
1 
 

Staff technical paper series 
Information and Communications Technology and 

Disaster Risk Reduction Division 
 

 

 

Geospatial tools to support the implementation of the Sustainable Development 
Goals in Asia and the Pacific: the drought riskscape and the Regional Drought 

Mechanism 

 

 

Prepared by: 
Space Applications Section 

Information and Communications Technology 
and Disaster Risk Reduction Division 

ESCAP 

 

 

December 2019 

 

 

 

 

Disclaimer: The designations employed and the presentation of the material in this paper do not imply the 
expression of any opinion whatsoever on the part of the Secretariat of the United Nations concerning the legal 
status of any country, territory, city or area or of its authorities, or concerning the delimitation of its frontiers or 
boundaries. References and maps obtained from external sources might not conform to the UN Editorial 
guidelines. 
 
The content in this document is the opinions and viewpoints of the author's and not that of ESCAP and this 
publication has been issued without formal editing. 
 

 

 



2 
 

Acknowledgements 
 

This working paper was prepared by Juliet Braslow, Space Applications Section. Substantive comments 
and inputs were provided by Keran Wang, Chief, Space Applications Section, Ayeisha Sheldon, consultant, 
Rishiraj Dutta, consultant, Wenyu Li, intern, Sanjay Srivastava, Chief, Disaster Risk Reduction Section and 
under the general guidance of Tiziana Bonapace, Director, Information and Communications Technology 
and Disaster Risk Reduction Division of the United Nations Economic and Social Commission for Asia 
and the Pacific (ESCAP).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



3 
 

Abbreviations 
 

ADPC          Asian Disaster Preparedness Center 
AMIS Agricultural Market Information System 
ARTSA ASEAN Research and Training for Space Technology and Applications 

ASI Agricultural Stress Index 
ASIS Agricultural Stress Index System  
ASEAN Association of Southeast Asian Nations 
AWiFS Advanced Wide Field Sensor 
BPEL Business Process Execution Language 
CADMS Central Asia Drought Monitoring Information System 
CAS Chinese Academy of Sciences 
CAS-TWAS Chinese Academy of Sciences - World Academy of Sciences 
CDI Combined Drought Index 
CropWatch 
CSISS 

Global Crop Monitoring System 
Centre for Spatial Information Science and Systems 

DEWS Drought Early Warning System 
DMH Department of Meteorology and Hydrology 
DMS Drought Monitoring System 
EDI Effective Drought Index 
EOS End of Season 
EOSDIS Earth Observing System Data and Information System 
ESA European Space Agency 
ESCAP United Nations Economic and Social Commission for Asia and the Pacific 
FAO Food and Agriculture Organization of the United Nations 
FEWS Famine Early Warning System 
FEWS NET Famine Early Warning Systems Network 
G20 Group of Twenty 
GADMFS - CSISS Global Agricultural Drought Monitoring and Forecasting System - Centre for 

Spatial Information Science and Systems 
GEF Global Environment Facility 
GEOGLAM Group on Earth Observations Global Agricultural Monitoring Initiative 
GIBS Global Imagery Browse Services 
GIEWS Global Information and Early Warning System 
GIS Geographic Information System 

GISTDA Geo-Informatics and Space Technology Development Agency 
GMS Greater Mekong Subregion 
GNSS Global Navigation Satellite Systems 
GPCC Global Precipitation Climatology Centre 
GSMaP Global Satellite Mapping of Precipitation 
IDSI Integrated Drought Severity Index 
IRIMHE Information and Research Institute of Meteorology, Hydrology and 

Environment 
ISRO Indian Space Research Organization 



4 
 

IWA International Water Association 
IWMI International Water Management Institute 
JAXA Japan Aerospace Exploration Agency 
JECAM Joint Experiment for Crop Assessment and Monitoring 
JMA Japan Meteorological Agency 
KBDI Keetch-Byram Drought Index 
MAFF Ministry of Agriculture, Forestry and Fisheries 
MOE Ministry of Environment 
MOWRAM Cambodian Ministry of Water Resources and Meteorology 
MTSAT Japanese Meteorological Satellite 
NADAMS National Agricultural Drought Assessment and Monitoring System 
NASA National Aeronautics and Space Administration 
NCDM National Committee for Disaster Management 
NDDI Normalized Difference Drought Index 
NDVI Normalized Difference Vegetation Index 
NDWI Normalized Difference Wetness Index 
NESDIS National Environmental Satellite, Data and Information Service 
NOAA National Oceanic and Atmospheric Administration 

NRSC Mongolian National Remote Sensing Centre 
PCI Precipitation Condition Index 
PDSI Palmer Drought Severity Index 
PhD Doctor of Philosophy 

RADI Institute of Remote Sensing and Digital Earth, Chinese Academy of Sciences 
RAPP Rangeland and Pasture Productivity 
RDCYIS Regional Drought and Crop Yield Information System 
RESAP Regional Space Applications Programme for Sustainable Development 
SADMS South Asia Drought Monitoring System 
SASI Shortwave Angle Slope Index 
SDGs Sustainable Development Goals 
SFDRR Sendai Framework for Disaster Risk Reduction 
SMAP Soil Moisture Anomaly Percentage 
SMDI Soil Moisture Deficit Index 
SMI Soil Moisture Index  
SOA Service Oriented Architecture 
SOS Start of Season 
SPEI Standardized Precipitation Evapotranspiration Index 
SPI Standardized Precipitation Index 
STAR Satellite Applications and Research 
SWI Soil Water Index 
TCI Temperature Condition Index 
ToT Training of Trainers 
UN United Nations 
UNEP United Nations Environment Programme 
UNOCHA United Nations Office for the Coordination of Humanitarian Affairs 



5 
 

UNOSAT United Nations Operational Satellite Applications Programme 
USAID United States Agency for International Development 
USDM United States Drought Monitor 
USGS United States Geological Survey 

VCI Vegetation Condition Index 
VHI Vegetation Health Index 
VSWI Vegetation Supply Water Index 
WMO World Meteorological Organization 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



6 
 

Table of Contents 
Acknowledgements ............................................................................................................................................................................................ 2 

Abbreviations ....................................................................................................................................................................................................... 3 

Table of Contents ................................................................................................................................................................................................ 6 

Chapter 1: Introduction to drought in the Asia-Pacific region ................................................................................................................ 9 

Chapter 2. Monitoring drought from space ................................................................................................................................................ 11 

Chapter 3. The regional drought mechanism and its mandate ............................................................................................................... 14 

Chapter 4. RESAP support mechanism and the Asia-Pacific Plan of Action on Space Applications for Sustainable 

Development ...................................................................................................................................................................................................... 16 

Chapter 5. Regional drought mechanism activities and case examples .............................................................................................. 17 

“DroughtWatch-Mongolia” for monitoring drought/dzud ................................................................................................................ 18 

Myanmar drought monitoring system .................................................................................................................................................... 20 

Cambodia ...................................................................................................................................................................................................... 22 

Recently launched expansion of the drought mechanism ................................................................................................................. 23 

Lessons learned ........................................................................................................................................................................................... 23 

Chapter 6. Conclusion ..................................................................................................................................................................................... 25 

References........................................................................................................................................................................................................... 29 

Annex of operational drought systems, tools, and resources ................................................................................................................. 32 

Overview ....................................................................................................................................................................................................... 33 

Satellite-based drought monitoring and warning system .................................................................................................................. 35 

Benefits ...................................................................................................................................................................... 35 

Methodology .............................................................................................................................................................. 36 

Website usability ........................................................................................................................................................ 37 

Regional Drought and Crop Yield Information System (RDCYIS) .............................................................................................. 38 

Benefits ...................................................................................................................................................................... 38 

Methodology/ Framework .......................................................................................................................................... 39 

Website usability ........................................................................................................................................................ 40 

South Asia Drought Monitoring System (SADMS)........................................................................................................................... 41 

Benefits ...................................................................................................................................................................... 41 

Methodology .............................................................................................................................................................. 42 

Website usability ........................................................................................................................................................ 43 



7 
 

Global Agricultural Drought Monitoring and Forecasting System (GADMFS - CSISS) ........................................................ 44 

Benefits ...................................................................................................................................................................... 44 

Methodology .............................................................................................................................................................. 44 

Website usability ........................................................................................................................................................ 45 

FAO’s Agricultural Stress Index System (ASIS) of Global Information and Early Warning System (GIEWS) ............... 46 

Methodology .............................................................................................................................................................. 47 

Country indicators ...................................................................................................................................................... 47 

Website usability ........................................................................................................................................................ 48 

