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Abstract

In the current study, changes in the amount of extreme precipitation with different return periods for the
period 20262050 were analyzed using the weighted combination of 10 CMIP6 models under different
scenarios. The spatial and temporal ranking of the historical simulation performance of the 10 CMIP6
models in Iran was used to determine the weights for each model. Subsequently, a rank-based weighting
method was employed to project extreme precipitation levels in the study area.

For extreme precipitation analysis, the best statistical distribution was selected for each station based on
historical data. In 84% of the stations, the Log-Pearson Type 3 distribution was identified as the best fit
using the chi-square test for both the historical period (1990-2014) and future scenarios.

A comparison between the results of extreme precipitation for the historical and future periods revealed
that the percentage of change in projected extreme precipitation was notably higher under the SSP2-4.5
scenario compared to the other two scenarios. Moreover, with longer return periods, the percentage increase
in extreme precipitation was greater, and the spatial extent of its occurrence also expanded. The greatest
increases in projected extreme precipitation, exceeding 25%, were observed in the SSP1-2.6 scenario in
Gorgan, Babolsar, Bojnord, Arak, Isfahan, and Zahedan stations. In the SSP2-4.5 scenario, the largest
increases were recorded in Gorgan, Sanandaj, Hamedan, Arak, Kashan, Isfahan, Shiraz, Fasa, Minab,
Bushehr, Bandar Abbas, Bandar Lengeh, and Abu Musi stations. Under the SSP5-8.5 scenario, the greatest
increases occurred in Bojnord, Birjand, Arak, Kashan, and Semnan stations.

A significant increase in extreme precipitation was consistently observed in Arak station across all three
scenarios. For the 200-year return period, extreme precipitation at Arak station increased by approximately

70% under the SSP1-2.6 and SSP2-4.5 scenarios, and by about 50% under the SSP5-8.5 scenario.

Keywords: Extreme Precipitation Events, Climate Projection Models, Return Period Analysis, CMIP6
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Table 2 - Brief introduction of the four extreme precipitation indices used in this study (Tang et al.,

2021).
(Index) jasls (Descriptive Name of Index) jasls iws & fu (Unit) a1y
R95p Precipitation due to very wet days mm
R95d Extreme precipitation days day
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AEPI Absolute intensity extreme precipitation Index mm/d

R95pT Extreme precipitation to total precipitation of very wet days /
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Fig. 2. Spatial distribution of the annual average of the extreme precipitation indices for the
historical period: 1990-2014. a) R95p, b) R95d, ¢) AEPI, d) R95pT
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Table 3 - Values of the Taylor statistics and 1VS scores for each extreme precipitation index,
along with the rankings and weights corresponding to the 10 CMIP6 models used (Table 1),
based on their overall performance considering the Taylor diagram and interannual
variability in Iran for the historical period 1990-2014. Red cells indicate models with weights
greater than the value of equally weighted models (0.1).

10 9 8 7 6 5 4 3 2 1 Model number
0.4069 0.3848 0.5644 0.4261 0.4010 0.6390 0.6097 0.8388 0.8742 0.5026 R95p_STD_ratio
1.4213 12086 1.8063 1.7281 1.7199 1.6546 1.5942 1.9598 2.0365 1.2541 R95d_STD_ratio
0.3693 0.3075 0.3508 0.2025 0.2044 0.4134 0.3741 0.4218 0.4543 0.4999 AEPI_STD_ratio
0.8873 1.0892 0.7506 0.7247 1.0701 0.7304 0.8144  0.9596 0.9721 1.1578  R95pT_STD_ratio
1.0092 1.0091 1.1220 1.0247 1.0166 1.1270 1.0079  0.9246 0.9188 0.9468 R95p_CNRMSE
1.5181 14202 19085 1.8187 1.8296 1.7516 1.6234 1.8516 1.9017 1.3355 R95d_CNRMSE
0.9891 1.0039 1.0200 1.0065 1.0366 0.9584 0.9168  0.8128 0.8082 0.9493 AEPI_CNRMSE
1.3425 14598 12608 1.2484 15474 1.2457 1.2752 1.4107 1.4038 14868 R95pT_CNRMSE
0.1799 0.1679 0.0522 0.1535 0.1578 0.1075 0.2913  0.5056 0.5259 0.3538 R95p_R
0.2511 0.2573 0.1711 0.1957 0.1768 0.2017 0.2836  0.3597 0.3753 0.3141 R95d_R
0.2343 0.2189 0.1113 0.0863 0.0616 0.3190 0.4128  0.6299 0.6361 0.3872 AEPI_R
-0.0091 0.0235 0.0182 0.0238 0.1232 0.0132  0.0221 0.0368 0.0158 0.0554 R95pT_R

