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Introduction

Climate change caused by global warming has altered temporal-spatial distribution as well as rate
and form of precipitation, the magnitude of floods, annual precipitation in rivers, seasonal variation
of probable maximum precipitation and flood, water quality, evaporation rate, concentrations of
nutrients in aquifers, etc. the Atmosphere-Ocean Coupled General Circulation Model (AOGCM)
is currently the most reliable tool to study the effects of climate change on different systems. This
model simulates climate parameters. Estimation of probable maximum precipitation (PMP) is an
important and practical research method that not only identifies behavior of extreme rainfall in
climatology, but also helps hydrologists to design various large water control structures, especially
dams. Climate change affects PMP in the coming periods. Consequently, PMP estimates will be
modified by hydrologists.

Method
Area of Study

Parsian Basin extends from northwest of Fars Province to boundaries of Sepidan and Momseni
towns. Parsian Basin is located in geographical coordinates of 51°, 20 minutes to 52° and 40
minutes in eastern longitude and 29 © and 45° to 30° and 30° in northern latitude. Rainfall regime
in the basin ranged from early autumn to mid-spring. Average rainfall in the Parsian Basin was
estimated as 659mm. Area of this basin is 90 km2.

Daily precipitation data was collected in a 30-year statistical period (1980-2010) from five
stations of Hossein Abad, Barghan, Moroze, Kuhsangan and Ajan Plain. Collected data was
checked for homogeneity, outlier and quality. After ensuring data homogeneity and quality as sell
as absence of any outlier, collected data was analyzed using common statistic parameters.
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Estimate of PMP

Two synoptic and statistical methods are generally used to calculate PMP. Statistical methods
are less time-consuming than other methods. Meteorological expertise is not a necessary criteria
for PMP estimation with statistical method. The most important disadvantage of this method is
demonstration of PMP as point values. The following statistical method was used to estimate PMP.
The following equation is used in the Hirschfield’s statistical method (1961):

PMP = X + K,,0,, 1)

where PMP represents probable maximum precipitation in a certain station at a given time
series, and Km is the largest calculated K value for all stations with similar conditions (WMO,
2009). Km frequency factor is obtained from equation (2):

szm 2)

On-L

where XL is maximum observed rainfall at the given station, Xn-L is the mean of annual rainfall
with the exclusion of maximum rainfall, and on-L is standard deviation of annual precipitation
with the exclusion of maximum rainfall.

It should be noted that PMP was estimated based on modification of statistical method and
removal of maximum observations in the first Hirschfield’s approach. However, Desa et al. (2001)
estimated PMP based on the Km obtained from the above equation in the second approach.
Accordingly, a frequency factor was obtained for each maximum observation. Maximum Km value
was selected and used to estimate PMP at all stations.

Climate change

According to the fifth assessment report (AR5) and the necessity to use the new scenario of
representative concentration pathways (RCPs), 23 GCMs belonging to the Coupled Model
Intercomparison Project Phase 5 (CMIP5) under RCP 8.5 were used as a pessimistic scenario in
this study. Energy consumption, population growth and greenhouse gas emissions in RCP 8.5
scenario were greater than other RCP scenarios (Vuuren et al., 2011). The data related to the IPCC
AR5 was downloaded from the NASA Earth Exchange (NEX) Global Daily Downscaled
Projections Dataset (GDDP) in a daily manner. Bias correction is also an essential pre-processing
procedure before analysis of GCM output data. It should be noted that bias correction was also
included the AR5 for each region. This database is one of the best climatological databases. Refer
to Thrasher et al. (2013) for details on these data. Finally, the Lars model was used as a stochastic
weather generator to downscale course resolution outputs of GCMs to the finer scales.

Assessment of performance of CMIP5 models in temperature and precipitation simulation

A new approach based on multi-criteria decision-making methods was used to assess
performance of CMIP5 models in this study. This allows GCM users to select the best model to
simulate climatic variables in the base period given the rate of similarity and correlation and by
taking into account the standard deviation of model data and observations in climate change
studies. (Errasti et al., 2011) Normal mean squared error, Taylor's factor and bias index were used
to assess the models.

