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Abstract

Climate change i&nown as one of the fundamental challenges of mankind, which has affected all
aspects of human lif@he present study aimed to evaluate the changes in precipitation and predict
extreme precipitation in Lake Urmia baskur this purpose, we evaluated thdices associated with
changes in precipitation of eight synoptic stations of Lake Urmia basin for three time periods, namely
near (20212040), middle (2042060) and far future (2062080), under two scenarios (RCP4.5 and
RCP8.5). Using the CanESM2 mogdele compared these periods to the observational period-(1986
2005).To this end, after examining the capability of the SDSM model in simulating the reference period
climate (1986€2005), future daily precipitation was downscal®dbsequently, using the R@Dex,

extreme precipitation indices were calculated for future peridusresults of the spatial distribution of
precipitation variations showed that the average precipitation increased in the following decades, based
on both scenariognvestigation the changes in extreme indices also revealed that percentile indices
(R95p and R99p), Rxlday, SDII, and PRCPTOT roased on both scenarios and in most future
periods; meanwhile, the Rx5day, CWD, and CDD were reduced compared to the baseline period.
Among the threshold indices, R10 increased based on RCP4.5 and decreased based on RCP8.5 whereas
R20 and R25 did not change significantly compared to the reference ptowever, in the far future,

all the indices, except for CWD, had a decreasing trAitiough there is a great deal of uncertainty
concerning precipitation and extreme precipitation forecasting, the results of such research can be
conducive to the future policy making of a country, such as risk assessment.
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Introduction

Today, human beings face major environmental problems and threats; one of the major and
vital threats is climate change (Wang et al., 2015; Romm, 2018) and the leading clins®f
change is believed to be the accumulation of greenhouse gases in the atn{t3pkR2014).

The most important characteristic of global climate change is the significant increase in the
temperature and the uneven distribution of precipitationiclwlare limiting factors for
sustainable developmefZhao et al., 2015; Dong et al., 201Bjecipitation is one of the key
components of the climate system and indicates a strong relationship between the atmosphere,
the hydrosphere, and the biosphétden & Frauenfeld2014).Precipitation changes, as a
result of future climate change, will severely affect environmental processes and the use of
environmental resources, especially water resouiliaag et al., 2016)n addition to the
changes in the maaalues, extreme values have also changed; the rate of change in the extreme
values is more severe and obviddéou and Ren, 2011Yhe Intergovernmental Panel on
Climate Change (IPCC), in its third report in 2001, mentioned the probability of changes in
extreme precipitation, especially at mid and high latitudes due to global watRP@@ 2007).
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The IPCC in its fourth report in 2007, reported that the average precipitation had increased in
the tropics while in the middle latitudes, precipitation hactelesed slightly compared to the
annual averag@onetheless, precipitation has been reported to increase in general in all parts
of the world compared to its averdgeel (IPCC, 2007; Donat et al., 2013; Westra et al., 2013).
This panel in its fifth repad in 2013 predicted that extreme precipitation events in the mid
latitudes and humid tropical regions will increase, both in terms of intensity and frequmtihcy

the end of the 21st centuff?CC, 2013.

