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Introduction

Drought is one of the most complex natural hazards that affect natural and human systems
(Wilhite et al., 2005, Wilhite et al., 2007). Greenhouse gas emission has contributed to climate
change in the last century (Van Pelt and Swart, 2011). Climate change has a significant impact on
the hydrological cycle and consequently on water resources, and the frequency and severity of
droughts and floods. The most reliable tool available for future climate simulation is the output of
coupled atmosphere-ocean patterns of atmospheric general circulation (Shakarami and
Massahbavani, 2007). The reports of the Intergovernmental Panel on Climate Change show that
if the current trend of greenhouse gas production due to the consumption of fossil fuels continues,
the concentration of these gases can reach more than 600 ppm before the end of the 21st century
(IPCC, 2007). The downscale model, which is a downscale statistical method, uses semi-
empirical distributions for simulation and downscale and can generate future climate parameters
at the station level. A major application of these data is to monitor and evaluate future droughts
(Hosseinabadi et al, 2020). In the occurrence of drought, there are many factors such as changing
the course of rivers and draining reservoirs, climate change and warming of the earth. Nowadays,
the increasing occurrence of drought has caused the attention of many meteorologists and
climatologists around the world. Drought indicators are used to diagnose and classify drought
conditions. These indicators include the possibility of evaluating the standardized precipitation
evaporation and transpiration index SPEI, the Palmer drought intensity index PDSI, the standard
runoff index SRI and the identification drought index RDI. SP1 and SPEI are the most common
drought indicators.

Methodology

In the current research, due to the importance of the correct management of water resources
and climatic conditions and recent droughts in Zabol city, the future drought situation of this
region has been investigated. The basic period of the data analyzed in the current research is 21
years (1985-2005). Also, the data related to GCM models are for micro-scaling the data related to
the two periods 2025-2045 and 2065-2085. For micro-scaling in this research, 4 GCM models
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related to the data of the 6th IPCC report including (BCC-ESM2-MR), (CanESM5), (MIROCS6)
and (MRI-ESM2-0) have been used. In this research, the SPI index has been consulted to
investigate the drought in the two studied periods in Zabul city. Standardized Precipitation Index
(SPI) can be calculated for any location based on long-term recorded precipitation data. Long-
term recorded rainfall data are fitted to a probability distribution and then transformed into a
normal distribution so that the average SPI at the desired location and period is zero (Edwards,
1997, Mishra and Singh, 2010). Calculating the SPI drought index in any of the time scales is a
major advantage of this index. During the recording period, rainfall data as well as the nature of
the probability distribution play an important role in calculating the SPI drought index, regarded
as a limitation of this index (Mishra and Singh, 2010). To calculate the SPI index, it is first
necessary to prepare a data set of monthly rainfall for a period of m months, which is ideally a
continuous period of at least 30 years. Then a set of averaging periods are selected to prepare a
set of time scales of 3, 6, 12, 24 and 48 months. These time scales are arbitrary and can show the
impact of the lack of rainfall on usable water resources.

Results and Discussion

The SPI index indicates a drought when it has negative sequences, and when these negative
values exceed 1, the drought intensifies. With the positive value of this index, the drought period
will end. Therefore, the duration of the drought is determined by the time of its beginning and
end, and its severity is determined for each of its months. The results in the present study show
that in both study periods in both SSP2-4.5 and SSP5-8.5 scenarios and in all the studied models,
the 6-month SPI index shows the largest negative value, and the changes in the drought index in
periods 12 and 48 months are close. Comparing the studied models and scenarios in Zabol city, it
was found that the BCC-ESM2-MR model showed 6-month SPI index and the CanESM5 model
showed a 12- and 48-month index more than other models. The drought index obtained in the
studied periods and all models indicate moderate drought in Zabol city. To compare the studied
scenarios in the present study, the average value of SPI index was calculated for four models and
its values were plotted at different time scales over the next 20 years for the next two periods.
Drought in the studied periods is demonstrated longer than the 6-month time scale. Also, in the
studied time scales, the two scenarios are almost the same, but in some cases, the SSP5-8.5
scenario shows more severe drought, which indicates moderate drought in the region.

In the present study, none of the studied time scales indicate wetness. At the 6-month scale of
the SSP2-4.5 scenario, in the first period, the number of drought years has increased only in the
MRI-ESM2-0 model, but the two models CanESM5 and MIROCG6 show an increase in the
number of years with severe drought. In the second period of this scenario and the first period of
the SSP5-8.5 scenario, the situation is the same, but in the second scenario, SSP5-8.5, the number
of years with normal status has decreased and the number of years with severe drought has
increased. In the 12-month time scale, the SPI drought index has also decreased the years with
normal status as well as very severe condition, except in the CanESM5 model, the first period of
the SSP5-8.5 scenario, compared to the base period. Also, the periods with moderate and severe
drought status have lengthened. On a 48-month time scale, the number of normal years has
generally decreased and the number of drought years increased compared to the base period.
Also, according to the results, in both future periods examined in this research, on average, there
are 2 periods of longer drought periods in all three time scales of 6, 12, and 48 months. In the
coming period of 2025-2044, the highest increase in the number of drought periods appears in the
48-month time scale of the CAN model with 5 periods and then in the 12-month time scale of the
MIR model with the number of 4 periods. In the upcoming period of 2065-2084, the largest
increase in the number of drought periods is 4 periods in the BCC model in the time scale of 12
and 48. Also, the greatest increase in the drought period in both future periods is related to the
SSP4/5 scenario. In general, in all models and time scales examined, the number of drought
periods has increased compared to the base period.
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Conclusions