CropWatch Cloud ....................................................................................................................................................................................... 49 

Website usability ........................................................................................................................................................ 50 

FEWS NET – Africa and Central America .......................................................................................................................................... 51 

Website usability ........................................................................................................................................................ 52 

SPEI Global Drought Monitor ................................................................................................................................................................. 53 

Methodology .............................................................................................................................................................. 53 

Website usability ........................................................................................................................................................ 54 

India – National Agricultural Drought Assessment and Monitoring System (NADAMS) ...................................................... 55 

Methodology/ Data acquisition .................................................................................................................................. 55 

United States - Drought Monitor ............................................................................................................................................................. 57 

Website usability ........................................................................................................................................................ 58 

Flood and Drought Portal – management tool ..................................................................................................................................... 59 

Website usability ........................................................................................................................................................ 61 

RADI - DroughtWatch System from China ......................................................................................................................................... 62 

Methodology .............................................................................................................................................................. 62 

Mongolia - DroughtWatch ........................................................................................................................................................................ 63 

United States – drought monitoring tools ............................................................................................................................................. 65 

Ongoing droughts monitored by ReliefWeb (OCHA) ....................................................................................................................... 66 

SERVIR – Mekong - Geospatial Data Portal ....................................................................................................................................... 67 

FEWS NET data portal .............................................................................................................................................................................. 68 

ClimatView - a tool for viewing monthly climate data ..................................................................................................................... 70 

Earth Observing System Data and Information System (EOSDIS Worldview - NASA). ....................................................... 72 

Methodology .............................................................................................................................................................. 72 

Geo Global Agricultural Monitoring (GEOGLAM) .......................................................................................................................... 74 



8 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



9 
 

Chapter 1: Introduction to drought in the Asia-Pacific region  
 

Drought causes adverse impacts on ecosystems, agriculture, and socio-economic conditions, threatening 
the achievement of the Sustainable Development Goals (SDGs). Drought is a slow-onset disaster that 
usually starts unnoticed and develops cumulatively with impacts that vary from region to region. The Asia-
Pacific region faces a new climate reality, where slow-onset disasters such as drought have been increasing 
and account for nearly two-thirds of disaster losses in the region 1 . Furthermore, drought intensifies 
environmental degradation and undermines social development as well as the livelihoods of vulnerable 
communities, particularly those dependent upon agriculture. 

The 2019 Asia-Pacific Disaster Report emphasizes how disasters can outpace people’s resilience by 
aggravating poverty, disempowering vulnerable groups and widening inequalities. The poor and vulnerable 
are the first to suffer and the worst hit, threatening developmental gains and efforts of countries to 
sustainably reduce poverty. This is especially the case when you factor in slow-onset disasters, as these 
greatly impact the agriculture sector that in South East Asia alone employs over 100 million people. The 
losses in the agricultural sector alone due to drought constitute 68 per cent of all disaster losses in Asia and 
the Pacific and the regional riskscape for agricultural drought constitutes 60 per cent of the annualized 
average losses2. This has important consequences for those whose livelihoods depend upon agriculture, 
who are often poor, and living in rural areas. 

Governments can begin to address these risks through comprehensive risk-informed and disaster-resilient 
policies that will help those left furthest behind. Given that disasters disproportionately affect the poor, 
building resilience needs inclusive investments that can outpace disaster risk. Additionally, rapid advances 
in technology can be used to empower the poor through big data, non-traditional data and space 
applications. Earth observation and fast emerging digital technologies offer great hope for progress and 
development and can be used in combination with surface-based observations to capture transboundary 
impacts and origins of disasters. These technologies offer new ways to generate and process large volumes 
of data leading to new insights, in real time – a critical factor in disaster risk reduction. For example, 
ESCAP’s Regional Cooperative Mechanism for Drought Monitoring and Early Warning (Regional Drought 
Mechanism) provides a tailored and customized toolbox of data, products and services to support countries 
in building their capacity to apply earth observation-based risk information for managing drought risk, 
ultimately building resilience to drought.  

Building resilience to drought is paramount, considering the areas affected by drought are likely to shift 
and expand, with more exposure to extreme drought 3 . For example, the joint UNESCAP-ASEAN 
publication Ready for the dry years, highlights that over the past 30 years droughts have affected over 66 
million people in South-East Asia, undermining food security and creating fertile ground for conflict. The 
scale of drought impact depends on its extent, intensity and duration while the greatest impacts hit countries 
heavily dependent on agriculture and the poorest people, who are likely to live on the degraded land that is 
most vulnerable to the effects of drought.  

 
1 United Nations, Economic and Social Commission for Asia and the Pacific (ESCAP) (2019). Asia-Pacific Disaster 
Report 2019. Available from:  https://www.unescap.org/publications/asia-pacific-disaster-report-2019  
2 Ibid. 
3 United Nations, Economic and Social Commission for Asia and the Pacific (ESCAP) (2019). Ready for the dry 
years Building resilience to drought in South-East Asia. Available from: 
https://www.unescap.org/publications/ready-dry-years-building-resilience-drought-south-east-asia 
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The publication proposes three interventions governments should take, including to reduce conflict by 
enhancing the adaptive capacity to drought, foster drought-risk financing markets and strengthen drought 
risk assessment and early warning services. Conflicts will increasingly arise in complex drought-affected 
areas where environmental degradation, compounded by the effects of drought, puts more pressure on 
access to limited resources and land. Preparedness includes better management of natural resources 
combined with climate adaptation. Every country should have drought monitoring and early warning 
services to alert key sectors such as agriculture and prompt early support and prepare social protection to 
cushion the impact on low-income groups. This includes forecasting complemented with near-real-time in-
season monitoring through scaling up the Regional Drought Mechanism.  

“More dry years are inevitable, but more suffering is not” with timely interventions to mitigate the impacts 
of drought4. The transboundary nature of drought requires regional action. For example, the ASEAN-United 
Nations joint Framework for Action Community Vision 2025 5 and the ASEAN-United Nations Joint 
Strategic Plan of Action on Disaster Management 2016–2020 among other areas of collaboration towards 
sustainable development. Drought resilience is an integral part of the 2030 Agenda as achieving the SDGs 
will depend on building resilience into policies and programmes. Additionally, activities to build resilience 
to drought will in turn contribute to the achievement of many SDGs such as sustainable food production 
and resilient agricultural practices (Target 2.4), build resilience to environmental, economic, and social 
disasters (Target 1.5), reduce the adverse effects of natural disasters (Target 11.5) among others.  Achieving 
these targets requires a shift in how drought is currently addressed– from focusing on response and recovery 
to long-term resilience-building. This paper will explore how geospatial tools can support implementation 
of the SDGs with a focus on the role of the Regional Drought Mechanism and an exploration of other 
available systems, tools and resources. 

 

 

 

 

 

 

 

 

 

 

 

 

 
4 Ibid. 
5 United Nations, Economic and Social Commission for Asia and the Pacific (ESCAP) (2018). Complementarities 
between the ASEAN Community Vision 2025 and the United Nations 2030 Agenda for Sustainable Development: 
A Framework for Acton. Available from: http://www.mfa.go.th/asean/contents/files/asean-media-center-20180213-
164208-619213.pdf 



11 
 

Chapter 2. Monitoring drought from space 
 

In recent years geospatial information applications and technologies, namely geographical information 
systems, satellite and remote sensed imagery and Global Navigation Satellite Systems (GNSS) 
technologies, have emerged as digital solutions to many issues facing humanity today. Geospatial 
information applications provide unforeseen solutions to mapping, analysing and visualising natural 
hazards, which can aid decision makers in making timely and accurate decisions. 

Drought monitoring and early warning are the main components of drought risk management. Signs of 
drought can be observed from space before they become visible on the ground. Satellite imagery can be 
used in identifying affected areas of drought over time. With the use of spatial data, near real-time 
monitoring of drought conditions can be undertaken and utilized, for example, in monitoring crops and 
forecasting yields. Numerous natural drought indicators must be monitored routinely to determine the onset 
and end of drought and its spatial characteristics. (See Annex for a list of drought systems, tools and 
resources). Effective drought early warning systems integrate these indicators, precipitation and other 
climatic parameters with water information into a comprehensive assessment of current and future drought 
and water supply conditions6.  

In order to understand the process of drought monitoring, it is important to examine the types of drought 
that will be referenced in this report: meteorological, hydrological, agricultural and socio-economic (Figure 
1). All droughts originate from a deficiency of precipitation over time (usually a season or more) that results 
in a water shortage. The impacts of droughts can be exacerbated by human demands for water, such as 
agriculture.7 The following is a brief description of the four types of drought: 

 Meteorological drought is based on the degree of dryness (in comparison to some “normal” or 
average amount) and the duration of the dry period. 

