol plosl digej oyl jo 1) Slhdss s 4> (Maity, 2020

PPMP olis 5 duopd VeV inlidl cossxio YL 5o
(VA=Y v+ ) b 0)9d & Cand (VoYY +) sl 09
o3lazuwl b ¢ psix 0,8 ,5 (Kunkel et al., 2013) uis j5)l55
il YeAV-YVee )3 5 PMP liis CMIPS
sl G dopd Ve il Sigysbar b gt
M gophe (VA=Y 20) 4l 6y9d 4 cuws RCP8.S
» @y glase o PMP wlisl (Lee et al., 2016)
i s o )d ¥ g Ve b Jolee satio YL By Cogi
0)90 & Comd YoVN=YVeo o YeYV-Yedo (claoyed 5
s
» (Rastogi et al., 2017) &5 i VAAY-Ye ).
9 V0 sladas P PMP jldo iolidl pling (8,d Jloid
Thuy et al., ) &s Guw iy RCP8.5 )l cow YA
sl 95 cov PMP jplie il wis 5 (2019
i oyd Yo¥D o oaul 3 RCP8.5 4 RCP4.5
b PMP ,laie LIyl y> (Sarkar & Maity, 2020) 1
SSP5-8.5 5 SSP1-2.6 clag b cod o8 (sl
Visser et al., ) 35 3,90 p i3 2o )d YY ¢ VY oo iy
yio oo WA GIPMP jlide iol38l o 5SS )3 .(2022
Cod el gy o oo WAL 9 YFYD AVYY & sl )90 50
et SSP5-8.5 4 SSP3-7.0 SSP1-2.6 (clagy s
{Chan et al., 2024) 1

Gollas iloss plosl PMP aie j5 Sllllas 55 olpl 5
Dhe) b pfe ase > PMP Clpsi ow)p @l
) yragke AW o ol e (p i aldd e
.(Shafiee & Ghahraman, 2009) i 35l ase> -y
St 2312 51 (S oS5 52l adg> )3 PMP 35l ol
Fslaie 35l 9 Ay 39 53 o] e (ilate e g 3L
Ghahraman et al., ) 59 adlprons Aladyn o9y 5 )
lel Uogy 93 b wyls oliwl ;> PMP )0, (2011

2 Coupled Model Intercomparison Project Phase 6

! Intergovernmental Panel on Climate Change



[ Downloaded from jwmr.sanru.ac.ir on 2026-06-21 ]

[ DOI: 10.61882/jwmr.2026.1299 |

aA

0950 wsiny 9 )98 pg Wl by

Olosle 5 eodly .\ eolawl (YVAAY-Y-VY) Al Slj

L;J“:S])i 9 Cusdye ) JS‘“’ ety )9““5 u“"u]?"”
A o i |y Codtie bded (olaolSiu]

VEO /Y ojlod /pmdin Jlo juscl e oo dalyings

a0 YOFY Job g Jlaid a0 YO-¥+ (S, o olpl

Osaeo VIEFA dgan 15 inlue 5 Canl ol 038 8,5
o8l gla pusio (glaosly | addllas (ol 55 55 xipe yioskS
0y S5 ;0 (gaiio slapddl L) lpl Lass oiuw] VY

40°0'0"E 45°0'0"E 50°0'0"E 55°0'0"E 60°0"0"E 65°0"0"E
£ N
s J
=
2 W%}'— E
g . ’
S
. 5
/ ™1 P by
L Jeo! .
ol
. .
= | [y u
= .
o ol
= [
n i
e O b B
a | S
olgie! y
z
= = .u
£ \\ [ [ N
E\ alaaly
Locas! \
) \ .
a0l L G ol
n AT P
I S )
:e‘ 0 75 150 300 450 : T
Z = x kilomcters oles gl yo
kS

Oyl oo Lden sbrolKiwl oLdlas Caxdae =) SS
Figure 1. Geographical location of the selected synoptic stations in Iran

wole Girgh S lagisn ek Sl (S 9) odeS
s igy dope 5 iyl ded) odly g4 & Aty Ll
Hasanpour Kashani ) cul oads &3l jelaie pay alisee
5 slol _awyy 3550 lanl Waodls (& Dinpashoh 2012
Sodly el 4 Cund G 5 48,5 )8 viwcous
ol £95 g (o ylol lasuiio cesiio (glaolim] oldl i

e o i |y olpl Laes laolKiuw!

