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Abstract

The study area, with arid to semi-humid climates, is located in northern Fars Province, southern Iran. Daily precipitation and
temperature data from 22 models of the Coupled Model Inter-comparison Project Phase 5 (CMIP5) are used to study climate
change for period 2026-2085 under RCP2.6, RCP4.5, and RCP8.5. Daily outputs of each CMIP5 model are downscaled to
climatic stations over the study area using LARS-WG tool and transient change factors approach. Daily precipitation is down-
scaled to seven climatic stations while daily temperature downscaled to two stations. Downscaling results indicate that temper-
ature will increase by + 1.85, + 2.5, and + 3.45 °C under the RCP2.6, RCP4.5, and RCP8.5, respectively, while precipitation will
reduce by 14, 22, and 20.8%, respectively, within the study area. Standardized precipitation index (SPI) analysis, performed for
3-, 6-, 9-, and 12-month time scales, shows that frequency (duration) of normal periods will increase (decrease) under climate
change, however, 12-month SPI analysis shows decreased frequency and increased duration for normal periods. Frequency,
duration, severity, and intensity of wet periods may increase, decrease, or not change under climate change, depending on the SPI
time scale. The study area will experience more frequent, longer-duration, severed, intensified droughts in the future due to global
warming. Extreme storm analysis shows that precipitation depth of most frequent storms (2-year return period storms) will
increase, but precipitation depth of less frequent storms (10- and 20-year return period storms) will decrease under climate
change. Temperature enhancement, precipitation reduction, and longer-duration, severed, intensified droughts will increase water
shortage in the future, resulting in water crisis and reduced security of food production over northern Fars Province.
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1 Introduction

Today, global warming is an obvious phenomenon (Pachauri
et al. 2014). Anthropogenic forcing has made a substantial
contribution to surface temperature increases since the mid-
twentieth century, affected the global water cycle since 1960,
contributed to the retreat of glaciers since 1960s, increased
surface melting of Greenland ice sheet since 1993, contributed
to Arctic sea-ice loss since 1979, and have made a substantial
contribution to increases in global upper ocean heat content
and to global mean sea level rise observed since 1970s
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(Pachauri et al. 2014). Anthropogenic greenhouse gas emis-
sions are mainly driven by population size, economic activity,
lifestyle, energy use, land use patterns, technology, and cli-
mate policy (Solomon et al. 2007). Climate change studies
show that daily precipitation extremes will be intensified due
to global warming (O’Gorman 2015). Increased atmospheric
water content has a potential to produce higher precipitation
amounts, if it is triggered by an external mechanism such as
lifting forced by topography (Evans 2010); however, the con-
densation level of air parcel will shift upward under global
warming due to change in temperature lapse rate over lands
and oceans (O’Gorman and Schneider 2009; O’Gorman 2015;
Siler and Roe 2014; Singh and Goyal 2016).

Droughts, having durations from years to decades, have
occurred during the last millennium over, for example,
North America, West Africa, and East Asia. Climate models
project increased aridity in the twenty-first century over most
of Africa, southern Europe, Middle East, most of the
Americas, Australia, and Southeast Asia (Dai 2011). Wet
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and dry periods may be monitored by their frequency, dura-
tion, severity, and intensity (Jiang et al. 2015). Analysis of
shorter-duration droughts may be important to agricultural
interests, while longer-duration droughts covering multiple
years may be important for water management applications
(Swain and Hayhoe 2015). Raje and Mujumdar (2010) con-
cluded that probability of extreme, severe and moderate
droughts will increase but probability of normal and wet con-
ditions in Orissa, India, will decrease as a result of climate
change. Climate change study over California showed that
frequency of dry days, very-heavy precipitation days, and
wet and dry periods will increase under climate change
(Berg and Hall 2015). Storms control effective groundwater
recharge, reservoir storage, soil erosion, and risk of flooding
in a given region. The intensified storms increase risk of
flooding and soil erosion, may lead to dam failure and change
in effective groundwater recharge.

Nowadays, the General Circulation Models (GCMs)
are state-of-the-art tools to study the future climate re-
sponse to global warming in horizontal coarse resolutions
of about 250 to 600 km (Task Group on Data Scenario
Support for Impact and Climate Analysis TGICA 2007;
Green et al. 2011). Climate response is influenced by both
regional and local conditions in a region. Local factors
such as topography, vegetation, soil characteristics, and
local moisture affect the climate of a region. The GCMs
simulate well the regional climate responses, but they are
weak in simulating the local climate responses due to
coarse spatial resolutions. Downscaling techniques have
been developed to modify GCM outputs from coarse res-
olutions to finer resolutions. Among the developed down-
scaling techniques, the statistical downscaling methods
can modify GCM outputs to resolutions even in a single
meteorological station (Wilby et al. 2004).

Climate characteristics of a region such as average annual
precipitation and temperature, intensity of storms and duration
of droughts, and wet years are main climatic factors which
directly affect the water resources, and change in these factors
due to climate change will alter water availability in the region
(Lee et al. 2006; Scibek et al. 2007; Woldeamlak et al. 2007,
Aguilera and Murillo 2009; Candela et al. 2009; Wada et al.
2010; Ali et al. 2012; Kabiri et al. 2015; Naderi and Raeisi
2016; Naderi 2020). Therefore, climate change study in a
region is useful as a primary material for future sustainable
water resource management (Mall et al. 2006; Loaiciga 2009).
Towards this issue, many studies have assessed the impact of
climate change on precipitation, temperature, and extreme
weather events over Iran (Table 1). They may be categorized
based on the number of GCMs used for climate change anal-
ysis, type and number of scenarios, and size of the study area.
Most studies used less than 6 GCMs (Ahmadebrahimpour
et al. 2019; Babaeian et al. 2015; Bannayan and Rezaei
2014; Etemadi et al. 2016; Fakhri et al. 2012; Mirdashtvan
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et al. 2018; Modarres et al. 2018; Motiee et al. 2019; Roshan
et al. 2013; Vaghefi et al. 2019); however, some researchers
used 10-20 GCMs for climate change study (Fadia Maghsood
etal. 2019; Gohari et al. 2013; Karandish et al. 2017; Rahmani
and Zarghami 2013). Climate change is studied under both old
scenarios (B1, B2, A1B, A2) and new scenarios (RCP2.6,
RCP4.5, RCP8.5), and size of the study area varies from city
to national scale. Climate change studies over different parts
of'the country indicate, in summary, that all regions will warm
in the future; however, temperature enhancement depends on
the geographical location and type of GCM and scenario.
Despite the positive anomaly for temperature, the response
of mean annual precipitation to climate change differs among
regions. The precipitation may increase and/or decrease in the
future, depending on the region and type of GCM and scenar-
i0. These studies also reveal that the frequency and precipita-
tion depth of extreme storms and frequency and duration of
droughts will increase under climate change in different parts
of the country (Ahmadebrahimpour et al. 2019; Modarres
et al. 2018; Vaghefi et al. 2019).