In the present study, to investigate drought in Zabol city, 4 GCM models related to the data of
the sixth IPCC report including (BCC-ESM2-MR), (CanESM5), (MIROCS6) and (MRI-ESM2-0),
under two scenarios: SSP2- 4.5 and SSP5 -8.5 were used in the period 2044-2025 and 2084-2065.
The BCSD Downscale method has also been adopted to predict meteorological data in the target
periods. According to the results of the present study in both SSP2-4.5 and SSP5-8.5 scenarios
and all studied models, the 20-year average of 6 months of the SPI index shows the most negative
value, as well as changes in the 20-year average of the drought index. It is very close in 12- and
48-month periods. In addition, the comparison of models and scenarios in this study shows that in
the BCC-ESM2-MR model, the 20-year average of the 6-month SPI index and in the CanESM5
model, the 12- and 48-month index is larger than other models. Also, the SPI index in 12- and
48-month time scales shows the severity of drought in the studied periods more than 6-month
time scale, and in the studied time scales, both scenarios are almost the same. However, in some
cases, the SSP5-8.5 scenario shows the severity of drought. More has been shown. According to
the results of this study, in general, the years with normal status have decreased and the number
of years with drought status has increased compared to the base period. The results also show that
in the most pessimistic case, the number of dry years in Zabol city will be 14 and the CanESM5
model can be used to predict the drought index. Also, according to the results, in both future
periods examined in this research, on average, there are 2 periods of increased drought periods in
all three time scales of 6, 12, and 48 months. In the coming period of 2025-2044, the highest
increase in the number of drought periods is in the 48-month time scale of the CAN model with 5
periods and then in the 12-month time scale of the MIR model with the number of 4 periods. In
the upcoming period of 2065-2084, the largest increase in the number of drought periods is 4
periods in the BCC model in the time scale of 12 and 48. Also, the greatest increase in the
drought period in both future periods is related to the SSP4/5 scenario. In general, in all models
and time scales examined, the number of drought periods has increased compared to the base
period.
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Table 1- Geographical and climatic characteristics of Zabol synoptic station

Station  Longitude Latitude h(m) Tmean Tmax (°c) Tmin(°c) PR (mm)
(°c)
Zabol 31°2' 61°39' 482 38 49 -9.5 59.6
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Fig. 1- Geographical location of the Zabol synoptic station
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Table 2- Specifications of large-Scale Models (GCM)

Row Model Name Developing Research Center Resolution
Country scale (degree)
1 BCC-ESM2- China Beijing Climate Center, China 1.12°x1.12°
MR Meteorological Administration
2 CanESM5 Canada Canadian Center for Climate Modelling 2.81°x2.78°
and Analysis-Canada
3 MIROC6 Japan National Institute for Environmental 1.4°x1.4°
Studies, The university of Tokyo
4 MRI-ESM2-0 Japan Meteorological Research Institute 1.12°x1.12°
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Table 3- Drought severity classification based on SP1 index

Drought Category Value
Extremely Wet >2
Very Wet 1.5-1.99
Moderately Wet 1-1.49
Near Normal -0.99-0.99
Moderately Dry -1--1.49
Severely Dry -1.5-1.99
Extremely Dry <2
Model Model
BCC CAN MIR MRI BCC CAN MIR MRI
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Fig. 3- 20-year average of SPI index for the next two periods 2025 to 2044 and 2065 to 2084 in Zabul
synoptic station
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Table 4- Number of dry years in the period 2025 to 2044 for models
and scenarios in different time scales

Near Normal Moderately Severely Dry  Extremely Dry Total Dry
Model  Time Dry Periods
Scale SSP2 SSP5 SSP2 SSP5 SSP2  SSP5  SSP2  SSP5  SSP2 SSP5
-4.5 -8.5 -4.5 -8.5 -4.5 -8.5 -4.5 -8.5 -4.5 -8.5
BCC 6 8 9 7 6 4 4 - - 11 10
12 10 8 3 5 3 5 3 1 9 11
48 8 9 4 2 - 3 4 2 8 7
CAN 6 8 7 5 7 6 4 - 1 11 12
12 9 9 2 1 7 5 1 4 10 10
48 5 9 5 1 2 3 4 3 11 7
MIR 6 7 6 7 8 5 5 - - 12 13
12 7 8 5 5 5 4 2 2 12 11
48 8 9 1 2 4 1 3 4 8 7
MRI 6 6 6 9 9 4 4 - - 13 13
12 8 8 5 4 4 4 2 3 11 11
48 8 9 3 2 2 1 3 4 8 7
obs 6 7 5 3 3 11
12 11 2 3 3 8
48 10 2 1 3 6
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Table 5- Number of dry years in the period 2065 to 2084 for models and scenarios in different time scales

Near Normal
Model  Time Dry

Moderately Severely Dry

Extremely Dry Total Dry

Periods

Scale SSP2 SSP5 SSP2  SSP5
-4.5 -8.5 -4.5 -8.5

SSP2  SSP5 SSP2  SSP5  SSP2  SSP5
-4.5 -8.5 -4.5 -8.5 -4.5 -8.5

BCC 6 7 6 8 10 5 3 - - 12 13
12 8 7 5 6 5 5 1 1 11 12
48 8 6 4 5 - 3 4 2 8 10

CAN 6 7 7 6 7 6 5 - - 12 12
12 8 9 2 2 8 6 1 2 11 10
48 7 8 3 2 3 3 3 3 9 8

MIR 6 7 5 6 9 6 5 - - 12 14
12 8 10 5 2 4 5 2 2 11 9
48 9 7 1 4 3 2 3 3 7 9

MRI 6 6 7 9 8 4 4 - - 13 12
12 8 8 5 4 3 5 2 11 11
48 8 9 2 2 3 1 3 4 8 7

obs 6 7 5 3 3 11
12 11 2 3 3 8
48 10 2 1 3 6
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