2.85 3.09 1.76 4.19 2.95 1.32 1.19 0.71 0.87 1.37 R95p_IVS

1.09 0.57 1.86 2.04 1.29 1.42 0.90 1.16 1.30 0.53 R95d_IVS

11.84 6.35 5.10 10.67 13.58 411 4.27 7.52 6.48 2.44 AEPL_IVS

0.27 0.35 0.57 0.90 0.36 0.82 0.39 0.39 0.46 0.30 R95pT_IVS
0.6000 05750 0.1250 0.1500 0.0750 0.4500 0.7000  0.5770 0.7500 0.6750 MR_Taylor
0.4750 0.5250 0.3250 0.0500 0.3000 0.4250 0.6500  0.5500 0.4500 0.7750 MR_IVS

4 5 9 8 10 7 2 5 1 3 Rank of Taylor

5 4 8 10 9 7 2 3 6 1 Rank of IVS

9 9 17 18 19 14 4 8 7 4 S
12,1111 12.1111 6.4118 6.0556 5.7368  7.7857 27.2500 13.6250 15.5714 27.2500 R
0.0904 0.0904 0.0479 0.0452 0.0428 0.0581 0.2035  0.1017 0.1163 0.2035 W
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Fig. 3. Taylor diagram of the four extreme precipitation indices for the 10 CMIP6 models used
for the historical period 1990-2014. a) R95p, b) R95d, c) AEPI, d) R95pT
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Table 4 - Selected distributions at the studied stations
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Table 5 - Goodness of fit and Chi-square statistical index for the Ardabil station during the
historical and future periods (three scenarios).

2026-2050 ]« 55 Al ey
Future period 1990-2014
T T T T @ e
AL w oo w oL . oo . Distribution
st s s s Function
Statistica o Statistica o Statistica o Statistica e
lIndex  Goodnes lIndex  Goodnes lIndex  Goodnes lIndex  Goodnes
s of Fit s of Fit s of Fit s of Fit
3.67 1 2.52 1 171 1 5.03 1 Log-Pearson 3
4.13 2 3.12 2 2.36 2 7.51 2 Lognormal (3P)
8.13 4 10.81 4 6.02 4 7.97 3 Lognormal
7.55 3 8.98 3 3.34 3 11.09 4 Gamma (3P)
22.55 7 27.1 7 17.23 7 12.03 5 Weibull
18.60 5 25.48 6 6.92 5 17.11 6 Weibull (3P)
21.26 6 20.87 5 13.92 6 28.20 7 Gamma
23.61 8 31.32 8 24.29 8 41.03 8 Normal
20.72 9 54.83 9 26.17 9 59.03 9 Exponential (2P
185.72 10 299.94 10 221.43 10 232.78 10 Exponential

Ql.wgi jjfb6&3‘%)}&&&)@[345“)[40)}5 A_LLJQJMV}SLAAJUG.AJ“\.L}JA w‘)J

S0 > 8 QK.’;”:’.‘ LIS Hyfran-plus )\f\rf )‘ oalaul Ls g_,oﬁ.w 6&@)_}3 BE U'l.)'e 6\.&&)[.3 |


