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Types of Drought

• Meteorological
• Environmental/Ecological
• Agricultural
• Hydrological
• Socioeconomic

• There are indices and indicators used to 
identify all of these types of drought at 
various thresholds

• There is no single definition of drought

• Thus, in most cases, there is no “one-size-
fits-all” drought indicator or index



Approaches to Drought Assessment

• Single index or indicator (parameter)

• Multiple indices or indicators
• Assessed stand-alone

• Composite (or “hybrid”) Indicator
• Blended approach



• The U.S. Drought 
Monitor (USDM) 
and Objective 
Blend Drought 
Indicators (OBDI) 
were early (perhaps 
the earliest?) 
examples of multi-
indicator/CDI 
approaches in the 
U.S./world (Svoboda 
et al. 2002, BAMS)







Calculating a CDI

Introduction:

• Using the output indice data calculated from the climate 
station data and/or satellite sources, each station and/or 
grid will have a history calculated based on a ranking 
percentile approach for each input parameter and an 
overall weighted percentile for the CDI that combines 
the indicators

• We have used Microsoft EXCEL to generate the input 
and CDI  values for a station-based method using 
climate-based station data 

• Grid cell calculations are stored in a database (SQL 
Server) and Python is used to help automate and script 
the monthly updates and CDI calculations



Calculating a CDI

Comparison of the station vs. gridded
approaches:
• Station-based approach is site specific and distribution is not 

uniform. Must then interpolate/extrapolate to cover large areas….

• The gridded approach will produce a CDI value for every cell over 
a given area, so interpolation of the data is not required
• Distribution is uniform
• The results can still be interpolated/smoothed in a GIS and will 

produce a smoother surface if so desired
• May require more processing power

• The CDI weighting and the ranking for all of the other 
calculations are the same using both approaches (station vs. 
gridded) the only difference is in the amount of data being 
processed (potentially many, many, many more grid cells!)



Prototype MENA Combined Drought Index 

(CDI) initial satellite-derived input components 

(all at 5km resolution) and weightings**:

Standardized Precipitation Index 2-mo (CHIRPS2): 40%

Evaporative Stress Index (ESI): 20%

Soil Moisture (Land Information System): 20%

Normalized Difference Vegetation Index (NDVI-anom):  20%

**These are only initial, non-validated expert judgement inputs and weightings 

that need to be validated to determine how they match the conditions, impacts 

and reality of the situation the ground at the local level….feedback and other 

statistical + data mining techniques will help fine tune the CDI 

















• Freely available on-line

• http://www.droughtmanagement.
info/handbook-drought-
indicators-and-indices/ 

http://www.droughtmanagement.info/handbook-drought-indicators-and-indices/


Meteorological 
Based  Page 

Ease 
of 

Use 
Inputs 

Required Additional Information 

Aridity Anomaly 
Index (AAI)   Green P,T, PET, ET Operationally available for India 

Deciles   Green P 

Ease of calculation and examples from 
Australia useful 

Keetch-Byram 
Drought Index (KBDI)   Green P,T  

KBDI calculations are based upon the 
climate of the area of interest 

Percent of Normal 
Precipitation   Green P Simple calculations 

Standardized 
Precipitation Index 
(SPI)   Green P 

The WMO highlighted the SPI as a starting 
point for meteorological drought 
monitoring 

Weighted Anomaly 
Standardized 
Precipitation (WASP)   Green P,T 

Uses gridded data in monitoring drought in 
tropical regions 

Aridity Index (AI)   Yellow P, T 
Can also be used in climate classifications 

China Z Index (CZI)   Yellow P 

Intended to improve upon what the SPI 
provides 

Crop Moisture index 
(CMI)   Yellow P,T Weekly values are needed 

Drought Area Index 
(DAI)   Yellow P 

Gives an indication of how the monsoon 
season perform 

Drought 
Reconnaissance Index 
(DRI)   Yellow P, T 

Monthly temperature and precipitation 
needed 

Effective Drought 
Index (EDI)   Yellow P 

Program is available through direct contact 
with originator 

Hydro-Thermal 
Coefficient (HTC)   Yellow T,P 

Ease in calculations and several examples in 
Russia 

NOAA Drought Index 
(NDI)   Yellow P 

Best used in agricultural applications 

Palmer Drought 
Severity Index (PDSI)   Yellow P,T, AWC 

Not green due to complexity of calculations 
and the need for serially complete data  

Palmer Z Index   Yellow P,T, AWC 
One of the many outputs of the Palmer 
Drought Severity Index calculations 

Rainfall Anomaly 
Index (RAI)   Yellow P Serially complete data required 

Self-Calibrated 
Palmer Drought 
Severity Index (sc-
PDSI)   Yellow P,T, AWC 

Not green due to complexity of calculations 
and serially complete data needed 

Standardized Anomaly 

Index (SAI) Yellow P Point data used to describe regional conditions

Standardized 

Precipitation 

Evapotranspiration Index 

(SPEI) Yellow P, T

Serially complete data required, output similar to 

the SPI but with a temperature component

Agricultural Reference 

Index for Drought (ARID) Red P,T, Mod

Regionally produced  in the southeastern United 

States and not tested widely outside of the region

Crop Specific Drought 

Index (CSDI) Red

P,T,Td,W,Rad

,AWC,Mod,cr

op data

Quality data of many variables needed, making its 

use a challenge

Reclamation Drought 

Index (RDI) Red P,T,S,R, SF

Similar to the SWSI, but contains a temperature 

component

Soil Moisture Based 

Ease of 

Use

Inputs 

Needed Additional Information

Soil Moisture Anomaly 

(SMA) Yellow P,T, AWC

Intended to improve upon the water balance of 

the PDSI

Evapotranspiration 

Deficit Index (ETDI) Red Mod
Complex calculations with multiple inputs needed

Soil Moisture Deficit 

Index (SMDI) Red Mod

Weekly calculations at different soil depths, 

complicated to calculate

Soil Water Storage (SWS) Red

AWC,RD,ST,S

WD

Due to variation in both soil and crop types, 

interpolation over large areas is challenging 

Hydrological Based

Ease of 

Use

Inputs 

Needed Additional Information



1) Typically, No single indicator/index is used 

solely in determining appropriate actions

2) Instead, different thresholds from different

combinations of inputs is typically (not always) 

the best way to approach monitoring and 

triggers using a variety of indices and indicators

Critical Observations:



Final Thoughts:
• CDI: “Convergence of Evidence” approach allows for:

• Ensemble-like approach

• Don’t Cry Wolf….or “all clear”, too soon!

• Decision makers want ONE map, not multiple maps
• Annual User Forums and stakeholder engagements tell us 
this repeatedly…

• However, scientists like MANY maps!   

• Multiple CDI (regional/seasonal/sectoral-thematic) 
can be tested or made operational depending on the 
need and ability to validate them

• PCA/Data Mining to explore CDI and various input 
parameter relationships/weighting/auto-correlation
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