Beside the previous valuable studies, this paper has focused
on northern parts of Fars Province in southern Iran (Fig. 1).
Climate varies from arid to semi-humid and elevation from
320 to 4250 m above sea level (m.a.s.l.). The mean annual
precipitation varies from 140 to 677 mm and originates from
three different regions of the Mediterranean Sea, Red Sea, and
Indian Ocean (Alijani and Harman 1985; Beyglou et al. 2009;
Parab Consulting Engineers 1996; Roshani et al. 2013).

There are large dams of Dorudzan and Mollasadra and
under-construction dams of Parsian and Sheshpir within the
study area to supply the agricultural and municipal water de-
mands. The study of temporal variability of observed precip-
itation and temperature in southern Iran showed that the pre-
cipitation and temperature trends are negative and positive,
respectively (Kousari and Zarch 2011; Tabari and Talaee
2011). Climate change may intensify water crisis in this region
and make water management difficult in the future. The
knowledge of precipitation and temperature change, drought
durations, and frequency of extreme storms are vital prerequi-
sites for sustainable water allocation in the future. Also, in the
aspect of agricultural activities, it should be note that total
cultivated area (7130 km?) in Fars Province contributes to
6.1% of the country’s cultivated area (117,664 km?). About
15 and 8.1% of garden and crop products over the country is
due to the Fars Province, leading to first and second rank of
garden and crop productions, respectively, among the prov-
inces (Fars Agriculture Organization 2017). Dominant garden
crops are citrus, grape, pomegranate, apple, and olive, and
dominant farm crops are wheat, barley, alfalfa, and corn
(Fars Agriculture Organization 2017).

Cultivated areas are reduced during droughts due to limited
available water resources in recent decade. The reduction of
food production under climate change in the study area will
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Table 1 Climate change studies in Iran and study area
Researcher(s) Number of  Scenario(s) Region’s Contain Results
GCM(s) size the study
area?
Bannayan and 2 B1, A1B, A2 Province No Mean annual precipitation will decrease in Khorasan province under 3
Rezaei (2014) scenarios.
Fakhri et al. (2012) 6 Al, A2,B1,B2 City No Precipitation in Shahr-e Kord city approximately increases between
100 and 500 mm in the future period.
Etemadi et al. (2016) 2 AlIB Province No Winter precipitation in Hormozgan province decreases while summer
precipitation increases during the period 2080-2099.
Rahmani and 15 B1, A1B, A2 Regional No Annual temperature in northwestern provinces of Iran increases up to
Zarghami (2013) 4.5 °C. Precipitation is expected to increase in summer and fall
while changes in wintry precipitation depend on the location.
Roshan et al. (2013) 1 Al Regional No Precipitation change from — 51 to + 93 mm in northwestern Iran
depends on the location. The risk of flooding increases under
climate change.
Gohari et al. (2013) 10 B1, A2 Basin No The temperature will increase by 1.1-1.5 °C in Zayandeh-Rud river
basin and precipitation decrease by 11-30% under climate change.
Babacian et al. 1 B2, A2 National Yes Iran will experience a temperature increase by 3—5.5 °C during the
(2015) period of 2071-2100 and precipitation reduction by 7.8—10.1 mm.
The precipitation over the study area will decrease by 35% and
temperature raise by about 3.5-5 °C
Karandish et al. 15 BI1, A1B, A2 National Yes Climate change projections show increase of the average annual
2017) precipitation at the national level under A1B, A2, and B2 scenarios
with a range of 8.14-21.86%.
The precipitation and temperature in the study area will increase by
10% and 1 °C, respectively.
Modarres et al. 6 B1, A2 Regional No The frequency of extreme storms will increase in northern Iran due to
(2018) climate change.

Vaghefi et al. (2019) 5 RCP4.5, RCP8.5 National Yes

Fadia Maghsood 20 RCP2.6, RCP8.5 Basin No
etal. (2019)

Ahmadebrahimpour 1 RCP2.6, RCP8.5 Basin No
et al. (2019)

Mirdashtvan et al. 1 RCP2.6, RCP4.5, Basin No
(2018) RCP8.5

Motiee et al. (2019) 5 RCP4.5, RCP8.5 Basin No

Iran, especially southern parts, will likely experience more extended
dry conditions and higher frequency of floods.

There is no selected station in the study area and results are
interpolated using the surrounding stations. Precipitation decrease
by 25 mm, frequency of dry periods and floods will increase in the
study area.

The precipitation, temperature, and risk of flooding in Talar river
watershed, northern Iran, will increase.

The frequency and duration of droughts over watershed of Urmia
Lake will increase.

The annual precipitation decrease and temperature increase over the
watershed of Karaj and Jajrud rivers in Tehran province.

The precipitation in Sardabrud river, Alam-Kuh glacier in northern

Iran, decreases by 6% and temperature increases by 1 °C during the
future period of 2021-2040.

affect the security of food in the province and country. The
groundwater table has been declined in recent two decades
either due to frequent severe droughts or groundwater over-
exploitation over the study area. A vital issue for future sus-
tainable water resource management and food production in
northern Fars Province is to address the available water, du-
ration of wet years and droughts, and frequency of extreme
storms under climate change. Therefore, the aim of this study
is to assess the impact of climate change (future 60-year peri-
od) on precipitation, temperature, frequency, duration, sever-
ity, and intensity of wet years and droughts, and precipitation

depth of extreme storms in northern Fars Province of southern
Iran.

2 Study area

The study area is located in northern Fars Province, southern
Iran. It extends within an area of about 28,775 km? (Fig. 1).
Climate varies from arid to semi-humid based on the De
Martonne Index (De Martonne 1926) (Table 2). Elevation
varies from 320 m.a.s.l. in southwest of the region to
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4250 m.a.s.l. at higher latitudes (Zagros Mountains).
Elevation ranges of 320-1500, 1500-2500, 2500-3500, and
35004250 m.a.s.l. cover about 8.8, 70.9, 20, and 0.3% of the
study area, respectively. Therefore, dominant topography
ranges from 1500 to 2500 m.a.s.l. (Fig. 1).

The precipitation regime has been studied by Alijani and
Harman (1985), Parab Consulting Engineers (1996), Beyglou
et al. (2009), and Roshani et al. (2013) in southern Iran. They
found that three regions including the Mediterranean Sea, Red
Sea, and Indian Ocean contribute to precipitation by 74, 23,
and 3%, respectively. The Mediterranecan and Red Sea air
masses come from northwest and southwest parts of the study
area, respectively, and Indian Ocean monsoons from south-
east. Annual precipitation significantly varies from 140 mm in

raba.d Ramijerd

Shiraz
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northeast to 677 mm in west and southwest of the study area
(Table 2). Water resources have been continually depleted due
to the frequent droughts and over-exploitation of water re-
sources, while climate change may intensify water crisis in
the future.

