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Abstract

In this study, the impact of climate change on 24-h probable
maximum precipitation (PMP24) was investigated in a part of
Qareh-Su basin located in Golestan province, northern Iran.
For this purpose, the daily and hourly climatic data during
years 1987-2017 were applied. In order to generate future data,
the outputs of CanESM2 model as a general circulation model
(GCM) were used in two near and far future periods under
three emission scenarios including optimistic (RCP 2.6),
middle (RCP 4.5) and pessimistic (RCP 8.5) and statistical
downscaling model (SDSM). The PMP2 values were
estimated using physical, Hershfield standard and revised
methods in the baseline and future periods under the three
scenarios. The PMP24 value was estimated 421 mm for the
baseline period, using Hershfield standard method. This value
was obtained respectively under the three RCP scenarios as
202, 228, and 213, for the near future and 216, 201, and 230
mm for the far future. The result of Hershfield revised method
was 230 mm for the baseline period. The PMP24 values under
the three scenarios were calculated as 81, 85, and 76 mm for
the near future, and 83, 80, and 79 mm for the far future,
respectively. The PMP24 resulted from physical method was
143 mm for the baseline period and 98, 105, and 109 for the
near future, and 129, 122, and 126 mm for the far future period,
respectively. The results showed that the PMP24 values tend to
decrease at the rate of 18-21% in the physical method, 49% in
the Hershfield standard method and 65% in the Hershfield
revised method. Overall, the PMP24 values tend to decrease in
the future and the rate of decrease in the near future was more
than the rate of the far future. The spatial distribution maps of
PMP24 in the baseline and the future periods showed that the
PMP24 values decreased from west to east. Comparison of
these values indicated that PMP values obtained from physical
method were closer to the actual precipitation of basin and this
method obtains more accurate PMP estimates in the study area.
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Table 1- Geographical and meteorological characteristics of the study stations and their climates based on
Extended De Martonne classification during 1987-2017
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Edareh Gorgan 36° 51 54° 25' 75 139 47.3 17 24.2 Sub humid- Warm
Ghazmahalleh 36° 47" 54° 12 6 132 54.4 21 23.4 Sub humid- Warm

Shastkelateh 36° 44' 54° 20" 150 97 51.3 25 15.2 Humid- Moderate

Gorgan 36° 54" 54° 25' 13.3 105 50.9 28.8 17.2 Sub humid- Warm

Siahab 36° 45' 54 30 -26 150.2 53.6 20.4 25.6 Sub humid- Moderate

*Max: Maximum, Avg: Average, Min: Minimum, SD: Standard Deviation
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Jde (Chylek et al., 2011) cul 4Bl dawy Coms) losxo
4 o Cusl Wiy 3 g, slagiyy g Ase SDSM
ol Aoy g by Jio (rd iy Olois
Ly 2l (oliie ialS (sl 5 025 5 Gl > by
9o ol 0Xgd (nhn g oMU nghn Wljg) (slapite
bl Jols SDSM s )iz .(Wilby and Dawson, 2013)
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Table 2- The results of model calibration
oty A po 55 Jbo (b3l G - Jgas

Variable Stations Calibration period R? (Monthly Average) SE
Edareh Gorgan 1987-2002 0.313 0.365
Ghazmahalleh 1987-2002 0.37 0.385
Rainfall Shastkelateh 1987-2002 0.29 0.354
Gorgan 1987-2002 0.275 0.39
Siahab 1987-2002 0.37 0.37
Dew point temperature Gorgan 1987-2002 0.7 1.6
Table 3- Evaluation of model performance in validation and projection of the baseline period
A 0,93 (5w g (SrwCouo dla po 45 Jio (b)) S T Jgse

Variable Stations R? Significant level of Ftest RMSE MAE NSE
Edareh Gorgan 0.80 4,5x1014 0.78 0.62 0.71
S Ghazmahalleh 0.77 2.4x10716 13 1.01 0.29
k= Rainfall Shastkelateh 0.75 6.5x1015 1.2 0.97 0.48
% Gorgan 0.79 1x10 11 0.84 0.41
> Siahab 0.81 2.1x1012 1.31 1.18 0.49
Dew point temperature Gorgan 0.99 7.5x10 0.63 0.5 0.99
Edareh Gorgan 0.57 0.004 1.42 1.13 0.08
S Ghazmahalleh 0.43 0.02 1.87 1.69 0.02
B Rainfall Shastkelateh 0.26 0.09 2.01 2.3 0.06
5 Gorgan 0.52 0.008 15 16 007
o Siahab 0.28 0.07 242 211 0.05
Dew point temperature Gorgan 0.98 9.8x10%4 1.06 0.85 0.98