Results and Discussion

Statistical data on maximum daily rainfall was collected to estimate PMP in the base period
using the Hirschfield’s method and the Hirschfield-Desa method. The results showed that the
highest value of PMP (obtained from the Hirschfield’s method) belonged to Gosangan Station
located in the west of the basin. Ajan Plain Station located in the south of the basin had the highest
PMP value, secondary to Gosangan Station. The lowest PMP value also belonged to Hossein Abad
Station located in the east of the basin. The results also showed that PMP estimated values with the
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Hirschfield-Desa method were less than the Hirschfield method given the bias correction in the
former method. The highest PMP values were also obtained in Gosangan Station and Gosangan
Station with Hirschfield-Desa method.

To estimate more accurate PMPs in the coming years, AOGCMs were rated using the TOPSIS
multi-criteria decision making method. Seven models with the highest scores were selected to
estimate PMPs in the coming years. After ensuring suitable performance of the Lars Model in each
studied station, PMPs in the upcoming periods (2030-2055) were estimated based on variation in
the parameters simulated by GCM under both RCP 8.5 and RCP 4.5 scenarios and using long-term
daily rainfall data at each station and simulating the effects of climate change on PMP. Finally,
PMP in a changing climate was estimated according to the objective of the study (under both RCP
4.5 and RCP 8.5 scenarios) in each studied station using Hirschfield and Hirschfield-Desa methods.
Contents of tables 1 and 2 show that PMP from Hirschfield-Desa method decreased in the coming
periods compared to the base period in a changing climate (under both RCP 8.5 and RCP 4.5
scenarios). However, the rate of decrease varied under each scenario given the output of each
model. Although estimated PMP in the coming periods was higher than the base period with the
Hirschfield’ statistical method, this difference was due to inevitable uncertainty in climate change
studies.

Table 1 - Comparison of PMP in the base and coming periods in a changing climate using
Hirschfield’s statistical method
M1 M2 M3 M4
RCP RCP RCP RCP RCP RCP RCP RCP
PMP- 152.89 28490 208.62 243.71 398.78 296.32 317.24 309.93

Hoseinabad PMP- 302.80

Barghan PMP- 23041 49321 361.35 333.13 431.10 434.82 41509 389.61
PMP- 423.40

Moroze PMP- 20609 40225 350.14 389.43 49856 39451 417.79 405.79
PMP- 398.00

Kohsangan ~ PMP- 33473 56807 46460 537.0L 80538 61083 63098 757.62
PMP- 601.10

Dasht PMP-  372.68 681.85 55692 400.20 730.83 49544 60422 580.96

Azhan PMP- 576.70

M5 M6 M7
. RCP RCP__RCP___RCP___RCP___RCP

Hoseinabad o\ 1o 59953 313.08 27915 317.34 24139 242.76

Barghan PMP- 302.80
PMP- 40150 471.27 42504 42830 33632 277.90

Moroze PMP- 423.40
PMP-  386.00 431.66 388.66 467.95 326.65 290.64
PMP- 398.00

Kohsangan i 57577 61462 48671 67113 45749  458.99

Dasht PMP- 601.10

Azhan PMP- 57451 59556 590.16 59575 473.25 486.36

PMP- 576.70
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Table 2 - Comparison of PMP in the base and coming periods in a changing climate using
Hirschfield-Desa method

