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In this research, the drought situation of Aras Basin under the conditions of climate change
has been investigated. For this purpose, simulated precipitation data of CNRM-CM6-1-HR
model with high horizontal resolution (10x10 km2) under SSP5-8.5 scenario during 76
years and 912 months of the future period (2100-2025) were used, and the SPI index was
determined as a criterion for evaluating the drought situation. The monthly analysis of the
future drought under the SSP5-8.5 scenario with the SPI index showed that the drought
trend is decreasing in all stations except Jolfa station. Under the SSP5-8.5 scenario, the
most severe drought of the period was simulated in Ardabil and Ahar in April 2094, in
Jolfa in April 2094, in Parsabad in February 2028, in Khoi in September 2078 and in Mako
in May 2080. On an annual scale, the frequency of drought in Mako, Jolfa, Parsabad, Khoi
and Ardabil was calculated as 42, 41, 39, 36 and 34 years respectively. Spatial distribution
of annual precipitation anomalies in Aras basin showed that the maximum of very severe
drought and the minimum of very severe wets are located in the southeast of the basin
(Ardabil station), while the maximum core of extreme wets and the minimum core of
extreme drought are concentrated in the southwest of the basin. On a monthly scale, the
core of maximum and minimum frequency of positive anomalies is mainly located in the
western half of the basin. On an annual scale, the largest increase in the estimated positive
precipitation anomalies was related to Ardabil, Parsabad and Ahar, and the largest decrease
in negative anomalies was related to Ahar, Khoy and Ardabil. On a monthly scale, the
maximum decrease in negative anomaly is related to Parsabad and the maximum
percentage increase in positive anomaly is related to Jolfa.
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Introduction

Drought is a natural disaster that can appear in different parts of the world due to less than normal precipitation.
This phenomenon has become a major threat to local sustainable development in the arid lands of the world and
is the reason for excessive migrations and environmental destruction. Prediction of future drought changes is
considered important, especially in the context of rapid warming. Also, drought monitoring is inevitable to
manage and assess risk, as well as take effective measures to deal with and reduce the effects of drought. In this
research, taking into account the possibility of the water situation becoming more critical in the future, the
drought situation of the Aras basin has been investigated under climate change conditions.

Data and method

In this research, the simulated precipitation data and the CNRM model output from the CMIP6 were used.
Precipitation data of the CMIP6 (CNRM-CM6) model was received under the SSP585 scenario for the historical
period of 1985-2014 and the future period of 2025-2100. Precipitation data was extracted for selected stations of
the Aras basin and evaluated with the SPI index of the climatic condition of the basin, and the precipitation and
drought of the Aras basin during the next 76-year period (2100-2025) were analyzed on both annual and monthly
scales and compared with the historical values of the model. The General Circulation Models (GCMs) based on
the Sixth Report of the Intergovernmental Panel on Climate Change (CMIP6) are an improved version of the
previous CMIPs in several ways, including better geographic resolution and improved modeling of cloud
microphysical processes;t herefore, the 6th Report GCM ensembles are more reliable for climate forecasting than
the previous CMIP ensembles. The CNRM-CM6-1-HR model was designed by the French CNRM research
center, and its horizontal resolution is 10x10 km. SSP585 was also used, which is a pessimistic scenario and
presents an upper bound on radiative forcings such that progress is associated with fossil fuel use and a high
energy consumption pattern.

Discussion

The monthly review of the SPI index showed that the drought trend is decreasing in all stations except Jolfa
station, and as the end of the period approaches, the frequency and severity of droughts increase so that the most
severe drought of the period in Ardabil in April 2094 (-3.42), in Jolfa in April 2094 (-3.32), in Parsabad in
February 2028 (-3.9), in Khoi in September 2078 (-3.34) and predicted in Mako in May 2080 (-4). On an annual
scale, the frequency of drought in Mako, Jolfa, Parsabad, Khoi, and Ardabil was calculated as 42, 41, 39, 36, and
34 years respectively. The monthly frequency of dry and drought conditions also indicates the dominance of dry
conditions over drought so that in Ardabil and Khoi stations, the frequency of wet years (42 and 40 wet years,
respectively) will prevail over the frequency of dry years (34 and 36 years). While in Mako, Jolfa, and Parsabad,
the frequency of dry years (42, 41, and 39 years) was predicted more than wet years (34, 35, and 37 years). The
order of monthly SPI classes from more to less frequency are normal, mild drought, mild drought, moderate
drought, moderate drought, severe drought, severe drought, very severe drought, very severe drought; Therefore,
contrary to the frequency order of the annual SPI classes, the monthly SPI shows that a very strong fear will
occur with the lowest probability in the months of the coming period, and a little more than that, a very severe
drought is likely to occur, which compared to the annual scale of this index, the order of abundance of these two
classes is shifted together. The Spatial distribution of annual precipitation anomalies in the Aras basin showed
that the maximum of very severe drought and the minimum of very severe drought are located in the southeast of
the basin (Ardebil station). While the maximum core of very severe drought and the minimum core of very
severe drought are concentrated in the southwest of the basin and Khoi station. On a monthly scale, the core of
the maximum and minimum frequency of positive anomalies are located in the western half of the basin, while
the core of maximum droughts is concentrated in the center or east of the basin. Therefore, the east of the basin,
which has a semi-arid (Ardebil station) to dry (Parsabad station) climate, is more exposed to different intensities
of droughts. Under the SSP585 scenario, the percentage of annual frequency changes of SPI classes in the future
period was estimated between -10 and +10 for the selected stations of The Aras basin, and the monthly changes
of this index were estimated between -3.6 and +4.2 percent. The highest percentage of decrease and increase of
positive and negative precipitation anomalies on an annual scale is related to Ardabil, Parsabad, and Khoi, and
on a monthly scale, the highest percentage of negative anomaly decrease is related to Parsabad, and the highest
percentage of positive anomaly increase is related to Jolfa.

Results

The highest monthly frequency of severe and very severe drought was predicted in Jolfa and Ardabil,
respectively, which are located at a higher altitude than the rest of the stations. According to the spatial
distribution of monthly precipitation anomalies in the Aras basin in the future period, the east of the Aras basin is
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more exposed to different intensities of drought. Although the percentage of negative and positive precipitation
anomalies in the future period compared to the historical period will decrease on average in the Aras basin
stations, but the amount and intensity of this decrease is greater in the case of positive anomalies, and therefore
the risk of drought reduction will be far greater than the reduction of drought. So that mild fear will decrease by -
1.5% on average, very strong fear by -0.3%, moderate fear by -0.2%, while severe drought will decrease by -0.4

percent and very severe drought by -0.2 percent, mild drought (0.3 percent) and moderate drought (0.6 percent)
will increase slightly.

Keywords: Aras Basin, Drought, CMIP6 Model, SSP.
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