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Why drought indices?

- to identify main characteristics of droughts:
- onset
- end
- severity
- spatial extent

- to describe and map drought events
- to compare drought events in space and time
- to quantify droughts
- to simplify a complex phenomenon
- to provide a basis for drought management

- helping to define thresholds, triggers, alarm levels
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Characteristics of drought indices:

- relation of normal (long-term average, expected) values 
to current values of a physical parameter

- usually no physical quantity (no units!)

- often a combination and/or integration of various 
parameters / datasets

- … apparent common sense to use 3-4 letter acronyms 
with an “I” in the end!
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Existing drought indices:

NMDC – Normalized Multi-Band Drought Index
VCADI – Vegetation Condition Albedo Drought Index
PDI – Perpendicular Drought Index
MPDI – Modified Perpendicular Drought Index
RDRI – Remote Sensing Drought Risk Index
VegDRI – Vegetation Drought Response Index
ADI – Aggregate Drought Index
SMDI – Soil Moisture Deficit Index
ETDI – Evapotranspiration Deficit Index
RDI – Reconnaissance Drought Index
RSDI – Regional Streamflow Deficiency Index
SDI – Sperling Drought Index
NDVI – Normalized Difference Vegetation Index
VCI – Vegetation Condition Index
NDVIA – Anomaly of Normalized Difference Vegetation Index
SVI – Standardized Vegetation Index
NDWI – Normalized Difference Water Index
NDII – Normalized Difference Infrared Index
LWCI – Leaf Water Content Index
DTx – agricultural drought index
DFI – Drought Frequency Index 
TCI – Temperature Condition Index
VHI – Vegetation Health Index
SRWI – Simple Ratio Water Index
GVWI – Global Vegetation Water moisture Index

WI – Water Index
%N – percentage of normal
DECILES – deciles
RAI – Rainfall Anomaly Index
BMDI – Bhalme and Mooly Drought Index
SAI – Standardized Anomaly Index
DSI – Drought Severity Index
PAI – Palfai Aridity Index
EDI – Effective Drought Index
Q90 – low flow index
BFI – Base Flow Index
SWSI – Surface Water Supply Index
PHDI – Palmer Hydrological Drought Index
RDI – Reclamation Drought Index
CMI – Crop Moisture Index
SMDI – Soil Moisture Drought Index
CSDI – Crop Specific Drought Index
CDI – Corn Drought Index
SCI – Soybean Drought Index
KBDI – Keetch-Byram Drought Index
NBR – Normalized Burn Ratio
PDSI – Palmer Drought Severity Index
PMDI – Palmer Modified Drought Index
Z-Index – Palmer Z-Index
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… so why NEW drought indices?

motivation:

- not satisfied with currently existing DIs
- fail to detect droughts, describe their severity, or insufficient description of 

spatio-temporal development
- new applications require better tailored drought indices
- … to create one’s own drought index

- new opportunities emerge
- new sources of data available
- new methodologies developed / transferred from other disciplines
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new drought indices by categories

- meteorological
- routine synoptic network data

- no new data
- innovations essentially application-driven
- typical: SPI – Standardized Precipitation Index (McKee et al. 1992)

- new:
- RDI – Reconnaissance Drought Index

- Tsakiris, Pangalou, and Vangelis (2007)
- monthly P, ETpot
- characterization of drought severity, analogous to SPI
- meteorologial index, towards agricultural applications
- selected river basins in the Mediterranean region
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Tsakiris et al., 2007
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new drought indices by categories

- hydrological
- predominantly discharge data, time series analysis

- no new data
- new methodologies, threshold derivation
- typical: BFI – Base Flow Index (Institute of Hydrology 1980)

- new:
- RDI – Regional Streamflow Deficiency Index

- Stahl (2001)
- FDC, Q90
- regionalization, neighbourhood analysis
- river catchments in Europe
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Stahl, 2001
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Stahl, 2001
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new drought indices by categories

- comprehensive
- water balance, combining meteorology, soil, hydrology, …

- few / some new data
- new combination of available datasets
- new methodologies
- typical: PDSI – Palmer Drought Severity Index (Palmer 1965)

- new:
- ADI – Aggregated Drought Index

- Keyantash and Dracup (2004)
- precipitation, discharge, evapotranspiration, soil moisture, snow water content
- PCI, first PC normalized by st.dev
- based on monthly (measured) input data
- California / Western U.S.
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Keyentash and Dracup, 2004
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new drought indices by categories

