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Background

• happened in most areas of globe. 

• rank first among all natural hazards when measured in 

terms of the number of people affected, total economic 

loss, social effect and long-term impact. (source:unitedcats.wordpress.com)

Drought – Serious natural hazard 



Reliable multi source remote sensing data 

for Agricultural drought monitoring
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Evolution of DroughtWatch (1998-2018)

Version Major Revision Improvement Time

V1.1 Several calculation modules built by program 
Try to finish the part of drought 

monitoring by the computer
1998

V1.2
The drought monitoring system based on  

AVHRR, named as DroughtWatch for China
Drought monitoring can be calculated 

automatically 
2006

V1.3 Replacement of AVHRR with MODIS
MODIS is beyond AVHRR specially in 
image quality and geometry location 

accuracy
2008

V2.1 automatic operation system was emerged The system can be automatically run 2009-2010

V2.2
Update the basedata(cropland, maxmin 

data)
Improving the accuracy and stability 2012

V3.1 Extend to the other countries Developing the system applicability 2013-2014

V4.1
Interactive drought monitoring system for 

globe
Interaction functions and  information 

demonstration were involved
2015-2017

V4.2 Drought forecasting in short terms
Improving drought forecasting 

functions
2018-2019



DroughtWatch 1.2(Chinese)

– Input: AVHRR/NOAA(4km*4km), soil moisture data

– Range: China

– Indices: VCI,TCI,VHI,NDWI

– Output(Drought products):

Preprocessing

(AVHRR 1B)
Drought Index

Drought 

monitoring 

Statistics and 

analysis

▪ Temporal resolution: dekad/month

▪ forms: raster data, drought distribution map, statistics data by 

different administrators.



DroughtWatch 2.1(Chinese)
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– Input: MODIS(1km*1km), soil moisture, rainfall, 

meteorological and statistics data

– Range: global(country scale) 

– Indices: VCI,TCI,VHI, NDDI, VSWI, AI,SPI

– Output(Drought products):

– Updating:

▪ Temporal resolution:  pentad/dekad/month

▪ forms: raster data, drought distribution map, statistics data by 

different administrators.

▪ database modules: manage many kinds of data

▪ Batch function: Drought monitoring can be calculated 

automatically .

DroughtWatch 3.1(English+Chinese)



• Data management

(in-situ, statistics, Geotiff etc.)

• Data preprocessing

(RS data processing, composition)

• Indices calculation

• Drought monitoring

(by single index and combination indices, dashboard) 

• Statistics and analysis

(over the spatial, over time interval) 

• Batch for the whole procedure

DroughtWatch 3.1(English+Chinese)



The Interface of DroughtWatch3.1 (Mongolia)



The Interface of DroughtWatch4.1



Forms(database, tables, 

files, maps, charts, graphs)

• Drought map and    

comparison results 

• Spatial distribution maps

• Time change charts

• Drought classification graphs 

DroughtWatch products



DroughtWatch ® Features

• Continuous operation from 1998

• Remote sensing data are main data sources

• Independent without using statistic data

• Automatic processing

• Validation and uncertainty analysis continuously 

• Crucial information services to different government 
departments
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• Collected and surveying all drought indices existed(several dozens).
• Compared the advantage and disadvantage for every drought index, 

and determining which index is suitable for the certain country or 
region.

Normalized Difference Water Index (NDWI)

Normalized Difference Drought Index (NDDI)

Vegetation Condition Index (VCI)

Temperature Condition Index (TCI)

Vegetation Health Index (VHI)

Vegetation temperature condition index (VTCI)

Normalized Multi Drought Index (NMDI)

Vegetation Supply Water Index (VSWI)

Visible and Shortwave infrared Drought Index 

(VSDI)

Drought indices selection
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Drought indices method



How to select suitable 
Indices?



Remotely- 
sensed data

（MODIS1b/TE

RRA）

Data preprocessing:
(geometric correlation, radiometric 

calibration, atmospheric correlation, 
cloud mask and so on.)

Parameters calculation:

Visible, near infrared, short-
wave infrared band

Land surface/ canopy 
temperature

Vegetation index
Cloud, water mask

Best suitable
 RS-derived drought 
indices for Mongolia 

grassland

Land cover, 
climate zone, 
administrator 
border data   

Candidate drought 
indices:

TCI
VCI
VHI
VTCI
VSDI
VSWI
NMDI
NDWI
NDDI

…

Analysis methodology:

Normalized Biomass 

Region drought affected 
data(RDA) 

Rainfall

Air temperature
PED

Consistent 
percentage

Soil moisture

Correlation

Spatial 
distribution

Pixel-scale:

County-scale:

Regional-scale:

Land cover types:
· Forest steppe
· Steppe
· desert steppe

Temporal 
analysis

Adaptability analysis framework of the RS-

derived drought indices

Adaptability analysis 

• Correlation coefficient

• Consistence Percentage

• Spatial Analysis

Reference Indicators 

• Meteorological indices

• Soil moisture

• Normalized biomass

• Regional drought-affected data

• Yield departure 

Drought indices selection



In different land covers and vegetation growth periods, compare 

the relations with drought indices and relevant parameters.

