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A TYPOLOGY OF INDICES FOR DROUGHT ASSESSMENT 
 

Alexandra CHELU1  

 

 
ABSTRACT. Drought is one of the most disastrous and costly natural hazards 

determined by a deficit of precipitation in a particular area. It causes large economic 

losses and affects access to water in various parts of the planet. Water scarcity impacts 

natural ecosystems and human activities dependent on water resources, especially crop 

production. Monitoring drought is therefore crucial to the evaluation of its impacts and to 

address the issue in a timely manner, in order to develop and implement mitigation 

measures. Various methodologies have been advanced to quantify essential drought 

characteristics, such as time of onset and ending, duration and intensity. The objective of 

this paper is to review the existing indices used for drought identification and assessment 

and to propose an index typology. The study employs bibliographical research, synthesis 

and classification of indices by data source input and their aims. The results provide a 

brief overview of the drought indices based on measured or modelled data 

(meteorological, hydrologic or agricultural approaches), remote sensing data (hydro-

meteorological or ecological approaches) and multivariate or composite indices. 
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1. INTRODUCTION 

 

Drought is one of the most devastating natural hazards that affects large extents 

of land and causes great economic losses. Drought is mostly determined by a deficit 

of water availability over a longer period of time, and it is intensified by 

meteorological constraints such as increasing temperatures or high winds (Mishra & 

Singh, 2010). It affects both natural processes and human activities that are directly 

or indirectly dependent on water resources.  

Some of the main impacts of droughts are the decrease in primary productivity 

(Ciais et al., 2005), decreasing streamflow, runoff, surface and ground water 

resources (Smakhtin, 2001), decreased electricity production (Van Vliet et al., 2016) 

and increased tree mortality by tree die-off and wildfires (Allen et al., 2010). Drought 

is likely to increase over Europe, especially in the south and western regions, and 

less so in the north (Spinoni et al., 2018), promoted by the continuing increasing 

trend in temperature (Hoegh-Guldberg et al., 2018)     
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The complex nature of drought events comes from the multiple definitions that 

characterize them, from the complicated relations between types of drought  

(Heim, 2002) and from the difficulty of identifying the onset and offset of drought 

(Wilhite, 2000). The fact that drought is extended over large regions and does not 

create structural damages contributes to the difficulty of assessing and quantifying 

impacts (Wilhite, 2000).  

Drought is classified in four main types: meteorological, hydrological, 

agricultural or socio-economical droughts (Kallis, 2008). Mishra and Singh (2010) 

have also introduced the term groundwater drought as a distinct type; however, it 

could be considered as one aspect of hydrological droughts.  

Several studies have also proposed the ecological drought type, focusing on the 

effects of drought on water quality or ecological characteristics of water bodies 

(Bachmair et al., 2016). 

It is essential for planning authorities to identify temporal and spatial patterns of 

established droughts, to access aridity prognosis and to publicly communicate the 

results for a better mitigation plan and preparedness.  

The quantification of drought is performed with the help of indices, which are 

used to calculate the main characteristics of drought events – duration, onset, offset, 

severity, frequency – that require various input data. An index is a quantitative 

measure of drought characteristics that is computed on the basis of water storage 

variables. (Zargar et al., 2011).  

This study aims to contribute to the area of drought monitoring by addressing the 

crucial part of index selection which is determined by drought type, but also data 

limitations.  

Choosing an appropriate drought index for a specific application depends largely 

on the existing observations network for the geographic extent under investigation, 

especially in areas where data availability is an issue. In this context, the main 

objective of this study is to review established and recent drought indices developed 

for specific drought assessment and to achieve a typology, by classifying the indices 

based on types of data required and their purpose. 

 

 

2. DATA AND METHODS 

 

The methodological approach towards an index classification is a bibliographic 

research and analysis. Several papers have reviewed different aspects of drought 

monitoring and assessment and provided important reference to identify commonly 

used indices (Hao & Singh, 2015; Heim, 2002; Keyantash & Dracup, 2002; 

Niemeyer, 2008; Pedro-Monzonis et al., 2015; Quiring, 2009; Zargar et al., 2011).  

New indices were identified by examining recent literature on the Web of Science 

database. The examined papers cover a timeline from 1965 up to 2018.  

The indices are separated by type of application and classified according to input 

data within each drought assessment approach.  
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3. RESULTS AND DISCUSSIONS 

 

The typology of drought indices based on required parameters generally follows 

the classification of drought types and has been separated into several main classes: 

meteorological and hydrological approaches using measured or modelled data, 

hydro-meteorological approach using remote sensing data, agricultural approach 

using measured/modelled data or remote sensing data, ecological approach using 

remotely sensed indices and multivariate indices (Fig. 1).  
 