3 Methodology
3.1 Measured data
Seven climatic stations are selected based on the longest com-

mon daily records of precipitation and temperature data to
assess climate change in the study area (Fig. 1). Daily

Table 2 The mean annual

temperature (7), precipitation (P), Station Elevation T(°C) P(mm) DeMartonneIndex Climate

and climate of seven stations in (m)

the study area
Abadeh 2030 14.3 140 5.76 Arid
Chameriz 1810 14.8 495 19.96 Semi-arid to

Mediterranean
Dehkadeh Shahid 2256 15% 507 20.28 Mediterranean
Kaftar 2342 11.9 508 23.19 Mediterranean
Mehrabad 1606 154 384 15.12 Semi-arid
Ramjerd

Movruzeh 1946 15% 677 27 Semi-humid
Shiraz 1484 18.3 346 12.22 Semi-arid

*The value is estimated from nearest station
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Table 3 Available, included, and

excluded general circulation GCM number RCP2.6 RCP4.5 RCP8.5

models (GCMs) for the study area -

under the three RCPs 1 - ACCESS1.0° ACCESS1.0%*
2 - ACCESS1.3* ACCESS1.3*
3 - CCSM4* CCSM4*
4 - - CMCC-CESM*
5 - CMCC-CM* CMCC-CM*
6 - CMCC-CMS* CMCC-CMS*
7 CNRM-CM5* CNRM-CM5* CNRM-CM5*
8 CSIRO-MFK3.6.0%* CSIRO-Mk3.6.0* CSIRO-MFK3.6.0*
9 - CSIRO-MK3L-1-2 -
10 - EC-EARTH EC-EARTH
11 FGOALS-g2 FGOALS-g2 FGOALS-g2
12 - FGOALS-s2 FGOALS-s2
13 GFDL-CM3 GFDL-CM3 GFDL-CM3
14 GFDL-ESM2G GFDL-ESM2G GFDL-ESM2G
15 - GISS-E2-H* GISS-E2-H*
16 - GISS-E2-R* GISS-E2-R*
17 - HadCM3 -
18 HadGEM?2-AO* HadGEM?2-AO* HadGEM?2-AO*
19 - HadGEM2-CC HadGEM2-CC
20 HadGEM2-ES* HadGEM?2-ES* HadGEM2-ES*
21 - INM-CM4* INM-CM4*
22 IPSL-CM5A-LR* IPSL-CM5A-LR* IPSL-CM5A-LR*
23 IPSL-CM5A-MR* IPSL-CMS5A-MR* IPSL-CMS5A-MR*
24 - IPSL-CM5B-LR* IPSL-CM5B-LR*
25 MIROC-ESM* MIROC-ESM* MIROC-ESM*
26 MIROC-ESM-CHEM* MIROC-ESM-CHEM* MIROC-ESM-CHEM*
27 - MIROC4h -
28 MIROCS5 MIROCS MIROCS
29 MPI-ESM-LR* MPI-ESM-LR* MPI-ESM-LR*
30 MPI-ESM-MR* MPI-ESM-MR* MPI-ESM-MR*
31 MRI-CGCM3* MRI-CGCM3* MRI-CGCM3*
32 - - MRI-ESM1
33 Nor-ESM1-M* Nor-ESM1-M* Nor-ESM1-M*
Number of included models 12 21 22
Number of excluded models 4 10 8

*Included GCMs

precipitation is recorded in seven stations since 1978.
Temperature is recorded in five stations, but daily minimum
and maximum temperature data are recorded only in Abadeh
and Shiraz stations since 1978 (Table 2). Therefore, precipi-
tation is downscaled to seven stations, but temperature is
downscaled to Abadeh and Shiraz stations.

3.2 GCMs and scenarios

Projection of climate variables under global warming, espe-
cially for precipitation, using different GCMs include

considerable uncertainty (Senior and Mitchell 1993; Reichler
and Kim 2008; Mandal et al. 2016). The uncertainty in pro-
jection of climate variables is mainly due to difference in
GCM’s spatial resolution, parameterization, and adjusting
fluxes of heat, momentum, and freshwater (Senior and
Mitchell 1993; Reichler and Kim 2008; Mandal et al. 2016).
Therefore, in this study, daily outputs from 22 models of the
CMIPS are applied for climate change study to incorporate the
uncertainty in temperature and precipitation projections using
different GCMs (Table 3). Daily outputs of CMIP5 models
under RCPs are available through https://esgf-data.dkrz.de/
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Fig.2 Probability distribution of precipitation and temperature climate sensitivity indices (CSI) for available CMIPS models. Numbers denote the related

number of the general circulation models (GCM) listed in Table 3

search/cmip5-dkrz (World Climate Research Programme
2018). The CMIPS5 provides outputs of more than one GCM
from an individual institution or more than one version of a
given GCM (Ho et al. 2016; Thompson et al. 2017), leading to
model- and institution-dependent results for climate change
studies (Ho et al. 2016; Knutti and Sedlacek 2013;
Thompson et al. 2017). Potential for such biases to influence
the ensemble mean can be addressed using the climate sensi-
tivity indices approach (Naderi and Saatsaz 2019; Semenov
and Stratonovitch 2015).

The available GCMSs, regardless of version and institu-
tion, were 16, 31, and 30 models for the RCP2.6, RCP4.5,
and RCP 8.5, respectively (Table 3). The method of cli-
mate sensitivity indices (CSI) proposed by Semenov and
Stratonovitch (2015) was used to select a subset of GCMs
while it preserves the range of uncertainty that exists in
the CMIPS models and eliminates model-dependent
biases. The CSI for precipitation (temperature) is defined
as the spatial-averaged, calculated over a region, relative
change (difference) between mean values for the future
and baseline periods of a given GCM. Then, 25th (limit
of lowest values) and 75th (limit of highest values) CSI
percentiles were selected to include GCMs in climate
change study (Naderi and Saatsaz 2019), see Fig. 2 and
Table 3. Included GCMs are 12, 21, and 22 models for
the RCP2.6, RCP4.5, and RCP 8.5, respectively (Fig. 2;
Table 3).

Different alternatives of driven factors are considered in
twenty-first century to project the greenhouse gasses in
Representative Concentration Pathways (RCP) scenarios.
The RCPs describe different pathways of greenhouse gas
emissions, air pollutant emissions, and land use. Climate
change for period 2026-2085 is studied under the three

@ Springer

RCPs including: RCP2.6, RCP4.5, and RCP8.5. The
RCP2.6 is a stringent mitigation scenario, RCP4.5 an interme-
diate global warming scenario, and RCP8.5 a very high green-
house gas emission scenario whose radiative forcings are +
2.6,+4.5,and + 8.5 W/mz, respectively in the year 2100 rel-
ative to pre-industrial values (Pachauri et al. 2014).