OsSke (e she) Bk wlig) slodls jleguiod cul 5>

o)) Ay slod (1Sbo (31,5 Bl d> ) aieS (slod
Slebo 9 (31,5 b & ) lawgio (slod 1Sko ‘(bl)fu’b't..f
b odlaiwl oyl ysl S ded o] VW & gy ye (cebs) i8]
claodls 5l ol 3 a8 e adlbe ja dedie Wy o
(TwCSuo g u_o..f ) "39':1;" ookl L;.ul.m:‘}m
Olg oo dodls cutsS 5 oo I lisabol ey .l sz:o)b
5,8 eolatel g mW gl Gy gl )
sodly (g5lwjl (Allahverdipour & Sattari, 2023)

. ) o ul).:l .b.\o.&v LSLQBKL.MJ‘ [v...lB‘ &9} 9 d)Lo,l ul.m ;U.JL.QI)» M}c -\ J?b
Table 1. Geographical locations, statistical characteristics, and climate types of the synoptic stations in Iran

o> (5l Yo bk o -
ol & (;C) VLo (mm) (m)ﬁw)‘ L_ﬁu‘)"’ @L?L):i)gj}]" Ldod oS!
Climate type a;'l?]rslag]e Annual Altitude (42,) Long'i)tude Synoptic station
temperature precipitation () Latitude (degrees)
(°C) (mm) (degrees)
(Per-humid) wsb o b 15.8 1380 21,10 38.37 48.85 Astara() |k
(Per-humid) osbo po s 17.04 1740.20 -23.60 37.48 49.46 (Bandar Anzali) 3
(Humid) b e 15.41 778.63 1816.30 30.70 51.56 (Yasuj) zguwly
(Semi-Arid) Suiddos 9.98 271.85 1335.20 38.22 48.33 (Ardabil) Juo,!
(Semi-Arid) (K23 dag 17.27 47691 1147.80 33.44 48.28 (Khorramabad) s\fp >
(Semi-Arid) S.is dag 13.61 255.58 1361.00 38.12 46.24 (Tabriz) 55,5
(Arid) s 15.97 231.57 999.20 36.24 59.63 (Mashhad) sg.se
(Arid) s 19.21 71.62 1370.00 29.47 60.90 (Zahedan) sl
(Arid) s 16.8 143 1491.00 32.89 59.28 (Birjand) &> s
(Arid) s 19.59 126.42 955.00 33.97 51.48 (Kashan) ;L3S
(Arid) s 23.19 76.50 711.00 33.60 56.95 (Tabas) b
(Arid) s 17.1 132 1550.40 32.52 5171 (Esfahan) loaol
(Arid) s 18.5 233 1191.00 35.69 5131 (Tehran) )¢5




[ Downloaded from jwmr.sanru.ac.ir on 2026-06-21 ]

[ DOI: 10.61882/jwmr.2026.1299 |

0950 wsiny 9 )98 pg Wl by

“ et 55 3l ol (PMP) Juis il 55105 3 ol s 55 s

Slolyd Jde (wlwl o b9, cp! .l (Hershfield, 1961)
A as S b 0 ) dlaly 245 4 (Chow, 1951) ol

X =X+K.o, ")

0,93 lJ 9 (e Fls.) L LJ"))L L}o&_)j‘b Xt ‘UT PN LY
Glil 5 5Sile iy 4 0y 9 X g Cunl Jlo t cuiS3ly
iz (glaJlo )3 59530 plg3 b (slagstyb (sloj s w0 slme
V0 51 48" b poles (Hershfield, 1961) slad o sudoc
OSbe 4 o]y (slosalie (slaodls Hlxo ilyal ply
(Y dasly) 598 0 Juols PMP 945 634381 Wanoals

PMP =X + K,,0,, (v)
oslizal 6L (gla bty (6 sl Bl g (Sl
Caol VO

V0 ol sae jl eolaw] oS A asuie (sdx Cilalllas 4o
Ko oS 5,5 dud (600505 Mt yb . Con oo Koy (6l
Oile 2gd (e a¥ls )L Sl (1 0ke adr gl
Iy alad e caasl, (WMO, 1986)  wliles  Slke
_ ) piie pj g b 4 )8 Hped Sy O)god,

a Xy jlde aas gl g jloges 1 eolitul b Ky jlads )
(a=Y JS3) Wl o cowd

L sl )l S hs gy jl oddosalive jlade o yide ¥
On-1 9 Xn1 93500 Bl (g)lol 0)95 (o )5 (ypme plg>
Blo e ol jlxe Blyodl g (1 Sle iy 4 oS
Do o Aol A odaldeo (S5

