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Tablel- Extreme rainfall indicators

Index Description Unit

Consecutive dry days (largest
number of consecutive days
with daily precipitation amount
less than 1 mm)
Consecutive wet days (largest
number of consecutive days
with daily precipitation amount
more than 1 mm)

CDD*® Day

CwbD?® Day

! https://www.noaa.gov/

2 Pacific North American Index

3 East Atlantic

4 Western Pacific Index

5 Scandinavia Pattern

6 East Atlantic/West Russia Pattern
" Polar/ Eurasia Pattern

8 Sun Spot

% Outgoing Longwave Radiation

10 Multi ENSO index

G329l (wliiilgh &y pis

Vol. 12, No. 2, Autumn & Winter 2025, pp. 2-13

VoI mo AP ¥ limo) g el oF o,leds Y alo



DOI: 10.22125/AGMJ.2024.436966.1164

o g b le

el a5 Ws S Lo Legates and McCabe, (1999)
38kee Sz olire lyie @ ol 4 (Sharer o2
@B sk 4 nlple 0,5 ged )8 oslail 550 Joe
Slesiledae (29,5 bl 0y5l j0 o 090 slaJsa
Slayyo (paSilie 4l ) 510 ool (bl pasls iz
ol g s (S5 ol lis gl (RMSE) Uas
P e (S5 59,8 awlie JB gl s Gllhas as)o
dslio glp s [0 0l colaiwl calize ol
Y loged ol a5 ol solawl jold Jloges 5l calize glo Jow
ady, BB R) (Sed vy Juld ol oS
235 415 (SD) " lxs Glyoxl g "(RMSD) g ye (uSilie
LS e

Uas ol ) jUasil 0 )90 (2alS g oy (o0 0,5 G & a3
ale 08 G j0 Cdo e (el am plye @ )

Bl oo Sty ¥ dolae 51 lae Bl ol zalS .osled oo

T.
SDR=sd(T)- Z ||T1|| sd(T) ™)

o;bﬂw‘@uﬁwdﬂ&)ﬁbTeu‘)éﬁ

Sy 79 oeell &5 Sl pladiges Sl Ti o) o
3o el e Bl Sl sd g Wiyl 1y el
o8l (o alay > preal S50 o Joe ML
Jitae slo pnite slows iol38l el Sae a5 0l oo Lyl
ol ol cds oo aShogd Joe e iolidl cel s &
Jae Ghorbani et al., (2022) olul opl » a2 ralS

Aols slgiioy 1) a8 4 s M5 o5 0

ol gt yo eoliwl 0y90 sl sla Lo -V Jgue
Table2- Model Error Evaluation Criteria used in the current research
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Table3- Descriptive statistics of extreme rainfall indices
in the two study areas
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Results of error criteria for predicting the extreme rainfall index of CDD using the two studied models

Evaluation Indices

Model Station Steps Rules

RMSE (Day) MAPE (%) R
MLR HashemAbad 5 - 11.1 25.9 0.60
Rasht 2 - 10.4 20.2 0.54
M5 HashemAbad 5 5 8.8 20.9 0.80
Rasht 5 3 7.7 18.7 0.91
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Figure3- Graphs of M5 tree model of CDD index in two study areas (first image: Hashemabad and second
image: Rasht, respectively)
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Table5- The M5 model tree regression relationships of the CWD index in the study areas

Station Inde[?endent LM Regression formulas
variables
NINO1.2, 1 Cdd =11.9xNINO3.4+6.4xPOL +0.04xSP —291.2
Rasht NINO3 4, 2 Cdd =7.4xNINO1.2+11.3x NINO3.4+ 7.9x POL + 0.05x SP—442.5
SCA,POL,SP 3 Cdd =3.5xSCA+0.02xSP+31.1
1 Cdd =11.2xPNA-5.7xPOL—-0.01xOLR +2.3x MEI +8.09x NAO +40.4
PNA, POL, 2 Cdd=17.6xPNA-5.8xPOL —-0.01xOLR—-0.6x MEI +13.04x NAO +43.7
flashem  OLR,MEI, 3 Cdd=17.6xPNA-58xPOL—001xOLR-23xMEI +11.1xNAO+46.1
NAO 4 Cdd =—-0.1xPNA—-8.6xPOL +3.2xOLR+4.1xMEI +5.9x NAO + 34.8
5 Cdd=1.8xPNA-8.6xPOL+24x0OLR+3.1xMEI+5.9xNAO+ 33.7
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Table6- Results of error criteria for predicting the extreme index (CDD) using a Multivariate linear regression model