 Agricultural drought links characteristics of meteorological or hydrological drought to 
agricultural impacts, focusing on precipitation shortages, differences between actual and potential 
evapotranspiration, soil water deficits, reduced groundwater or reservoir levels, etc, and accounts 
for the variable susceptibility of crops during different stages of crop development. 

 Hydrologic drought occurs during precipitation (including snowfall) shortfalls on the surface or 
subsurface water supply. 

 Socio-economic drought occurs when the demand for an economic good and services such as food 
and drinking water exceeds supply as a result of a weather-related shortfall in water supply. This 
concept of drought also includes the element of meeting human and environmental needs (demand). 
It generally takes a long time for this kind of drought to appear and a long period of time to recover 
from it. 

 

 
6 United Nations, Economic and Social Commission for Asia and the Pacific (ESCAP) (2019). Manual on Drought 
Monitoring and Early Warning for Central Asia. 
7 National Drought Mitigation Center, University of Nebraska-Lincoln, U.S.A. Available from: 
https://drought.unl.edu/ 



12 
 

 

Figure 1.  Interrelationships among the four types of drought. (Source: Drought monitoring and early 
warning: concepts, progress and future challenges, World Meteorological Organization) 

Meteorological and agricultural drought are important to consider in the Asia and Pacific region. Moreover, 
it is insufficient to rely solely on precipitation deficiency to assess drought severity and resulting impacts. 
Effective drought early warning systems must, therefore, integrate precipitation and other climatic 
parameters with water information such as stream flow, snowpack, groundwater levels, reservoir and lake 
levels, and soil moisture into a comprehensive assessment of current and future drought and water supply 
conditions8. In order to do this, drought indicators and indices are used. Drought indicators are variables or 
parameters used to describe drought conditions (e.g. precipitation, temperature, streamflow, groundwater 
and reservoir levels, soil moisture and snowpack) and indices are generally representations of drought 
severity calculated based on indicators and hydrometeorological information 9 .  Indices can simplify 
complex relationships and provide useful communication tools for diverse users and are used to provide 

 
8 World Meteorological Organization (2006). Drought monitoring and early warning: concepts, progress and future 
challenges. Available from: 
http://www.droughtmanagement.info/literature/WMO_drought_monitoring_early_warning_2006.pdf 
9 M. Svoboda and B.A. Fuchs, and Integrated Drought Management Programme (IDMP) (2016). Handbook of 
Drought Indicators and Indices. Available from: http://digitalcommons.unl.edu/droughtfacpub/117  
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quantitative assessment of the severity, location, timing and duration of drought events10. Several drought 
indices will be referenced throughout this report, depending on which systems and tools utilize which 
indices. For a full explanation and overview of all drought indices, please refer to the Handbook of Drought 
Indicators and Indices produced by the World Meteorological Organization (WMO)11.  

Information derived from indicators and indices is useful in planning and designing applications such as 
risk assessment, drought early warning system (DEWS) and decision-support tools12. A DEWS is designed 
to detect the emergence or probability of occurrence and likely severity of drought and provide information 
in advance of or during the early onset of drought. If this information reaches decision makers and a broad 
clientele in many climate- and water-sensitive sectors in a timely and suitable format in combination with 
existing mitigation and preparedness plans, it can reduce drought impacts13. Drought monitoring and early 
warning can only provide their full potential benefits in the context of effective integrated drought 
management at local, national, and regional levels that is grounded in risk-based management policies and 
preparedness plans to reduce drought’s economic, social and environmental consequences. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
10 Donald Wilhite, Roger S. Pulwarty (2017). Drought and Water Crises: Integrating Science, Management, and 
Policy. 
11 M. Svoboda and B.A. Fuchs (2016). Handbook of Drought Indicators and Indices. Available from: 
http://digitalcommons.unl.edu/droughtfacpub/117 
12 Ibid. 
13 World Meteorological Organization (2006). Drought monitoring and early warning: concepts, progress and future 
challenges. Available from: 
http://www.droughtmanagement.info/literature/WMO_drought_monitoring_early_warning_2006.pdf 
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Chapter 3. The regional drought mechanism and its mandate 
 

The regional Drought Mechanism was initiated in 2013 to address the scarcity of resources and capacity to 
analyse data in many drought-prone developing countries in Asia and the Pacific. It is a flagship programme 
of ESCAP under the Regional Space Applications Programme for Sustainable Development (RESAP) 
designed to enhance the capacity of governments to use space-based data for effective drought monitoring 
and early warning. The mechanism applies science and technology to support countries in Asia and the 
Pacific to address the menace of drought thorough improved and effective decision-making. The 
mechanism has four components (see Figure 2): 

1. Regional Service Nodes, currently from the countries of China, India, and Thailand that provide 
satellite imagery and services as well as capacity development to pilot countries in the region; 

2. Thematic and Scientific Communities where diverse groups are networked together under 
specific thematic areas to advise on drought monitoring and early warning, preparedness and 
action; 

3. Pilot Countries are selected upon the request to participate in the mechanism as beneficiaries of 
cutting-edge science and technology to better prepare for drought; 

4. The Agricultural Community that directs the beneficiaries on the ground to proactively reduce 
the impacts from drought based on sound knowledge and timely warning information from 
government institutions. 

 

Figure 2. Components and steps of the Regional Drought Mechanism.  

ESCAP facilitates interactions among these components through an iterative process adapted to each 
country’s context. 
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The Regional Drought Mechanism seeks to apply cutting-edge science and technology, bringing together 
public, private and scientific entities to enhance drought management and increase resilience. This is 
accomplished through a menu of tailored tools, products and services provided by member States of ESCAP 
in the spirit of regional cooperation. This data and information driven regional cooperation can be replicated 
and adapted to different country contexts. 

Table 1. Regional Drought Mechanism Menu of tools, products and services by Regional Service Nodes 

Regional Service Node Tool, product, service 
Country Institution 
India 
 

Indian Space Research Organization 
(ISRO) 

 Drought Monitoring System* 
 Bhuvan Geo platform portal 

China 
 

Institute of Remote Sensing and 
Digital Earth (RADI) 
 

 DroughtWatch* 
 GVG, field data collection app 
 Field campaign and validation 

methodology 
 Bulletin methodology 
 CropWatch Cloud 

Thailand 
 

Geo-Informatics and Space 
Technology Development Agency 
(GISTDA) 

 Thailand Drought Monitoring 
System*  

 GISTDA Map Online Service 
 

*These systems are tailored to country contexts and data to providing detailed, localized forecasts that can 
be updated during the growing season to give more comprehensive real-time drought monitoring and early 
warning. 

Pilot countries currently participating in the Mechanism include Mongolia, Cambodia, Kyrgyzstan, 
Myanmar and Sri Lanka. As participants, they have access to and training on the menu of tools and products 
above and benefit from enhanced access to space-derived data, capacity building in monitoring and 
preparedness, strengthened institutional coordination and policies at the national level, and regional and 
South-South networks (See Annex for a list of additional drought systems, tools and resources). The 
Regional Drought Mechanism prioritizes developing monitoring products that are adapted to the needs of 
specific end users. More detailed description of the country-specific process and products will be explored 
in Chapter 5.  An important component of the Mechanism is to encourage proactive prevention measures, 
enhancing the capacity of beneficiaries at national and community levels, who can take informed, 
appropriate action before drought occurs.  
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Chapter 4. RESAP support mechanism and the Asia-Pacific Plan of 
Action on Space Applications for Sustainable Development14  
 

To support the implementation of the SDGs in Asia and the Pacific and explore relevant opportunities, 
ESCAP, as secretariat of the Regional Space Applications Programme for Sustainable Development 
(RESAP), is taking the initiative to connect space agencies and related stakeholders with end-users seeking 
benefits from geospatial information applications to advance their sustainable development efforts. For the 
past two decades, RESAP has built its membership to over 30 countries covering ministries from space, 
disaster management, planning, natural resource management and infrastructure, and facilitates broad 
networking with UN agencies, global and regional organizations. Since entering into full operation in 1999, 
RESAP has leveraged and integrated innovative technologies by supporting member States through 
building capacity in using space science, technology and their applications for disaster management and 
sustainable development.  