- agricultural
- emphasis on soil moisture, actual evapotranspiration

- no new data
- new methodologies, new applications
- specialization, crop-specific indices (CSDI, Meyer et al. 1993)
- typical: CMI – Crop Moisture Index (Palmer 1968)

- new:
- SMDI – Soil Moisture Deficit Index

- Narasimhan and Srinivasan (2005)
- high resolution input data, local application
- application of water balance modelling (SWAT/HRU)
- SMDI for different soil layers / depths
- reflect short-term dry conditions in crucial phases of plant development

- weekly SMDI, allow for fast reaction
- catchment areas in Texas / U.S.
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Narasimhan and Srinivasan, 2005
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Narasimhan and 
Srinivasan, 2005
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new drought indices by categories

- remote sensing
- data availability driven by technological development

- continuously new data sources on the market
- often experimental character

- characterization of land surface and vegetation
- detection of anomalies, but not necessarily drought specific

- optical and thermal bands
- typical: VCI – Vegetation Condition Index (Kogan 1990)

- new:
- NMDI – Normalized Multi-Band Drought Index

- Wang and Qu (2007)
- combining information from three bands

- 1 nIR + 2 SW-IR reflectances (MODIS bands 2, 6, 7)
- simultaneously accounting for soil moisture and vegetation water content
- test area in Kansas, Oklahoma / U.S.
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Wang and Qu, 2007
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Wang and Qu, 2007
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new drought indices by categories

- combined
- combination of drought indices from different domains
- novel approach, new methodology
- manual combination so far, mapping
- typical: U.S. Drought Monitor

- new:
- VegDRI – Vegetation Drought Response Index

- Brown, Wardlow, Tadesse, Hayes, and Reed (2008)
- combining NDVI, SPI, PDSI in order to be drought-specific
- currently tested in mid/western U.S.
- designed for operational, continental application
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Wardlow et al, 2008
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NDMC, USGS, 2008: http://www.drought.unl.edu/vegdri/VegDRI_Main.htm
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many drought indices, many more new …

… but which one to choose?

- strongly depending on YOUR requirements

- field of application
- specific boundary conditions
- data availability
- reliability / robustness
- spatial / temporal resolution necessary
- resources available
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many drought indices, many more new …

… but which one to choose?

- continental overview application:
- consistent methodologies over large regions

- e.g. remote sensing
- consistent datasets available

- e.g. produced by large national / international agencies
- produce comparable information

- which regions are more affected
- delineate spatial extent of a drought event

- cover droughts in all disciplines
- meteorological, hydrological, agricultural, economic, …

- targeted to a large public audience
- intuitive to understand, limited number of classes / levels, simple colour coding, …
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NAMS, 2008
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combined precipitation & soil moisture 
anomaly

JRC, 2008
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combined precipitation & soil moisture 
anomaly

JRC, 2008



1st International Conference on Drought Management, Zaragoza, June 12-14, 2008 27

many drought indices, many more new …

… but which one to choose?

- local river authority application:
- specific to hydrology of the catchment area

- e.g. snow melt decisive for spring water availability
- existing reservoirs and their management rules

- taking into account existing measurements / network 
- e.g. local groundwater observation network

- consider local, national legislation
- RBMP, DMP, …

- cover the field of application of interest
- e.g. agricultural drought, yield deficits

- targeted to specific audience
- e.g. farmers applying irrigation schemes
- e.g. water managers / agencies to apply restrictions on water use
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http://www.adbpo.it
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Environmental 
Administration, 
Finland
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many drought indices, many more new …

… but which one to choose?

- check existing DIs against your requirements

- original motivation of authors?
- data availability at creation?
- regional context, spatial validity, valid temporal resolution?
- demonstrated added value as compared to existing DIs?
- extensive testing and comparison of performance / validation?
- explicit mentioning of boundary conditions, limitations?
- operational application already proven?
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… and another new drought index:

Sperling Drought Index

- “easy to understand”
- http://www.bestplaces.net/docs/studies/Drought.aspx
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http://www.bestplaces.net/
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Conclusions

- there are already many drought indices existing
- more drought indices are developed every year

- with RS probably leading the innovation due to technology progress

- important for developers
- combined and comprehensive drought indices lead innovation on the 

methodological side
- clear purpose and necessity for a new drought index
- boundary conditions for its validity
- extensive testing and validation

- important for potential users
- clear definition of scope
- specific user requirements and boundary conditions
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… thank you!


	 
	 