Global warming has significant effects oxtreme events, including precipitation and their
Spatiotemporal changes. Therefore, it is essential to study the rate of precipitation changes in
order to assess the vulnerability of different regions and predict future changes under climate
change scenms. In this regard, the set of extreme indices introduced by the European Climate
Support Network (including 11 precipitation extreme indices) can be used for analyzing and
surveying precipitation extremes. These indices were identified and introdut@@8rby the
Commission for Climatology (CCL) and the World Climate Research Program (WCRP)
associated with the Climate Variability and Predictability (CLIVAR) project. It comprises an
expert team on climate change detection, monitoring, and indices (ETQG®Mvestigate
and determine extreme indices (Frich et al., 2002; Klein Tank et al., 2009; Zhang et al., 2011).
Since the early 21st century, the study of regional and global extreme values has been the focus
of researchers, particularly precipitatiom different parts of the world, such as Europe
(Casanueva et al., 2014), the Middle East (Zhang et al. 2005), China (Song et al., 2015; Sun et
al., 2016; Wang et al., 2017), Korea (Jung et al., 2011), Turkey (Abbasnia et al., 2019), Pakistan
(Hussain & Le, 2013), Philippines (Cinco et al., 2014), India (Pingale et al., 2014), Siberia
(Degefieet al., 2014), the USA (Thibeault & Seth, 2014; Schoof & Robeson, 2016), Australia
(Perkins et al., 2014; Jakob & Walland, 2016), Italy (Boccolari & Malmusi, 2@h8)jn Iran
(Rahim Zadeh et al., 2009; Molanejad et al., 2014; Soltani and et al., 2015; Najafi & Moazami,
2016; Azizzadeh & Javan, 2018hrough analyzing the effects of climate change, it has been
found that different regions experience different trends

To investigate the effects of climate change on different sources in future periods, general
circulation simulation models have been developed, which are capable of modeling-climate
associated parameters over a long time using approved IPCC gsdifalisby et al., 2007).

These models are one of the most common and appropriate methods for studying the
mechanism of past and future climate changes (Zhao et al., 20E3)najor problem with

these models is their low spatial resolution which canntgctiehe effects of certain local
conditions, such as topography and vegetation, on atmospheric variables like precipitation and
temperature (Fung et al., 201The temporal and spatial resolution of the general atmospheric
circulation models is low nec&tates the use of tools and models for downscaling to transform
these model outputs into local variables at the scale of observational stations (Graham et al.,
2007; Salon et al., 2008pownscaling methods are divided into two dynamic and statistical
appoaches for the analysis of regional hydrological treStitistical models are often utilized

for downscaling climatic data (Fowler et al., 200@ne of the reasons behind using these
models is their quick and easy performance compared to other mbilglse(et al., 2005).

Some examples of differebgpes of statistical downscaling models include SDSM, LARS
WG, CLIMGEN, SimCLIM, and MET & ROLL (Wilby et al., 2002).

The importance of climate change has led to the study of the effects of this ememom
across the globéiashmi et al. (2011) compared LARBG and SDSM models for simulation
and downscaling thunderstorms in the south of New Zealand watef$tezdresults showed
that both models are capable of simulating and predicting cliassteciatd parameter&hen
et al. (2012) employed both SDSM and SVM models for downscaling the precipitation in
China's Hanjiang River basin. They indicated better performance of the SDSM model compared
to that of SVM. Alexander and Arblaster (2017) investigaetleme precipitation based on
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radiation forcing scenarios and CMIP5 models. Based on their results, under the RCP4.5 and
RCP8.5 scenarios, precipitation will increase slightly in the middle future. Ishida et al. (2017)
examined the impacts of climate clganin the Northern California region on the outputs of
CCSM4, HadGEMZES, and MIROC5 models and RCP4.5 and RCP8.5 scenarios. Their results
implied that precipitation in the future period would decreb&eet al. (2017), studying the
effects of climate chaye on water resources in the north of China Plain, indicated that in the
future, precipitation changes will be greater than temperature changes. Precipitation will
increase slightly in the middle future and decrease in the far future. Oztopal (201#yateds

the extreme precipitation events using the RCM model based on the A1B scenario in Turkey.
His research showed that extreme precipitation will increase soon in winterZ@6@)JLand in

the far future (2062100) in most parts of Turkey.

In Iran, Samadi et al2011) investigated the capability of SDSM to simulate clirnatated
predictors for climate detection in Khorasan province. They concluded that this model has a
good ability to simulate predictions, such as the minimum and maximum ratnes and
precipitation. Fakhri et al. (2012) examined the impact of climate change on the number of wet
days with precipitation of over 2 mm in the Behesht Abad basin (northern Karoon). Their results
revealed a 37% reduction in the total precipitatiothe future. Nuri et al. (2014) used different
downscaling models under scenario A2 for investigating the uncertainty of climatic parameters.
The results of the model showed that it is possible to decrease the precipitation shortly and
increase the predtation in the future (in the middle and far future). Rashidian and Ebrahimi
(2016) studied the climate change in Fars province during-202Q using data simulation.

