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of hydrological systems. Drought, a common and recurring consequence of these changes,
affects the global climate, including our country. Traditional drought indices assume that
atmospheric and environmental conditions remain constant, but recent research has

revealed that this is not the case in a changing environment. As a result, these indices may
not accurately reflect current or future drought conditions. This article seeks to examine
the latest drought indices in non-stationary conditions and explore the challenges and
opportunities for future research in this area. Initially, we will review existing indices
designed for stationary weather patterns and then delve into those that have been modified
for non-stationary conditions in regions like Iran and elsewhere. This paper will also
address the tools and methodologies used to calculate non-stationarity in drought indices.
Various studies have highlighted indices such as NSPI, NSRI, NSPEI, and NRDI as key
non-stationary measures for quantifying meteorological and hydrological droughts. Non-
stationary drought indices are capable of identifying more drought events compared to
stationary ones. The studies have consistently employed the GAMLSS model to capture
the non-stationary nature of these indices. By considering non-stationary factors in drought
indices, past research indicates an enhancement in drought monitoring with improved
accuracy in assessing both the intensity and frequency of drought events.
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1.  Introduction

Drought is a natural disaster that affects various aspects of human life and environment, especially in
arid and semi-arid regions like Iran. Drought can be classified into four categories: meteorological,
hydrological, agricultural and socio-economic drought, based on the parameters and impacts involved.
Iran has a long history of droughts including those were occurred in: 1870-1872, 1917-1919, 1998—
2002 and 2008-2010. It was shown that during 1894-2010, Iran (with an average annual precipitation
of 254 mm) had experienced 23 drought events, ranging from 1 to 10 years. The 2008-2010 and 1998—
2002 droughts (with the total precipitation deficits of 176.1 and 180.4 mm, respectively) were identified
as the most severe and extensive drought events. These droughts resulted in famine, migration, social
unrest, water scarcity, land degradation and desertification.

To assess the drought characteristics) intensity, duration and frequency (different drought indices have
been developed. Some of the commonly used drought indices are Standardized Precipitation Index
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(SPI), Reconnaissance Drought Index (RDI), Standardized Precipitation Evapotranspiration Index
(SPEI) and Palmer Drought Severity Index (PDSI). These indices are based on the stationarity
assumption of the climate and hydrological systems. However, due to the effects of climate change and
human activities, this assumption may not be valid anymore. Therefore, there is a need to revise or
develop new drought indices that can account for the non-stationarity of the systems. Some of the recent
studies have proposed or applied non-stationary drought indices, such as Non-stationary Standardized
Precipitation Index (NSPI), Non-stationary Standardized Precipitation Evapotranspiration Index
(NSPEI), Non-stationary Reconnaissance Drought Index (NRDI) and Non-stationary Palmer Drought
Severity Index (NPDSI). These indices use different methods to incorporate the non-stationarity of the
mean and/or variance of the variables into the calculation of the drought severity.

Therefore, the main objective of this paper is to provide a comprehensive review of the latest
proposed/developed drought indices in both stationary and non-stationary conditions and to express the
challenges and opportunities of future research.

2.  Materials and Methods

In this research, an overview of differnet drought indices which have been already developed for
stationary climate conditions was firstly carried out. In this regard a comperhensive review of univariate
and multivariate of drought indices was done for meteorological, hydrological, agricultural. and socio-
economic drought indices. Since the methodologis of these indices are mainly based on the stationary
weather and environmental conditions, then we reviewed some of those indices proposed for the non-
stationary conditions in Iran and other regions of the world. Review of the tools and methods for
calculating non-stationary drought indicies is another goal this paper,

3. Results

Non-stationary drought indices are drought indices that account for the changes in the mean and/or
variance of the climatic and hydrological variables over time. These changes may be caused by climate
change and human activities, such as land use change, irrigation, urbanization and deforestation. A
review of the various researches showed that indices like NSPI, NSRI, NSPEI and NRDI have been the
most important non-stationary indices that have been employed to quantify the meteorological and
hydrological droughts. Most of these indices are based on the non-stationary of the location parameter,
that means for calculation of its distribution function, the location parameter is a multivariate function
of external covariates, including time and other weather and climate indices. From the methodological
point of view, all the researches used the generalized addetive model for location, scale and shape
(GAMLSS) to model the non-stationary behavior of indices. Also, compared to stationary indices, the
non-stationary drought indices are able to identify more drought events. Among all hydro-climate
variables were used as the external covariates, teleconnections like ENSO, NAO and AO are the most
influencing covariates for non-stationary analysis in GAMLSS modeling.,

4.  Discussion and Conclusion

more accurate and realistic assessment of drought severity, duration, frequency and spatial extent than
stationary drought indices, which assume that the statistical properties of the variables are constant over
time. Non-stationary drought indices can also capture the trends and shifts in the drought patterns and
provide early warning signals for future drought risks. However, non-stationary drought indices have
some limitations and challenges, such as data availability and quality, selection of appropriate methods
and models, uncertainty and sensitivity analysis, and validation and comparison with other indices.
Therefore, it is important to compare and evaluate these drought indices in different regions and
contexts.
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Time-Dependent Standardized Precipitation Index"
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