3.3 Downscaling

Statistical downscaling is modification of GCM outputs from
a coarse resolution to a finer resolution, even at a single cli-
matic station. In this study, the Long Ashton Research Station
Weather Generator (LARS-WG) is used to downscale each
GCM-predicted data to seven climatic stations. The LARS-
WG performs well in different climates to reproduce climate
variables statistically similar to the observed climate in a re-
gion (Semenov et al. 1998; Semenov and Stratonovitch 2010).
The LARS-WG has a standard procedure to downscale GCM
daily outputs to a single climatic station. The procedure con-
tains three steps of calibration, verification, and generation
under the influence of change factors (Semenov and Barrow
2002; Semenov 2007).

Observed daily data for period 1978-2005 (28-year
period) are inputted to the LARS-WG to calibrate it for
each station. Then, to verify the model, 28-year daily data
are generated. The Kolmogorov—Smirnov (K-S) test at
significance level of 0.01 is applied to compare generated
seasonal statistical distributions of wet and dry series,
monthly statistical distributions of precipitation, and min-
imum and maximum temperature with observed distribu-
tions (Semenov and Barrow 2002; lizumi et al. 2012).
The mean monthly precipitation and minimum and maxi-
mum temperature are compared using the Student’s 7 test
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Fig. 3 Comparison between
generated and observed mean
monthly precipitation and
minimum and maximum
temperature at seven climatic
stations during the observation
period 1978-2005

at significance level of 0.01 (Semenov and Barrow 2002;
lizumi et al. 2012). Comparison between generated and
observed mean monthly precipitation and minimum and
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maximum temperature data during the observation period
1978-2005 (Fig. 3) implies that the LARS-WG repro-

duces precipitation and temperature data well in seven
climatic stations. Daily precipitation is generated using

classification (McKee
et al. 1993)

serial approach (Racsko et al. 1991; Semenov and
Barrow 2002). The probability distributions of precipita-
tion and lengths of wet and dry spells are calculated for
each month, and then, a semi-empirical exponential func-
tion is fit to these data. The semi-empirical distributions
give flexibility to the LARW-WG, allowing it to model a
wide variety of distributions (Semenov 2007). The LARS-
WG generates minimum and maximum daily temperature

Table4 The original SPI
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using normalization method (Racsko et al. 1991) where
semi-empirical exponential functions are fit to observed
normalized data for each month. The LARS-WG also uses

SPI Category

>2 Extremely wet
1.5-1.99 Very wet
1-1.49 Moderately wet
—0.99 to 0.99 Near normal
—1to—1.49 Moderately dry
—-1.5t0—1.99 Severely dry
<=2 Extremely dry

@ Springer



1228 M. Naderi
Fig. 4 Downscaled annual 21 5
------ RCP2.6 Abadeh
temperature (7) to Abadeh and 20{ ___ Rcpas Abadeh 4
Shiraz stations using the CMIP5 RCP8.5 g3
ensemble and predicted change in 19 1 5,
mean annual temperature (A7) for o 18
the period 20262085 relative to (o 1
baseline period (1978-2005) un- 7wy e 0
. wn o (7] (2]
der different CMIPS models and | -z £ < 2 B 5 £ E § 5 g 2 Z
’ | B 5 2 3 4 2 % ¢ >
RCPs. Dashed line shows mean 16 1. H = % I g g g E 5 3 E
T o w I g
value 15 5 e8 8288z
- © T
T 9 o =
8 = 2 o 8
x
s
5 5
4 4
—~
3
g3 o
<
:2 '_2
a
1 1
0 o m LW orIwn [/ I A 4 X o o 0 om NLoO0WnwITIXHELX x e o
\—"-'55502&&3".12-.12-.155-}255 ‘-'—'Eﬁﬁsswjeswi-.ls-.lﬁﬁ-,lsif
2RBEqgUWIIegaUT=28S QABUWEORGAIQdgaUIT =283
GBolesdssgigfecingsy  BEogSgEipazsizgzagey
8¢ Sgposle®ioiEasa gy 9§ £55808y%33%EfagzE
= c O -1 =0 = 4 = g & -1 p = 4
g ff RpETge* © gf= gpETgT*
g g
s H
25 5
------ RCP2.6 Shiraz 4
o 3
<
= 2
A5
1
0 n o 0w ¥ «¢ x o
EEEEREEEREE
: £ 2235338385383
g X W @ =2 2 o =2 w § Q@ W
EEEREREEEED
£ & 8 5 4 =2 MM 5 s =2 =z
& = * e & 8
x
s
5
4
g3
=
q 2
1
0 ocmMEIsSsSNuLeoeoNIXEESSEERS
22=E23FXQ035¢955582+% R s R R
QARG LW IQc g TS S 228U I gqaWT=285S
fﬁﬂgssg‘:ﬁ:};sﬁsgggéﬁ’wﬁgw mmoggggéﬁﬁggggggmwgﬁ
) ST 0w F4 = o suwypy w QO : ®Z20 o Wl
Z0 0099 TQOoQENn ¥ = o Q QUo=z00 0 wng Zx &
<3 °5g°Pz3 giazdEzis <2 5°00gz3z: gagsUEEss
3 IT gfa § &= aga §
- © x
s H

random seed for random probability generation of wet and
dry spell lengths, daily precipitation, and minimum and
maximum temperature, allowing the user to change the
random seed until being able to achieve acceptable veri-
fication results (Semenov and Barrow 2002).

Third step (downscaling) requires calculating monthly
change factors for the parameters of precipitation depth,
wet and dry spell length, standard deviation of mean
temperature, and minimum and maximum temperature.
Change factors must be calculated for each climatic sta-
tion using the given GCM and relevant grid. Change

@ Springer

factors of precipitation depth, wet and dry spell lengths,
and standard deviation of mean temperature are defined
as ratio of corresponding values in the future period to
calibration period. Change factors of minimum and max-
imum temperature are the difference between correspond-
ing values in the future and calibration periods.

Naderi and Raeisi (2016) used a 1-year shifting for-
ward procedure to calculate change factors transiently in
which future time window was selected as 5 years. They
demonstrated that the 5-year time window is suitable to
study climate change, especially in assessing the impact
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Fig.5 The predicted change in mean annual precipitation (AP) for the period 20262085 relative to baseline period (1978-2005) under different CMIP5
models and RCPs. Dashed line shows mean value
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Fig.6 The spatial distribution map of mean annual precipitation during the baseline period (1978-2005) and change in mean annual precipitation during

the period 20262085 under three RCPs

of climate change on water resources. Therefore, in this
study, 5-year time windows are selected to calculate
change factors using each CMIP5 model, making outputs
of this study applicable for water resource managers and
planners. Transient change factors for each climatic sta-
tion are calculated using daily output of the nearest grid
center of a given CMIP5 model.