 
 

Fig. 1. Schematic representation of drought index typology. Precipitation (P), 
temperature (T), streamflow (SF), runoff (RF), groundwater levels (GW), soil moisture 
(SM), evapotranspiration (ET), microwave remote sensing (MW), total water storage 
gravity measurements (TWS), red (R), near infrared (NIR), thermal infrared (TIR). 
Indices: Standardized Precipitation Index (SPI), Standardized Anomaly Index (SAI), 
Palmer Drought Severity Index (PDSI), Standardized Precipitation Evapotranspiration 
Index (SPEI), Regional Streamflow Deficiency Index (RSDI), Streamflow Drought Index 
(SDI), Standardized Runoff Index (SRI), nonparametric standardized runoff index 
(NSRI), Groundwater Resource Index (GRI), Standardized Groundwater level Index 
(SGI), Palmer Hydrologic Drought Index (PHDI), Crop Moisture Index (CMI), Soil 
Moisture Drought Index (SODI), Soil Moisture Deficit Index (SMDI), Crop Water Stress 
Index (CWSI), Evaporative Stress Index (ESI), Soil Moisture and Temperature 
Condition Index (SMTCI), Total Water Storage Deficit (TWSD), Normalized Difference 
Vegetation Index (NDVI), Distance Drought Index (DDI), Temperature Condition Index 
(TCI), Vegetation Index / Temperature Trapezoid (VITT), Remote Sensing Drought Risk 
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Index (RDRI), Integrated Agricultural Drought Index (IADI), Microwave Integrated 
Drought Index (MIDI). 

 

Drought indices range from simple calculations requiring only one input 

parameter to multivariate indices that are calculated based on several parameters, 

either measured, modelled or calculated through remote sensing. A large body of 

literature is dedicated to the methodologies and applications of drought indices; more 

than 150 indices have been developed up to the year 2011 (Zargar et al., 2011). New 

indices are developed to better represent local geographical conditions or to apply 

different statistical methods. 

A drought index must fulfil certain requirements to justify its usage, among which 

the fact that it should be relevant to the type of drought in the study, the input data 

should be available, consistent and of sufficient quality, it should be valid and 

sensitive to temporal and spatial variability (Steinemann et al., 2005). Besides data 

availability, the dominant climatic factors in the specific region can determine the 

choice between a simple or more complex index.  

Determining factors for drought can follow different spatial and temporal patterns 

in various geographic conditions. Drought trends can be determined by decreasing 

rainfall, increasing temperatures, a combination of both or other limiting parameters 

depending on local conditions (Spinoni et al., 2015). It is therefore important to 

consider the regional driving forces for drought to make an index selection. 

 

Meteorological approach 

Indices using measured or modelled data for the investigation of meteorological 

drought mostly employ precipitation or a combination of precipitation and 

temperature. The most widely accepted index that only uses precipitation as input 

data is SPI (McKee et al., 1993), due to its simplicity. It is often used to evaluate 

performances of new indices. It has evolved into numerous variants such as relative 

SPI (rSPI) (Dubrovsky et al., 2006) or multiscalar SPI (MSPIi) (Zhu et al., 2016). 

Relative SPI (rSPI) was developed to overcome the problem that traditional SPI (or 

self-calibrated SPI) does not accurately represent different spatial patterns between 

sites or temporal changes because the index results in approximately the same 

distribution (Dubrovsky et al., 2006). A variety of other indices that only use 

precipitation as input data have been developed among which Standardized Anomaly 

Index (SAI) (Katz & Glantz, 1986); Effective Drought Index (EDI) (Byun & Wilhite, 

1999); Drought Frequency Index (DFI) (González & Valdés, 2006); percentage of 

precipitation anomaly (PPA) (Zhao et al., 2017). High temperatures increase the 

probability of drought by exacerbating evapotranspiration and decreasing soil 

moisture, therefore combining temperature measurements with precipitation is 

increasingly important in global warming conditions (Mukherjee et al., 2018). 

Indices using precipitation and temperature are the Palmer Drought Severity Index 

(PDSI) (Wayne, 1965), Reconnaissance Drought Index (RDI) (Tsakiris & Vangelis, 

2005), relative PDSI (rPDSI) (Dubrovsky et al., 2006), Standardized Precipitation 

Evapotranspiration Index (SPEI) (Vicente-Serrano et al., 2010), Standardized 



81 

Palmer Drought Index (SPDI) (Ma et al., 2014), relative SPEI (rSPEI) (Marcos-

Garcia et al., 2017). 