M1 M2 M3 M4
RCP RCP RCP RCP RCP RCP RCP RCP
. PMP- 55.60 99.10 81.00 85.95 14253 103.14 117.68 119.87
Hoseinabad PMP- 128.01
Barghan PMP- 78.30 159.71 130.38 115.74 173.14 150.93 155.35 151.30
PMP- 186.31
Moroze PMP- 70.92 137.69 121.02 125.07 183.71 134.81 150.84 147.90
PMP- 173.78
Kohsangan PMP- 105.48 202.36 156.00 178.94 279.57 214.27 223.43 266.77
PMP- 261.34
Dasht PMP- 11898 241.60 190.01 152.09 277.73 189.27 228.04 230.01
Azhan PMP- 260.57
M5 M6 M7
Hoseinabad RCP RCP RCP RCP RCP RCP
PMP- 112.69 114.15 106.19 11542 87.30 88.21
Barghan PMP- 128.01
PMP- 150.69 165.49 154.89 156.85 120.76 106.07
Moroze PMP- 186.31
PMP- 141.26 15154 137.76 161.75 113.92 104.34
Kohsangan PMP- 173.78
PMP- 196.64 224.16 173.96 240.25 156.27 167.94
Dasht PMP- 261.34
PMP- 219.23 233.02 213.47 233.20 170.83 182.13
PMP- 260.57
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Table 2- The CMIP5 models used in this study

No. Model Name Institute ID Key references

1 accessl1-0 CSIRO-BOM Franklin et al. (2013)
2 bce-csml-1 BCC Wu et al. (2013)

3 bce-csml-1-m BCC Wu et al. (2013)

4 BNU-ESM GCESS Wei et al. (2012)

5 CANESM2 CCCMA von Salzen et al. (2013)
6 CESM1-CAMS5 NCAR Meehl et al. (2012)
7 CMCC-CM NSF-DOE-NCAR Meehl et al. (2012)
8 CSIRO-Mk3-6-0 CNRM-CERFACS Voldoire et al. (2013)
9 EC-EARTH CSIRO-QCCCE Rotstayn et al. (2012)
10 FGOALS-g2 LASG/IAP Rotstayn et al. (2012)
11 GFDL-CM3 NOAA GFDL Donner et al. (2011)
12 GFDL-ESM2M NOAA GFDL Dunne et al. (2012)
13 GISS-E2-R NOAA GFDL Dunne et al. (2012)
14 HadGEM2-A0 INM Volodin et al. (2010)
15 HadGEM2-CC IPSL Dufresne et al. (2013)
16 HadGEM2-ES IPSL Dufresne et al. (2013)
17 IPSL-CM5A-LR MIROC Watanabe et al. (2010)
18 IPSL-CM5A-MR MIROC Watanabe et al. (2010)
19 IPSL-CM5B-LR MIROC Watanabe et al. (2010)
20 MIROCS5 MPI-M Stevens et al. (2013)
21 MPI-ESM-LR MPI-M Stevens et al. (2013)
22 MRI-CGCM3 MRI Yukimoto et al. (2012)
23 NorESM1-M NCC Iversen et al. (2013)
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Table 3- Statistical data of the maximum 24-hour annual precipitation data (mm) at the stations

studied
Station Hoseinabad Barghan Moroze Kohsangan Dasht Azhan
Average 47.53 66.69 63.98 75.66 76.34
Standard deviation 13.40 19.92 18.28 30.91 30.67
Maximum 75.00 110.00  101.00 151.50 162.00
Minimum 15.00 36.00 30.50 34.50 42.00
Coefficient of 28.19 2986 2857 40.86 40.18
Skew coefficient 0.08 0.45 0.20 0.74 1.09
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Table 4- Estimated maximum probable precipitation values (mm) at the stations studied

Hershfield method

Hershfield -Desa method

PMP ratio to PMP ratio to

Station PMP maximum 24-hour PMP maximum 24-hour

annual precipitation annual precipitation
Hosein Abad 302.8 4.04 128.01 1.71
Barghan 423.4 3.85 186.31 1.69
Moroze 398 3.94 173.78 1.72
Kohsangan 601.1 3.97 261.34 1.73
Dasht Azhan 576.7 3.56 260.57 1.61
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Table 5- GCM performance evaluation indices in rainfall simulation