Recognizing that space science, digital innovations and their applications would have a significant role in 
the achievement of the Sustainable Development Goals, the Third Ministerial Conference on Space 
Applications for Sustainable Development in Asia and the Pacific, co-organized by ESCAP and the 
Government of Thailand in Bangkok in 2018, was convened under a universal vision to enhance regional 
cooperation and consider concrete steps towards expanding the access to and use of space applications for 
sustainable development. The Ministerial Conference adopted two documents that will guide work in Asia 
and the Pacific for the next decade: 1) the Ministerial Declaration on Space Applications for Sustainable 
Development in Asia and the Pacific, and 2) the Asia-Pacific Plan of Action on Space Applications for 
Sustainable Development (2018–2030)15. Subsequently, the Plan of Action was adopted by member States 
through resolution 75/616 in May 2019 during the seventy-fifth session of the ESCAP Commission.  

The Plan of Action is a regionally coordinated, inclusive and country-needs driven blueprint that harnesses 
space and geospatial applications, as well as digital innovations to support countries to achieve the goals of 
the 2030 Agenda and the Sendai Framework for Disaster Risk Reduction (SFDRR). Through the Ministerial 
Declaration and resolution 75/6 members of ESCAP pledged to work together closely to implement the 
Plan of Action. The plan includes 188 Actions in the thematic areas of disaster risk management; natural 
resource management, connectivity, social development, energy and climate change in order to significantly 
contribute to 37 targets of 14 goals of the SDGs and the SFDRR.  

The work of the Regional Drought Mechanism aligns with and supports the implementation of the Plan of 
Action, contributing to the SDG targets only attainable when drought risk and impacts are addressed. For 
example, bridging country needs and contributions through drought-related capacity building of over 400 
officials, experts, and relevant authorities from 2015 to 2019, and the provision of satellite derived products 
and services to disaster-affected developing countries. The transboundary nature of drought requires 
regional platforms and knowledge exchange that RESAP and its Regional Drought Mechanism provides. 

 

 
14 United Nations, Economic and Social Commission for Asia and the Pacific (ESCAP) (2018). Asia-Pacific Plan of 
Action on Space Applications for Sustainable Development (2018–2030). Available from: 
https://www.unescap.org/sites/default/files/MCSASD_2018_2E_Final_25102018.pdf 
15 Ibid. 
16 United Nations, Economic and Social Commission for Asia and the Pacific (ESCAP) (2019). ESCAP/RES/75/6. 
Available from: https://www.unescap.org/commission/75/document/E75_Res6E.pdf 
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Chapter 5. Regional drought mechanism activities and case examples 
 

Since its launch in 2013, the Regional Drought Mechanism has achieved key results through the cooperation 
of service nodes and pilot countries (see Table 2). For example, the Mechanism provided workshops, 
training materials and advisory services for participants from 18 countries, leading to the capacity- building 
of government stakeholders on the application of precise risk assessments in climate-sensitive sectors, and 
preparedness strategies for disaster risk. Additionally, through these workshops and with the application of 
the menu of tools and systems mentioned Chapter 3, member States’ technical and institutional capacities 
were strengthened in applying geospatial data, information and tools in drought monitoring and disaster 
risk reduction through service nodes and with partners UNOSAT, FAO, GEOGLAM, ADPC, e-water 
Australia,  Asia-Rice, ARTSA, also providing expert training in GIS and remote sensing applications.  

The following examples will help illustrate how the Regional Drought Mechanism operates in different 
country contexts but is by no means exhaustive of all the cooperation efforts undergone and on-going as 
part of the Mechanism.  

Table 2. Overview of the timeline for implementation of the Drought Mechanism in pilot countries 2013-
2019. 

2013-3014 2015 2016 2017 2018 2019 

Cambodia, 
Kyrgyzstan, 
Mongolia, 
Myanmar and 
Sri Lanka 
committed to 
becoming 
pilot 
countries of 
the Regional 
Drought 
Mechanism. 
Consultation 
meeting in 
Mongolia 

DroughtWatch 
system 
customized for 
and installed 
in Mongolia. 
Tailored 
capacity 
building in 
pilot countries 
and 
development 
of drought 
monitoring 
system Sri 
Lanka, and 
Cambodia 
with support 
of regional 
service nodes 
in China, 
India, 
Thailand 
begins 

DroughtWatch 
calibrated and 
validated in 
Mongolia. 
Tailored 
capacity 
building 
continues in 
pilot countries 
of Mongolia, 
Sri Lanka, and 
Cambodia, 
and begins in 
Myanmar with 
support of 
regional 
service nodes 
in China, 
India, 
Thailand  

DroughtWatch 
calibrated and 
validated in in 
Mongolia. 
Specific 
training and 
technical 
support 
provided to 
Cambodia, 
Mongolia, 
Myanmar, Sri 
Lanka 

DroughtWatch 
handover and 
operationalized 
in Mongolia. 
Drought 
monitoring 
system for 
seasonal 
drought 
monitoring 
applied in 
Myanmar. 
Drought 
monitoring 
system test 
running in 
Sri Lanka  

Training 
and 
technical 
support 
provided to 
Kyrgyzstan 
and Sri 
Lanka. 
Service for 
drought 
monitoring 
expanded 
to dzud 
monitoring 
in 
Mongolia 
and to crop 
monitoring 
in 
Cambodia, 
Myanmar 
and Viet 
Nam  
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“DroughtWatch-Mongolia” for monitoring drought/dzud 
Drought in Mongolia is a major natural disaster that can affect and devastate up to 70 percent of the land 
area, reduce livestock population, accelerate desertification and results in enormous economic losses17. For 
example, a dzud or extreme weather event causing livestock mortality, due to the summer drought and 
subsequent harsh winter conditions, led to the death of over 7.5 million livestock, more than 17 percent of 
livestock in the country in 20101819. To help address the challenges of drought monitoring, Mongolia 
became the first pilot country for ESCAP’s Regional Drought Mechanism, with the technical support of the 
Chinese service node RADI. The process began in 2013 following a request to ESCAP to pilot the 
Mechanism through the Mongolian National Remote Sensing Centre (NRSC) within the Information and 
Research Institute of Meteorology, Hydrology and Environment (IRIMHE). Through the RESAP network, 
ESCAP facilitated matching Mongolia’s needs with the ability, in particular from China, to provide 
customizable tools and expertise. Through a five-year developing and learning process DroughtWatch-
Mongolia was officially handed over to Mongolia on 17 September 2018 in full operation, under the witness 
of all Regional Service Nodes, with the ability to provide real-time drought monitoring for disaster 
prevention and mitigation. An exploration of this multi-year and multi-partner investment reveals how the 
Regional Drought Mechanism was tailored to local needs, with sustainability and future use in mind. 

RADI provided training, DroughtWatch software after customization and calibration, relevant geospatial 
and climate data and their expertise to tailor the drought monitoring tool to Mongolian conditions. This 
involved a series of capacity building and technical training workshops in Mongolia and China (3-4 times 
every year) to ensure the individual and institutional capacity to customize and use the multiple models for 
DroughtWatch to create useful drought monitoring products. More than 100 individuals received training. 
To accompany the workshops, RADI and the Mongolian counterparts co-developed their own 
DroughtWatch-Mongolia manual and guidelines including the details for the selected 5 drought indices 
relevant for the Mongolian context. Mongolia has 6 main natural and ecological zones and a single index 
is not appropriate for all zones to detect drought. They also customized the software dashboard to simplify 
and streamline its use and enhance its local relevance. Drought products were distributed to all Mongolian 
provinces, and RADI along with local counterparts conducted joint data processing.  RADI provided on-
the-job training for Mongolian counterparts (about 10 technical officials) during the customization, 
calibration of the model and results validation processes. Additionally, 3 Mongolian students were 
sponsored by a fellowship of the Chinese Academy of Sciences and RADI projects for doctoral studies 
based on DroughtWatch research with RADI in Beijing, further enhancing technical capacity in Mongolia 
and sustainability of the system.  

 
17 Chang, S., Wu, B., Yan, N., Davdai, B. and Nasanbat, E. (2017). Suitability Assessment of Satellite-Derived 
Drought Indices for Mongolian Grassland. Remote Sensing, 9(7), p.650.  
18 UN Office for Outer Space Affairs (2018). Satellite-based system to monitor droughts/dzuds handed over to 
Mongolia. Available from: https://reliefweb.int/report/mongolia/satellite-based-system-monitor-droughtsdzuds-
handed-over-mongolia 
19 Rao, M., Davi, N., D’Arrigo, R., Skees, J., Nachin, B., Leland, C., Lyon, B., Wang, S. and Byambasuren, O. 
(2015). Dzuds, droughts, and livestock mortality in Mongolia. Environmental Research Letters, 10(7), p.074012.  
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Figure 3. Shows the DroughtWatch system customization for the Mongolian context and needs. 