They indicated that temperature and precipitation will increase by about 1 degreeQd 23
respectively.Daneshet al. (2016) studied the impacts of climate change on Iran's water
resources utilizing dynamic and statistical models and found that the increase in the temperature
would raise evaporation, as a result of which precipitation and the risk of flood worddse.
Detection and comparative evaluation of the effects of global warming and climate change on
precipitation and the occurrence of climatic phenomena are of great necessity in view of climate
variability in each region, including IraAs reportedn the summary of Iran's extreme Climatic
Events (2012), the increase in extreme climate events and the need to raise awareness of such
phenomena in the national scene have been addressed to reduce the consequences and
adaptation to climate phenomebamialLake basin has experienced a severe decline in inflows

over recent years, which has led to a decrease in water levels (Alesheikh et al., 2007; Shadkam
et al., 2016)The continuation of this situation will bring this body of water and natural habitat

with risks that will have serious soeexonomic and environmental consequences
(AghaKouchak et al., 2015)n addition to the current issues, climate change can also
exacerbate the situation (Zarghami, 20Therefore, given the importance of global warming

and climate change and the lack of comprehensive studies on modeling and predicting its effects
on precipitation extreme events in Lake Urmia babiapresent research attempted to evaluate

the extreme precipitation changes using the CanESM2 modehogerfuture periods, namely
20212040, 20412060, and 2062080, based on SDSM statistical downscaling techrique

goal was to create programs to raise awareness about adaptation, prevention or preparedness
against the effects of this climate phenomeimoa regional or local area.

Materials and Methods
Study Area
Lake Urmia, which is the focal point for the accumulation of surplus surface currents on the

consumption of all the rivers in the closed Urmia basin, is approximately 5750nkime
middle of the northern part of the basin. This lake has been registered as a protected
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environmental heritage by the United Nations on account of its unique ecological environment
(Soudi et al., 2017). Lake Urmia is the 20th largest and the ssupeisaturated salt lake in

the world. Its catchment area accounts for about 3.2% of the total area of Iran (Hassanzadeh et
al., 2012). Urmia Lake watershed, with an area of about 51880kincated between 35° 10'

to 38° 30' N and 44° 14' to 47° 53'ifc the northwestern Iran (Figure 1). The precipitation
changes in the Urmia Lake catchment area are 220 to 450 mm and the average rainfall is 310
mm. Rainfall increases from the central part of the basin to the peripheral highlands. In this
basin, the avage rainfall was reported to decrease by about 9.2% and the average maximum
temperature increased by about 0.8 °C (Delju et al., 2013). One of the major problems in this
area is the decrease in the water level of Lake Urmia over the recent years, whitodesve
affected climate change in addition to the construction of numerous dams and the expansion of
gardens and agriculture (Zarghami, 2011; Jalili et al., 2012; Khazaei et al., 2019). Shadkam et
al. (2016) reported that the discharge of rivers lepdinthe lake decreased by over 40%.
Currently, the lake's water level has decreased by over 6 meters from the peak, and nearly 3
meters from the ecological level (Tourian et al., 2015). Therefore, this catchment for the
northwestern Iran is of particulanportance such that it necessitates effective and expeditious
policymaking for the future. So far, research has been conducted on the future status of rainfall
and runoff in Lake Urmia basin using different mode&larfiani Nuri et al., 2013azmara et

al., 2013 Goudarzi et al., 2015; Sobhani et al., 2016;; Emami and Koch, 2018; Sanikhani et al.,
2018; Nourani et al., 20)9Nevertheless, there are no studies on the variation of the extreme
precipitation indices in this basin.
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Figure 1. Geographidocations of Lake Urmia basin in Iran
Data

