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ABSTRACT

Future climate change and its effects are one of the most imperative concerns of
mankind, especially in recent years. In order to deal with and adapt to climate change,
it is necessary to know the future climate situation. Therefore, in the current research,
to investigate the future climate of the Urmia Lake catchment, the maximum and
minimum temperature, rainfall and drought in the basin were projected for the period
of 2015-2099 using NorESM2-MM climate model under the emission scenarios of
SSP1-2.6 and SSP5-8.5. The downscaling output of the model was done using the
quantile mapping method and their accuracy was evaluated in the simulation of the
base period (1990-2014) using the monthly diagram and RMSE and NRMSE
indicators. After evaluating the accuracy of the model, the studied parameters were
produced at the station level for the future period. The evaluation of the results showed
that: the minimum and maximum average temperature of the basin under the
pessimistic scenario (SSP5-8.5) until the end of the century and under the optimistic
scenario (SSP1-2.6) until 2075 have an ascending trend and then a descending trend.
Average maximum and minimum temperature of the basin in the near future (1.0 to
1.8)and (1.1 to 1.8) [1 and in the far future((1.5 to 4.8) and (1.3 to@.3) [ will increasef
The annual rainfall in the future period does not have a significant trend, but the average
rainfall of the basin in the optimistic scenario will increase by 16.5% in the near future
and 8.9% in the far future and in the pessimistic scenario will increase by 1.8% in the
near future and 7.2% in the far future. According to the SPEI index, in the future period,
under the optimistic scenario, moderate drought will have an ascending trend, severe
drought will have a descending trend, and under the pessimistic scenario, the drought
will have a descending trend.
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Extended Abstract
1- Introduction

Population growth and the increase in global consumption have amplified the global demand for fossil fuels.
Studies have shown that carbon dioxide is one of the main factors of climate change (IPCC, 2013). Based on
the carbon dioxide emission scenarios published by the IPCC, the concentration of carbon dioxide can
increase from the current level of 300 ppm to 800 ppm by the end of the 21st century (Van Vuuren et al.,
2011). An increase in the concentration of carbon dioxide causes a change in the global temperature, the
pattern of precipitation and solar radiation, and as a result, it causes a change in the productivity of agricultural
products (Lobel et al., 2011). Also, climate change affects the hydrological cycle and changes the spatial and
temporal distribution of water resources, which is closely related to the availability of irrigation water and
crop growth (Piao et al., 2010).

Since the end of the 19th century, almost all parts of the world have been subjected to a global warming
process that shows periodic and multi-decadal changes (Hansen et al., 2010). There is a global consensus that
climate change will cause changes in the intensity, amount and duration of extreme events leading to
unprecedented weather events (Field et al., 2012). Also, changes in the water cycle are observed due to climate
changes. Evidence shows that climate change is related to the redistribution of water resources and the
increase in the frequency and intensity of floods and droughts (Li et al., 2013). Therefore, it is very important
to pay attention to climate changes at the basin scale, especially in arid and semi-arid areas that have limited
water resources. Continued emission of greenhouse gases causes more warming and long-term changes in all
components of the climate system and increases the possibility of severe, widespread and irreversible impacts
on people and ecosystems. The future climate depends on the warming caused by past and future pollution
and natural climate changes. One of the climatic extreme events is drought. In recent years, several studies
have found that droughts are increasing in different regions of the world, so it can be expected that drought
events will increase in terms of frequency and intensity in the coming periods with the increase in temperature
and change in the rainfall regime. (Zhai et al., 2020).

The IPCC recently published the sixth phase of the CMIP models, which are the latest general circulation
models. The mentioned models have been developed based on SSP release scenarios. SSP scenarios are
designed based on socio-economic factors such as population growth, economy, urbanization and other
factors (Eyring et al., 2016). The outputs of atmospheric general circulation models in terms of temporal and
spatial resolution are about tens of kilometers on a daily and monthly scale, which are large scale compared
to climatic and hydrological processes. In addition, GCM simulations in both spatial and temporal scales have
uncertainty in the parameterization of processes, so the output of these models cannot be directly used in
climate change studies. Therefore, exponential micro-scale and skew correction of GCM simulations is
necessary to obtain information at the appropriate scale (Wood et al., 2004).