In order to fully customize and validate the drought monitoring system, IRIMHE conducted a field survey 
in selected drought-prone provinces under the guidance of RADI that included parameters such as soil 
moisture, temperature, biomass, biodiversity and livestock loss, as well as crop yield (see Figure 4). 
Additional fixed field operation sites were surveyed at the same time of year in the same location for five 
years in conjunction with meteorological station information in order to compare with remote sensing data 
for the validation report. In situ data is critical for confidence that remotely sensed data reflects the real 
situation, therefore validation indices were linked with field data from 2014-2017 (see Annex section 
Mongolia – DroughtWatch for more details).  
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Figure 4. Shows the field data collection with RADI and IRIMHE participants in Mongolia. 

In September 2018, fully calibrated and validated tools were handed to Mongolia and updated versions will 
be provided as needed. The DroughtWatch-Mongolia can provide daily, 5-day, 10-day, monthly, and 
seasonal monitoring using over 40 drought composite methods with spatial variation and temporal 
dynamics. Mongolian technicians can fully operate the system on their own, monitor drought by 
themselves, and disseminate information to stakeholders throughout the country.20 The outputs that the 
NRSC is producing based on the DroughtWatch system include real-time drought monitoring for disaster 
prevention and mitigation departments in Mongolia, servicing the ministry of Nature, Environment and 
Tourism and the Ministry of Food, Agriculture and Light Industry and dissemination to local meteorological 
departments through an internal network. The Mongolian case provides fertile ground to scale up this 
positive experience in other countries and to bring in the expertise of other service nodes. 

Myanmar drought monitoring system 
Myanmar faces increasing drought events, and similarly requested participating as a pilot country in the 
Regional Drought Mechanism. ESCAP facilitated the process for the Indian Space Research Organization 
(ISRO), of the India service node, to begin training and testing their Drought Monitoring System for 
Myanmar with the Department of Meteorology and Hydrology (DMH) and Ministry of Transport and 
Communications, Government of Myanmar. Experts from National Remote Sensing Center of ISRO have 
provided multiple trainings on various drought monitoring and early warning tools to support evidence-
based decision making in Myanmar. 

The Regional Drought Mechanism capacity building process generally involves a series of technical 
workshops beginning with the relevant basic concepts and function of the tools and systems required for 
drought monitoring. Subsequent training sessions provide participants with in-depth information and more 

 
20 United Nations, Economic and Social Commission for Asia and the Pacific (ESCAP) (2019). Regional Drought 
Monitoring Mechanism. Available from: https://www.unescap.org/multimedia/droughtwatch-system-operation-
mongolia 
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hands-on practice with the tools in addition to the necessary customization to meet local needs. For example, 
technicians from Myanmar participated in a training in 2018 where ISRO provided expertise and insight 
into various concepts and methods available for drought risk monitoring including computation and 
interpretation of different drought indicators, use of mobile apps for field data collection and different 
approaches and methods for drought analysis, impact assessment and drought vulnerability assessment. 
This included an introductory training on the Drought Monitoring System (DMS) Package customized for 
Myanmar (see Figure 5).  

 

Figure 5. Customized Drought Monitoring System for Myanmar and a sample of its outputs. 

The majority of the participants left the training clear about the purpose and intended use of the Drought 
Monitoring System (DMS) being deployed in DMH. They found the system to be useful for DMH as it is 
user friendly and uses open source earth observation data. Therefore, the system is not only cost effective, 
but it also provides outputs at a much faster rate and thus allowing decision makers to take effective 
decisions21. After the training, DMH has deployed the drought monitoring system and has issued advisories 
using the NDVI and NDWI information derived from DMS. This information acts as early warning 
indicators for drought.  

Additional elements of the capacity building process include a Training of Trainers (ToT) model and a 
community of practice platform to help increase the institutional capacity and future use of the system in 

 
21 United Nations, Economic and Social Commission for Asia and the Pacific (ESCAP) (2018). Thematic Training 
for Drought Monitoring and Early Warning. Available from: https://www.unescap.org/events/thematic-training-
drought-monitoring-and-early-warning  
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Myanmar. A community of practice was established through a Facebook Group Page titled “Expert Group 
on Drought Monitoring in Myanmar” for all the participants as a learning platform and discussion forum to 
enable them to discuss and share information and knowledge on drought.  

Keeping in mind of the need from DMH to further improve the drought monitoring and decision-making 
process, ESCAP and ARTSA with support from the Regional Service Nodes China, India and Thailand, in 
addition to the Asian Institute of Technology organized a follow-up training in 2019 aimed at familiarizing 
the participants on DroughtWatch and other complementary systems22. This training provided an in-depth 
understanding of the DroughtWatch Package that has been developed and customized for Myanmar to 
leverage the usage of this software for drought monitoring, analysis and decision making with expert 
support from RADI. This also included training on the complementary technologies and methodologies of 
a smartphone application (GVG) for field data collection to accompany DroughtWatch. For the participants 
to have a full understanding of the menu of tools and systems the Service Nodes offer, GISTDA explained 
the Thailand Drought Monitoring System, steps for downloading MODIS data from NASA and GISTDA 
hubs, and their actionable intelligence policy platform.  

As a result of this regional cooperation, DMH has been using the customized systems for monitoring 
drought conditions, providing outlooks, and prioritizing drought risk management. For example, DMH 
monitors drought conditions in the Dry Zone specifically during the rainy season to produce 5-15 days 
outlook reports and has been providing updated bulletins to the Ministry of Transport highlighting the 
ground conditions for decision making. Additionally, Myanmar has prioritized drought risk management 
for improving disaster and climate resilience in the agriculture sector by mainstreaming disaster risk 
reduction for resilient development and is engaging in multi-stakeholder policy dialogues toward building 
consensus on the priority actions. 

Cambodia 
Cambodia’s participation as a pilot country in the Regional Drought Mechanism has followed a similar 
trajectory to that of Myanmar since 2015.  As requested, ESCAP facilitated the interaction between the 
Regional Service Nodes, relevant experts from Australia, China, Japan and ADPC, and the Cambodian 
Ministry of Water Resources and Meteorology (MOWRAM), Ministry of Agriculture, Forestry and 
Fisheries (MAFF), and Ministry of Environment (MOE) and the National Committee for Disaster 
Management (NCDM) in 2015 with consultation meeting in 2015 to understand the local drought situation 
and requirement following with training and system development. The next step in the process was a High 
Level Consultation Inception Meeting on Implementation of the Regional Drought Mechanism in 
Cambodia in 2016, followed by the first meeting of the Working Group on the Regional Drought 
Mechanism in Cambodia, which developed and agreed on a work plan for 2016 to implement the 
monitoring programme at the national level, and complement seasonal forecasting initiatives23.  

In parallel, ESCAP facilitated a series of trainings on drought monitoring for Cambodia starting in 2015. 
For example, the 2018 Phnom Penh training course on the “Use of Geospatial Information Technology for 
Drought Risk Management” was conducted by ESCAP together with UNOSAT, RADI China, GISTDA 
Thailand, SERVIR-Mekong Thailand, Geoscience Australia and eWater Australia as part of its technical 

 
22 United Nations, Economic and Social Commission for Asia and the Pacific (ESCAP) (2019). Training Workshop 
Report. Available from: https://www.unescap.org/events/training-workshop-geospatial-information-applications-
drought-monitoring 
23 United Nations, Economic and Social Commission for Asia and the Pacific (ESCAP) (2016). High Level 
Consultation Inception Meeting on Implementation of the Regional Drought Mechanism in Cambodia. Available 
from: https://www.unescap.org/events/high-level-consultation-inception-meeting-implementation-regional-drought-
mechanism-0 
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support to the Royal Cambodian Government towards capacity building under the Regional Drought 
Mechanism24. DroughtWatch is the system participants are learning in-depth and testing for the Cambodian 
context. This includes a month-long drought monitoring methods and hands-on training of DroughtWatch-
Cambodia for two Cambodian participates in Beijing both in 2018 and 2019. The series of beginner, 
intermediate, and advanced in-depth trainings helps build the capacity of the Government of Cambodia to 
utilize satellite information for drought monitoring and early warning and familiarizing with the 
DroughtWatch System to help customize it for Cambodian conditions (see Figure 6). 