In this study, two sets of data were used to provide an overview of the changes in extreme
precipitation indices in the stations of Lake Urmia basin:
1- Daily precipitation observational data of eight synoptitiats in the basin with lorterm
and reliable statisticswhich were acquired from the IL.R. of IRAN Meteorological
Organization (IRIMO)These data focus on the period 128®5. The period 1982000
was selected as the model calibration period andiZDWb was thevalidation period.
High-quality, reliable, longerm climatic data with the daily (or higher) temporal resolution
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are neededof evaluating extreme ever(tslein Tank et al., 2009%hus, in the first step,

the data quality and homogeneity control were investigbteikin, the data were controlled

in terms of quality using the RClimDex software packagethis software, priora
calculating the indices, the data are controlled with the software and incorrect information,
such as negative precipitation, is checked. The missing data are then identified (Zhang &
Yang, 2004)Thedaily data were also homogenized based on ssteregression test via
RHtests software (Wang & Feng, 2010).

2- Largescale atmospheric daily data, including NCEP forecasters, during the same period of
observation and output of the CanESM2 general circulation model related to the next three
periods of 20222040, 20412060, and 2062080 and under RCP4.5 and RCP8.5 scenarios
were extracted from the Canadian Climate Data Center Web site and downscaled via the
SDSM model at the station scafégure 1 and Table 1 represent the distribution of the used
meteorologtal stations and the characteristics of the stations, respectively.

Table 1.List of the stations with altitude, latitude, and longitude in Lake Urmia basin

Station Altitude (m) Latitude (N) Longitude (E)
Mahabad 1500 36° 46° 45° 43
Maragheh 1477.7 37° 247 46° 16°

Urmia 1316 37° 32 45° 05

Saghez 1552.8 36° 147 46° 16

Sahand 1641 37° 56 46° 07°

Sarab 1682 37° 56 47° 32°

Tabriz 1361 38° 05 46° 17

Takab 1765 36° 23’ 47° 7

Methods
Extreme precipitation indices

To study the changes of precipitation extreme indices in Lake Urmia basin, we utilized 11
extreme precipitation indices introduced by ETCCDMI. Table 2 lists these indices. In general,
they can be divided into five groups, as mentioned in the followingéhlger et al., 2006).
Percentage indice®recipitation indices in this group show a decrease in precipitation over the
95th percentile (R95p) and 99th percentile (R99p) aneyeae extreme precipitation events.
Absolute indicesA minimum of Xday precipitation (RX1day) and maximum ofday
precipitation (RX5day) belong to this category.

Threshold indicesThey are characterized as indices that measure the number of days when
precipitation is more than or equal to a threshold. Among the 11 extregipifation indices,

this category comprises the number of heavy precipitation days exceeding 10 mm (R10), the
number of very heavy precipitation days exceeding 20 mm (R20), as well as the number of the
heaviest precipitation days exceeding 25 mm (R25).

Periodic indices These indices measure the wet and excessively dry periods during the growing
season or normal periods and include the indices related to continuous dry days (CDD) and
continuous wet days (CWD).

Other indices that do not fit into any of thlkovementioned groupsT his category includes the
annual wet day precipitation (PRCPTOT) and the simple daily intensity index (SDII).

All these indices are estimated via RClimDex software which is developed for calculating the
temperature and extreme pi@tation indices. It extracts these indices and calculates their
gradient based on the thresholds defined for each index (Zhang and Yang, 2004).
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Table 2.Definitions of the used precipitation indices

Index Descriptive name Definition Units
PRCPTOT Wet-day precipitation Yearly total precipitation based on moist days mm
RX1day Maximum Lday Yearly maximum iday precipitation mm
precipitation
RX5day Maximum 5day Yearly and monthly maximum-8ay precipitation mm
precipitation
R95 Very wetday Yearly precipitation when RR N95th percentile mm
the 19822012 daily precipitation
R99 Extreme verywetday Yearly precipitation when RR N99th percentile  mm
the 19822012 daily precipitation
SDIl Simple daily intensity index Meanprecipitation on moist days mm/d
R10mm Number of heavy Yearly count of days when R&10 mm day
precipitation days
R20mm Number of very heavy Yearly count of days when RB20 mm day
precipitation days
R25mm Number of the heaviest Yearly count of days when RRS 25 mm day
precipitation days
CwD Continuous wet days Maximum number of continuous moist days day
CDD Continuous dry days Maximum number of continuous dry days day