3.4 Standardized precipitation index analysis

Standardized precipitation index (SPI) developed by McKee
et al. (1993) is used to determine droughts and wet periods in
northern Fars Province for the present time and under three
RCPs. The SPI is the most commonly used method for
drought and wet year monitoring (Bonaccorso et al. 2003;
Tsakiris and Vangelis 2004; Giorgi and Lionello 2008;
Raziei et al. 2010, 2013; Javanmard et al. 2017) and a useful
index to monitor wet and dry periods in regions with diverse
hydrological regimes (Raziei et al. 2010). The SPI index is
based on gamma cumulative distribution function (Almedeij
2014; Gumus and Algin 2017).

@ Springer

_L fox e (%) dx

%) = 5T
() = [y evdy

(1)

where G(x) is gamma cumulative distribution function, x mea-
sured precipitation, and /{«) gamma function. Coefficients o
and [3 are shape and scale parameters, respectively, which can
be calculated using the following equations (Almedeij 2014;
Gumus and Algin 2017).

_ 1+,/1+4A
“T A 3

A:m@yiﬁﬁ 2)

n

8=

Q| =i

in which » is number of measured precipitation and X mean
value of precipitation data.

Cumulative gamma distribution function G(x) is defined
for x>0 (incomplete gamma distribution function) while
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precipitation measurement may contain zero values (x =0).
Complete cumulative gamma distribution function H(x) is
expressed as H(x) = g + (1 — ¢)G(x) where ¢ is the probability
of no precipitation. The value of ¢ is equal to the ratio of 2
where m is the number of zero precipitation measurement
throughout total number of » measurements (Almedeij 2014;
Thom 1958).

Finally, gamma cumulative distribution function ( ) is
transformed into normal standardized distribution with a mean
of zero and unit standard deviation using the following equa-
tions (Almedeij 2014).

co+cit+ Czlz
SPI = —|( t— 0
( 1+d1l+d2t2—|—d3l3)
< H(x)<0.5 (3)
co+cit+ Cztz
SPI = t— 0.5
T Traitrar +d3t3>
< H(x)<I1 (4)
where
1
t=,|In 3 0 < H(x)<0.5
H (x)
1
t=,|Inf{ ——— 0.5 < H(x)<1
1-H(x)

Coefficients in Eqs. 3 and 4 are c¢o=2.515517, ¢, =
0.802853, ¢, =0.010328, d; =1.432788, d, =0.189269, and
d;=0.001308.

The SPI value greater than 1 indicates wet condition, value
less than — 1 indicates dry condition, and value between — 1
and 1 implies a normal condition, see Table 4 (McKee et al.
1993). Wet, normal, and dry periods over the study area are
monitored using 3-, 6-, 9-, and 12-month time scales of the
SPI at baseline and future periods. A wet event begins with
SPI> 1 and ends when SPI< 1 while a dry event begins with
SPI< —1 and ends when SPI > — 1. Duration of an event, for
example for a dry event, is number of consecutive months that
lie within that event (equal to end month minus first month).
Severity of an event, for example, for a dry event, is absolute
value of the integral area between the SPI line and horizontal
axis (SPI=0) (Almedeij 2014; Spinoni et al. 2014).

severity = ’ZI”-[:ISPL| (5)

where i denotes number of month lie within an event (i starts
with the first month of an event and continues until the end of
that event) and d is the event duration.

Intensity for an event is defined as maximum absolute
SPI value identified at that event (Almedeij 2014; Spinoni

@ Springer

et al. 2014). Finally, frequency of specific events, for
example drought frequency, is defined as number of
drought events during the study period. It is worth to
mention that all aforementioned parameters (frequency,
duration, severity, intensity) are calculated for wet and
dry periods at the baseline period and under three RCPs,
but only frequency and duration parameters are calculated
for normal periods because severity and intensity are not
meaningful for normal periods.

4 Results and discussion

4.1 Temperature and precipitation under climate
change

Predicted annual temperature in Abadeh and Shiraz stations,
based on CMIP5 ensemble, is presented for period 20262085
in Fig. 4. The annual temperature in Abadeh station is about
15.7 °C in early twenty-first century under the three RCPs, but
it will increase to 16.2, 17.6, and 19.8 °C at late twenty-first
century under the RCP2.6, RCP4.5, and RCPS.5, respective-
ly. The annual temperature in Shiraz station is about 19.9 °C
in early twenty-first century under climate change, but it will
increase to 20.3, 21.7 and 23.9 °C at late twenty-first century
under the RCP2.6, RCP4.5, and RCP8.5, respectively. The
predicted change in mean annual temperature (20262085
relative to the baseline period) for two stations using each
GCM is presented in Fig. 4. The temperature anomaly for
Abadeh station varies from + 1.1 to +2.3 °C in RCP2.6, +
1.8 to +3.3 °C in RCP4.5 and + 1.8 to +4.2 °C in RCP8.5.
The temperature anomaly for Shiraz station varies from + 1.2
to+2.4°Cin RCP2.6,+ 1.8 to +3.4 °C in RCP4.5 and + 1.9
to +4.4 °C in RCP8.5. Downscaled temperature based on the
CMIP5 ensemble shows that mean annual temperature in
Abadeh station will increase from 14.3 °C during the baseline
period (1978-2005) to 16.1, 16.7, and 17.7 °C under the
RCP2.6, RCP4.5, and RCPS8.5, respectively, leading to an
increase by + 1.8, +2.4, and + 3.4 °C, respectively (Fig. 4).
The mean annual temperature in Shiraz station will increase
from 18.3 °C during the baseline period to 20.2, 20.85, and
21.8 °C under the RCP2.6, RCP4.5, and RCP8.5, respective-
ly, leading to an increase by + 1.9, +2.55, and + 3.5 °C, re-
spectively (Fig. 4). Therefore, it may be concluded, based on
the average temperature anomaly of these stations, that the

Fig. 8 The 3-month SPI analysis for seven climatic stations and study P>
area during the baseline period (1978-2005) and future periods 2026—
2055 (2040s) and 20562085 (2070s) under the three RCPs. EW, ex-
tremely wet; VW, very wet; MW, moderately wet; N, near normal;
MD, moderately dry; SD, severely dry; ED, extremely dry. Blue, red,
green, and violet bars show frequency, duration, severity, and intensity
values, respectively
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<« Fig. 9 The 6-month SPI analysis for seven climatic stations and study
area during the baseline period (1978-2005) and future periods 2026—
2055 (2040s) and 20562085 (2070s) under the three RCPs. EW, ex-
tremely wet; VW, very wet; MW, moderately wet; N, near normal;
MD, moderately dry; SD, severely dry; ED, extremely dry. Blue, red,
green, and violet bars show frequency, duration, severity, and intensity
values, respectively

mean annual temperature over the study area will increase by
about 1.85, 2.5, and 3.45 °C under the RCP2.6, RCP4.5, and
RCPS8.5, respectively.

