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• To build climate resilience, reduce economic and social losses, and alleviate poverty in drought-
affected regions in SA through an integrated approach to drought management;

• To support stakeholders at all levels by providing policy and management guidance and by
sharing scientific information, knowledge and best practices for IDM;

• To promote the evolution of the drought knowledge base and to establish a mechanism for 
sharing knowledge and providing services to stakeholders across sectors at all levels; 

• To build capacity of various stakeholders at different levels. 

Overarching Goal

• Better scientific understanding and inputs for drought monitoring and management;

o Drought monitoring, early warning and risk assessment;
o Development of operational online drought monitoring system;

• Capacity building, customization for national needs and dissemination of the monitoring product;

• Policy and planning for drought preparedness and mitigation across sectors; and

• Drought risk reduction and response.

Specific objectives
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Historical Drought Trends

• Drought an important disaster, and its impact on agriculture, ecological and social and

economic consequences worldwide;

• Since 2000’s 14 major drought occurrences were reported in SA countries

 305 death mortality

 360 million people affected

 1.6 billion economic losses in damages

• SA regions have been among the perennially drought-prone regions of the world.

• Afghanistan, India, Pakistan and Sri Lanka have reported droughts at least once in

every three year period in the past five decades, while Bangladesh and Nepal also

suffer from drought frequently.

• The frequent occurrence of drought, coupled with the impact of global warming, poses

an increasingly severe threat to the SA agricultural production.



Historical Drought Trends

Sa Map with drought hotspots

Source: IMD

- Annual occurrence of drought over 50years;
- Increasing trend in occurrences, both in magnitude and 

frequency;
- Knowledge on the spatial distribution across SA is limited;
- Currently developing comprehensive database from 

multi-data sources 

Source: IWMI



PREVIOUS ONLINE DMS – South West Asia

MODIS data - 0.5 by 0.5 km, every 8 
days, from 2000 onwards 
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SOUTH ASIA DROUGHT MONITORING SYSTEM (DMS): 

OVERVIEW 

 Builds on IWMI’s expertise and previous DMS in SW Asia

 Will feature historical and near-real time weekly high-spatial resolution

drought severity maps

 Integrates remote sensing and ground truth data (vegetation indices,

rainfall data, soil information, hydrological data)

 Supports regionally coordinated drought mitigation efforts that can be

further tailored to analysis at the national level

 Will be part of regional, national and local decision making – working with

WMO partners and GWP South Asia as well as the Water Partnerships in

Bangladesh, Bhutan, India, Nepal, Pakistan and Sri Lanka to generate

ownership by Governments and communities.



SOUTH ASIA DROUGHT MONITORING SYSTEM:

NEEDS ASSESSMENT SURVEY

• Carried out by the GWP South Asia 

and the Country Water Partnerships 

in Bhutan, Bangladesh, Nepal, 

India, Pakistan and Sri Lanka in 

collaboration with IWMI

• Full report available at: 

http://www.droughtmanagement.inf

o/literature/GWP_SA_Summary_Re

port_Need_Assessment_Survey_2

014.pdf

http://www.droughtmanagement.info/literature/GWP_SA_Summary_Report_Need_Assessment_Survey_2014.pdf


Drought Monitoring Approach



Correction of Vegetation Time Series for 

Long Term Monitoring

Whereas statistical outliers is also removed from yearly dataset. The values

which are greater than or less than the (MEAN + - 2STD) will be treated as

OUTLIERS and it will removed by neighbourhood averages.