SDSM downscaling Model

Wilby et al. (2002) first developed the SDSM statistical modieis model is based on
multivariate regression and the statistical relationship between the observed or predicted
variables with largescale variables (atmospheric) or the predictor is evaliletseld on partial
correlation. Atmospheric variables in the SDSM model are about 26 variables selected based
on the correlation coefficient (Hassan et al., 20Thg SDSM workflow consists of two parts;

the first part is establishment of a statistical treteship between atmospheric variables and
observational variables and determination of the atmospheric variables required for climate
generator, including quality control and data transformation, screening of forecaster variables,
model calibration, andlimate generator (application of observational data for predictibe);
second part is simulation of future time series of observational variables using the predicted
data from GCMs and the parameters generated in the first part (Chen et al.lre®i$tudy,

among the CMIP5 series general circulation models, we used the second version of the
Canadian Earth System Model or CanESM2 provided by C€&Qrha CanESM2 model is an
upgraded version of general circulation models called Earth System Models)ESWs try

to considetthe most influential component$ the Earth system on climate in their modelling
structureOn thecontrary to the specific reporting of the emission scenarios used in the CMIP3
models, the Fifth Assessment Report (AR5) uses septative concentratiqmathway
scenarios that are presented in Tabl€H& new emission scenarios are based on the radiative
forcing level by 2100 ADThis series contains four scenarios, namely RCP2.6, RCP4.5, RCP6,
and RCP8.5 (Van Vuuren et al., 201).the present work, two scenarios of RCP4.5 and
RCP8.5 were employed, which represent the intermediate and the most pessimistic scenario,
respectively (Moss et al., 2010).

Criteria of Evaluation of the model results
Prior to using the outputs alimate models in each study, the predictions of these models

should be compared with the observed d@ita.investigate the prediction accuracy of the
CanESM2 model, we compared the simulated model values in the study areas with measured

A Canadian Center for Climate Modeling and Analysis
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precipitation datgfor the 19862005 (reference period) using RMSE and the mean of the
absolute error (MAE}Jolliffe and Stephenson, 2012).

Table 3. Emission scenarios: representative concentration pathway in various greenhouse gases
(Van Vuuren et al., 2031

Scenario Radiative forcing Co2 (ppm)
RCP2.6 Top in radiative forcing at 3 W/m2 followed by 490 ppm CO2 tantamount before
decrease 2100 and then decrease
RCP4.5 Fixation without overshoot pathway to 4.5 W/n 650 ppm CO2 tantamount at
after 2100 fixation after 2100
RCP6 Fixation without overshoot pathway to 6 W/m: 850 ppm CO2 tantamount fixation
after 2100 after 2100
RCP8.5 Increased radiative forcing pathway leadingt 1370 ppm CO2 tantamount by
8.5 W/m2 by 2100 2100
Y0 YO 5 Y U p
B . o
660 —sg k. C

where"Yis the precipitation estimated by the modeljs the observed precipitation amount,
andN is the total number of the observatioiifle RMSE shows the mean deviation of the
simulated values from thmeasured values that indicate the confidence of the model.
proximity of RMSE and MAE values to zero implies better simulateally, if the simulated

and measured values are equal, the numerical values of RMSE and MAE will b&hes®.
methods hae been used as an appropriate method for comparison and validation in several
studies (Ly et al., 2010).

