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Abstract

Monitoring and analyzing drought conditions are essential for optimal water resource management. Over
the past decades, various indices have been developed to quantify drought characteristics. Given the
increasing impact of climate change on drought events, selecting an index that performs effectively under
changing climatic conditions is crucial. This study investigates drought conditions in the Central Plateau
region of Iran from 2000 to 2021 by comparing the performance of three drought indices: The
Standardized Precipitation Index (SPI), the Reconnaissance Drought Index (RDI), and the Standardized
Precipitation Evapotranspiration Index (SPEI). While SPI relies solely on precipitation data, RDI and
SPEI incorporate potential evapotranspiration. The effectiveness of these indices was assessed based on
their correlation with soil moisture fluctuations, using the Temperature Vegetation Dryness Index (TVDI)
as a remote sensing-based soil moisture indicator. The study area comprises provinces in Iran’s Central
Plateau region. SPI was calculated using precipitation data from 16 selected synoptic stations, while
potential evapotranspiration for RDI and SPEI was estimated using the FAO-Penman-Monteith model.
Additionally, MODIS-derived NDVI and land surface temperature data were used to compute the TVDI
index. A comparative analysis of the three drought indices, based on their coefficient of determination
with TVDI, was conducted for each year of the study period. The results showed that SPI and RDI
exhibited lower correlation with soil moisture (average coefficients of determination of 0.51 and 0.54,
respectively) compared to SPEI, which demonstrated a stronger correlation (average coefficient of 0.66).
Therefore, given its higher agreement with soil moisture data, SPEI is recommended as a more reliable
index for drought assessment in arid and semi-arid regions.
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Extended Abstract

Introduction

The increase in greenhouse gas concentrations, particularly carbon dioxide, due to intensified fossil fuel
consumption since the Industrial Revolution has led to global warming and climate change (20). Continuous
monitoring is essential for effective drought management, with precipitation being a key factor in drought
occurrence (19). Given the global impact of climate change on temperature and evapotranspiration trends,
incorporating potential evapotranspiration alongside precipitation in drought estimation is crucial (5).
Among the notable meteorological drought indices that integrate both variables are the Palmer Drought
Severity Index, the Reconnaissance Drought Index (RDI), and the Standardized Precipitation
Evapotranspiration Index (SPEI). Drought arises from an imbalance between precipitation and
evapotranspiration, resulting in soil moisture depletion (33). As a key indicator for evaluating meteorological
drought indices, soil moisture plays a critical role in drought assessment. However, while some
meteorological stations provide soil moisture measurements, the current sampling network remains
insufficient. Consequently, research has increasingly focused on estimating soil moisture using remote
sensing data. The Temperature Vegetation Dryness Index (TVDI) is a widely used land surface dryness
indicator, derived from the relationship between land surface temperature and NDVI (32). Validation studies
comparing TVDI with in-situ soil moisture measurements and simulated data confirm its effectiveness in
monitoring soil moisture levels (10). This study aims to evaluate the performance of SPI, SPEI, and RDI in
drought estimation across central Iran, using soil moisture changes as the primary assessment criterion.
TVDI is employed as a reliable indicator of soil moisture status. Notably, no comprehensive study or review
on this topic has been identified in the existing literature.

Material and Methods

In this study, the provinces of the Central Plateau of Iran, characterized by a predominantly arid and semi-
arid climate, were selected as the study area (Fig 1). Monthly and annual temperature data, along with
vegetation cover data from MODIS, were utilized to estimate soil surface moisture in the region (Table 1).
The research period spanned from 2000 to 2021, incorporating meteorological data from 16 synoptic
stations. The FAO-Penman-Monteith method (3, 37), recognized as the most accurate approach for
estimating evapotranspiration across various climatic conditions, was employed to calculate potential
evapotranspiration on a monthly basis. To assess drought conditions, the Standardized Precipitation Index
(SPI) was applied, relying on long-term precipitation data across multiple time scales (1, 23). Additionally,
the Standardized Precipitation Evapotranspiration Index (SPEI) was calculated (31), utilizing a climatic
water balance approach based on the difference between precipitation and potential evapotranspiration. The
categorization of drought severity using SPEI follows the same classification as SPI. Similarly, the
Reconnaissance Drought Index (RDI) was computed, requiring both precipitation and potential
evapotranspiration data (6). RDI is derived by dividing total precipitation by total potential
evapotranspiration over a given time step, with gamma distribution identified as the best fit for data
modeling (42). The Temperature Vegetation Dryness Index (TVDI), derived from NDVI and land surface
temperature data (35), was used as an indicator of soil moisture. After computing the indices, SPI, SPEI, and
RDI were compared with each other. Subsequently, their agreement with TVDI was assessed by calculating
the coefficient of determination, providing insight into the most suitable index for drought monitoring in the
region.