Step 1: Cloud Removal using LDOPE tool

Step 2: Additional Filter using Blue reflectance band 
>0.2 threshold

Step 3: Drop out removal using Statistical Outlier 
with ± 2 STD by neighborhood method

Step 4: Fourier time series analysis to determine 
seasonal changes in vegetation growth, Crop 
anomaly and Extraction of Peak growth time



ALGORITHM DEVELOPMENT AND EVALUATION

Drop-Out Removal



ALGORITHM DEVELOPMENT AND EVALUATION

Outlier Removal

Correction of Vegetation Time Series for 

Long Term Monitoring



ALGORITHM DEVELOPMENT AND EVALUATION

Fourier Smoothing in 1 peak

Correction of Vegetation Time Series for 

Long Term Monitoring



ALGORITHM DEVELOPMENT AND EVALUATION

Fourier Smoothing in 2 Peaks

Correction of Vegetation Time Series for 

Long Term Monitoring



ALGORITHM DEVELOPMENT AND EVALUATION

Fourier Smoothing in 3 Peak

Correction of Vegetation Time Series for 

Long Term Monitoring



RMSE (Year 2008) from four smoothing functions to fit 
crop growth

Correction of Vegetation Time Series for 

Long Term Monitoring

Corrected NDVI images will be 
used for calculation of 
vegetation indices
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Drought Monitoring Approach



𝑉𝐶𝐼𝑛 =
𝑁𝐷𝑉𝐼𝑛 −𝑁𝐷𝑉𝐼𝐿𝑇_𝑚𝑖𝑛

𝑁𝐷𝑉𝐼𝐿𝑇_𝑚𝑎𝑥 −𝑁𝐷𝑉𝐼𝐿𝑇_𝑚𝑖𝑛

Where, 
VCIn = Vegetation Condition Index of an 8 days composite
NDVIn = Mean Normalized Difference Vegetation Index off current and previous composite
n = 8 days composite
NDVILT_max & NDVILT_min = Long term (2001-2014) max & min of NDVIn

Calculation of Drought Monitoring Indices

 VCI is an indicator on the status of the vegetation cover as a function of the

NDVI minimum and maximum.

 Also, VCI values indicate how much the vegetation has progressive or declined

in response to weather. It was concluded that VCI has provided an assessment

of spatial characteristics of drought.

 The 8-day NDVI is been layer stacked and used in the study. April, May, June,

July, August and September of every year from 2001 to 2014 is been grouped in

mean, then each pixel’s minimum and maximum can be used to derive the

vegetation conditional index

Index: Vegetation Condition Index (VCI)
Data : MODIS Surface Reflectance   Spatial: 500m    Temporal: Every 8-day



Calculation of Drought Monitoring Indices

 TCI, a remote sensing based thermal stress indicator is proposed to determine

temperature-related drought phenomenon

 TCI assumes that drought event will decrease soil moisture and cause land

surface thermal stress;

 TCI algorithm is similar to the VCI one and its conditions were estimated relative

to the maximum/minimum temperature in a given time series. However,

opposite to the NDVI, high LST in the vegetation growing season indicates

unfavorable conditions while low LST indicates mostly favorable condition

Index: Temperature Condition Index (TCI)
Data : MODIS Land Surface Temperature   Spatial: 1000m   Temporal: Every 8-day

Where, T is brightness temperature. Maximum and minimum T values are calculated from the long-term

record of remote sensing images for a period of 2002-2014. Low TCI values indicate very hot weather.

𝑇𝐶𝐼𝑛 =
𝐿𝑆𝑇𝑚𝑎𝑥 − 𝐿𝑆𝑇

𝐿𝑆𝑇𝑚𝑎𝑥 − 𝐿𝑆𝑇𝑚𝑖𝑛



Calculation of Drought Monitoring Indices

 TRMM data provides meteorological drought information and has spatial and

temporal climate component but it cannot be directly analyzed with VCI and TCI.

 PCI was normalized by the TRMM 3B42 data using a similar algorithm of VIC to

detect the precipitation deficits from climate signal.

 PCI also changes from 0 to 1, corresponding to changes in precipitation from

extremely unfavorable to optimal.

 In case of meteorological drought which has an extremely low precipitation, the PCI

is close or equal to 0, and at flooding condition, the PIC is close to 1.