Evaluation Indicators

N
GCM NRMSE Stylor COR Bias
access1-0 0.72 0.69 0.56 -0.54
bce-csmi-1 0.73 0.64 0.56 -0.56
bcc-csml-1-m 0.74 0.58 0.55 -0.57
BNU-ESM 0.74 0.61 0.53 -0.55
CANESM2 0.75 0.52 0.51 -0.56
CESM1-CAM5 0.71 0.68 0.59 -0.56
CMCC-CM 0.73 0.62 0.57 -0.59
CSIRO-Mk3-6-0 0.71 0.70 0.58 -0.55
EC-EARTH 0.72 0.66 0.54 -0.52
FGOALS-g2 0.73 0.62 0.54 -0.55
GFDL-CM3 0.75 0.56 0.51 -0.55
GFDL-ESM2M 0.73 0.59 0.56 -0.57
GISS-E2-R 0.72 0.62 0.55 -0.53
HadGEM2-A0 0.74 0.55 0.55 -0.57
HadGEM2-CC 0.74 0.58 0.55 -0.58
HadGEM2-ES 0.71 0.67 0.59 -0.54
IPSL-CM5A-LR 0.73 0.63 0.57 -0.58
IPSL-CM5A-MR 0.75 0.53 0.54 -0.59
IPSL-CM5B-LR 0.75 0.55 0.52 -0.59
MIROC5 0.73 0.64 0.55 -0.54
MPI-ESM-LR 0.77 0.49 0.45 -0.55
MRI-CGCM3 0.70 0.72 0.57 -0.50
NorESM1-M 0.72 0.66 0.55 -0.52
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Table 6- Results from GCM ranking using Topsis

No model
1 access1-0
2 bcc-csmi-1
3 bcc-csmil-1-m
4 BNU-ESM
5 CANESM2
6 CESM1-CAM5
7 CMCC-CM
8 CSIRO-Mk3-6-0
9 EC-EARTH
10 FGOALS-g2
11 GFDL-CM3
12 GFDL-ESM2M
13 GISS-E2-R
14 HadGEM2-A0
15 HadGEM2-CC
16 HadGEM2-ES
17 IPSL-CM5A-LR
18 IPSL-CM5A-MR
19 IPSL-CM5B-LR
20 MIROC5
21 MPI-ESM-LR
22 MRI-CGCM3
23 NorESM1-M

Rank Score
3 0.07
9 0.05
16 0.03
14 0.04

22 0.02
4 0.06
13 0.04
2 0.07
7 0.06
12 0.04
19 0.02
15 0.04
11 0.05
18 0.02
17 0.03
5 0.06
10 0.05
21 0.02
20 0.02
8 0.05
23 0.01
1 0.08
6 0.06
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Table 7- Selected models for use in the study

1D No GCM Rank
M5 22 MRI-CGCM3 1
M2 8 CSIRO-Mk3-6-0 2
M1 1 access1-0 3
M4 6 CESM1-CAMS5 4
M3 16 HadGEM2-ES 5
M6 23 NorESM1-M 6
M7 9 EC-EARTH 7
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Fig. 3- Box plot relative variations of precipitation simulation under the influence of climate change in
the studied stations under RCP scenario 8.5
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Box plot relative variations of precipitation simulation under the influence of climate change in the
studied stations under RCP scenario 4.5
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Table 8- Chi-square test results for probabilistic distribution of observed rainfall data generated by
the Lars model

Month Hossein Abad Barghan Moroozeh Goshangan Dasht arzhan

KS Pvalue KS Pvalue KS Pvalue KS Pvalue KS Pvalue

Jan 0.07 1.00 0.07 1.00 0.09 1.00 0.08 1.00 0.08 1.00
Feb 0.13 0.98 0.07 1.00 0.09 1.00 0.09 1.00 0.06 1.00
Mar 0.13 0.98 0.08 1.00 0.07 1.00 0.13 0.99 0.07 1.00
Apr 0.14 0.97 0.08 1.00 0.06 1.00 0.08 1.00 0.07 1.00
May 0.13 0.98 0.19 0.76 0.20 073 031 0.18 0.29 0.26