 

Figure 6. DroughtWatch-Cambodia interface 

Recently launched expansion of the drought mechanism 
Based on country requests, the Drought Mechanism has been recently expanded to drought-prone countries 
in Central Asia, including Kazakhstan, Kyrgyzstan, Tajikistan, Turkmenistan and Uzbekistan with the 
support of the Russian Federation and experts from the Regional Service nodes and the Republic of Korea. 
These initial efforts will support countries to develop the Central Asia Drought Monitoring System 
Information System (CADMS). Additionally, the service for drought monitoring expanded to include crop 
monitoring in the Lower Mekong River Basin. This is ongoing work that just began in early 2019 through 
the expertise of RADI and their CropWatch Cloud (see more details about this system in the Annex) to 
provide cloud services for monitoring multi-hazards related to agriculture and climate. The cloud services 
will save the investment and cost for pilot countries to establish and maintain a similar local system. 

Lessons learned 
Important lessons have been learned and improvements made through all the above activities and iterations 
of the Mechanism in various country contexts. The experience gained and operational tools and systems 
developed will be replicated in other countries as requests arise and tailored to address their specific needs. 
As part of the capacity building component improvements, participants have requested even more time and 
opportunities for hands-on training. Building long-term internal capacity to understand the concepts and 
the technology deeply is crucial so that the pilot country can also operate and design similar technical tools 

 
24 United Nations, Economic and Social Commission for Asia and the Pacific (ESCAP) (2018). Training Report of 
Cambodia Drought. Available from: https://www.unescap.org/events/workshop-technology-service-cambodia-
under-cooperation-mechanism-drought-monitoring-asia 
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and systems by themselves to ensure sustainability. For example, the three PhD fellowship provided by 
RADI will help ensure the sustainability of the drought monitoring team in Mongolia, and in turn support 
the Regional Drought Mechanism. In addition, the Training of Trainers model and digital community of 
practice platforms are important for sustainability and continuity after in-person training events. These do, 
however, require a commitment of time and resources to facilitate.  Another challenge that requires 
additional investment of time and funding is the field campaign data collection for calibration and validation 
and the subsequent processing. 

Building this internal capacity is part of the strategy to ensure country ownership of their drought 
monitoring systems and technology. This requires a process of multi-stakeholder engagement from the 
beginning in addition to the technical trainings. For example, consultations and dialogues were conducted 
in pilot countries to ensure buy-in and willingness to invest time and human resources in learning, testing, 
customizing, co-developing, and maintaining the customized drought monitoring system (see overview of 
implementation in pilot countries in Table 2). The Regional Drought Mechanism model prioritizes country 
ownership and follows a process of co-development and customization as part of the hands-on training, 
using systems and tools that are adaptable in order to be adopted and implemented in each country context.  

An important element of the Mechanism is its interactions and impacts beyond the technical capacity 
building. Participants have shown interest in more information about how to make policy decisions based 
on drought monitoring results from the systems and tools they have learned. The key components of 
influencing policy and implementation require an institutional network to ensure early warning services 
reach the right people and right institutions at the right time (based on a strong science-policy exchange). 
For example, early warnings with longer lead time combined with support from agricultural ministries, 
local agricultural services and cooperatives can enable farmers to adjust their planting, harvesting and other 
weather-sensitive activities to avoid losses of inputs (seeds and fertilizer) and reduced production25.  

The Mechanism will work to enhance its support to facilitate the preparation of drought management plans 
by building the capacity of key actors to implement the process of preparing these plans in their own 
countries. A communication strategy should be elaborated that includes methods and ways of 
communicating knowledge, public awareness and mobilization of political and governmental authorities.  

 

 

 

 

 

 

 

 

 
25 United Nations, Economic and Social Commission for Asia and the Pacific (ESCAP) (2019). Asia-Pacific 
Disaster Report 2019.p.77. Available from: https://www.unescap.org/publications/asia-pacific-disaster-report-2019 
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Chapter 6. Conclusion 
 

The 2030 Agenda for Sustainable Development includes a focus on the linkage between sustainable 
management of the planet’s natural resources and social and economic development as well as a 
commitment to “strengthen cooperation on desertification, dust storms, land degradation and drought and 
promote resilience and disaster risk reduction”.26 Drought causes slow and adverse impacts on achieving 
sustainable development goals, in particular on the agriculture sector. Space technology applications play 
a crucial role for addressing drought, disaster risk reduction, and supporting implementation of the SDGs. 
Specifically, space applications and geospatial data are effective tools to help achieve the Regional roadmap 
for implementing the 2030 Agenda thematic priority areas of disaster risk reduction, climate change, and 
management of natural resources27 . Additionally, the Sendai Framework for Disaster Risk Reduction 
(SFDRR) highlights the use of space applications to enhance measurement tools, data collection, data 
analyses and dissemination of data. Disaster risk reduction and resilience is one of the major priority themes 
highlighted in the Asia-Pacific Plan of Action on Space Applications for Sustainable Development, as it 
seeks to strengthen integrating digital innovations for disaster risk reduction, damage assessment and 
emergency response, as well as in monitoring multi-hazards related to agriculture and climate, and 
contributing to SDGs 2 (Zero hunger) and 13 (Climate action) among others. Many of these SDG targets 
will contribute to drought resilience and be achieved through building resilience to drought (see Figure 7). 

Through the use of space applications, large scale spatial data can be used to support sustainable natural 
resource management and conservation. Space-based technologies, such as remotely sensed data, have 
enhanced scientific understanding of water cycles, drought onset, forests, land use patterns, estimation of 
crop yields, more intensive and efficient cultivation practices, and other aspects of the natural 
environment28. These surveying and monitoring tools, including those operationalized under the Regional 
Drought Mechanism, provide valuable information on the state of ecosystems, which offers objective 
decision support for positive environmental action, including sustainable resource management. This 
contributes to SDG 2 (Zero hunger), 6 (Water and sanitation), 11 (Sustainable cities), 12 (Responsible 
consumption and production), and 15 (Life on land).  

 

 
26 United Nations General Assembly (2015). Transforming our world: the 2030 Agenda for Sustainable 
Development. Para.33. Available from: 
https://sustainabledevelopment.un.org/content/documents/21252030%20Agenda%20for%20Sustainable%20Develo
pment%20web.pdf 
27 United Nations, Economic and Social Commission for Asia and the Pacific (ESCAP) (2017). Regional Road Map 
for Implementing the 2030 Agenda for Sustainable Development in Asia and the Pacific. Available from: 
https://www.unescap.org/sites/default/files/publications/SDGs-Regional-Roadmap.pdf 
28 United Nations, Economic and Social Commission for Asia and the Pacific (ESCAP) (2018). Staff Working Paper 
Series: Good practices and emerging trends on geospatial technology and information applications for the 
Sustainable Development Goals in Asia and the Pacific. Available from: 
https://www.unescap.org/sites/default/files/SAS%20Technical%20Paper%20Reviewed%20%20final_Feb2019.pdf  
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Figure 7. Represents examples of SDGs that will contribute to and be achieved through building 
resilience to drought (Source: Ready for the dry years Building resilience to drought in South-East Asia. 

2019). 

Monitoring drought is a necessary first step toward drought risk reduction and requires technical knowledge 
and capacity in addition to the understanding of how to build institutional systems and networks. Through 
RESAP, the Regional Drought Mechanism works towards this by enhancing information and regional 
cooperation for evidence-based and near real-time decision making. The future of the Mechanism should 
be such that it continues to provide technical and advisory support to the member States while also 
addressing technological and geospatial needs. This requires balancing the sustainability and continuity of 
capacity developed in countries as well as taking advantage of the Regional Drought Mechanism to pilot 
new initiatives and serve as a catalyst for change. 

The long-term sustainability of drought monitoring requires the technical capacity to use and adapt the 
systems and tools learned through the Regional Drought Mechanism. To illustrate the adaptability of the 
approaches of the Mechanism in pilot countries, this paper presented the range of customization and 
expansion from dzud monitoring in Mongolia and to crop monitoring in the lower Mekong Basin. This 
approach provides the potential to monitor drought anywhere in the pilot countries and region as needs arise 
and priorities shift. Additionally, the Regional Drought Mechanism model gives full understanding, 
capacity, control and ownership over the tools to government officials and practitioners. This include co-
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developing and customizing appropriate monitoring tools and plans, thus, helping ensure the future use and 
impact of the tailored drought monitoring systems.  