The future climate change can have different effects in different regions and therefore the study of climate
change should be done regionally and using the latest climate models. The studies carried out in Urmia Lake
basin were mainly done with previous models, so in this research, the latest climate models provided by IPCC
were used to predict the future climate.

2- Methodology
2-1- Study area

The catchment area of Lake Urmia with an area of about 52,000 km? is located in the northwest of Iran and
includes parts of East Azerbaijan, West Azerbaijan and Kurdistan provinces. This basin is surrounded by the
northern slopes of Zagros, the southern slopes of Sabalan Mountain and Sahand Mountain. Populous and
important cities such as Tabriz and Urmia are located in this basin. Lake Urmia located in this basin is
considered as the largest internal lake of Iran and one of the most valuable water ecosystems of Iran.

2-2- Data
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In this research, two types of data were used. The first category is the observational data of synoptic stations
(Tabriz, Sarab, Maragheh, Urmia, Takab, Mahabad and Saqqez). These data include the daily values of
minimum temperature, maximum temperature and precipitation for the period of 1990-2014, which were
received from the National Meteorological Organization. The second category of GCM model data is from
the CMIP6 model series. These data include daily values of minimum temperature, maximum temperature
and precipitation for SSP1-2.6 and SSP5-8.5 scenarios during the base period (1990-2014) and future (2015-
2099) which are from the World Climate Research Program database (https://esgf-node.lInl.gov) have been
extracted.

3- Method

In the current research, the temperature, precipitation and drought of the catchment area of Lake Urmia have
been projected for the future period (2015-2099) and the trends of the mentioned parameters as well as their
changes compared to the base period (1990-2014) have been investigated. The projecting of the studied
parameters has been done using the new series of general circulation models called CMIP6 models under the
SSP126 and SSP585 release scenarios as optimistic and pessimistic scenarios. Downscaling of the output of
the GCM model was done by using the quantile mapping method and evaluating the accuracy of the models
using monthly average diagrams and RMSE and NRMSE indices.

After evaluating the accuracy of the GCM model, the parameters of minimum temperature, maximum
temperature and precipitation for the future period were produced using the output of the GCM model and the
Downscaling method of quantile mapping. Then, using the mentioned parameters, potential evaporation and
transpiration (PET) and drought (SPEI) indices were calculated for the future period. In the following, the
changes and trends of temperature parameters, precipitation and drought in the future period were investigated
using the innovative trend analysis (ITA) method.

4- Results and Discussion

- The trend of the maximum temperature of the basin during the period of 2015-2099 will be ascending under
the SSP5-8.5 scenario and will be ascending under the SSP1-2.6 scenario until 2075 and then descending.
The average annual maximum temperature of the basin will increase in the near (2031-2055) and long (2071-
2095) under both scenarios, in the near future between 1.0 (optimistic scenario) and 1.8 T°C (pessimistic
scenario) and in the future, it will increase between 1.5 (optimistic scenario) and 4.8 T°C (pessimistic scenario)
compared to the base period.

- The trend of the minimum temperature of the basin is the same as the maximum temperature. The average
annual minimum temperature of the basin in the near future is between 1.1 (optimistic scenario) and 1.8 T'C
(pessimistic scenario) and in the far future between 1.3 (optimistic scenario) and 4.3 T°C (pessimistic scenario)
increases compared to the base period.

- The annual rainfall in the future period does not have a significant trend, but the average rainfall of the basin
in the optimistic scenario will increase by 16.5% in the near future and 8.9% in the far future and in the
pessimistic scenario will increase by 1.8% in the near future and 7.2% in the far future.

