Watershed Engineering and Management Volume 17, Issue 1, 2025, Pages 44-63
DOI: 10.22092/ijwmse.2024.364619.2040

Assessing the effects of climate change on droughts in the coming
decades in aras watershed under the CMIP6 model

Fatemeh Vatanparast Ghaleh Juqg! and Bromand Salahi?*

1Ph.D. Student of Climatology, Department of Physical Geography, Faculty of Social Sciences, University
of Mohaghegh Ardabili, Ardabil, Iran
2 Professor of climatology, Department of Physical Geography, Faculty of Social Sciences, University of
Mohaghegh Ardabili, Ardabil, Iran

Received: 23 April 2024 Accepted: 15 October 2024

Extended abstract

Introduction

Human life is constantly affected by various natural hazards, some of which result from climate events and
global warming. This issue is so significant that the Intergovernmental Panel on Climate Change (IPCC)
was established to study climate change on a global scale and assess the role of human activity in this
matter. One of the consequences of climate change is the occurrence of extreme events such as drought. In
fact, with climate change, the intensity and frequency of droughts are becoming more complex. Given the
vital role of water in human life, agricultural production, and the environment, it is crucial to assess its
adverse effects on the occurrence and severity of droughts. The primary cause of droughts is fluctuations
in climatic components, such as decreased precipitation and increased temperature.

Materials and methods

This study aimed to predict drought conditions in Ardabil, Ahar, Parsabad, Jolfa, Khoi, and Maku stations,
located within the Aras River watershed. To achieve this, the accuracy of the General Circulation Models
(GCMs) from the IPCC’s CMIP6 dataset was evaluated. The climate models used for forecasting
precipitation in the future period (2024-2043) include CanESM5, NorESM2-MM, and MPI-ESM1-2-HR
under both optimistic (SSP1-2.6) and pessimistic (SSP5-8.5) emission scenarios. Then, using the
Standardized Precipitation Index (SPI), drought characteristics on an annual scale during the historical
period (1985-2014) were compared with those in the future period. Model validation was performed using
R2, RMSE, and NSE parameters. Finally, the SPI drought index was analyzed in terms of intensity and
frequency based on the generated precipitation data.

Results and discussion

Model evaluation using different error metrics indicated that the CanESM5 model outperformed the others
in simulating precipitation for the studied stations. A comparison of the models and scenarios revealed that,
according to the MPI-ESM1-2-HR model, drought severity is projected to increase, while the CanESM5
model suggests a rise in drought frequency. The results also indicate that under the most pessimistic
scenario, both the number and intensity of dry periods will increase compared to the optimistic scenario.
Furthermore, normal conditions are expected to decrease, while the number and frequency of dry periods
will rise due to the consequences of climate change in the study area. Additionally, the frequency and
intensity of wet years have shown a slight increase compared to the historical period. Overall, climate
change is expected to have a significant impact on the future drought conditions in the Aras River
watershed.

Conclusion

In summary, understanding changes in precipitation and water resources is crucial due to their various
applications in agriculture, drinking water supply, and industry. The accuracy of future climate models
varies depending on the climate of each region, the month, and the predicted climate variable. The Aras
River Basin is facing a decline in water resources due to agricultural activities exceeding capacity and high
water consumption in different agricultural sectors. This study aimed to assess the impact of climate change
on drought severity and frequency in the Aras River Basin, providing insights for developing intelligent
policies for sustainable water and land resource management. The findings confirm the occurrence of
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climate change and, in particular, the recurrence of droughts in the studied stations. Using multiple climate
models, as the most reliable tool for generating climate scenarios, not only allows for more accurate
forecasts but also helps evaluate uncertainties in future climate conditions. These insights assist planners
and decision-makers in better monitoring the adverse effects of drought on water resources and agriculture,
enabling proactive planning to mitigate regional losses before a crisis occurs.
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Exteremly Dry <-2
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Fig 3. Time series of the annual SPI1 index of the stations located in the Aras River watershed in the base period (1985-2014)

s RMSE  Jlade (S cwx p o ple o
L Lewlyo a5 ol Siuson 9 NSE oo oy yiiion
5 Babolhakami et al., (2019)  jwsy mls

wolAshrafzade et al., (2022)

bl anslie o505 ICMIPE Juo 5,Shos b 5l
b oy90 sesls olly 5 Slaslie sbeesls
Glle by )50 (Bl 505 5 s 5o la e
Joe yieS gllaz g iy cdo snmoylis ¥ Jgu
Cd ailale 5L 2alil (g5lwas o CanESMS

Lg)La'l 0,99 a_s']‘ 69 ‘_;lmal.i';.mil ‘_;|).3 uu)l.: W (SR 9 LS?L.\QLM ﬁ.)l.a.n Q)Sl‘o.c ‘5gl.i)‘)| rrs Lg)LA] Lghbd.;;;a -y J’u\?
AL -Y-\T)

Table 3. Statistical measures to evaluate the performance of observed and predicted precipitation values for selected stations during
the statistical period (1985-2014)
RZ

NSE RMSE
Station . [ESM5  NorESM2 gé\ﬁl CanESM5  NorESM2 11:3;\1/{/11_1 CanESM5  NorESM2 é’é\ﬁ'l
Ardabil 0.86 0.78 0.71 0.88 0.86 0.75 4125 511 5.89

Parsabad 0.92 0.60 0.87 0.97 0.89 0.89 261 5/84 3.22

Khoy 0.90 0.87 0.94 0.81 0.90 0.95 233 4.09 2.65
Maku 0.89 0.85 0.89 0.98 0.92 0.92 452 5.03 424
Ahar 0.86 0.86 0.85 0.88 0.87 0.88 476 457 4.80
Jolfa 0.87 0.80 0.82 0.95 0.92 0.83 3.46 4.40 418
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Fig 4. Comparison of observed and simulated monthly precipitation of the stations located in the Aras River watershed by the
CanESM5 model during the statistical period (1985-2014)
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Fig 4. Comparison of the average monthly precipitation changes of the stations in the base period (1985-2014) and the future period
(2024-2043) for three models and two climate scenarios
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Fig 6. Spatial variability of the characteristics of the intensity of annual droughts of the stations located in the Aras River watershed
during the base period (1985-2014) and its changes in the future (2024-2043)
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Fig 7. The spatial variability of the characteristics of the frequency (%) of annual droughts of the stations located in the Aras River
watershed during the base period (1985-2014) and its changes in the future (2024-2043)
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Fig 9. Spatial variability of the frequency (%) characteristics of the class close to the annual normal of the stations located in the
Aras river watershed during the base period (1985-2014) and its changes in the future (2024-2043)
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Fig 10. Spatial variability of the characteristics of the annual wet intensity of the stations located in the Aras River watershed during
the base period (1985-2014) and its changes in the future (2024-2043)
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Fig. 11. Spatial variability of the frequency (%) characteristics of the annual wet of the stations located in the Aras River watershed
during the base period (1985-2014) and its changes in the future (2024-2043)
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Fig. 12. Spatial variability of annual drought characteristics of the stations located in the Aras River watershed during the base
period (1985-2014) and its changes in the future (2024-2043) by the PMI-ESM1 model under the SSP585 scenario
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