file:///E:/ASMERC/1402/zahra-khansalri-returnperiod/historical/per95_40708.txt%23RANGE!detailsId=5|Shows%20the%20details.
file:///E:/ASMERC/1402/zahra-khansalri-returnperiod/historical/per95_40708.txt%23RANGE!detailsId=7|Shows%20the%20details.
file:///E:/ASMERC/1402/zahra-khansalri-returnperiod/historical/per95_40708.txt%23RANGE!detailsId=6|Shows%20the%20details.
file:///E:/ASMERC/1402/zahra-khansalri-returnperiod/historical/per95_40708.txt%23RANGE!detailsId=4|Shows%20the%20details.
file:///E:/ASMERC/1402/zahra-khansalri-returnperiod/historical/per95_40708.txt%23RANGE!detailsId=9|Shows%20the%20details.
file:///E:/ASMERC/1402/zahra-khansalri-returnperiod/historical/per95_40708.txt%23RANGE!detailsId=10|Shows%20the%20details.
file:///E:/ASMERC/1402/zahra-khansalri-returnperiod/historical/per95_40708.txt%23RANGE!detailsId=3|Shows%20the%20details.
file:///E:/ASMERC/1402/zahra-khansalri-returnperiod/historical/per95_40708.txt%23RANGE!detailsId=8|Shows%20the%20details.
file:///E:/ASMERC/1402/zahra-khansalri-returnperiod/historical/per95_40708.txt%23RANGE!detailsId=2|Shows%20the%20details.
file:///E:/ASMERC/1402/zahra-khansalri-returnperiod/historical/per95_40708.txt%23RANGE!detailsId=2|Shows%20the%20details.
file:///E:/ASMERC/1402/zahra-khansalri-returnperiod/historical/per95_40708.txt%23RANGE!detailsId=1|Shows%20the%20details.

VT 330 0 oot O o e o bl 5 Ll oor 4,20 YYe

X) Ciliie GiS 5L 655 L SSP5-8.5 5 SSP2-4.5 SSP1-2.6 55 )l ave ,a s syl 6553 5 b
o5l e 5 Liash ol ol Gua 4 ar g L aalee (Dl Ter 5 )ee 00 YO e D
Aoy F JSE 53 Sl essd a Cad 0k (0 iy o b SL Dl il sbris 5 oledbl
S s b oo 5 o LR LM 4 Cad sl 0 e b Sl Dlde s
Sl 53 e il oS . LS5k o5 aen 5wl 4w, 3 andllaes; e (laclKan)
Sy bt b 550 oKl (il do)s YO 51 i CuaS cpl Sllis &S pole 5 os3 8 3
oSl (1 Cilien STl 055 55 CaS il Sl Slssas O UK 53 5 Sl dd et
3o b B Jelee 0o dlo S gm0 F JSE L ar g Ll el L1 el el
Olaly oyl pimman 5 5528 58 0 51 Olghol 5 ST slaelSasl 558 G adled 55 3, s oS
b ess 4l s 0k i AL DR Rl Ao op i 58S Bdoisr
ol 58) aly (Zarrin & Dadashi-Roudbari, 2022a) (s,Ls 5, o531y 5 5 asdlas 55 555 0 sdalin
Sobsss lsls 5 3 ramen 5 Sl 0l Olgie 5 SLos s 5o S (35U L el en slass,
VO U iS5k slas,ss 5o Jemms il adey oS Wsls OLLS (Zarrin & Dadashi-Roudbari, 2022b)
S das e OLi (08 JS2) el S5 oas] #5585 ) Al e B 508 Jlad a3
Fbeos3 53 o SRk Ll 4 S s (5 Sy oA SOk e (il Aoy ol o i
Ve sl G a il o cpl e Yoo i85k ogss o oS el STl Ol sbolSans] 4 b gy
Sds Gl dsns JS Sl ps Kos sl 5o 4 s (F ISK) Wl sl 53 ey e Loy
B R R WU R RV S R STEIS IR B VIS R AP TRUNSR R BES - 31
e L Gt Dlghol QLIS (STl Olas i) S53S g ol s e S15 eSead; s
o) JSo el s Sl (558 Gidled) OB S 5 (Gesnsl Ky (plssdy e 5
Pl 0553 53 b Bl Sl 4 Sl et 6 S0 i on b SEOL e Rl Aoy o o it
b e e Ll dos ol dle Yor iS5k ess 53 45 Sl Syl s wse sl oSyl 4 by e