 

Hydrological approach 

Indices developed under a hydrological approach are heavily relying on 

streamflow data, runoff, reservoir and groundwater levels and aim to quantify the 

delayed effects of drought in the hydrological system (Zargar et al., 2011), reflecting 

an insufficiency of water resources over a period of time. Indices using only 

streamflow data are: Regional Streamflow Deficiency Index (RSDI) (Stahl, 2001), 

Standardized Streamflow Index (SSFI) (Modarres, 2007), Streamflow Drought 

Index (SDI) (Nalbantis & Tsakiris, 2009), Baseflow Index  (BFI) (Gustard & 

Demuth, 2009) or newer indices such as the Regional Drought Area Index (RDAI) 

(Fleig et al., 2011) and the relative Standardized Flow Index (rSFI) (Marcos-Garcia 

et al., 2017), which used the same approach as for rSPI and rSPEI. Runoff is another 

parameter used for assessing hydrological deficits, in indices such as nonparametric 

standardized runoff index (NSRI) (J. Wu et al., 2018). The Standardized Runoff 

Index (SRI) (Shukla & Wood, 2008) was created analogous to the SPI, while the 

Water Balance Derived Drought Index (Vasiliades et al., 2011) uses a water balance 

model that simulates runoff data. The Surface Water Supply Index (SWSI) (Shafer 

& Dezman, 1982) uses streamflow, precipitation, reservoir and snowpack data. The 

Palmer Hydrologic Drought Index (PHDI) (Karl, 1986) has been developed using 

precipitation, temperature, available water content to better display the impacts of 

drought on hydrological components compared to the PDSI. It responds slower to 

the recession of drought, reflecting the lag time between the ending of a 

meteorological drought and the hydrological consequences (Karl, 1986).  Indices 

focused on groundwater levels are the Groundwater Resource Index (GRI) 

(Mendicino et al., 2008) and Standardized Groundwater level Index (SGI) 

(Bloomfield & Marchant, 2013). In Spain, the national drought monitoring system 

uses a network of measuring points for streamflow, precipitation, groundwater, 

reservoir storage and inflow to derive the (Spanish) Status Index (SI) (Pedro-

Monzonís et al., 2015). The standardised Status Index (iSI) was created (Ortega-

Gómez et al., 2018) through monthly standardization of the SI.  

 

Hydro-meteorological remote sensing approach 

Studying meteorological or hydrological droughts can be performed using 

remotely sensed data that captures water variability in different compartments of the 

hydrological system. Evapotranspiration (ET) is an essential process in drought 

analysis because increased ET rates can foster drought conditions similar to low 

rainfall (Spinoni et al., 2015) and can be neglected by the simpler indices that only 

account for precipitation. Some indices exploit thermal remote sensing and use ET 

as a parameter: Crop Water Stress Index (CWSI) (Jackson et al., 1981) or the Water 

Deficit Index (WDI) (Moran et al., 1994). The Evaporative Stress Index (ESI) 

(Anderson et al, 2011) and Evaporative Drought Index (EDI) (Yao et al., 2010) also 

explore the ratio between potential and actual ET, thus giving a measure of drought 
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intensity. The remotely sensed Drought Severity Index (Mu et al., 2013) uses 

MODIS derived evapotranspiration in concurrence with NDVI, while the more 

recent Standardized Evapotranspiration Deficit Index (SEDI) (Kim & Rhee, 2016; 

Vicente-Serrano et al., 2018) uses evapotranspiration estimates derived from 

remotely sensed data. Other drought indices take advantage of microwave remote 

sensing data, such as the Soil Water Index (SWI) (Wagner, 2003) and the Soil 

Moisture and Temperature Condition Index (SMTCI) (Zhang & Jia, 2013). A series 

of indices were developed using satellite gravimetry owing to Gravity Recovery and 

Climate Experiment satellite (GRACE). GRACE measurements were used to derive 

maps of the Earth’s gravity field which are sensitive to movements in water storage 

components in the hydrological system (Ramillien et al., 2008). The GRACE-based 

hydrological drought index (GHDI) (Yi & Wen, 2016), Water Storage Deficit Index 

(WSDI) and the Total Water Storage Deficit (TWSD) (Sun et al., 2018) are drought 

indices based on the total water storage (TWS) changes. 

 

Agricultural approach on drought 

Agricultural drought analysis focuses on exploring water availability to crops. 

Decreasing soil moisture is an important limitation to crop growth. The most 

commonly used agricultural indices are the Palmer Moisture Anomaly Z-index ( 

Palmer, 1965), the Crop Moisture Index (CMI) (Palmer, 1968) both requiring 

precipitation and temperature data. Soil Moisture Drought Index (SODI) (Sohrabi et 

al., 2015) uses soil moisture as a parameter. The Evapotranspiration Deficit Index 

(ETDI) and the Soil Moisture Deficit Index (SMDI) use soil moisture and 

evapotranspiration modelled with Soil and Water Assessment Tool (SWAT) 

hydrologic model  (Narasimhan & Srinivasan, 2005). A new agricultural index has 

been recently proposed (Tigkas et al., 2018), the Agricultural Standardised 

Precipitation Index (aSPI) which modifies the original SPI by using effective 

precipitation instead of precipitation data. The authors discuss that effective 

precipitation better describes the availability of water to plants and therefore it is 

advantageous for agricultural drought identification. Hanel et al., 2018 have found 

that droughts related to soil moisture deficit have increasing tendencies, which is 

probably due to the increasing trends in temperature. 

