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Multi-Index Drought Monitoring 

   MSDI (Hao and AghaKouchak, 2013): 

• Standardized index similar to SPI 

• Improves drought onset detection  

• A multi-Index for composite meteorological -agricultural drought monitoring 

),( yYxXPpMSDI 

Multivariate Standardized Drought Index  

(MSDI) 

 SPIpSPI 1

Standardized Soil moisture  Index  (SSI) 

Standardized Precipitation Index  (SPI) 

)( xXPpSPI 

)( yYPpSSI   SSIpSSI 1

 MSDIpMSDI 1

Where: X: accumulated precipitation;  

            Y:  accumulated soil moisture; 

             φ: standard normal distribution 



Multi-Index Drought Monitoring 

Sample time series of the 6-month SPI, SSI and MSDI for a grid cell in Texas (Location: 

longitude 100 W and latitude 30 N).  



Multi-Index Drought Monitoring 

SPI and SSI Derived Using NASA 

MERRA-LAND Precipitation and 

soil moisture Data. 
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Meteorological Drought 

Agricultural Drought 

Meteo-Agricul. Drought 
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Input Data Set ID Source Resolution 

NASA Modern-Era Retrospective analysis for Research and Applications – 

Reichle et al., 2011 -  Precipitation and Soil Moisture 
MERRA NASA 2/3°x 1/2° 

North American Land Data Assimilation System - Kumar et al., 2006 - 

Precipitation and Soil Moisture 
NLDAS NASA 0.125 o 

Global Drought Climate Data Record - AghaKouchak and Nakhjiri, 2012 – 

Precipitation – combines  real-time PERSIANN satellite data (Sorooshian 

et al., 2000; Hsu et al., 1997) with long-term GPCP (Adler et al., 2001) 

observations. 

GDCDR UCI 0.5o 

Global Land Data Assimilation System (GLDAS)  - Peters-Lidard et al., 

2007 - Precipitation and Soil Moisture 
GLDAS NASA 1o 

Drought Indicator ID Reference 

Standardized Precipitation Index  SPI McKee et al., 1993 

Standardized Soil Moisture Index SSI Hao and AghaKouchak, 2013a 

Multivariate Standardized Drought Index MSDI Hao and AghaKouchak, 2013a,b 

GIDMaPS: Global Integrated Drought Monitoring and Prediction System 



~ 32 Years Satellite-Based Rainfall Data 

1979 Present 1950 1998 

Real-Time Data 

Global Precipitation Climatology Project + ~18 Months Real-Time Data 

• Empirical PDF Matching 

• Mean-Fields Bias Removal 

• Bayesian-Based Correction Algorithm 

• Parametric Fitting Correction 

where G and S denote GPCP 

and real-time satellite data 

(potentially, GPM). The 

conditional probability P(G|S) 

indicates the likelihood of the 

measurement G given the 

satellite observation S. 

GIDMaPS: Global Integrated Drought Monitoring and Prediction System 

AghaKouchak A., and Nakhjiri N., 2012, A Near Real-Time Satellite-Based Global Drought Climate Data 

Record, Environmental Research Letters, 7(4), 044037, doi:10.1088/1748-9326/7/4/044037.  
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Drought Prediction 

APn+1, m= Pn+1,m-5+Pn+1,m-4+Pn+1,m-3+Pn+1,m-2+Pn+1,m-1+ P 
n+1,m

  

ASn+1, m= Sn+1,m-5+Sn+1,m-4+Sn+1,m-3+Sn+1,m-2+Sn+1,m-1+ Sn+1,m 

AP(i)
n+1,m= Pn+1,m-5 +Pn+1,m-4+Pn+1,m-3+Pn+1,m-2+Pn+1,m-1+Pi,m                                                                       

AS(i)
n+1,m= Sn+1,m-5 +Sn+1,m-4+Sn+1,m-3+Sn+1,m-2+Sn+1,m-1+Si,m 

MSDI(i) =P(AP≤ AP(i)
n+1, m, AS≤ AS(i)

n+1, m)  

SSI(i) =P(AS≤ AS(i)
n+1, m)  SPI(i) =P(AP≤ AP(i)

n+1, m)  
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Prediction component is 

based on a drought 

persistence  model which 

requires historical 

observations. The seasonal 

drought prediction 

component is based on two 

input data sets (MERRA and 

NLDAS) and three drought 

indicators (SPI, SSI and 

MSDI). 

 

Ai+1(1)= Si-4+ Si-3+ Si-2 

+Si-1+ Si +S(1)i+1      

Ai+1(2)= Si-4+ Si-3+ Si-2 

+Si-1+ Si +S(2)i+1 

...... 

 

Ai+1(m)= Si-4+ Si-3+ Si-2 

+Si-1+ Si +S(m)i+1  

GIDMaPS: Global Integrated Drought Monitoring and Prediction System 
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Integration of AIRS Data into GIDMaPS 

Standardized Relative Humidity Index (SRHI) based on AIRS Data 



Integration of AIRS Data into GIDMaPS 
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