Index: Precipitation Condition Index (PCI)
Data : TRMM 3B42 Spatial: 0.25degree  Temporal: Daily (accumulated rainfall rate)

Where, TRMM, TRMMmax and TRMMmin are the pixel values of precipitation and maximum, minimum of it

respectively in daily during 2000 – 2014.

𝑇𝐶𝐼𝑛 =
𝑇𝑅𝑀𝑀 − 𝑇𝑅𝑀𝑀𝑚𝑖𝑛

𝑇𝑅𝑀𝑀𝑚𝑎𝑥 − 𝑇𝑅𝑀𝑀𝑚𝑖𝑛



PCI based on the Cumulative sum from the monsoon – (June 2011)

PCI based on the Cumulative sum for past three weeks 

PCI based on the Cumulative sum of pervious week only 

I - week II - week III - week IV - week

Calculation of Precipitation Condition Index (PCI)



NDVI 1km 
16day/8day

FPAR 1km 
16day/8day

EVI 1km 
16day/8day

LST 1km 
16day/8day

SM 0.25 Degree 
16day/8day

NDVI 0.25 
degree

FPAR 0.25 
degree

FPAR 0.25 
degree

FPAR 0.25 
degree

Polynomial 
regression

2nd order polynomial 
Regression equitation

Raster 
Calculator

1km 
downscale

Zonal 
mean 
0.25

0.25 
downscale

Subtract0.25 Bias
Interpolat

e bias

Interpolate 
Bias 1km 

Data preparation

Zonal mean 0.25 & 
Scaling to 0-1 with 

global min max 

Add

Final 1km downscale SM

Bias correction for downscale product

Spatial Downscaling of Soil Moisture



Spatial Downscaling of Soil Moisture

Example from South India

• Good Correlation with observed and predicted Soil Moisture product
• NDVI, LST and fPAR are critical variables in downscaling process
• Useful input in drought monitoring process and weekly product can be generated



Examples of Drought Monitoring Products



June 2, 2013 June 4, 2013 July 2, 2013 August 3, 2013 

September 1, 2013

July 4, 2013

September 3, 2013October 1, 2013October 3, 2013November 1, 2013

Vegetation Condition Index (VCI) for Sri Lanka
Weekly composite



VCI TCI
PCI

IDSI

VCI – Vegetation Condition Index; TCI – Temperature condition Index; PCI –
Precipitation condition Index; IDSI – Integrated Drought Severity index  

Integrated Drought Response Index (IDSI) – Example for Sri Lanka

1st Week – September 2013



July 2001 -201 August 2001 -233

September 2001 -257

Jun 2001 -153

November 2001 -313 October 2001 -281

2001 Drought Evaluation – IDSI Vs. UN-WFP 

Field Assessment Report



Integrated Drought Response Index (IDSI) – Example for South India
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Comparison of Global Drought product Vs. SADMS

DSI – University of Montana SADMS New Product

12 July 2008



DSI – University of Montana SADMS New Product

20 July 2008

Comparison of Global Drought product Vs. SADMS



Time Series drought mapping



South Asia Drought Severity Product

2nd Week July 2008 IDSI



Drought Monitoring System Tool

• DMS tool allows automated image processing, calculation of drought monitoring 
indices

• Tool is being developed using ArcGIS ArcObject and Visual Basic
• Drought Management Scenario for early warning process and Impact analysis



Meteorological Drought Assessment

Source: NOAA GHCN-M; 
National Meteorological Dept., 

Satellite Rainfall Estimates, 
CCAFS Climate Scenario



1. Gulbarga
2. Kilanilai
3. Bantala
4. Vetticad
5. Jamner
6. Shegaon
7. Keshod Aero
8. Chuda
9. Latnipur
10. Tarakeshv
11. Kavutara
12. Chauradano

South Asia – SPI Assessment



SPI Inter comparison

GPCC vs. Aphrodite vs. Observed Stations 

Khuzdar, Balochistan province, Pakistan 



SPI Annual variation

Gulbarga, Karnataka (India)



SPI Annual variation

Gulbarga, Karnataka (India)



SPI INTER COMPARISON

GPCC VS. APHRODITE VS. OBSERVED STATIONS 

Khuzdar, Balochistan province, Pakistan 



Correlation Analysis for IDSI and SPI 

• For assessing the accuracy of SDI, a validation experiment was carried out using in 
situ meteorological drought index. 