Results and Discussion
SDSM Model Capability Evaluation

In the SDSM model, the daily precipitation data of basin stations are qualitatomiylled

and transformed if necessahy.this study, the fourth root conversion for the stations was used
due to the nomormal distribution of the daily precipitation data and also because of the better
fit of the model.Following qualitative control rd data transformation, the best lasgale
observational predictor variables (NCEP) were selected and entered into theFrmuethe

26 available predictor variables, we selected the best variables for each station using the graph
of dispersion and theorrelation between predictor variables and the partial correlation
coefficient between the predictor and predictor variables (Tablené)results showed that in

the majority of stations, the closest correlation belonged to the mean temperaturéeahp)in (

the horizontal velocity at 500 hPa (p5_u), the average sea level pressure (MSLP), and the
geopotential altitude at 850 hPa (p850).

Table 4.Selected NCEP predictors to statistically downscale the daily precipitation of Lake Urmia basin

Station Predictor variable Station Predictor vaable
Urmia (p8_zh) shui) temg Sahand (p8_2 tempP

Tabriz (p5_u) p8 fj temg Mahabad (P5_u) p8 \) temp
Takab (850 p5-vi Maragheh (P850 mslg temp

Sarab (mslp p85Q temy Saghez (p5_u) temp
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After calibrating the model for the reference period using the selected predictive variables,
the precipitation data were produced for the validation period and the scenario was generated.
For model validation, the observational and simulgtedipitation data from NCEP data were
extracted and comparelligure 4 illustrates the correspondence of the mean and variance of
the observational monthly precipitation with the simulated precipitation by the NCEP model
during the validation periodccording to Figure 2, the difference in the value of the series in
the stations was negligible and that the pattern of the changes in the mean of these statistics was
well simulated throughout the ye&iven the fact that the actual performance of the SDSM
model in precipitation microscopy is based on the accuracy criteria calculated during the
validation period, the results of this evaluation are presented below (Tabtagy. values of
MAE and RMSE represents a more efficient modak results in Tabléd also show that the
predicted precipitation in the stations of the Lake Urmia basin did not have a significant
difference with the observed data and the estimations of the model in this area were close to the
reality. Overall, the results indicated theistactory performance of the model in the stations
of Lake Urmia basin.

Table 5. Evaluation of SDSM capacity for the simulated precipitation during the verification period
(2001:-2005)

Station Urmia Tabriz Takab Sarab Saghez Sahand Maragheh Mahabad
MAE 1.25 1.09 1.32 1.06 1.91 0.98 1.31 1.76
RMSE 2.96 2.5 2.8 2.26 3.08 1.21 2.9 3.02
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Figure 2. Comparison of the mean and variance of the monthly observed and simulated precipitation
via NCEP model
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Figure 3. Spatial distribution of the predicted precipitation changes using CanESM2 based on RCP4.5
and RCP8.5 in future periods in Lake Urmia basin

Changes in the predicted extreme precipitation indices with SDSM model

After generating precipitation for the periods of 22040, 20412060, and 2062080 under

the RCP4.5 and RCP8.5, the mean extreme precipitation indices of the stations under study
were calculated for the reference period and the future péfigdres 4 to 8 depict extreme
precipitation indices of Lake Urmia basin stations via CanESM2 model output under two
RCP4.5 and RCP8.5 emission scenarios over three forthcoming periods 2020R2060

2041 and 208@080compared to the reference perid®862005).
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Changes in the predicted absolute precipitation indices

Based on RCP4.5, theday maximum precipitation index (Rx1day) was predicted to increase

in the Urmia Lake basiaver the three periods compared to the reference péaiiglincrease

was by 1.8, 2, and 1 mm for the whole basin, respectiBalsed on the RCP8.5 scenario in the

first period, the Rx1day index would increase in half of the b&tmwever, on averagehis

index increases in the entire basin by 2.4 mm compared to the reference period; this increase
also reaches 13 mm in Saghkrthe second and third periods, this index rises in all the basin
stations, except for Urmia and Saghez, with an average ssccgaabout 0.9 and 1.9 mim.

