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Table 1- Hydrological characteristics in the study area.

Variables Mean Standard deviation Median Minimum Maximum Skewness Kurt
Runoff 30.82 61.44 11.84 1 423.26 4.37 21.39
precipitation 16.77 36.19 0.01 0 197.92 2.98 9.35
Temperature 27.50 6.10 27.85 15.75 36.50 -0.21 -1.40
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Figure 1- The location of the study area and station (Minab Watershed).
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Table 2- SPI/SRI classification for different weather conditions.

Class SPI/SRI
extreme wet SPI (SRI) >2
severe wet 1.5<SPI (SRI) <2
moderate wet I1<SPI (SRI) <1.5
mild wet 0.5<SPI (SRI) <1
normal -0.5<SPI (SRI) <0.5
mild drought 0 <SPI(SRI) <-0.5

moderate drought
severe drought
extreme drought

1< SPI (SRI) < -1.5
-1.5 < SPI(SRI) < -2
SPI (SRI) < -2
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Table 3- The results of IHACRES model calibration during the period 1989-2010.
2

Index NSE RMSE R
Coefficient 0.81 0.52 0.83
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Figure 2- Observed and simulated discharge during calibration(a) and validation (b) period.
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Figure 3- Calibration and validation of the LARS-WG model for precipitation data, a: calibration period and b:
validation period, temperature c: calibration period and d: validation period.
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Table 4- Average monthly changes in precipitation, temperature and runoff for each of the scenarios in the

future period of 2021-2040 compared to the base period.

Variable Scenarios Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
SSP-1-2.6 -0.28 -0.04  -0.49 -1.93 -6.21 0.86 0.98 0.99 084  -0.61 -20.70 -6.98
Precipitation SSP-3-7.5 -0.52 -0.02 0.09 =229 -2.60 0.87 0.99 0.96 0.98 0.21 -133.37  -26.42
SSP-5-8.5 -0.28 -0.04  -049  -1.93 -6.21 0.86 0.98 0.99 0.84  -0.61 -20.70 -6.98
SSP-1-2.6 0.34 0.42 0.35 0.23 0.06 0.01 0.03 0.02 0.40 0.47 0.43 0.28
SSP-3-7.5 0.25 0.36 0.29 0.17 0.01 0.04 0.02 0.07 0.43 0.50 0.45 0.32
Temperature SSP-5-8.5 0.23 0.34 0.27 0.16 0.01 0.05 0.03 0.08 0.43 0.50 0.46 0.33
SSP-1-2.6 -0.34  -044  -034  -0.21 -0.04  -0.05 -0.17 -022 041 -0.50 -0.48 -0.37
SSP-3-7.5 -0.35 -0.44  -0.36 -0.22 -0.05 -0.05 -0.15 -020 041 -0.50 -0.48 -0.37
Streamflow SSP-5-8.5 -0.23 -0.34  -0.27 -0.16  -0.01 0.05 0.03 0.08 0.43 -0.50 -0.46 -0.33
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Figure 4- Changes in precipitation, temperature and runoff in the upcoming period of 2021-2040
under the scenario SSP-1-2.6, SSP-3-7.5, SSP-5-8.5.
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Figure 6- Frequency of drought in each drought descriptive class category (N: normal; EW: very severe

drought; SW: severe drought; MW: moderate drought; MOW: mild drought; MOD: mild drought; MD:
moderate drought; SD: severe drought; SD: severe drought) during historical and future periods.
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Figure 7- Meteorological drought characteristics in basis and future period a: severity and
duration, b: magnitude and peak.
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Figure 9- Frequency of hydrological drought in each drought/drought descriptive class category (N: normal;
EW: very severe drought; SW: severe drought; MW: moderate drought; MOW: mild drought; MOD: mild
drought; MD: moderate drought; SD : severe drought; SD: severe drought).
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Figure 7- Meteorological drought characteristics in basis and future period a: severity and
duration, b: magnitude and peak.
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Extended Abétraclt

Introduction and Goal

The phenomenon of climate change is the reason for the continued change of the climate pattern in
the future in 2016, the Intergovernmental Panel on Climate Change, with the cooperation of various
research centers around the world, has started compiling the sixth climate change assessment report
CMIP(6). Due to the low spatial resolution of the output of GCM models, it is not appropriate to use
them to evaluate the effect of climate change on a local scale. Consequently, it is necessary to scale
the output of these models for regional studies using appropriate models or methods. One of the most
important effects of climate change is the impact on rainfall and runoff in the watershed, which is
effective on meteorological and hydrological droughts. One of the famous rainfall-runoff models that
do not require a lot of input data is IHACRES. Researchers have welcomed its use in the last decade.
The purpose of this research is to investigate the effects of climate change on meteorological and
hydrological drought in the Minab Dam watershed.

Materials and Methods

In this study, climatic and hydrological data related to the region including daily precipitation, mean
daily temperature and mean daily discharge were used to model and simulate the daily discharge
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of the Minab watershed during the statistical period of 1989 to 2018. From the Canadian model of
the sixth report and three climate change scenarios SSP-1-2.5, SSP-3-7.5 and SSP-5-8.5, from the
IHACRES model for predicting river flow for the future period from 2019 to 2040 and from the
LARS-model WGwasusedformicroscaleprecipitationandtemperature. The Standardized Rainfall/Runoft
Index (SPI/SRI) was used to study the drought. To analyze the drought trend and its characteristics, the
Mann-Kendall test was utilized in both baseline and future periods.

Results and Discussion

Using the mentioned data, the runoff was calibrated using the [HACRES model. After the proper
performance of the model in the calibration stage, the model was verified and predicted using
three scenarios of the sixth report of runoff for a period in the future. Then, SPI, SRI, and drought
characteristics (severity, duration, magnitude, and peak) were estimated for the past and future periods,
and their changes compared to the future period. The results showed that the trend of precipitation
changes in all three scenarios decreased in autumn and winter.

Also, by using three scenarios, it was found that the most changes in the observation period were
related to November. Also, regarding the flow of the river, its trend is decreasing due to the decrease
of precipitation and these changes are mostly related to the autumn and winter seasons (up to 49%
decrease), but its changes in the summer season have an increasing trend compared to the base period.
In general, the trend of changes in precipitation and discharge in the entire period has an increasing
slope. Investigating the effect of climate and meteorological drought in the study area showed that the
hydrological and meteorological drought values have been increasing in the past, but in the future, in
most scenarios, the drought trend is decreasing, which generally lacks a statistically significant trend. It
is also clearly visible in the characteristics of drought.

Conclusion and Suggestions

Considering the regional changes of drought caused by global climate changes, considering
different combinations of scenarios can be useful for early warning of drought as well as water resources
management planning. In general, the conditions of drought management and forecasting in many parts
of Iran, especially in arid and semi-arid regions, are currently far from the ideal situation. Therefore,
it is necessary to be prepared to deal with it. Therefore, in severe droughts, the use of climate change
models to predict future conditions can be very useful in evaluating the ability to provide water and the
need for auxiliary water sources.

Keywords: Downscaled, Minab watershed, Precipitation-runoff model, Sixth climate report, Standardized
precipitation/runoff index



