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Objective: Climate change, anthropogenic pressures on water resources, and the sparse distribution of
meteorological stations in Iraq present significant challenges for drought assessment. Furthermore, the
country’s location within a global arid belt, leading to extreme temperature increases and erratic
precipitation, introduces methodological complexities to drought studies. This research aims to enhance
drought monitoring tools for water- and climate-related crisis management in Irag by evaluating the
performance of the Simplified Standardized Precipitation Index (SSPI) and Simplified Standardized
Precipitation Evapotranspiration Index (SSPEI) against SP1 and SPEI in arid and semi-arid climates of Irag.
Method: The study utilized a 71-year (1950-2020) gridded dataset comprising precipitation, maximum and
minimum air temperatures, derived from GPCC and CRU centers at a 0.25° resolution, to calculate SPI,
SSPI, SPEI, and SSPEI drought indices at 3, 6, 9, 12, and 24-month time scales.

Results: Comparison of SSPI and SPI showed that the spatial and temporal patterns of the two indices were
similar across most parts of Iraq, with their agreement increasing at longer time scales. At the 3-month
timescale, greater differences between the two indices were observed in some areas of western, eastern, and
central Irag, whereas the degree of agreement increased at longer time scales. Correlation coefficients (R)
ranged from 0.88 to 0.99, and coefficients of determination (R?) ranged from 0.79 to 1.00. The RMSE, Bias,
and Slope values also indicated that the differences between the two indices were limited in most areas and
generally decreased with increasing timescale. The comparison of SSPEI and SPEI likewise showed a very
high degree of agreement across all timescales, with R and R? values mostly ranging from 0.97 to 0.99. The
EF, RMSE, Bias, and Slope values further confirmed the close agreement between the two indices. Despite
the observed high similarity, fitting a probability distribution to precipitation series with many zero values,
or to water-balance series with extreme values, is not always feasible and may sometimes fail. In such cases,
simplified alternatives like SSPI and SSPEI, derived using the Box—Cox transformation, are effective as
they do not depend on a specific probability distribution.

Conclusions: Overall, the findings indicate that the modified SSPI and SSPEI indices exhibit patterns
similar to those of SPI and SPEI across most parts of Irag, with the degree of agreement increasing at longer
time scales. The primary advantage of the SSPI and SSPEI indices is not that they produce significantly
different results from conventional indices, but rather that they provide a more stable method for
standardizing climatic series when the statistical characteristics of the data complicate the fitting of
probability distributions used in traditional methods. Therefore, SSPI and SSPEI can be considered
alternative and complementary approaches for drought monitoring in arid and semi-arid regions,
particularly under conditions characterized by a high frequency of zero values, highly skewed series, or
limitations in fitting probability distributions.
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Introduction

Drought is one of the most complex and pervasive climatic hazards, affecting more people worldwide than
any other natural disaster. Its creeping nature, unclear onset and termination, and strong dependence on
climatic variability make it particularly difficult to monitor, especially in arid and semi-arid regions. Climate
change has intensified drought severity by increasing temperatures, accelerating soil moisture depletion,
altering precipitation regimes, and amplifying evapotranspiration demand. These changes have
disproportionately affected countries such as Iraq, where water scarcity, declining river inflows, and extreme
hydro-climatic variability pose severe threats to agriculture, ecosystems, and socio-economic stability.
Traditional drought indices such as the Standardized Precipitation Index (SPI), despite their widespread use
and endorsement by the World Meteorological Organization, face substantial limitations in arid climates. SPI
relies solely on precipitation and assumes that precipitation follows a parametric probability distribution, an
assumption often violated in regions with long dry spells and zero-precipitation months. The Standardized
Precipitation Evapotranspiration Index (SPEI) was introduced to address some of these limitations by
incorporating temperature-driven evapotranspiration. However, SPEI also depends on fitting parametric
distributions to water-balance series, and recent studies in Iran have shown that these distributions often fail
to fit arid-region data, producing null values and computational errors. To overcome these methodological
constraints, Raziei (2022) and Raziei and Miri (2023) proposed two non-parametric indices SSPI and SSPEI,
based on the Box-Cox transformation, eliminating the need for distribution fitting. Given Iraq’s extreme
aridity, sparse meteorological network, and high climatic variability, evaluating these modified indices is
essential for improving drought monitoring reliability.