general, it could be concluded that in Lake Urmia basuayl maximum precipitation index

will increase during the coming periods; yet it will not be significBaised on RCP4.5, the
Rx5day index decreases in all the thpeeods compared to the base peribhis decrease was
estimated to be high (about 5 mm) in the first period (ZB240); meanwhile, it gradually
decreased to 3.6 and 3.2 mm in the second and third periods, respedinelRCP8.5
predicted a decline irhé Rx5day in all the three future periods for most of the basin stations;
the average of this decrease for the entire basin during the next three periods was found to be
3.2, 3.4, and 3.5 mm, respectively (Figure@yerall, in Lake Urmia basin, thmaximum 5

day precipitation index decreases over the future periods. However, the Rx5day indicated the
continuity of cyclonic systems or instability in multay periodstherefore, it is a suitable
indicator for flood investigation. Given the fact thatLiake Urmia basin, the amount of this

index will decrease in the future, it could be concluded that the potential for floods and the
resulting damage in the region will be reduced.
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Figure 4. Comparison of the predicted absolute precipitation irsdizigh the SDSM model over the
next three periods compared to the base period {2086) based on RCP4.5 and RCP8.5 scenarios
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Changes in the predicted percentile precipitation indices

The index of very wet days, based on RCP4.5 during thepfrabdd, increased in most of the

basin stationghe average increase in the basin was 3 mm, which reached 18 mm at Maragheh.
The RCP4.5 scenario in the second and third periods predicted an increase of R95p for the
entire basin, which was 7.6 and 4.5 nmagpectivelyThe increasing trend of this index was

also observed based on RCP8.5, which was 5.8, 3.4, and 6.6 mm for the next three periods,
respectively (Figure 5According to RCP4.5, the index ektreme very wet daydR99p) in

the first periodncreased in half of the stations and decreased in the other half. In the second
and third periods, this index increased in most of the stations, by 3.2 mm and 0.1 mm,
respectivelyThe RCP8.5 scenario for the majority of the basin stations in the megftariods
predicted an increase of R9¥pn average, this increase for the entire basin in the three periods
was 2.5, 2.2, and 2.2 mm, respectively, compared to the reference period (FiGaecsally,

in Urmia Lake basin, the percentile precipitatindices increased over the coming periods.
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Figure 5. Comparison of the predicted percentile precipitation indices with the SDSM model over the
next three periods compared to the base period {2086) based on RCP4.5 and RCP8.5 scenarios

Changesn the predicted threshold precipitation indices

RCP4.5 predicted an increment in the number of heavy precipitation days (R10) compared to
the base period for most of the basin stations in the first and second periods, with an average
increase by 0.2 antlday, respectivelyAccording to this scenario and in the third period, this
index decreased in most of the basin stations and reached 0.Basgd.on RCP8.5, the R10

index decreased in the majority of the basin stations in all the three periods @y Qahd 0.2

days compared to the base period, respectielgure 6). The number of very heavy
precipitation days (R20) based on RCP4.5 in the first period increased in half of the stations
and decreased in the other haifthe second and third peds, this index did not change much
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compared to the reference peridle RCP8.5 scenario for most of the basin stations in the first
and second periods predicted a decrease of R20, averaging 0.2 days for the entire basin in both
periods compared to the esénce periodin the third period, this index did not change
significantly compared to the reference periblde number of the days with precipitation equal

to or greater than 25 mm (R25) declined during the second period under the RCP4.5 scenatrio,
with avery small decrease by about 0.1 ddgyshe first and third periods, the index did not
change remarkably compared to the reference pefiecbrding to RCP8.5 in the first and
second periods, this index remained unchanged compared to the base peraatieased in

most of the basin stations in the third periOd. average, this increase was estimated to be 0.2
days forthe Lake Urmiabasin(Figure 6).In general, we predicted that R25 in Lake Urmia
basin will not be significantly different frothme reference period.
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Figure 6. Comparison of the predicted threshold precipitation indices with the SDSM model over the
next three periods compared to the base period {2086) based on RCP4.5 and RCP8.5 scenarios