Jonw 000 100 039 004 06l 000 000 100 039 004
i 061 000 019 078 031 019 042 002 031 0.9
Aug No  No 017 084 022 060 022 059 031 0.9
Sep No  No 044 002 039 004 000 100 070  0.00
Oct 026 036 015 093 023 053 038 006 015 094
Nov 016 092 006 100 006 100 008 100 008 100
Dec 008 100 010 100 009 100 006 100 006 100
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Table 9- Maximum probable precipitation under the influence of climate change in the future period
(2030-2055) in Hoseinabad

M1 M2 M3 M4

RCP45 RCP85 RCP45 RCP85 RCP45 RCP85 RCP45 RCP85

Hershfield method 152.89 28490 208.62 243.71 398.78 296.32 317.24 309.93
Hershfield -Desa method ~ 55.60 99.10 81.00 85.95 14253 103.14 117.68 119.87

M5 M6 M7
RCP45 RCP8 RCP45 RCP8 RCP45 RCP85
Hershfield method 299.53 313.08 279.15 317.34 241.39 242.76
Hershfield -Desa method 112.69 114.15 106.19 11542 87.30 88.21
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Table 10- Maximum probable precipitation under the influence of climate change in the future period
(2030-2055) in Barghan

M1 M2 M3 M4
RCP RCP RCP RCP RCP RCP RCP RCP

Hershfield method 230.41 49321 361.35 333.13 43110 43482 415.09 389.61

Hershfield -Desa method 78.30 159.71 130.38 115.74 173.14 150.93 155.35 151.30

M5 M6 M7

RCP RCP RCP RCP RCP RCP
45 85 45 85 45 85

Hershfield method 401.50 471.27 425.04 428.30 336.32 277.90

Hershfield -Desa

150.69 165.49 154.89 156.85 120.76 106.07
method
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Table 11- Maximum probable precipitation under the influence of climate change in the future period
(2030-2055) in Moroze

M1 M2 M3 M4
RCP45 RCP85 RCP45 RCP8 RCP45 RCP8 RCP45 RCP85
Hershfield method  206.99  402.25 350.14  389.43 49856 39451  417.79  405.79

Hershfield -Desa 70.9214 137.691 121.019 125.068 183.715 134.814 150.839 147.89
method 8 7 5 1 ' 5 8 56
M5 M6 M7

RCP45 RCP85 RCP45 RCP85 RCP45 RCP85
Hershfield method 386.00 431.66 388.66 467.95 326.65  290.64
Hershfield -Desa 141.255 151.539 161.753 113.917 104.336

method 7 9 137.76 4 9 2
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Table 12- Maximum probable precipitation under the influence of climate change in the future period
(2030-2055) in Kohsangan

M1 M2 M3 M4
RCP45 RCP85 RCP45 RCP8 RCP45 RCP85 RCP45 RCP85
Hershfield method 33473  568.07 464.60 53791 805.38 619.83 630.98 757.62
Hershfield -Desa method  105.48 202.362 156.00 178.94 279.56 21426 22343  266.77
M5 M6 M7
RCP45 RCP85 RCP45 RCP85 RCP45 RCP85
Hershfield method 575.77 614.62  486.71 671.13 457.49  458.99
Hershfield -Desa method ~ 196.64 224.15 173.96  240.25 156.27 167.94
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Table 13- Maximum probable precipitation under the influence of climate change in the future period
(2030-2055) in Dasht Azhan

M1 M2 M3 M4

RCP45 RCP85 RCP45 RCP8 RCP45 RCP85 RCP45 RCP85

Hershfield method 372.68 681.85 556.92 400.20 730.83 49544 604.22 580.96
Hershfield -Desa method 118.98  241.60 190.01 152.09 277.73 189.27 228.04 230.01
M5 M6 M7

RCP45 RCP85 RCP45 RCP85 RCP45 RCPS85
Hershfield method 57451 59556  590.16 595.75 473.25 486.36