Daily precipitation data of each CMIPS model is transiently
downscaled to seven climatic stations under the three RCPs.
The predicted percentage change in mean annual precipitation
of each climatic station for the period 20262085 is compared
with that value of period 1978-2005 (Fig. 5). The percentage
change of precipitation differs among the stations, RCPs, and
GCMs. The precipitation anomaly at each station and specific
RCP varies from positive to negative values among the differ-
ent GCMs, but dominant precipitation anomaly is negative.
The ranges of precipitation anomaly in stations of Abadeh,
Chameriz, Dehkadeh Shahid, Kaftar, Mehrabad Ramjerd,
Movruzeh, and Shiraz are +7.9 to —46.6%, +23.1 to —
49.1%, +28.6 to —29.2%, +47.8 to —30.1%, +27.1 to —
47.4%, +21.9 to —43.7%, and + 20.5 to —40% under the
RCP2.6, respectively; —4.3 to —48.6%, + 13.3 to — 68.2%,
+17t0—53.5%, + 28 to —61.4%, + 27 to —61.7%, — 0.7 to
—67%, and + 11 to — 58% under the RCP4.5; and + 12.1 to
—47.9%, +55.5 to —62.4%, +39 to —45%, +43.1 to —
50.4%, +42.2 to —55%, +31.5 to —57%, and + 30.6 to —
54.6% under the RCP8.5, respectively. Downscaled precip-
itation based on the CMIP5 ensemble reveals that stations of
Abadeh, Chameriz, Dehkadeh Shahid, Kaftar, Mehrabad
Ramjerd, Movruzeh, and Shiraz will experience a precipi-
tation reduction of 20.7, 18.2, 7.4, 8.9, 17.8, 14.7, and
15.6% under the RCP2.6, a precipitation reduction of
22.1, 28.3, 16, 16.9, 25, 24.2, and 22% under the RCP4.5
and finally a precipitation reduction of 21.8,23.7, 18, 17.9,
22.4,31.3, and 21.7% under the RCP8.5, respectively (Fig.
5). Therefore, the study area will experience a precipitation
reduction under climate change. The mean annual precipi-
tation over the study area is 437 mm during the period
1978-2005 (Fig. 6), but it will reduce to 376, 341, and
346 mm in the RCP2.6, RCP4.5, and RCP8.5, respectively,
leading to the percentage reductions of 14, 22, and 20.8%,
respectively. The mean annual precipitation changes under
three RCPs during the period 20262085 relative to base-
line period (1978-2005) are presented in Fig. 6. The study
area will experience a precipitation reduction of 29-102,
30-163, and 30-142 mm/year under the RCP2.6, RCP4.5,
and RCP8.5, respectively. The spatial distribution of pre-
cipitation reduction indicates that the southwestern regions
having higher precipitation will experience greater

precipitation reduction in the future. Precipitation originates
from three sources of the Mediterranean Sea, Red Sea, and
Indian Ocean monsoons that contributes to annual precipi-
tation of the study area by 74, 23, and 3%, respectively
(Alijani and Harman 1985; Beyglou et al. 2009; Parab
Consulting Engineers 1996; Roshani et al. 2013). Climate
change studies by Ulbrich et al. (2006), Mariotti et al.
(2008), Giorgi and Lionello (2008), Evans (2008), and
Evans and Alsamawi (2011) indicate that the contribution
of the Mediterranean air masses will reduce due to the re-
duction of cyclogenesis while contributions of southern wa-
ter bodies such as the Red Sea and Persian Gulf will increase
under global warming. Climate change in the study area is
substantially influenced by the Mediterranean Sea and, in
second order of importance, by Red Sea based on their an-
nual contributions in precipitation events. Therefore, resul-
tant of climate change in moisture sources of the
Mediterranean and Red Seas will lead to precipitation re-
duction in northern Fars Province.

4.2 Drought and wet years under climate change

Water resources are sensitive to duration of wet years and
droughts especially in arid and semi-arid regions where water
demand is mainly supplied by surface water and groundwater
due to the limited precipitation (Meigh et al. 2002; Shatanawi
et al. 2013). The prolonged droughts associated with increase
of water demand under climate change will lead to further
water shortage in a given region.

Downscaled daily precipitation data based on the ensemble
of CMIP5 models is used to determine wet year and droughts
at each station. Droughts and wet and normal periods for each
climatic station are determined using 3-, 6-, 9-, and 12-month
timescales of the SPI method. The wet, normal, and dry pe-
riods are calculated for 28-year baseline period (1978-2005)
and future 30-year periods 2026-2055 (2040s) and 2056—
2085 (2070s), under the three RCPs. The SPI time series (3-,
6-, 9-, and 12-month time scales) for three representative sta-
tions (Abadeh, Dehkadeh Shahid, Shiraz) for the baseline pe-
riod and three climate change scenarios are presented in Fig. 7.

The 3-month SPI analysis indicate that wet periods are
dominant over the study area while no drought has occurred
during the baseline period (Fig. 8). Frequency of wet, normal,
and dry periods will increase during the period 2040s under
the three RCPs. Duration of wet years will not change signif-
icantly during this period, but duration of normal periods will
decrease. As droughts will occur in the future, duration of dry
periods will increase in the period 2040s. Severity and inten-
sity of wet periods will not change significantly, however,
severity and intensity of droughts will increase under the three
RCPs. Results are the same for second period 2070s (Fig. 8).
Overall, 3-month SPI analysis reveals that frequency of wet
years will increase under climate change while duration,
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<« Fig. 10 The 9-month SPI analysis for seven climatic stations and study
area during the baseline period (1978-2005) and future periods 2026—
2055 (2040s) and 20562085 (2070s) under the three RCPs. EW, ex-
tremely wet; VW, very wet; MW, moderately wet; N, near normal;
MD, moderately dry; SD, severely dry; ED, extremely dry. Blue, red,
green, and violet bars show frequency, duration, severity, and intensity
values, respectively

severity, and intensity will not change significantly. All fre-
quency, duration, severity, and intensity of droughts will in-
crease in the future due to climate change.

The 6-month SPI analysis indicate that frequency of wet,
normal, and dry periods will increase during both periods
2040s and 2070s under the three RCPs (Fig. 9). Duration of
wet and dry periods will not change significantly, but duration
of normal periods will slightly decrease from 1.6 months at
baseline period to about 1.2 months under three RCPs.
Severity of wet periods will decrease (except in RCP8.5)
while severity of droughts will increase under global warming
(Fig. 9). Intensity of wet periods will not change under climate
change; however, droughts will be intensified. The 6-month
SPI analysis, in summary, shows that frequency of wet pe-
riods will increase but severity will decrease; however, dura-
tion and intensity will not change under three RCPs. Drought
duration will not change considerably in the future; however,
the study area will experience more frequent, severed, inten-
sified droughts due to climate change.