Results and Discussion

Interpolated maps of annual SPI, SPEI, and RDI were analyzed at 16 selected stations in the Central Plateau
of Iran (Figs. 2, 3, 4). These maps were generated using the inverse distance weighting method. The primary
objective of this study is not to monitor drought trends over the statistical period but to evaluate the
effectiveness of the applied indices in order to identify the most suitable index for drought assessment in the
study area. Additionally, TVDI maps are presented in Fig. 5. The comparison of drought indices (Table 3)
indicates that the average determination coefficients between SPI and RDI, as well as between SPI and SPEI,
are lower than those between RDI and SPEI. This finding is expected, as SPI relies exclusively on
precipitation data, leading to weaker agreement with RDI and SPEI, which incorporate both precipitation and
potential evapotranspiration. Moreover, the agreement between SPI and SPEI is slightly stronger than that
between SPI and RDI, while the highest correlation is observed between SPEI and RDI due to their shared
drought estimation parameters. The primary aim of this study is to determine the most effective drought
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index (SPI, SPEI, or RDI) for assessing drought in central Iran by evaluating their agreement with the TVDI
index, a reliable indicator of soil moisture. The results indicate that SPI and RDI exhibit lower agreement
with TVDI, with average determination coefficients of 0.51 and 0.54, respectively, whereas SPEI
demonstrates a significantly higher agreement of 0.66 (Table 3).

Conclusion

The weaker performance of SPI in capturing soil moisture variations is attributed to its exclusion of potential
evapotranspiration. In contrast, RDI and SPEI, both of which integrate precipitation and potential
evapotranspiration, show stronger correlations with soil moisture dynamics. Among these, SPEI exhibits
superior performance in estimating drought conditions in the Central Plateau of Iran, outperforming RDI in
this region. Based on the findings, the SPI, which relies solely on precipitation data, exhibited the lowest
performance among the indices examined. In contrast, the SPEI, which incorporates both precipitation and
potential evapotranspiration to assess drought severity, demonstrated the highest level of accuracy and
agreement with soil moisture variations.

Keywords: Precipitation; Evaporation and transpiration; Soil moisture; Dry and wet periods; Central Plateau
of Iran
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Fig 1. Study area map of the Central Plateau of Iran
Table 1. MODIS products used in the study
Spatial Resolution Image Period Temperature products Study Period
1 kilometer 8-day MOD11A2 2000 to 2021
Spatial Resolution Image Period Vegetation products Study Period

1 kilometer 16-day MOD13A2 2000 to 2021
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Table 2. Drought classification based on the SPI index (28)
SPI Classification
SP1>2 Extremely wet
15<SPI<2 Severely wet
1<SPI<1.5 Moderately wet
-1<SPI<1 Normal
-1.5<SPI<-1 Moderately drought
2<SPI<-15- Severely drought
SPI<-2 Extremely drought
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Fig 2. Annual SPI in the Central Plateau of Iran for the Years 2000 and 2004.
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Fig 4. Annual RDI in the Central Plateau of Iran for 2016 and 2021.
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Fig 5. Annual TVDI in the Central Plateau of Iran for 2000 and 2021.

Table 3. Coefficients of determination between SPI, SPEIL, RDI, and TVDI

Year SPI&SPEI  SPI&RDI  RDI&SPEI  TVDI&SPI  TVDI & RDI  TVDI & SPEI
2000 0.38 0.25 0.42 0.33 0.4 0.55
2001 0.41 0.33 0.55 0.4 0.5 0.68
2002 0.52 0.42 0.63 0.3 0.32 0.47
2003 0.3 0.35 0.44 0.45 0.5 0.65
2004 0.38 0.41 0.72 0.55 0.47 0.66
2005 0.28 0.2 0.66 0.5 0.6 0.68
2006 0.44 0.36 0.55 0.47 0.5 0.69
2007 0.58 0.41 0.47 0.52 0.63 0.7
2008 0.62 0.42 0.65 0.6 0.55 0.77
2009 0.41 0.33 0.5 0.55 0.63 0.69
2010 0.33 0.25 0.4 0.5 0.58 0.59
2011 0.18 0.41 0.47 0.44 0.5 0.63
2012 0.29 0.44 0.55 0.52 0.48 0.6
2013 0.34 0.52 0.66 0.63 0.6 0.78
2014 0.39 0.52 0.7 0.55 0.5 0.57
2015 0.35 0.31 0.5 0.48 0.63 0.69
2016 0.42 0.19 0.33 0.44 0.55 0.74
2017 0.37 0.33 0.45 0.5 0.47 0.55
2018 0.42 0.38 0.55 0.63 0.6 0.68
2019 0.33 0.3 0.4 0.57 0.59 0.75
2020 0.51 0.5 0.66 0.55 0.62 0.66
2021 0.6 0.48 0.74 0.66 0.72 0.82
Mean 0.4 0.37 0.55 0.51 0.54 0.66
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