Method

The study area covers the entire territory of Iraq, located within the arid and semi-arid belt of West Asia.
Due to the sparse and uneven distribution of meteorological stations, further degraded by decades of conflict,
this study relies on high-quality gridded datasets. Precipitation data were obtained from the GPCC dataset at
0.25° spatial resolution, while minimum and maximum air temperature data were obtained from the CRU TS
v4.08 datasets at 0.5° resolution and subsequently downscaled to 0.25° using bilinear interpolation to match
the GPCC grid. A 71-year period (1950-2020) was analyzed. SPI, SSPI, SPEI, and SSPEI were computed at
3-, 6-, 9-, 12-, and 24-month timescales. SSPI and SSPEI were derived using the Box—Cox transformation,
which normalizes precipitation or water-balance series without requiring parametric distribution fitting. Model
performance was evaluated using correlation coefficient (R), coefficient of determination (R?), root mean
square error (RMSE), Nash—Sutcliffe efficiency (EF), bias, and regression slope. Spatial patterns of errors and
performance metrics were mapped to assess the geographic consistency of the agreement between the
compared indices across Irag.

Results

A comparison of SSPI and SPI across various grids in Iragq showed a high level of agreement in most areas,
which generally increased over longer timescales. At the 3-month timescale, R values ranged from 0.88 to
0.998, with greater discrepancies noted in some western, eastern, and central regions. At longer timescales, R
values typically exceeded 0.96, while R? ranged from 0.79 to 1.00, indicating close correspondence between
the two indices. The RMSE, Bias, and Slope values also demonstrated that the differences between SSPI and
SPI were minimal in most regions and generally decreased with longer timescales. Similarly, the comparison
between SSPEI and SPEI revealed a high degree of agreement across all timescales, with R and R? metrics
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predominantly falling between 0.97 and 0.99. EF, RMSE, Bias, and Slope values further supported the close
alignment between the two indices. Despite the strong similarity between modified and conventional indices,
limitations were observed in fitting the probability distributions used in SPI and SPEI under certain climatic
and statistical conditions. These limitations were particularly noticeable during warm and dry periods marked
by a high frequency of zero precipitation values and extreme or highly skewed water-balance series, where
conventional indices struggled to provide valid values due to difficulties in probability-distribution fitting. In
contrast, SSPI and SSPEI, which use the Box—Cox transformation without relying on fitting a specific
probability distribution, successfully generated valid index values under these conditions. Therefore, the main
advantage of the modified indices lies in their ability to calculate drought indices when conventional
distribution-fitting approaches encounter limitations.

Conclusions

The findings indicate that the modified SSPI and SSPEI indices exhibit patterns highly similar to those of
SPI and SPEI across most parts of Irag, with the degree of agreement generally increasing at longer timescales.
The results suggest that the principal advantage of SSPI and SSPEI is not necessarily the production of
substantially different drought estimates from the conventional indices under all conditions, but their ability to
provide a more stable approach for standardizing climatic series when the statistical characteristics of the data
make fitting the probability distributions used in conventional methods difficult. Therefore, SSPI and SSPEI
can be considered alternative and complementary approaches for drought monitoring in arid and semi-arid
regions, particularly under conditions characterized by a high frequency of zero precipitation values, highly
skewed data, extreme water-balance values, or limitations in probability-distribution fitting. The results
obtained for Irag also provide a basis for further evaluation of the applicability of these modified indices in
other arid and semi-arid regions with similar climatic and data characteristics.
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