4l 0,93 ;0 PMP2y jlude Hershfield sjluslial (i, 5l ealazwl b
1> RCP8.5 § RCP4.5 RCP2.6 (clags lis 1 «yio o ¥Y)
193 035 13 g yia Lo YAV g YYA V+Y (ol a0 055 o] 093
Joto 4 dog b el Cawd @y yio oo YY+ 5 Vo) YV i o
o] 093 , Hershfield s,lxsbul g, ;I Jols PMP24 y3le ¥
dos 1D o3l D90 (590 )l dus & Cd g (Vo NA=Y-FA) o5
2 bugie job 4 Slalie )9 4 Cuws Sldlae slaolKiu)

S ol ials as )y £Y B YO s3gue

PMP ,bl glad,qlp —V-Y
oy 5l Hershfield )bl 59, L PMP 305 jelaie &
0y9% 9 (VAAY=Y V) &b 0,90 ;0 aielw V¥ )b Sl 4Vl
55,5 odliwl (Yo¥A-Y-YA) 93 ¢ (Y+)A-V-FA) Soo5 o]
o Hla5 055 g 5,k g, 5l Juols PMP2g plis ¥ s>
=Y-YA) 593 9 (Y+ VA=Y -FA) o055 o] (clooygs g b 0y9d o

Amd o i |y RCP il cuslly (slags liw cos (V-4

Table 4- The values of PMP24 using Hershfield standard and revised methods during the baseline, and the
near and the far future periods under the RCP scenarios

S35 0] ¢ Flaalie (0,95 b Hershfield suwi yla ayusd g 5,lwiliwl gl yig, 31 o5Lw! b PMP2s y3lio -F Jou>

] 1987-2017 2019-2048 Diff 2049-2078 Diff
£ Stations PMP2; (mm) % ) PMP24 (mm) % )
S Baseline RCP2.6 RCP45  RCP85 RCP2.6 RCP45 RCP85

Edareh Gorgan 436 344 364 277 25 311 270 288 29

T35 Ghazmahalleh 460 200 235 193 55 224 228 227 51
2 £ Shastkelateh 362 166 219 227 44 206 194 244 43
& E Gorgan 391 148 156 173 59 133 152 157 66
Siahab 458 154 167 197 62 204 162 234 56

Edareh Gorgan 243 127 124 104 51 120 107 104 55

,E_» g Ghazmahalleh 247 81 91 71 67 90 92 80 65
S35  Shastkelateh 194 68 83 75 61 76 73 79 61
S E Gorgan 206 57 56 57 72 52 60 54 73
Siahab 259 72 71 72 72 75 67 76 72

*Diff: Difference
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Fig. 2- The spatial distribution of PMP24 over the study area in the baseline and the future periods
ol g 4l goyed b (Tl adlaie 45 PMP2 (K6 2595 - Y JS

YUK e e Giuled 1y Ye¥0 el YV Fys0 Bg (olp
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Table 5- Dates of 24-h duration severe and widespread storms in the study area during the baseline, and
the near and the far future periods under the RCP scenarios

RCP (sl yluwr Cxi 493 9 SUd 3 0uig] ey (sboo 90 b Csiio disclw YF 105158 g wyuwd sl yligi —0 Jous

Baseline (1987-2017) Near future (2019-2048) Far future (1049-2078)
No. Date of occurrence Date of occurrence Date of occurrence
(mm/dd/yyyy) (mm/dd/yyyy) (mm/dd/yyyy)

1 11/12/1995 09/27/2045 09/30/2064

2 10/29/1993 04/25/2044 11/11/2062

3 10/09/2006 05/11/2025 10/06/2059

4 07/17/2012 03/14/2023 10/06/2057

5 01/11/2013 05/11/2040 10/23/2060

6 09/29/2008 09/14/2019 01/30/2051

7 09/27/1995 05/19/2031 03/10/2066

8 10/13/1991 04/26/2027 10/24/2078

9 10/21/2011 02/27/2040 03/30/2065

10 10/13/2012 05/09/2034 10/24/2074

11 08/16/1993 02/02/2026 04/21/2053

12 12/26/2005 10/21/2048 02/05/2051

13 06/04/2014 09/12/2030 10/05/2059
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Fig. 3- Depth—Area—Duration curves for selected storms in near future period under RCP2.6 scenario
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Table 6- The average 24-hours rainfall for the storm of 27 September 2045 in the study area.
Flae alaio ;3 V4 FO puolivns TV £590 (95 2 o9k bawgio -7 Jgaa