Evaluation Indices

Model Station Steps Rules
RMSE (Day) MAPE (%) R
HashemAbad 2 - 0.9 17.2 0.35
MLR Rasht 2 - 1.8 23.3 0.56
M5 HashemAbad 5 3 0.6 11.8 0.84
Rasht 5 4 1.3 15.8 0.84
( N
o_msﬁ M4 - LM2
e A /Mfl\ 703% /
,_4,03'?’ - r§0‘ . /‘ /
/N’;\?.\ “ ' \ (038 N %
¥/< Sws || Csor 32,
J
2, 2 N N LM1
/\-\ 1:,.599 '33,[
N[E?S/<V¢e ” LM3 )
9\| LM1

(i y 1098 yoguai g LT pibld 1 S5l g el i 5 43) (Flalllao ddibiio 9o o CWD p3ls M5 850 Jowo gl yloges —F S
Figure4- Diagrams of the M5 tree model of the CWD index in two study areas (first image: Hashem-Abad and
second image: Rasht, respectively)

45 ond oasline _Sgew S, SYoles ales ,3 MEI s NAO
oolei ;5 NINO3 s WHWP .Sl 5 o35y o il s
Lo aile a5 el o3gs hie il el SYoles
(g (nl ) asdllas 590 3ble sl Glg oes DD
CWD 23ls 5 NS 8b goos0 sln oakd s>

2,5 ol 1y ateie JUSw

Sl gildas o Geew,S) Laly, 5l Jol> mls

GLQJL&HA u)L)T p.ml.m oli.u...u‘ Q‘BAA usja).o 6L®)5)
et ol e 536 ONI g 2 36 NINO3.4
slaws (Jol Jilew (ol b s 3 & gy aslaals
ol 59 JES i Sl Ll 2815 i osho o i,
EA JLEw cl) oK) o sl aidl golidl e

& Wl aibio g0 ;o CWD a5l M5 5 50 Juw Ggumw Sy bulg, -V Jouo
Table7- The M5 model tree regression relationships of the CWD index in the study areas

o
£ 8
Station = 5 5 Regression formulas
Elid
=~ =
NINO3, 1 Cwd=-04xNINO3+1.2xEA+1.04xMEI +0.5x NAO—-0.1x WHWP +18.6
EA,MEI, 2 Cwd=-03xNINO3+12xEA+0.8xMEI+0.6xNAO-0.1x WHWP +16.6
Rasht NAO, 3 Cwd = 42xEA+1.7xNAO+7.6
WHWP 4 Cwd =3.9xEA+1.7xNAO+8.04
NINO34, 1 Cwd =—-2.1xNINO3.4+1.03x AO+1.9xONI +63.3
HashemAbad AO,SOI, 2 Cwd =-1.04x NINO3.4+ .5x AO+0.6x ONI + 32.7
MEL ONI 3 Cwd =—-1.03xNINO3.4—-0.2x AO—0.7x MEI +1.02x ONI + 31.3
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Abstract

Precipitation is the most important source of water supply for the agricultural sector, which is unevenly distributed
across the country based on the long-term average. In this research, the MPI-ESM1.2-HR Earth System Model
boundary condition data has been used for dynamically downscaling by RegCM4.7 regional climate model to project
the country's average precipitation in the future period of 2026-2075 based on the SSP scenarios. Dynamical
downscaling was performed according to SSP2-4.5 and SSP5-8.5 Shared Socio-economic Pathway scenarios from the
primary horizontal resolution of 200x100 to 30x30 km. Precipitation projected by the regional climate model was bias
corrected using the Linear Scaling (LS) method. In bias correctoion process, CRU gridded observation data and
dynamically downscaled precipitation values in the historical period of 2000-2014 were used. The results showed that
the annual precipitation in the southern third of the country will be increased by 7 to 15% in all future periods and
SSP scenarios, when comparing to the mean observation period. However, in the northern and central third of the
country, both increasing and decreasing changes in precipitation (between -2% and +7%) were projected. In the spring
and summer seasons, the precipitation is mainly increasing, with the largest increase in the spring in the southern
regions and in the summer in the south and east of the country. On the other hand, in the western regions of the country,
the precipitation is projected to decrease. In the autumn season, the country's precipitation is decreasing (increasing)
based on SSP2-4.5 (SSP5-8.5). In the winter season, in all model-scenarios, the direction of precipitation change is
increasing in the southwest of the country, decreasing in the west, and in other areas within the range of normal
fluctuations.

Keywords: Precipitation, Downscaling, CMIP6, RegCM4.7, MPI-ESM1.2-HR
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