• Results showed that ISDI and SPI3 are highly correlated during the Kharif crops 
growing period

IS
D

I



Drought Affected Crop Area in Maharashtra

MAHARASHTRA (INDIA)

BEED Integrated Drought Severity Index

Year
Production 
Tonnes Severe Moderate

Abnormally 
Dry Healthy

1998 1400

1999 1700

2000 2000 3 8

2001 1500

2002 600

2003 1000

2004 600 7 3 1

2005 900

2006 1500

2007 7 9 2

2008 400 8 2 1

2009 200 5 3 2 1

2010 300



SOCIO ECONOMIC VULNERABILITY ASSESSMENT FOR 

MAHARASHTRA STATE (INDIA)

Socio Economic Vulnerability 

Crop Sensitivity Index

Human Development Index

Infrastructure Index Income Index

Life Expectancy Index

Education Index

• For calculation of vulnerability several data 
sources were integrated and how often data is 
limited; 

• SPSS tool was used with PCA factor analysis and 
ranking were obtained to identify most 
vulnerable areas

S.No Range Category

1. Less than 0.500 Poor 

2. 0.500-0.599 Less than average 

3. 0.600-0.699 Average 

4. 0.700 or More than 

0.700

Good



Higher the HDI higher the development

SOCIO ECONOMIC VULNERABILITY ASSESSMENT FOR 

MAHARASHTRA STATE (INDIA)

Higher the Infrastructure Index, Higher 
the development



CSI = Expected yield/Actual Yield

SOCIO ECONOMIC VULNERABILITY ASSESSMENT

To determine the crop yield sensitivity index, the linear trend for each yield for each region from 2003-
2010 was calculated. The equation for this trend line was used to calculate the expected yield in each year 
as a linear model of the time series of the actual yield. The expected yield was then divided by the actual 
yield for each year to generate a crop yield sensitivity index.

Crop Sensitivity Index (CSI) was calculated using the below formula



SOCIO ECONOMIC VULNERABILITY ASSESSMENT



2014 DROUGHT IN INDIA AND SRI LANKA:

RECONNAISSANCE SURVEY



2014 DROUGHT IN SRI LANKA (KURUNAGALA DISTRICT)



2014 DROUGHT IN MAHARASHTRA STATE, INDIA

Fields of Sorghum affected by 

drought in Solapur District

Groundnut and other crops impacted due

to lack of water supply in OS District

Drinking water supply in drought 

affected areas of Beed district

Grape fields affected by drought in 

Osmanabad District



• Enhanced understanding and quantification of drought’s magnitude, spatial extent, and

potential impact – through a combination of climate, vegetation and biophysical

indicators

• On-line prototype drought monitoring tool – the basis for coordination of regional 

drought mitigation effort. Historical and current high spatial and temporal resolution 

drought risk and propagation mapping online

• Identified hot-spot areas – where droughts are more intense and frequent

• Operational drought monitoring system(s) installed in national center(s), or / and 

identified regional hub

• National capacity in drought monitoring built in all participating countries to address the 

gaps identified through needs assessment     

• Regional sharing and dissemination of operational drought information to the users to 

download at country level for subsequent analysis;

SOUTH ASIA DMS OUTPUTS



COMPREHENSIVE DROUGHT IMPACTS 

REPORTING SYSTEM 



THANK YOU