Teoual ‘-“-’I)“’ On-1 9 Xn—l Op ‘Xn 4 >y l-’ Y
Aol e Cand 40 g b-Y S 10, o X,

63 el calpd G )bl 093 Jsb 4 axgi L Y

""lll[!l!!l\lll|!\ll R I G
100
5]
G
z
z
E
= 9
g
5
3
?
=
>
80 |
[
mux\lli\\;llxhlxl O ) LY 0
0.7 0.8 0.9 1.0

Xn-m/Xn

ol gt (g3 (o Sl (CMIP6) i (s 155

ly ope; iz bl puldl ST Cunsg GEM sla o
Wilby & Harris, ) s o &l (slo)l8 5 Slos wlio ;o
w5 05 il 5 s Sanly aJie ol (2006
gosl o Jb sl loj slooygd > odldl (gla o
142+ L SITPCC .slosds aps caliseo (glags ylow dsas g5l
o 1y @ldl oS Db5)) slagb)lS )bsy Jlo dix 52
i GBI B )3 a IPCC 3lS ol S e
5 e sla i Jols uol oud x5 (CMIPO)
] o.\;;j le)g C.»91.6.’.'.o Ss 131 Ll dl.m%)h.w
o) Olale)S Glje (SSP2.6) il sbos (s525lm 3 Mo
sl e ol ouds 48 )5 slai > 01,8 Slw ds 0 Y dgus U
SIS s (0l 53 oad Ll peges (B35
5 bJse bl I e L8 sla h)liS aslogws
@ Olpe @y QOIS 4 Cund il )15 Sl e
FRAN Silwdad (gl y 8908 sy sl w\)sl
(Frame et al., 2018) 5,5 o,Lil yauwgl il 4Y Cundg

gl Joko sl GCM (sl s 30,8 M0 1 S
Gl Sl sl o 5 by do i <8y ials o5 cuwl
sl o 5l o8l s adllas jd coplply Wyl JUis
ol Dad e odliiwl Lars-WG  Juo wiile  sled yolido s
slod ailjg, ol sdS (clomgd cleMbl el ,d b Jre
XS o Mg 1) o] 50 ol 5yl g dindin (glod cineS
(Racsko et al., 1991; Semenov et al., 1998)

Jo Jols CMIPO (3155 (295 ) Gaids ol 5
5 SSP1-2.6 g,k g cov HadGEM3-GC31-LL
6l (@l g Al o5 (lgyylis ¢ i ias) SSPS-8.5
A eslatwl oJJ.g‘T 5 uwlsl Sosls J..J93
PMP 39152 (512 4l puans sy (5lol (09,

Bl Sl awbxe lp & Ll (o) (P sle
Aidya ooleddy B9y w9xe NS 4 (PMP) Joie

0 50 100 150 20 B0 30 30 a0 40 500

Mean Annual Maximun Precipitation (mm)



[ Downloaded from jwmr.sanru.ac.ir on 2026-06-21 ]

[ DOI: 10.61882/jwmr.2026.1299 |

095 Csiny 9 )9sd g Wl by

Yoo VFe0 /Y ojloss [padan Jlw jusul 0jes Co e aol ying}
130
a | @l -
) >
100 — & ==
Q
Q
- S |
z & | &
s o S
= o
2 F 80 f— N —
O Q S
= =~ &
o ol N
= =
& & [ ]
&
& g
=1 “ 60 |— —
(=) =2
< a
<
= | )
oF
40! "o —
20 | | | | | | |
0.2 0.4 0.5 0.8 1.0
LENGTH OF RECORD (years) Sn-m/Sn

5Sle zuzual o ps —b Yl diclo YF 5L ST lawgio I (ul Kin jlages —a PMP dusloe ;5 oolituldjse (sl jlages =V IS5
oy = g Slalie aele YF 5L iSle 4Vl (6w jlre Blyoul pusual o pd —C  Slalie aelo YF 5L iSle aVle (6w
(Hershfield, 1961) (¢ bl 095 Jobo jl b  Slanlice azelo Y¥ o)L 1iSlas a5Vl (g pw jhze <Blysul 5 pSiko puseas
Figure 2. Charts used in PMP calculation. a- The chart of Km as a function of the average annual maximum 24-hour
precipitation, b- the correction factor for the average annual series of maximum 24-hour precipitation observations, c-
the correction factor for the standard deviation of the annual series of maximum 24-hour precipitation observations,

and d- the correction factor of the mean and standard deviation of the annual series of maximum 24-hour
precipitation observations as a function of the length of the statistical period (Hershfield, 1961)