- The trend of evaporation and transpiration of the basin potential under SSP5-8.5 is upward until the end of
the century and under SSP1-2.6 is ascending until 2075 and then descending. The average annual evaporation
and transpiration of the basin under SSP1-2.6 will increase by 10% in the near future and 12.7% in the distant
future, and under SSP5-8.5 it will increase by 14% in the near future and 42.9% in the distant future.

- According to the SPEI index, during the period of 2015-2099, under the SSP1-2.6 scenario, until the middle
of the century, mainly dry periods will occur, then until the year 2090, drought periods will occur, and then
until the end of the century, dry periods will occur. Under the SSP5-8.5 scenario, drought periods will occur
until the middle of the century and then drought periods until the end of the century. In general, according to
the ITA index, the drought trend of the basin under the pessimistic scenario will be ascending until the end of
the century, and under the optimistic scenario, the severe drought trend will be descending and the moderate
drought trend will be ascending.
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5- Conclusions

The results of the current research regarding the increase in temperature in the future are in line with previous
studies, including the studies conducted in the study area (Gouderzi et al. (2014), Salahi et al. (2016) and
Gouderzi et al. In contrast to the study of Gouderzi et al. (2014) and Salahi et al. (2015) and in line with the
study of Ghalenovi et al. (2016), there will not be a significant decrease in the future. Evaporation and
transpiration will increase as in the study of Goudarzi et al. (2017), and drought will increase unlike the study
of Ghalenovi et al. (2018). Therefore, based on the results of the present research, the most important climatic
changes in the catchment area of Lake Urmia in the future period are related to the increase in temperature
and its effects (including increased evapotranspiration and drought).
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Fig (1): Geographical location of Urmia lake catchment area and studied synoptic stations
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Table (2): classification of drought based on SPEI index
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Figure (3): average monthly values of simulated and observed (a) temperature and (b) precipitation
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Fig (4): (a) the average maximum temperature of the basin for the period of 1990-2099, (b) the amount of change in the average maximum
temperature of the basin in the near and far future periods compared to the base period under the SSP1-2.6 and SSP5-8.5 scenarios, (c) and (d)
ita diagrams for maximum basin average temperature under SSP1-2.6 and SSP5-8.5 scenarios
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Fig (5): (a) the average minimum temperature of the basin for the period of 1990-2099, (b) the amount of change in the average minimum

temperature of the basin in the near and far future periods compared to the base period under the SSP1-2.6 and SSP5-8.5 scenarios, (c) and (d)
ita plots for minimum basin average temperature under SSP1-2.6 and SSP5-8.5 scenarios
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Fig (6): (a) the average annual precipitation of the basin for the period 1990-2099, (b) the percentage change of the average annual precipitation
of the basin in the near and far future periods compared to the base period under the scenarios SSP1-2.6 and SSP5-8.5, (c) and (d) ita diagrams
for basin average annual precipitation under SSP1-2.6 and SSP5-8.5 scenarios
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Fig (7): average monthly maximum temperature of the basin under SSP1-2.6 (a) and SSP5-8.5 (b) for two periods of the near future and far
future, the average monthly minimum temperature of the basin under SSP1-2.6 (c) and SSP5-8.5 (d) for the two periods of the near future and
the far future, the average monthly rainfall of the basin under SSP1-2.6 (e) and SSP5-8.5 (f) for the two periods of the near future and the far
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Fig (8): (a) the average annual evapotranspiration of the basin for the period of 1990-2099, (b) the rate of change of annual evapotranspiration of
the basin in the near and far future periods compared to the base period under scenarios SSP1-2.6 and SSP5 -8.5
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Fig (9): SPEI index for the base period (a), the period 2015-2099 under SSP1-2.6 (b) and under SSP5-8.5 (c)
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Fig (10): ITA diagrams for the spei index for the base period (a), the period 2015-2099 under SSP1-2.6 (b) and under SSP5-8.5 (c)
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