Hershfield -Desa method ~ 219.23  233.02 21347 23320 170.83 182.13

b g peldl s plicod Joiome (Sl S gl gl (ol ook Sl e (V0) 5 (IF) Jore mls elul »
0)93 3 35l e (B (s bl Hershfield g, 5 odlizl CoB g a4l oyed 4 Cums Hershfield-Desa g, 4 Joisxe
St @oli e cpl b e b 0yed ke I i uaalS (RCP 4.5 g RCP 8.5 g4,k 93 ;0) nulll 45 150
Uidu &S b o malll i Sldlae (D 39390 Cualad pac @glize (2019) Thanh Thuy et al zls b 48 el asl
sl izl L5 i o plisl by gl Sy o cov Lials e ol 40,81 .cul

25 a8 il e Sslite b e I Sy pn 2ays ) oslia



fo

FI-FA o AP ) Il o,lead ¥ o555

ol oo phe

SoloT-bad (59 41 el i W6 o (ST 0598 9 41 0598 53 oo (B34 > Ol dwlio - 1€ Jauer
Table 14- Comparison of probable maximum rainfall in base period and future period influenced by
climate change by Hershfield method

M1 M2 M3 M4
RCP45 RCP85 RCP45 RCP85 RCP45 RCP85 RCP45 RCP 85
. PMP-FUT ~ 152.89 28490 20862 24371 398.78 29632 317.24 309.93
Hoseinabad 50 B oce 302.80
Barghan  PMP-FUT 23041 49321 36135 33313 43110 43482 41509 38961
g PMP-Base 423.40
Moroze ~ PMP-FUT 20699 40225 35014 389.43 49856 39451 417.79  405.79
PMP-Base 398.00
Kohsangan ~PMP-FUT 33473 56807 46460 537.01 80538 61983 630.98 757.62
PMP-Base 601.10
PMP-FUT  372.68 681.85 556.92 400.20 730.83 49544 60422 580.96
Dasht Azhan  p1p_Base 576.70
M5 M6 M7
. RCP45 RCP85 RCP45 RCP85 RCP45 RCP 85
Hoseinabad
PMP-FUT 29953 313.08 279.15 317.34 24139 242.76
Barahan | PMP-Base 302.80
g PMP-FUT 40150 471.27 42504 42830 33632 277.90
Moroze PMP-Base 423.40
PMP-FUT  386.00 431.66 388.66 467.95 326.65 290.64
Kohsangan  PMP-Base 398.00
PMP-FUT  575.77 614.62 48671 671.13 45749 458.99
PMP-Base 601.10
Dasht Azhan o\ FUT 57451 59556 59016 59575 473.25  486.36
PMP-Base 576.70
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Table 14- Comparison of probable maximum rainfall in base period and future period influenced by
climate change by Hershfield-Desa method

M1 M2 M3 M4
RCP45 RCP8 RCP45 RCP8 RCP45 RCP85 RCP45 RCP 85
. PMP-FUT 55.60 99.10 81.00 85.95 14253 103.14 117.68 119.87
Hoseinabad — 5\4p Bace 128.01
Barghan PMP-FUT  78.30 159.71 130.38 115.74 173.14 150.93 155.35 151.30
PMP-Base 186.31
Moroze PMP-FUT  70.92 137.69 121.02 125.07 183.71 13481 150.84 147.90
PMP-Base 173.78
Kohsangan PMP-FUT 10548 202.36 156.00 178.94 27957 21427 223.43 266.77
PMP-Base 261.34
Dasht Azhan PMP-FUT 11898 24160 190.01 152.09 277.73 189.27 228.04 230.01
PMP-Base 260.57
M5 M6 M7
Hoseinabad RCP45 RCP8 RCP45 RCP85 RCP45 RCP 85
PMP-FUT 11269 114.15 106.19 11542 87.30 88.21
Barghan PMP-Base 128.01
PMP-FUT 150.69 165.49 154.89 156.85 120.76 106.07
Moroze PMP-Base 186.31
PMP-FUT 14126 15154 137.76 161.75 113.92 104.34
Kohsangan ~ PMP-Base 173.78
PMP-FUT 196.64 22416 173.96 240.25 156.27 167.94
Dasht Azhan PMP-Base 261.34
PMP-FUT 219.23 233.02 213.47 233.20 170.83 182.13
PMP-Base 260.57
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