Gl Slialie slas N g odd gilwdad polie 1, Slo

3, Sas g g Jdo €85 Al yieS RMSE g jidior 4>y

al g o
G piio (gilwams 0 LARS-WG Jao (o))
@l 599 (ol

Silwds j Lars-WG Jao dSles obj)l zls
Joda 50 bl 0y9d j0 ot laolKiuw! adldl (gla pusio
ieitio o] VY S )0 ¢ Jada oyl llas londs 1)1 Y
sllod (gl 5 +/AD=+/2 4o 5L slp T jlxe 0354500
55 RMSE jlxe 03gd500 .l /A0 L ol yy diniig g alueS
oS aled (sl 5 st VT 5 WYY s 0 sl
dogd /N /XY 5 NA=IYY aoly 3 s 4 il g
()b polie (gilwdnns a5 39 o odalive .ol 3,5 il
4 Slg o sol oyl Cowl olpad (i slad g S Co L
bd ooy & cuns (o)l gloosly yuiy (SasTy s
ool gl o (g 5lwddds jo Lars-WG Juo (S )0 il
2 JoB LB 5 Slos ol et 4l 090

PMP :)5i).g &y Lod Mol &9)

oo g Lod Ja.‘.:;!—d).i".) 5lg0 PMP apuloee (4l
alayly oMol gl gl Luas aslsl (Desa et al., 2021)
20,8 B Y alayly ollas |y Ky o pud i o (g0lpiiig

Xl - Xn—l

= \l

Ko On-1 ( )

(.51‘5(_)"’)1" )..ﬂ» ‘_5)4.0 ).) o..\.QL.M:o u.»).f)).le ‘UT ).3 45
&4 0n1 9 Xn—l 9 w‘ d)lﬁl 0)9.) ;go ).) Cyxo P‘s.) Ls
xS )p Bl il Gy jlime Blisul g (1SObe oS S
S oaliie

g aBlbpses alddim by 93l adlas ool
oLl 0] g 43l 093 3 PMP dewloro (gl Lwd —alias
ELSIUNC L

Gilwdes j> Lars-WG oo 3 Sles (awoyy lp
Shal eye0 0 cokin sleolSiu! w,.lél’dl.mﬁ.;:ﬁ
Slaye (31ke Hio g (1) (Swsed o po 5kl slojlne
A odlazwl B 5 ¥ Ll 5l cuiyi 4 (RMSE) lallas

*.1(0;_0)(P; — P)

r =
\/Zﬁl(oi—ﬁy * I, (P — PY?

RMSE = ,—L(P;’V_ 0)° ®)

()



[ Downloaded from jwmr.sanru.ac.ir on 2026-06-21 ]

[ DOI: 10.61882/jwmr.2026.1299 |

0950 Csiny 9 )98y Wl by

R i G5 Gilas ol (PMP) Jotmo (53l by Bl 15 b sty

(VAAY=Y-YY) 4l 0)50 10 oyl Lied laolKiu! oaldl slbpusto (gilwdnds o Lars-WG Jao 5,Slese obj)l ol =Y o>
Table 2. The results of evaluating the performance of the Lars-WG model in the simulation of climatic variables of the
synoptic stations in Iran in the base period (1993-2022)
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Figure 5. The value of PMP (mm) and its ratio to the maximum 24-hour precipitation at the synoptic stations in Iran.

a- In the base period (1993-2022), b- in the future period (2021-2040) under the SSP1-2.6 scenario, and c- in the
future period (2021-2040) under the SSP5-8.5 scenario.
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Table 3. Km values of synoptic stations in Iran the base period (1993-2022) and the future (2021-2040)

1993-2022 2021-2040 (SSP1-2.6) 2021-2040 (SSP5-8.5)

Stati K (Generalized K (Hershfield- K (Generalized K (Hershfield- K (Generalized K (Hershfield-
ation Hershfield) Desa) Hershfield) Desa) Hershfield) Desa)
Tehran 18.5 2.89 18.5 2.68 18.5 2.46
Esfahan 19 2.41 18.2 2.14 18.2 2.16
Tabas 19.5 2.33 19.0 1.79 18.8 1.73
Kashan 19 5.11 18.5 291 18.5 2.70
Birjand 19 3.04 18.5 2.40 18.5 1.84
Zahedan 19 4.13 19.0 6.47 19.1 6.31
Mashhad 18 2.97 18.2 1.50 18.2 1.80
Tabriz 19 5.36 18.6 3.67 18.6 3.74
Khorramabad 17.5 3.02 17.1 2.39 16.7 3.32
Ardabil 18.5 4.83 18.2 2.81 18.2 2.80
Yasuj 16 2.95 15.0 1.77 14 2.13
Bandar Anzali 14.5 3.45 14.9 1.87 14.5 1.72
Astara 15.5 2.80 15.1 2.00 15 1.66
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