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Figure 1: Location of the study area along with the synoptic stations under investigation; the Digital
Elevation Model (DEM) of Razavi Khorasan Province is presented in the background.
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Table 1- Different classes of drought index SPEI
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Figure 2: Time series of the standardized precipitation evapotranspiration index (SPEI) in Razavi
Khorasan Province for the period 1981-2020.
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Figure 3: Decadal variations in the frequency of the standardized precipitation evapotranspiration index
(SPEI) (unit: percent) in Razavi Khorasan Province during the 40-year period (1981-2020).
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Figure 4: Decadal variations in the intensity of the standardized precipitation evapotranspiration index
(SPEI) (unit: percent) in Razavi Khorasan Province during the 40-year period (1981-2020).
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Figure 5. Vegetation condition Index (VCI) in Razavi Khorasan Province based on MODIS sensor data
from the TERRA satellite during the period 2001-2020 with a spatial resolution of 1000 meters.
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Assessment Of Drought Conditions In Razavi Khorasan Province Using Spei And Vci Indices
Mahsan Karoosjdeht, Karim Amininia2* , Seyed Mehdi Sagebian3

Abstract

Drought is a natural hazard that can exert severe and long-lasting impacts on both natural and
human systems. The increase in greenhouse gases is expected to alter the characteristics of
droughts. In this regard, to investigate drought conditions in Razavi Khorasan Province over a
40-year period, data from synoptic meteorological stations (1980-2020) and remotely sensed
data from the Terra satellite MODIS sensor with a spatial resolution of 1000 meters for a 20-year
period (2001-2020) were utilized. The applied drought indices included the Standardized
Precipitation Evapotranspiration Index (SPEI) and the Vegetation Condition Index (VCI).
Results indicated that Razavi Khorasan has experienced frequent and intense droughts over the
past four decades. The highest frequency and severity of drought occurred during the third
decade (2001-2010), with a maximum drought intensity of —1.69 and a frequency of 34.24%.
Analysis of the satellite-based drought index revealed a strong agreement between the drought
patterns identified by SPEI and VCI. Decadal assessment of drought severity and frequency
suggested a trend toward a drier climate in the province after the 2000s. A comparative analysis
of the two indices demonstrated that precipitation-induced droughts (SPEI) do not necessarily
result in vegetation-based droughts at the provincial scale. Similarly, vegetation drought events
(VCI) are not solely attributable to precipitation deficits.
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Introduction

Droughts regularly lead to significant socio-economic and environmental impacts. Drought is
considered one of the most severe natural hazards, and climate change is expected to cause
longer and more widespread drought events in many regions of the world during the 21st century
(Bates et al., 2008: 11). Understanding the severity of drought impacts requires targeted
management supported by precise monitoring. However, drought monitoring is accompanied by
numerous challenges, since in many cases drought develops gradually, making its detection
difficult. A review of the literature reveals that drought has been widely addressed both globally
and in Iran. Despite valuable studies conducted in the country, no independent research has yet
focused on drought assessment—particularly satellite-based drought monitoring—in Razavi
Khorasan Province. This highlights the necessity of a detailed investigation of drought
conditions in the region. Razavi Khorasan Province is located in northeastern Iran. Owing to its
arid and semi-arid geographical setting, the province is highly vulnerable to climate change, with
a fragile environment. Drought is the most common natural hazard in Razavi Khorasan and has
the greatest impacts on agricultural production, water resources, industry, and livestock farming.
Therefore, monitoring drought and understanding its long-term characteristics in Razavi
Khorasan Province is of great importance. The findings of this study will have significant
applications in various sectors, including agriculture, water resources, and environmental
management.
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Materials and Methods

To investigate drought conditions in Razavi Khorasan Province over a 40-year period, data from
synoptic meteorological stations covering the period 1980-2020 were utilized. The locations of
the stations are presented in Figure 1. The examined variables included air temperature, sunshine
hours, precipitation, and wind speed on a daily scale, which were employed to calculate potential
evapotranspiration (PET) and the Standardized Precipitation Evapotranspiration Index (SPEI).
The homogeneity of the data was assessed using the Run Test, and the results confirmed their
homogeneity. The Vegetation Condition Index (VCI) is one of the earliest remote sensing—based
drought indices that has been widely applied for drought monitoring. This index is derived from
the Normalized Difference Vegetation Index (NDVI), is simple to compute, and is available at
various temporal and spatial resolutions. The VCI concept was initially developed to extract the
climatic component from NDV|1 values by accounting for vegetation variations driven by
climatic factors. In the present study, VCI was selected due to its multiple advantages,
particularly because it not only reflects the spatiotemporal variations of vegetation cover but also
enables the identification of climatic impacts on vegetation dynamics.

Results and Discussion

There were clear differences in drought trends across the various climatic regions of the province
on an annual scale. Changes in drought trends were also reflected in both drought frequency and
intensity. The severity of drought has increased considerably in the eastern and northwestern
parts of the province, where droughts of varying magnitudes now occur repeatedly. This
indicates that the fragile ecosystem of the province is facing increasingly severe challenges. One
of the main reasons for the frequent dust storms observed in the eastern part of the province in
recent years is the significant intensification of drought combined with the drastic reduction of
vegetation cover.The maximum drought intensity in Razavi Khorasan Province followed a
pattern similar to that of drought frequency. Specifically, the maximum drought intensity was
—1.57 in the first decade, —1.62 in the second decade, —1.69 in the third decade, and —1.53 in the
fourth decade. Moreover, drought intensity, like drought frequency, exhibited considerable
spatial variability across the province. In the first and second decades, the most severe droughts
were concentrated in the western and northern regions, but over time, during the third and fourth
decades, the pattern shifted toward the southwestern areas of the province. This gradual spatial
displacement highlights the creeping nature of drought changes over time.

Conclusion

Further analyses revealed that variations in temperature and precipitation play different roles in
determining drought conditions in Razavi Khorasan Province. These differing roles are primarily
related to the extent of changes in various climatic patterns. Stronger responses to temperature
changes were observed in the eastern and southern parts of the province. This spatial
heterogeneity is partly associated with local variability and the total amount of precipitation.
Overall, temperature anomalies in recent decades have shown a greater contribution to drought
occurrence in Iran (Zarrin and Dadashi-Roudbari, 2020: 583). Accordingly, it can be concluded
that the rapid warming of Iran in recent decades has played a relatively greater role in shaping
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drought variability. The findings of this study carry important implications for both short-term
and long-term drought risk management in Razavi Khorasan Province. An increasing probability
of drought hazards implies a heightened risk for the entire set of natural and human systems in
the region. To effectively manage these risks, water management policies must be revised, as the
current practices are unlikely to mitigate the adverse impacts of drought on water supply.
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