The 9-month SPI analysis indicate that frequency of wet
periods will not change during both periods 2040s and 2070s
under the three RCPs, but frequencies of normal and dry pe-
riods will increase in the future (Fig. 10). Duration of wet and
normal periods will decrease, but duration of droughts will not
change significantly under three RCPs. Severity of wet pe-
riods will decrease (except in RCP8.5) while severity of
droughts will not change noticeably under global warming
(Fig. 10). Intensity of wet periods will decrease under climate
change; however, droughts will slightly be intensified.
Overall, frequency of wet periods will not change, but all
duration, severity, and intensity will decrease under climate
change. The study area will experience more frequent, inten-
sified droughts in the future due to global warming.

The 12-month SPI represents well the annual precipitation
patterns (Bonaccorso et al. 2003; Tsakiris and Vangelis 2004).
The 12-month SPI analysis indicate that frequency of wet and
normal periods over the study area will decrease during both
periods 2040s and 2070s under three RCPs but drought fre-
quency will slightly increase, except in RCP8.5 (Fig. 11). For
example, frequency of wet, normal, and dry periods is 20, 21,
and 18 during the baseline period, respectively, while frequen-
cy of these periods is 15, 17, and 20 during the period 2070s
under RCP4.5. Duration of wet, normal, and dry periods will
increase under climate change, except for decreased drought
duration under the RCP8.5. For example, duration of wet,

normal, and dry periods is 2.7, 3.3, and 2.8 months during
the baseline period, respectively, while duration of these pe-
riods is 3, 5.8, and 3.8 months during the period 2040s under
the RCP4.5 (Fig. 11). Results show that severity of wet and
dry periods will increase under climate change. Intensity of
wet periods will not change significantly; however, droughts
will slightly be intensified under climate change. The 12-
month SPI analysis, in summary, indicates that frequency of
wet periods will decrease, duration and severity will increase
while intensity will not change expressively under global
warming. Frequency, duration, severity, and intensity of
droughts will increase under climate change; therefore, the
study area will experience more frequent, longer-duration,
severed, intensified droughts under global warming.

Monitoring wet, normal, and dry periods using SPI analy-
sis during the baseline period and under three RCPs reveal that
detection of change in frequency, duration, severity, and in-
tensity of each extreme climate event depends on the time
scale of the SPI (Table 5). For example, 3-month SPI analysis
shows that frequency of wet periods will increase under cli-
mate change, but other parameters (duration, severity, and
intensity) will not change significantly. The 12-month SPI
analysis indicate that frequency of wet periods will decrease
but duration and severity will increase due to global warming.
Results for normal periods are more consistent in which most
SPI time scales (3, 6, and 9 months) result in increased fre-
quency and decreased duration; however, 12-month SPI anal-
ysis shows decreased frequency and increased duration. Most
SPI time scales result in more frequent, longer-duration, sev-
ered, intensified droughts under climate change for northern
Fars Province in southern Iran.

4.3 Extreme storms under climate change

Extreme storm in a given year is defined as maximum daily
precipitation that occurs (Chow et al. 1988). The annual max-
imum series at each climatic station for the baseline period
(1978-2005) and future 30-year periods 20262055 (2040s)
and 2056-2085 (2070s) are developed using time series of
maximum daily precipitations (Chow et al. 1988). The annual
maximum series under the three RCPs are developed based on
the mean of multi-model downscaling results. The
Kolmogorov—Smirnov and Chi-squared tests are used at a
significance level of 0.05 to find the best fitted statistical dis-
tributions on annual maximum series. Goodness of fit on sta-
tistical distributions of exponential (1P and 2P), gamma (2P
and 3P), general gamma (3P and 4P), log-gamma (2P), gen-
eral extreme value, normal, log-normal (2P and 3P), Pearson
(2P and 3P), and log-Pearson (3) shows that the general ex-
treme value is best-fitted statistical distribution. The density
function of the general extreme value distribution is defined
by three parameters of scale, shape, and location (Chow et al.
1988). These three parameters are estimated at each climatic
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«Fig. 11 The 12-month SPI analysis for seven climatic stations and study
area during the baseline period (1978-2005) and future periods 2026—
2055 (2040s) and 20562085 (2070s) under the three RCPs. EW, ex-
tremely wet; VW, very wet; MW, moderately wet; N, near normal;
MD, moderately dry; SD, severely dry; ED, extremely dry. Blue, red,
green, and violet bars show frequency, duration, severity, and intensity
values, respectively

station for the baseline period and future periods 2040s and
2070s. Then, precipitation depths of extreme storms for dif-
ferent return periods (2, 5, 10 and 20 years) are determined
using the fitted general extreme value distribution function
(Fig. 12).

The precipitation depth of 2-year return period storms will
increase from 51 mm at the baseline period (1978-2005) to
about 61 mm under the three RCPs and two future periods
(Fig. 12). The precipitation depth of 5-year return period
storms (69.5 mm) will significantly not change under the three
RCPs and two future periods due to the predicted minimum
and maximum values of 67 and 73 mm, respectively. But the
precipitation depth of 10- and 20-year return period storms
will decrease under the three RCPs and two periods. The pre-
cipitation depth of 10-year return period storms (83 mm) will
reduce to 80, 71, and 77 mm at period 2040s, and 72.5, 73,
and 81 mm at period 2070s under the RCP2.6, RCP4.5, and
RCPS8.5, respectively. The precipitation depth of 20-year re-
turn period storms (96 mm) will decrease to 85.5, 76, and
85 mm at period 2040s and 76, 80, and 91 mm at period
2070s under the RCP2.6, RCP4.5, and RCPS8.5, respectively.
The extreme storms’ analysis under climate change shows that
the precipitation depth of 2-year return period storms will
increase, precipitation depth of 5-year return period storms
will not change, but precipitation depth of 10- and 20-year
return period storms will decrease under global warming.

In this study, precipitation depth of extreme storms having
different return periods are determined using downscaled dai-
ly precipitation data for the baseline period and three RCPs.
As mentioned before, precipitation depth of an extreme storm
is defined as “maximum depth of daily precipitation that oc-
curs during a given year.” It is worth mentioning that this
concept differs to “storm intensity” which is defined as

“precipitation depth falls during the storm period (precipita-
tion depth/storm period).” The latter is determined using hour-
ly data and expressed, for example, as millimeters per hour.
Therefore, as extreme storm analysis indicates that precipita-
tion depth of 10- and 20-year return period storms will de-
crease under climate change, storm intensity may decrease,
increase, or not change under global warming, and it requires
further analysis using hourly precipitation data under climate
change.