The Regional Drought Mechanism implementation process in each country requires an in-depth 
understanding of the national drivers and motivations in using these tools, trainings, and the willingness to 
work and commit resources and time to adapt and adopt the systems to their needs. This is a process that 
takes a series of consultations, dialogues, planning sessions, trainings, re-iteration, co-development, follow-
up in-depth trainings, and a continuity of staff and government priorities and facilitators like ESCAP. 
Facilitators match country capacity, needs, and motivation with the appropriate Regional Service Nodes 
and their respective systems, tools and expertise. For example, the China Service Node tools are well 
tailored for more temperate climates in Mongolia. 

To facilitate appropriate matches among countries and Regional Service Nodes, ESCAP, as the RESAP 
secretariat, is conducting a consolidated needs assessment and accompanying guide for partners that wish 
to support those countries as part of the Asia-Pacific Plan of Action on Space Applications for Sustainable 
Development Phase I. There are many technologies available (see Annex), but not all are best suited or 
easily learned and adopted in every case. The most complex and advanced tools and systems provide useful 
insights and may be possible to apply later and with enhanced local capacity. ESCAP plays a role for finding 
a good fit that can be feasibly operationalized in the short term, and sustainable over the medium to long 
term. 

For these drought monitoring products and information to have the greatest impact and be acted upon, risk-
based drought management policies and preparedness plans must be in place. The Mechanism should 
continue to play an increasing role in advocacy for influencing policy to integrate drought management 
strategy in countries’ national plans such as National Agricultural Plans, National Drought Management 
Plans, etc. and improve the drought monitoring and early warning services. To help make the economic 
case for prioritizing drought monitoring, early warning, and management, the Annualized Average Loss 
(AAL) methodology for agricultural drought can be applied.29 Training and capacity building should also 
strengthen the multisector institutional links with users from sectors such as health, food security, water 
resources management among others. 

An effective end-to-end drought management programme that supports the achievement of many SDG 
targets is multisectoral. It requires extensive coordination and planning, along with information sharing 
arrangements across all the key stakeholders − involving many government ministries as well as subnational 
and local authorities and other non-government stakeholders30. This is a complex process and may take 
years of refinement and revision.  Through the Regional Drought Mechansim and RESAP cooperation 
among countries and with strategic partners, countries can learn from each other on how drought is managed 
and can also build greater collaboration and cooperation for this purpose.   

Because drought evolves slowly, it lends itself to mitigating actions, using science, knowledge and frontier 
technology applications, specifically those that are generated by spatial imagery and geospatial data, we 

 
29 United Nations, Economic and Social Commission for Asia and the Pacific (ESCAP) (2019). Asia-Pacific 
Disaster Report 2019. Available from:  https://www.unescap.org/publications/asia-pacific-disaster-report-2019  
30 United Nations, Economic and Social Commission for Asia and the Pacific (ESCAP) (2015). Asia-Pacific 
Disaster Report 2015 - Disasters Without Borders. Available from:  https://www.unescap.org/publications/asia-
pacific-disaster-report-2015-disasters-without-borders 
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can make a difference in the lives of people by working together31. The Regional Drought Mechanism is a 
practical platform to facilitate the use of science, technology, and cooperation to support the implementation 
of the SDGs in Asia and the Pacific. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
31 United Nations, Economic and Social Commission for Asia and the Pacific (ESCAP) (2019). Regional Drought 
Monitoring Mechanism. Available from: https://www.unescap.org/multimedia/droughtwatch-system-operation-
mongolia 
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Annex of operational drought systems, tools, and resources  
 

The following systems, tools and resources outlined below, demonstrate some good practice examples 
that have been implemented to help monitor and manage drought conditions. These systems, tools and 
resources cover different regions and areas in the world. Some systems only cover certain countries, while 
others cover larger regions or even global scales. A summary of each system can be found in Table 1, 
along with additional information and a longer summary for each with explanations of methodologies and 
screen shots of the online interfaces. 

Drought systems and systems in general refers to interrelated components, such as modules, that work 
together to form a cohesive whole, that provides a product to an end user. These are usually drought 
systems that have some type of automated analysis and processing, that provide the user with a readable 
output, such as drought prediction maps etc. 

When referring to drought tools and tools we categorize tools as software that does not provide end-user 
value on its own. Generally, a tool needs a user, usually a skilled expert, to produce valuable outputs. A 
tool provides a set of functions that are generally useful but not tied to a circumstance or output. Tools are 
usually designed with general use in mind and can be modified or customized to meet the needs of the 
user.  

When referring to drought tools it is quite difficult to create one system or tool that works in all drought 
circumstances, as drought conditions dramatically vary within region and event. Therefore, these tools 
can act as a guideline of good practice examples when tools can be used and implemented in order to aid 
in drought management and monitoring techniques. This list includes few examples and good practices of 
drought tools. Some of them cover specific countries, while others cover larger regions and global scales.  

In order to successfully monitor and manage drought situations, relevant data needs to be made available. 
This data may depend on what type of drought conditions are needed for analysis, and when. There are 
already multiple sources of open-source, free data, which is publicly available to download at the global 
scale. This list includes some commonly used, reliable, websites which can aid in the data collection and 
analysis steps of drought management. The data sources listed below are not necessarily used only for 
drought, but they can be utilized for drought and aid in drought management steps, especially if countries 
lack significant data of their own.  
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Overview 
Table 1. Drought Systems, Tools and Resources Overview 

Product Name and Link  Drought indicator/ index Government/ Agency 

ClimatView - a tool for 
viewing monthly climate 
data 

- Climate/ Rainfall data 
Standardized Precipitation Index 
(SPI) 

Japan Meteorological Agency, 
WMO 

CropWatch Cloud 32 indicators with 9 indicators 
relevant to drought including 

- Agro-climate index, 

- Soil moisture and NDVI abnormal, 

- Vegetation health index 
Pest and disease relevant indices 

Institute of remote sensing and 
digital earth, Chinese Academy 
of Sciences 

Drought Monitor Drought categories (defined) National Drought Mitigation 
Centre   

Drought Monitoring 
(EOSDIS Worldview - 
NASA) 

- Land Surface Reflectance 
- Land Surface Temperature 
- Snow Cover 
- Snow Water Equivalent 
Vegetation Indices (NDVI) 

NASA (USA) 

Famine Early Warning 
System Network, i.e. not 
strictly a drought product 
(FEWS) 

Evidence-based analysis on food 
security.  

USAID 

FEWS NET Data Portal - Daily NOAA forecasts 
- Rainfall - dry days, snow depth, 
- NDVI 
- Temperature products 
- Seasonal ET anomaly 
Evapotranspiration anomaly.  

FEWS 

FAO's Agricultural Stress 
Index System (ASIS) 

Agricultural stress index, drought 
index, progress of season and mean 
vegetation health index. 

FAO 

Flood and Drought Portal - Standardized Precipitation Index 
(SPI) 

- Effective Drought Index (EDI) 
- Normalized Difference Vegetation 

Index (NDVI) 
- Vegetation Condition Index (VCI) 
- Soil Water Index (SWI) 
- Vegetation Health Index (VHI) 
- Agricultural Stress Index (ASI) 
Combined Drought Index (CDI) 

DHI, UN Environment, IWA, 
GEF 
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Product Name and Link  Drought indicator/ index Government/ Agency 

Global Agricultural 
Drought Monitoring and 
Forecasting System 
(GADMFS - CSISS) 

- NDVI 

- Vegetation Condition Index (VCI) 
Drought datasets 

Centre for Spatial Information 
Science and Systems (CSISS), 
at George Mason University. 

Geo Global Agricultural 
Monitoring (GEOGLAM) 

Drought early warning on crops, such 
as maize, wheat, rice.  

GEOGLAM, WMO 

Include DroughtWatch 
from China 

 RADI, China 

National Agricultural 
Drought Assessment and 
Monitoring System 
(NADAMS) 

- NDVI, NDWI, SASI 

- Soil Moisture 

- Weekly Rainfall data (dry days, 
wet days) 

Crop sown area 

Government of India 
(Department of Agriculture and 
Cooperation and Farmers 
Welfare - Ministry of 
Agriculture and Farmers 
Welfare) 

Ongoing droughts 
monitored by Relief Web 

Impact Reports and disaster monitor OCHA/ Relief Web 

Regional Drought and Crop 
Yield Information System 
(RDCYIS) 
 

 ADPC/ NASA-SERVIR-
Mekong 

Satellite-based Drought 
Monitoring and Warning 
System 
 

- Drought Index Map 

- Rainfall Map 
Land Surface Temperature 

Japan – University of Tokyo 

SERVIR – Mekong 
Geospatial Data Portal 

 ADPC, USAID 

South Asia Drought 
Monitoring System 
(SADMS) 

- Integrated Drought Severity Index 
(IDSI) 

- Standardized Precipitation Index 
(SPI) 

- Soil Moisture Index  

- Vegetation Condition Index (VCI) 

- Temperature Condition Index (TCI) 
Precipitation Condition Index (PCI) 

International Water 
Management Institute.  