0553 3 (Sl 5 e g WSy (le s d) 5528 g g ol 53 iy oo Ao s PA 5 A 550>



vV BATPNCIA 4 P PY PR S 3 PR K VP OV SR S-SR B COUNIPIP-S [ W P

GLCES5l 0553 55 odd (ke b SEOL e GRS doss cud A 4 Jle Ve 28
R Sk e Il a3 o eS Cl pasie ¥ IS 53 oS shiles L e RS 5 YD
ol Jool= (SSP5-8.5) wilids s b 55 Sl oy53 53 b il e 4 ol 0l (6,0 o
3y g GolKansl & by e (Yo00=YoY8) auol o)55 3 b (3oL Sl il cpl i ool
b b ool 3 ol S (55 e bl s Wls Ol 5 OLIS (ST glaolKanl 5 a1
Gl STl ol s by o il ) o iy 5 ol S 30 b sl plo & s (00 JSK8) s

o3 O dpd 4 Sl ey Cand b S50 Sldde Jaall ds sl Yer iS5k oy 5 &S

..«\M‘)L;d
SSP126: Zyear return period SSP245: 2year return period SSP585: 2year return period
40N 40N
100
o5
78
35N 35N - i 35N
55
45
35
30N | 30N . 25 30N "
15
5
-5
25N 25N 1 :;: 25N
45E 50E 55 60E % - - - - ' : ' '
45E 50E  55E  6OE * ok € HE
SSP126: Syear return period SSP245: Syear return paeriod SSP585: Syear return period
40N 40N 40N
35N 1 35N 35N 4
30N~ 30N 4 30N 5|
25N - 25N - 25N A

45 S0E 55 6OE  * . ; ; ; : \ :
45  50E 55 BOE % 5k SOE  9E

60E

100
85
75
85
55

33
Hes
His
Hs

H-5

Fz:

*



\\C'V)';li.mc)ln*;‘\v.uq-“)a.?w@‘}blﬁmj\:é‘fq-qjﬁ

YYA

SSP126: 10year return perlod

35N 1

25N -

45E  50E  55E 60E %

SSP126: 25year return perfod

40N

35N 1

25N

45  S0E 55 6OE  *

SSP126: 50year return perlod

35N -

30N

25N -

458 50E  S5E

40N

60E  *

SSP126: 100year return perfod

35N

25N ~

45E  50E  S5E

60E  *

SSP245: 10year return period
40N

35N

I E R EEE

—15
-25

25N -

45€  50E  55E BOE %

SSP245: 25year return period

35N +

25N 1
45E 50E 55 60E  *
SSP245: 50year return period
40N
35N 1
30N -
25N A
45 50E 556 60E  *
SSP245: 100year return period
35N 1
30N 1
25N 1

45€  50E  55E BOE %

SSP585: 10year return perfod

35N+

25N

45 50E  55E

B0E %

SSP585: 25year return perlod

35N 4

25N A

45E  50E 55 BOE %

SSP585: S50year return perfod

35N+

25N

456 50E 55

BOE  *

SSP585: 100year return perlod

35N -

25N 4

45 50E  55E



40N

35N 1

v BATPNCIA 4 P PY PR S 3 PR K VP OV SR S-SR B COUNIPIP-S [ W P

SSP126: 200year return period SSP245: 200year return period SSP585: 200year refurn period
40N 40N

100
85
75

55 25N -

55

35N 4

1 30N -

= 25N 4 25N A

100
85
75
65
55

Has
Hzs
His
Hs

H-6

45E 50E 55E  60E  * T ik ace
A 03 Pl 93 53 Esk SN 4 G oS (5 Rt A 0L e Sk A3 —F IS
X e iE 5L 0,95 3 SSP5-8.5 5 SSP2-4.5 SSP1-2.6 (sla gl s andllaes ) go glaolKansl 51 S
3 i Rl oy sl K0 5 diew bt Lokl jaseie laelansl (Jlu Yoo 5 Ve O YO N O

A do s YO

Fig. 4. Percentage changes in the projected extreme precipitation amounts compared to

historical extreme precipitation at each of the studied stations under the SSP1-2.6, SSP2-4.5,
and SSP5-8.5 scenarios for return periods of 2, 5, 10, 25, 50, 100, and 200 years. Stations
marked with a solid red line indicate a percentage increase of more than 25%.
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Fig. 5. Chart of changes in the quantity plotted in Figure 4 for return periods of 2, 5, 10, 25, 50,
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indicated in Figure 4.
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