Correlation analysis between drought indices and PED

Pixel scale

RS-derived indices  Forest steppe Steppe Desert steppe 

TCI  –0.69/–0.43/–0.57/0.07 –0.71/–0.35/–0.56/0.08 –0.62/–0.28/–0.46/0.09 

VCI  –0.57/–0.20/–0.34/0.14 –0.68/–0.27/–0.47/0.10 –0.58/–0.16/–0.40/0.11 

VHI  –0.75/–0.36/–0.61/0.09 –0.76/–0.52/–0.66/0.07 –0.75/–0.31/–0.56/0.11 

NDWI –0.65/–0.20/–0.50/0.10 –0.69/–0.29 /–0.54/0.09 –0.58/–0.20 /–0.43/0.09 

NDDI 0.58/0.21/0.44/0.10 0.62/0.02 /0.39/0.15 0.39/–0.04/ 0.15/0.12 

VSWI 0.70/0.35/0.54/0.09 0.73/0.35/0.58/0.10 0.64/0.33/0.48/0.09 

VTCI –0.63/–0.29/–0.48/0.08 –0.59/–0.23 /–0.46/0.09 –0.57/–0.22/–0.39/0.10 

VSDI 0.48/0.02/ /0.25/0.11 0.35/–0.29 /0.13/0.13 –0.11/0.23 /0.09/0.10 

NMDI –0.59 /0.05 /–0.27/0.20 0.48/–0.52/0.10/0.24 0.51/0.13/ 0.31/0.13 
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Correlation analysis between drought indices and soil moisture

Pixel scale

RS-derived indices  Forest steppe Steppe Desert steppe 

TCI  0.58/0.03/0.36/0.16 0.63/0.05/0.39/0.15 0.49/0.13/0.32/0.13 

VCI  0.17/0.13/0.08/0.10 0.49/0.10/0.24/0.13 0.58/0.35/0.43/0.08 

VHI  0.42/0.10/0.32/0.13 0.67/0.10/0.40/0.15 0.61/0.37/0.48/0.08 

NDWI 0.29/0.06/0.17/0.13 0.69/0.02/0.26/0.17 0.43/0.08/0.22/0.34 

NDDI –0.32/0.00/–0.18/0.10 –0.62/–0.10/–0.19/0.17 –0.19/0.00/–0.10/0.07 

VSWI –0.37/0.00/–0.28/0.12 –0.65/0.00/–0.38/0.14 –0.58/–0.40/–0.48/0.07 

VTCI 0.51/0.00/0.29/0.14 0.60/0.00/0.33/0.14 0.47/0.03/0.25/0.17 

VSDI 0.32/0.01/0.11/0.17 0.43/0.03/0.25/0.16 0.54/0.02/0.19/0.27 

NMDI –0.29/0.00/0.02/0.25 –0.39/0.00/–0.06/0.16 –0.49/0.00/–0.26/0.25 

 1 



Correlation analysis between drought indices and normalized biomass

Pixel scale

RS-derived indices  Forest steppe Steppe Desert steppe 

TCI  0.70/0.04/0.43/0.19 0.80/0.09/0.45/0.21 –0.46/0.73/0.23/0.30 

VCI  0.83/0.35/0.64/0.16 0.94/0.12/0.57/0.16 0.92/0.28/0.67/0.15 

VHI  0.87/0.30/0.62/0.17 0.94/0.38/0.60/0.14 0.82/0.32/0.59/0.16 

NDWI 0.92/0.48/0.70/0.14 0.95/0.15/0.61/0.17 0.86/0.08/0.48/0.20 

NDDI –0.81/0.14/–0.57/0.17 –0.80/–0.08/–0.50/0.19 –0.57/0.11/–0.33/0.17 

VSWI –0.78/0.38/–0.59/0.14 –0.88/–0.33/–0.59/0.14 –0.83/–0.26/–0.60/0.12 

VTCI 0.61/–0.21/0.32/0.22 0.72/–0.32/0.31/0.25 0.68/–0.76/0.05/0.34 

VSDI 0.49/–0.48/–0.08/0.25 0.73/–0.56/0.02/0.33 0.82/–0.70/–0.05/0.38 

NMDI 0.69/0.00/0.39/0.22 –0.70/0.67/–0.16/0.38 –0.79/0.05/–0.36/0.23 

 1 

𝐵𝑖𝑜𝑚𝑎𝑠𝑠𝑛𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑(i, n) =
)𝐵𝑖𝑜𝑚𝑎𝑠𝑠(𝑖, 𝑛) − 𝐵𝑖𝑜𝑚𝑎𝑠𝑠min(𝑖, 𝑛

