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Drought index, South Introduction

Khorasan, CMIP6, Climate Climate change is one of the most significant environmental challenges of the 21st
change, Downscaling century, profoundly affecting the global hydrological cycle and increasing the frequency

and intensity of extreme weather events. Among these, drought represents one of
the most persistent and destructive climatic hazards, particularly in arid and semi-
arid regions such as eastern Iran. South Khorasan Province, characterized by limited
precipitation and high evapotranspiration, has experienced recurrent droughts in recent
decades, resulting in severe impacts on water resources, agriculture, and livelihoods.

The objective of this study was to evaluate the impact of climate change on the intensity

Rece(;;eg;p 2025 and duration of meteorological droughts in South Khorasan Province. The analysis

focused on two representative synoptic stations—Ferdows and Tabas—under the

Revised: SSP2-4.5 scenario for the mid-future period (2030-2059), using outputs from advanced
11 Oct 2025 CMIP6 climate models.
Accepted: Materials and Methods

25 Oct 2025 Observed monthly precipitation and temperature data for the 1990-2014 baseline period

were obtained from the Iranian Meteorological Organization. Future climate projections
were derived from two CMIP6 General Circulation Models (GCMs): IPSL-CM6A-LR
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and MPI-ESM1-2-HR. To enhance spatial and statistical accuracy, the Bias Correction and Spatial
Disaggregation (BCSD) method was applied for downscaling and bias adjustment.

Drought characteristics were assessed using two key indices: the Standardized Precipitation Index
(SPI), representing precipitation anomalies, and the Standardized Precipitation Evapotranspiration
Index (SPEI), which accounts for both precipitation and temperature-induced evapotranspiration.
In addition, Run Theory (RunDS) was employed to quantify drought duration and severity by
identifying continuous periods of precipitation deficit. Model performance was validated using
the Kling—Gupta Efficiency (KGE), Mean Error (ME), and Percent Bias (PBIAS) criteria. All

computations and statistical analyses were conducted in RStudio.

Results and Discussion

Model evaluation indicated satisfactory performance for both climate models. The IPSL-CM6A-
LR model yielded higher accuracy for precipitation in Ferdows (KGE = 0.33) compared with
MPI-ESM1-2-HR (KGE = 0.31), while the MPI model performed better in Tabas (KGE = 0.28).
Temperature simulations from both models showed high correlation (KGE> 0.9) and minimal bias
(<1%).

Future projections revealed significant intensification of drought severity and persistence. In
Ferdows, the mean SPI declined from —0.4 in the baseline period to —0.9 in the future, while the
SPEI decreased from —0.7 to —1.3, reflecting a 0.5-0.6 unit increase in drought intensity. In Tabas,
the SPI decreased from —0.6 to —1.2 and the SPEI from —1.0 to —1.8, indicating an intensification
of 0.7-0.8 units.

Run Theory analysis demonstrated that mean drought intensity increased from 2.54 to 3.28 in
Ferdows and from 3.01 to 4.23 in Tabas, while total drought duration rose from 40 to 51 months
and from 48 to 60 months, respectively—equivalent to a 25-30% increase in drought persistence.
These results clearly indicate more frequent, intense, and prolonged drought episodes in the coming
decades, particularly in Tabas.

The results are consistent with global studies indicating that warming trends intensify drought
conditions through enhanced evapotranspiration and reduced soil moisture. The combined decline
in SPI and SPEI suggests that future droughts will not only result from rainfall deficits but will also
be exacerbated by rising air temperatures. The higher sensitivity of the SPEI index underscores the
role of thermal stress in aggravating drought conditions across the study area.

Compared with other regions of Iran, the observed 25-40% increase in drought intensity is
particularly alarming for eastern provinces with already fragile water systems. These findings
emphasize the necessity of integrating climate projections into regional water resources management

and agricultural planning.
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Conclusion

Under the SSP2-4.5 scenario for the mid-future period (2030-2059), South Khorasan Province is
projected to experience a substantial increase in both drought intensity and duration. The results
highlight the vulnerability of arid environments to climate change, with potential adverse effects on
water security, agricultural productivity, and ecosystem stability.

Effective adaptation strategies should include:

1. Establishing drought early warning systems based on multi-index monitoring.

2. Optimizing cropping patterns through the use of drought-resistant cultivars.

3. Promoting efficient irrigation technologies, such as drip and pressurized systems.

4. Implementing integrated water—climate management at the watershed scale.

5. Enhancing community awareness and policy-driven adaptation frameworks.

This study contributes valuable insights into regional drought dynamics under climate change and

provides a scientific basis for sustainable management and climate resilience in eastern Iran.
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Table 3. SPI classification and definition of corresponding drought classes (Mckee et al, 1993)
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Table 4. Results of performance criteria for comparing climate variables
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Table 5. Number of months classified by each city based on SPI
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Table 6. Characteristics of drought events in the base and future periods of Ferdows and Tabas counties
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