Limit of Average of A . Volume of Cumulative Average of
. . rea Cumulative . .
isohyetal isohyetal (km?) area (km?) the rainfall volume of the maximum
lines (mm) (mm) (1000m®) rainfall (1000m®) rainfall (mm)
40-37.5 38.75 10.0 10.0 3875 3875 38.8
37.5-35 36.25 14.3 24.3 518.4 905.9 37.3
35-325 33.75 175 41.8 590.6 1496.5 35.8
32.5-30 31.25 27.2 69.0 850.0 2346.5 34.0
30-27.5 28.75 453 1143 1303.3 3649.8 319
27.5-25 26.25 69.4 183.7 1821.8 5471.6 29.8
25-22.5 23.75 81.8 265.5 1941.9 74135 27.9
22.5-20 21.25 84.0 3495 1785.3 9198.8 26.3
20-17.5 18.75 124.0 4735 2325.1 11523.9 24.3
17.5-15 16.25 2201 693.6 3576.9 15100.7 21.8
15-12.5 13.75 153.1 846.7 2105.0 17205.8 20.3
12.5-10 11.25 305.8 1152.5 3439.8 20645.6 17.9
10-7.5 8.75 219.0 13715 1916.6 22562.1 16.5
7.5-5 6.25 180.2 1551.7 1126.1 23688.2 15.3
5-2.5 3.75 124.0 1675.7 464.9 24153.1 14.4
2.5-0 1.25 84.3 1760.0 105.4 24258.6 13.8
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Fig. 4- Rate of changes of future PMP24 in the future periods under the RCP scenarios
RCP (sWgy U i o] 0,93 13 PMPas g3l ol puid & 05 -F JSW0

Table 7- The maximization factors, PMP values and percentage of differences between the baseline and
the future periods under the RCP scenarios

RCP (sWgy luw i ol g (Fladlive (5120590 Lgldd wo 3 9 PMP ¢ g jluwsdioming sl yud p 30 - Jou>

maximum persisting 12

date of

hour dew point in 1000

maximization
factor

Maximum persisting
12hr wind (Knot)

Period Scenario occurrence mb level (;c(:))—year Inthe 100-year FZ'Z{; FmMmP) '(E,’/i:)f
(mmy/ddlyyyy) s tolrr:nﬂ:ieme return storm return FM MW
period time period
T Baseline 1012011993 141 206 15 70 107 15 22 143 -
2019- RCP2.6 02/02/2026 3.7 14.3 9.7 19.2 2.1 1.98 4.1 98 -31
2048 RCP4.5 02/02/2026 5.8 15.3 9.7 19.2 1.8 1.98 3.6 105 -27
RCP8.5 02/02/2026 4.6 14.9 9.7 19.2 1.9 1.98 3.7 109 -24
2049- RCP2.6 01/30/2051 8.7 17.2 8.3 16.6 1.8 2.0 3.6 129 -10
2078 RCP4.5 01/30/2051 10.8 17.8 8.3 16.6 1.6 2.0 3.2 122 -15
RCP8.5 01/30/2051 8.9 18.0 8.3 16.6 1.9 2.0 3.7 126 -12

*Diff: Difference
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1- Intergovernmental Panel on Climate Change

2- Probable Maximum Precipitation

3- Probable Maximum Flood

4- Representative Concentration Pathways

5- Reanalysis, Available at: https://sdsm.org.uk/
data.html

6- Second Generation Canadian Earth System Model,
Available at: http://climate-scenarios.canada.ca/?page
=pred-canesm2

7- Canadian Center for Climate Scenario Network

8- Depth-Area-Duration

9- Moisture Maximization Factor

10- Wind Maximization Factor

11- Statistical Downscaling Model

12- The Coupled Model Inter-comparison Project

Phase5

13- Canadian Center for Climate Modelling and
Analysis

14- Coefficient of Determination

15- Standard Error

16- Root Mean Squared Error

17- Mean Absolute Error

18- Nash-Sutcliffe Efficiency

19- Inverse Distance Weighted

20- Skew T diagram
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