Climate change studies in Iran (see Table 1) indicate that
detection of the future change in precipitation and temperature
depends on the geographical location, global warming scenar-
ios, number of used GCMs, and period of the study.
Downscaling results in this study show that the mean annual
precipitation in northern Fars Province will decrease (14—
22%) under three RCPs. Babaeian et al. (2015) dynamically
downscaled output of one GCM (HadAM3p) over the study
area for the future period 2071-2100. They found that precip-
itation will decrease by 30 and 35% under scenarios B2 and
A2, respectively. Later, Karandish et al. (2017) statistically
downscaled outputs of 15 GCMs over Iran under scenarios
B1, A1B, and A2 in which only one climatic station (Abadeh)
was used over the study area. Precipitation in Abadeh is pre-
dicted to increase by 10% in the future. Vaghefi et al. (2019)
statistically downscaled outputs of five GCMs in Iran under
RCP4.5 and RCP8.5 while no climatic station was selected
over the study area. They found that precipitation will de-
crease by 25 mm in the future using interpolated surrounding
precipitation anomalies. Overall, most climate change studies
reveal a precipitation reduction over the study area; however,
the percentage change varies due to difference in period of
study, number of used GCMs, number of climatic stations,
and selected scenarios.

In this study, mean annual temperature is predicted to in-
crease by 1.85-3.45 °C over the study area under three RCPs.
Climate change studies by Babaeian et al. (2015) and
Karandish et al. (2017) showed that the study area will warm
by about 1-5 °C under three scenarios B1, A1B, and A2.
However, new scenarios which are used in this study
(RCPs) differ from those in previous studies, but the predicted

Table5 Summary of change in frequency, duration, severity, and intensity of extreme climate events using 3-, 6-, 9-, and 12-month timescales of SPI
under global warming
SPI  Wet period Normal period Dry period
Frequency  Duration Severity Intensity Frequency = Duration  Frequency  Duration Severity Intensity
3 Increase No change  No change  Nochange  Increase Decrease  Increase Increase Increase Increase
Increase No change  Decrease No change  Increase Decrease  Increase No change  Increase Increase
9 No change  Decrease Decrease Decrease Increase Decrease  Increase No change  No change  Increase
12 Decrease Increase Increase No change  Decrease Increase Increase Increase Increase Increase
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range of temperature increase (1.85-3.45 °C) is within that
range provided by previous studies (1-5 °C).

Results show that frequency, duration, severity, and inten-
sity of droughts and precipitation depth of most-frequent
storms (2-year return period storms) will increase over the
study area while precipitation depth of less-frequent storms
(10- and 20-year return period storms) will reduce due to
climate change. Results of the previous studies across the

@ Springer

country and study area, based on the observed precipitation
and temperature data at climatic stations, are as follows:

i. The long-term observed precipitation and temperature
data at climatic stations in Iran indicates that annual tempera-
ture has increased by 0.2 °C and annual precipitation has de-
creased by 8 mm/decade, frequency of light precipitation (<
10 mm) have increased while frequency of heavy (25-50 mm)
and extremely heavy (> 50 mm) precipitations have decreased
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(Alizadeh-Choobari and Najafi 2018; Ghiami-Shamami et al.
2019; Modarres et al. 2016; Soltani et al. 2016). Generally,
studies show that frequency, intensity, and duration of
droughts will also increase under climate change in different
regions of the country, especially in arid and semi-arid regions
(Ahmadebrahimpour et al. 2019; Dastorani et al. 2011; Fadia
Maghsood et al. 2019; Modarres et al. 2018; Roshan et al.
2013; Vaghefi et al. 2019).

ii. Climate studies over the study area shows that duration
and severity of droughts have increased during long-term ob-
servation period 1950-2010 due to observed warming during
this period (Modarres et al. 2016). Precipitation depth of
heavy and extremely heavy events have significantly reduced
over the study area during the observation period 1975-2010
while the number of consecutive dry days have increased
(Soltani et al. 2016).

Results of this study, which predict more frequent, longer-
duration, severed, intensified droughts and increased precipi-
tation depth of frequent storms (2-year return period storms),
seem to be reliable as there is a consistency between projected
results with observed anomalies over the study area.

5 Conclusion

Daily precipitation and minimum and maximum temperature
data generated by 22 CMIP5 models are transiently down-
scaled to seven climatic stations using the LARS-WG over
northern Fars Province in southern Iran, under the RCP2.6,
RCP4.5, and RCP8.5. Results show that the study area will
warm by + 1.85, +2.5, and + 3.45 °C under the RCP2.6,
RCP4.5, and RCP8.5, respectively, while precipitation will
reduce by 14, 22, and 20.8%, respectively. Precipitation is
mainly affected by the Mediterranean air masses and, in sec-
ond order, by Red Sea air masses (Alijani and Harman 1985;
Beyglou et al. 2009; Parab Consulting Engineers 1996;
Roshani et al. 2013). Climate change studies show that pre-
cipitation source of the Mediterranean Sea will reduce but
water vapor fluxes from the Red Sea will increase (Evans
2008; Evans and Alsamawi 2011; Evans 2009; Giorgi and
Lionello 2008; Mariotti et al. 2008; Ulbrich et al. 2006).
Therefore, resultant of climate change in the moisture sources
of the Mediterranean Sea and Red Sea will lead to the precip-
itation reduction over the study area due to high contribution
of the Mediterranean air masses (74%).

Monitoring wet, normal, and dry periods using SPI analy-
sis during the baseline period and under three RCPs reveals
that detection of change in frequency, duration, severity, and
intensity of each extreme climate event depends on time scale
of the SPI. Analysis, in summary, shows that frequency
(duration) of normal periods will increase (decrease) under
climate change; however, 12-month SPI analysis shows de-
creased frequency and increased duration for normal periods.

Frequency, duration, severity, and intensity of wet periods
may increase, decrease, or not change under climate change,
depending on the SPI time scale. The study area will experi-
ence more frequent, longer-duration, severed, intensified
droughts in the future due to global warming. Results for
shorter time scale of the SPI may not be representative of
extreme climate events due to avoiding dry months while
longer time scales of the SPI seem to be more representative
of extreme climate events because larger months are incorpo-
rated for analysis.

Extreme storm analysis under climate change shows that
precipitation depth of 2-year return period storms will in-
crease, precipitation depth of S-year return period storms will
not change, but precipitation depths of 10- and 20-year return
period storms will decrease under global warming. The sur-
face and subsurface water resources of the study area are con-
tinually depleted, especially in recent years, due to recent in-
tense droughts and water over-exploitation. The raised tem-
perature will increase potential evapotranspiration which, in
turn, increases crops’ water demand, especially in arid re-
gions. Precipitation reduction associated with more frequent,
prolonged, severed, intensified droughts will lead to more
water shortage within the study area. Knowledge of extreme
climate events under climate change in northern Fars Province
is useful and vital for sustainable water resource management
and planning in the future.
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