)𝐵𝑖𝑜𝑚𝑎𝑠𝑠𝑚𝑎𝑥(𝑖, 𝑛) − 𝐵𝑖𝑜𝑚𝑎𝑠𝑠𝑚𝑖𝑛(𝑖, 𝑛



❑ The VCI, TCI, VHI, and NDWI are more sensitive to grassland drought and had 

stronger relationships with the RDA. 

Comparisons with the region drought-affected area in County

County scale

CP was used to describe 
the relationship 
between field-derived 
vegetation conditions 
and RS-derived drought 
indicators in three land 
cover types.

𝐶𝑃𝑐𝑜𝑢𝑛𝑡𝑦 =
CN

TN
∗ 100%



Regional scale

Spatial consistence comparisons(2002)



Reference indicators  Forest steppe Steppe Desert steppe 

PED VHI*/TCI** VHI*/TCI ** VHI*/VSWI** 

Soil moisture TCI*/VTCI** NDWI*/VHI** VHI*/VSWI** 

NorBio NDWI*/VHI** VHI */NDWI** VCI*/VSWI** 

RDA NDWI*/VHI ** VHI*/VCI** VCI*/VHI** 

RDA spatial distribution NDWI*/VHI** VHI*/VCI** VHI*/VCI** 

 1 

Sensitivity of RS-derived drought indices to the reference indicators

Comprehensive results

NDWI-VCI-TCI



How to develop the 
drought combined model?



Local ecosystem

Forest steppe & steppe & desert steppe

218 drought zones
Station Map and soil type map 



The suggested index was presented in the table for each district in different
months after the analysis of indices & references data ( soil moisture,
biomass and so on).

Weights May June July August September

Wtci (VHI a) 0.41 0.31 0.27 0.31 0.42

Wvci (VHI b) 0.59 0.69 0.73 0.69 0.58

China

Mongolia

Seasonal variation



Drought Combined Model
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• Study area:  Jining, Shandong

• Time:  April-May 2005

• Relation analysis: indices and soil 

moisture

• The relation between indices and 

soil moisture: 

VHI > TCI >VCI  

Depth TCI_R2 VCI_R2 VHI_R2

10cm Soil moisture 0.93 0.66 0.97

20cm Soil moisture 0.91 0.60 0.92

5km

Validation in China



Validation in China

Soil moisture data from 70 stations and drought indices in 2003-2005 were 

used to analysis:  

有效旱情监测指数相关性变化图
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• VHI have high relation with soil moisture in the growth season of crop,

• Especially, during crop growth seasoning of April to October,VHI has 

good preformance,
• TCI is good for Nov-March, winter season



Validation in Mongolia

34

Drought products validation with field data from 2014-2017: 
• Soil moisture 
• Biomass 
• Regional drought affected data from field observation



Validation in Mongolia

• Biomass of 131 sites from 2015 to 2017, were used for 
drought combined model(PMDM) validation.

• The highest correlation between PMDM and Normalized 
biomass is steppe area; followed by forest and desert steppe.

• PMDM and Normalized biomass are better correlation than 
single index.
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DroughtWatch had been deployed to several relative 

departments of China(agriculture, meteorology, disaster mitigation,   

water resource and so on). 

Applications



DroughtWatch has been installed, and deployed into the 

Mongolia(2014), Sri Lanka(2015), and Cambodia(2018).

Applications



Applications

Agricultural drought monitoring was carried out in 

some countries by the DroughtWatch:

• China(2000-2018),

• Mongolia (2000-2018),

• Pakistan (2014),

• Sri lanka (2017),

• Cambodia(2000-2018)

• and so on



Drought results for were involved into quarterly CropWatch

Bulletin, which was open to globe.

Applications



Prospects

• Drought monitoring based on available water in the 

crop/steppe root zone 

• Drought forecasting are carrying out

1. System upgrade

2. Method development

• Modifying the data processing module for Chinese higher 

satellite data

• Model finalization will be updated in the system

• Model calibration and validation in more countries or 

regions




