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Abstract

Droughts are natural events that cause irreparable impacts on agriculture and the
environment, but also threaten human health. This event has always been
associated with long periods of time in Iran. Therefore, the country is prone to
drought and often suffers from dry conditions. To quantify and describe drought
conditions, two drought indices, the Standardized Precipitation Index (SPI) and
Standardized Potential Evapotranspiration Index (SPEI) were used in this study
in 2, 6, 24, and 48 month time scales. The time scales of 2, 6, 24, and 48 months
are related to agricultural and hydrological drought, respectively. Using
quantification and the difference between SPI and SPEI, drought events were
identified. The results demonstrated that different types of drought occurred in
humid climates during the periods of 1988-2008 and dry climates during the
periods of 1998-2008. Both indices show that 1999, 2000, and 2009 were very
dry years. Drought events identified by the SPEI index are further classified into
moderate and severe categories, which are characterized by longer duration and
greater magnitude. In contrast, the drought events identified by SPI were mostly
classified in the very intensity category, which were associated with limited
duration and lower intensity, but with higher intensities. This study showed that
SPEI differs from SPI in quantifying and characterizing drought, and the use of
SPEI and SPI can be generalized to the different climates across the country when
assessing drought. This study will be able to predict and reduce possible drought
impacts, especially for agricultural purposes. While it is limited by the current
understanding of drought definition techniques, availability and quality of remote
sensing products, and selection of characteristics for observation, the use of the
temporal shift over the correlation analysis provides the estimation of drought
propagation time that may prove useful for detailed analyses, particularly in
rapidly developing flash drought events.
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1.  Introduction

Drought directly or unintentionally harms human societies by causing food insecurity and economic
losses, creating conflict between individuals or communities and spreading of disease-causing agents
(Yusa et al., 2015; Marengo et al., 2021). Because drought can develop gradually, it can be difficult to
determine the exact beginning and end (Tijdeman and Menzel 2021; Kalisa et al., 2021). Many
researchers have discussed the inability of each drought indicator alone to correctly describe drought
events (Hao and AghaKouchak, 2013; Hao and Singh, 2015; Li et al., 2017). Therefore, the aim of this
research is (1) comparing the standardized evapotranspiration index and standardized precipitation
index in time scales of 2, 6, 24 and 48 months. (2) examining the performance of drought indicators in
quantifying and describing the drought phenomenon based on the spatial extent, onset and peak of
drought events (implementation theory) and (3) Examining the performance of drought indicators in
each year in order to evaluate, quantify and describe drought events, i.e. the propagation time.

2. Methodology

In this research, 30 main basins throughout Iran were selected as the study area. Due to the wide spatial
extent, these basins were located in four climatic classifications, from humid to very dry. The variables
used in this study included daily weather data (1979-2021) and geographic information from the
European Center for Medium-Range Weather Forecasts (ECMWEF). In order to quantify and describe
drought conditions, two drought indices have been utilized in this research, including the Standardized
Precipitation Index (SPI) and Standardized Potential Evapotranspiration Index (SPEI) in time scales of
2, 6, 24 and 48 months and then drought characteristics were determined for them.

3. Results
The results demonstrated that different types of drought occurred in humid climates during the periods

of 1988-2008 and dry climates during the periods of 1998-2008. Both indices show that 1999, 2000,
and 2009 were very dry years. Drought events identified by the SPEI index are further classified into
moderate and severe categories, which are characterized by longer duration and greater magnitude. In
contrast, the drought events identified by SPI were mostly classified in the very intensity category,
which were associated with limited duration and lower intensity, but with higher intensities.

4.  Discussion and Conclusion

This study compared the SPI and SPEI indices; it is obvious that the SPEI index has detected the
occurrence of droughts characterized by long duration, although they have appeared with less intensity.
This is due to the fact that global warming will increase potential evapotranspiration levels and change
the precipitation patterns. And finally, it leads to recording frequent events related to severe climate
changes such as droughts and floods. Therefore, the SPEI index is a more important criterion due to its
ability to investigate the potential effects of climate change. Considering only the precipitation variable,
the SPI index was able to identify the severe drought event compared to the SPEI index, and the
significant difference was evident mainly in higher time scales. Therefore, it is undeniable that rainfall
plays an important role in identifying and determining droughts. The SPEI index is a powerful tool for
determining the historical pattern of drought conditions in different climates of the country. Both SPI
and SPEI can quantify droughts and identify the beginning and end of the drought event. The SPEI
index identified more drought events with a longer duration and greater magnitude, but with lower
intensity; while the SPI index identified drought events with a limited duration and fewer drought events
but with a higher intensity. Thus, SPEI is more precise than SPI for quantifying drought, while SPI is
more accurate for indicating drought severity.
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