 

Remote Sensing of Vegetation condition 

Numerous vegetation indices have been proposed for the identification of drought 

using remotely sensed data that focus on vegetation condition, therefore exploring 

the effects from an ecological perspective (AghaKouchak et al., 2015).  New indices 

are developed along with the deployment of new sensors on satellite platforms. 

Among the first remote sensing drought indices were relations between the red 

spectral reflectance (R) and near-infrared spectral reflectance (NIR) to quantify 

vegetation health, the most common being the Normalized Difference Vegetation 

Index (NDVI) (Tucker, 1979). Chlorophyll in healthy vegetation strongly reflects in 

the IR and absorbs in the R band, while stressed vegetation absorbs less R, therefore 

representing a useful indicator of drought (Zargar et al., 2011). Other indices using 
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the same bands are Perpendicular Vegetation Index (PVI) (Richardson & Wiegand, 

1977) or the Distance Drought Index (DDI) (Qin et al., 2010). Furthermore, NDVI 

is used as input for other indices, such as Vegetation Condition Index (VCI) (F. 

Kogan & Sullivan, 1993) or the relative normalized difference vegetation index 

(RNDVI) (M. xin Wu & Lu, 2016).  

Rapidly developing warming events due to climate change indicate the need for 

early warning systems. This can direct the choice of index from a shortwave index 

to thermal observation, because vegetation indexes indicate drought stress after the 

damage determined by increasing temperature was produced (Anderson et al., 

2013).  

The thermal infrared observations (TIR) are used to estimate the land surface 

temperature (LST) to determine vegetation stress caused by high temperatures. 

Such indices are the Temperature Condition Index (TCI) (F. N. Kogan, 1995) built 

to reflect the influence of temperature on vegetation, while the Modified 

Temperature Condition Index (MTCI) (Sanchez et al., 2016) modified it in order 

to invert the scaling.  

The Vegetation Health index (VT) (F. N. Kogan, 2000) combines the thermal 

TCI with the VCI. In addition, the relation between LST and NDVI has been 

explored with a wide range of indices such as the Vegetation Index /Temperature 

Trapezoid (VITT) (Moran et al., 1994) or the Vegetation Supply Water Index 

(VSWI) (Cunha et al., 2015).  

The Green Vegetation Index of the Tasseled Cap (GVI) was calculated using 

visible and NIR bands of the Multispectral Scanner (MSS) sensor and the visible, 

NIR and shortwave infrared bands of the Thematic Mapper (TM) sensors on board 

Landsat satellites (Kauth & Thomas, 1976). The Remote Sensing Drought Risk 

Index (RDRI) investigates drought by computing three cloud indexes and 

accounting for latitudinal and seasonal variability of the remote sensing data (Liu 

et al., 2008). 

 

Multivariate indices 

A series of complex multivariate indices have been created to overcome 

simplification of drought characterization by integrating several indices or 

parameters to better represent all aspects of drought. Hao & Singh (2015) have 

reviewed several methods for constructing multivariate indices, among which the 

integration of objective and subjective indexes, the use of water balance models, 

statistical methods such as joint distribution or principal component analysis (PCA). 

The United States Drought Monitor is an ample product based on the combination 

of drought indices, hydrological, climatological and soil moisture parameters as well 

as expert knowledge (Svoboda et al., 2002). The Integrated Agricultural Drought 

Index (IADI) proposed by Zhao et al., 2017 uses the Evaporative Drought Index 

(EDI) (Yao et al., 2010) and a rarity index derived from EDI statistical structure. 

Taking advantage of multiple microwave remote sensing data sets to derive a 

Precipitation Condition Index, a Soil Moisture Condition Index and the TCI, Zhang 
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& Jia, 2013a constructed the Microwave Integrated Drought Index (MIDI) for 

identifying short-term droughts.  

 

5. CONCLUSIONS 

 

A brief overview of the main drought index types based on required parameters 

was presented in this study. Quantifying the characteristics of dry spells over a region 

is essential for water resource management, and this can be performed using either 

in-situ or remotely sensed data. However, availability of long-term precipitation or 

streamflow records might be a challenging issue in many regions of the world. In 

this case remote sensing drought observations have increasing importance.  

At the same time, it is increasingly important for new or revised indices to take 

into consideration the projected trends in surface warming over the 21st century (Dai, 

2011). The synthesis of index types may determine the selection of appropriate 

methodologies for drought assessment, because it provides a decision instrument 

based on data availability, type and complexity of drought under study. 
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