SPEI Global Drought 
Monitor 

Standardized Precipitation 
Evapotranspiration Index (SPEI) 

Spanish National Research 
Council 
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Satellite-based drought monitoring and warning system  
Meteorological Drought – Indices: Drought Index Map, Rainfall Map, Land Surface Temperature. 
The Satellite-Based Drought Monitoring and Warning System uses freely available satellite data to 
provide an early warning and monitoring system with the aim to improve the decision-making process. 
This system is an online application that utilizes space-based technology to implement the Core 
Agriculture Support Program of the University of Tokyo, Japan. Daily drought related data is available 
for a selected number of countries, the home screen of the online website can be seen in Figure 1.  

 

Figure 1: Screen shot of the satellite-based drought monitoring and warning system home page, demonstrating the available 
countries. 

Benefits 
- Free automatic daily drought warning and drought maps for all Greater Mekong Subregion 

(GMS) countries.  
- Monthly and annual drought information with historical data dating back to 2007. 
- Drought information for other countries based on the common platform.  
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Methodology 
S-DMEWS used Keetch-Byram Drought Index (KBDI) which is a balance between precipitation and 
evapotranspiration. If the amount of precipitation is small and more water evaporates and is transpired, 
then the surface will be drier. This KBDI measures Meteorological Drought, which means the deficit of 
rainfall. 

Precipitation is measured using the Global Satellite Mapping of Precipitation (GSMaP), this data is 
available freely from the Japan Aerospace Exploration Agency (JAXA). Evapotranspiration is measured 
through Land Surface Temperature, acquired from the Japanese Meteorological Satellite (MTSAT). 

Available near real-time drought information 

- Daily, monthly and annual drought index maps for every 10 km x 10 km grid.  
- Daily updated drought trend graph for every 10 km x 10 km grid.  
- Daily updated drought warning and its maps [province name and affected areas (km²)]. 
- Provincial near-real time drought trend graphs and time-series drought trend graphs.  
- Yearly rainfall comparisons.  

 

Figure 2: Example of drought monitoring and early warning data available for Sri Lanka.  
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Figure 3: Example rainfall data available for Colombo, Sri Lanka. 

Website usability  
- Platform is very simple and easy to navigate – no interactive web maps, more click and 

download.  
- Only JPG maps available to download, not GIS data.  
- Easy to understand what you are downloading and to gain relevant information from the data.  
- Options to download rainfall and drought trend graphs, which can be of benefit for prediction and 

modelling.  

Online System: http://wtlab.iis.u-tokyo.ac.jp/DMEWS/ 
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Regional Drought and Crop Yield Information System (RDCYIS) 
Indices: Combined Drought Index (CDI), Drought Severity, Standardized Precipitation Index (SPI), 
Standardized Runoff Index, Soil Moisture Deficit Index (SMDI), Dry Spell Events, Surface Temperature, 
Rainfall; Surface runoff; Baseflow; Total net evaporation 
Under the NASA-SERVIR-Mekong program, the Asian Disaster Preparedness Center (ADPC) has 
developed a regional geospatial system for countries within the Lower Mekong region. This system 
integrates drought monitoring and forecasting information, as well as crop yield information to aid 
decision-makers in planning and preparedness during drought situations.  

Benefits 
The purpose of this application is to provide an integrated web-based information system to: 

- Improve the operational, technological, and institutional capabilities to prepare for and respond to 
droughts in the Lower Mekong region;  

- Support local decision-makers in drought monitoring, analysis, and forecasting; 
- Provide policy makers and growers with current and forecast drought indices to facilitate decision-

making within the current growing season;  
- Provide ecological and financial forecasting information to inform seasonal cropping decisions. 

Subsequent functionality may include additional information relevant to decisions at sub-seasonal 
or multi-year temporal scales. 

The system can be used to assist local governments and the agricultural sector with seasonal drought 
forecasting and in implementing short and long-term mitigation measures during and before the advance 
of droughts. It can also be used to characterize droughts through accurate, reliable, and timely estimates 
of their severity and impacts. In addition, the system can inform assessments of the economic, social, and 
environmental impacts of drought on vulnerable people and water-related resource systems. And finally, 
it can help develop critical regional and local thresholds reflecting increasing levels of risk and 
vulnerability to drought, as agreed by stakeholders. 
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Figure 4: Regional drought and crop yield information system online layout and user interface. 

 

Figure 5: Example of charts and graphs available on the online interface 

Methodology/ Framework 
The RDCYIS uses the framework highlighted in Figure 6, SERVIR-Mekong works with end users to 
create original datasets, generally under open license form. This spatial data is then uploaded to the 
repository for spatial data, where it is then analysed and run with subsequent models to produce further 
maps and outputs for drought monitoring.  
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This drought monitoring system is also available for integration, by installing and setting it up through 
GitHub32.  

 

Figure 6: Drought monitoring system general framework (Source: ADPC) 

Website usability  
- Online interface is simple and easy to use. 
- The indices are clearly outlined and easy to select.  
- Option to display graphs relating to the data. 
- Easy download option in vector or raster form.  
- Time slider at the bottom of the page which allows the user to switch between different dates and 

years, giving an easy data comparison.  
- Additional data portal available for use. 
- Data available for a range of years. 

Online Drought Management Platform: https://rdcyis-servir.adpc.net/ 

  

 
32 USAID, NASA, ADPC. Regional Drought and Crop Yield Information System. Available from: 
https://github.com/Servir-Mekong/Drought-And-Crop-Yield 
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South Asia Drought Monitoring System (SADMS)  
Indices: Integrated Drought Severity Index, Standardized Precipitation Index, and Soil Moisture Index 
The South Asia Drought Monitoring System (SADMS), established in 2014, is a weekly map of drought 
conditions that is produced and maintained at the International Water management Institute (IWMI). 
Numerous drought indices have been developed and mapped to provide advanced drought monitoring and 
assessment of information for aid in disaster management and decision-making tools.  

Through the SADMS online system there is a wide range of data, including precipitation and related 
information, which is taken from freely available satellite data websites. This data analysis can help to 
improve current capabilities in drought monitoring and prediction and provide regional to district scale 
information on the effect of drought on agriculture. The SADMS online system provides data with 
inherently finer spatial detail (500m resolution) than other commonly available global drought products, 
making it a unique tool for monitoring drought within the South Asian region.   

Benefits 
- Drought severity maps that deliver continuous geographical coverage over large areas. 
- A drought monitoring system and tools to provide near real-time, current drought characteristics, 

impact and management plans.  
- Increase awareness of the economic and social value of drought risk management.  
- Enhance technical and managerial capability at national level to plan and cope with droughts.  
- The Integrated Drought Severity Index (IDSI) calculations integrate satellite-based observations of 

vegetation conditions and climate data and other biophysical information such as land cover/land 
use type, topography and river basin details. 

- Download images of drought indices for the South Asia region.  

 

Figure 7: Screenshot of Drought Management Tool interface 
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Figure 8: 8-day monitoring map, available every 8 days. 

 

Methodology 
The system uses an online remote sensing database to monitor drought development through continuous 
assessment of ground vegetation conditions. The system operates at a high-resolution (0.5 km X 0.5 km) 
in near-real time, where new data is added every 8 days. The monitoring system also highlights a range of 
informative drought classes and identifies areas within the region to watch.  
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Figure 9: Drought Monitoring Approach (Source: IWMI) 

Website usability  
- Very simple and easy to use platform. 
- Clearly shows which layers you want to display. 
- Time series available with time slider for comparison. 
- High resolution JPG maps available for download, but not GIS data.  

Drought Viewer: http://dms.iwmi.org/app/ 

  



44 
 

Global Agricultural Drought Monitoring and Forecasting System (GADMFS - CSISS) 
Indexes: NDVI, VCI and drought datasets.  
The Global Agricultural Drought Monitoring and Forecasting System (GADMFS) was developed by the 
Center for Spatial Information Science and Systems (CSISS), at George Mason University. It is an online 
web-based GIS platform which provides global NDVI, VCI and drought datasets derived using tile-based 
MODIS datasets to support visualization and acquisition of global data33.  

Benefits 
- Near real-time monitoring and interactive visualization of global agricultural drought with refined 

spatial and temporal resolution (up to 250m, daily). 
- Customized downloading of drought related data and information (e.g NDVI, VCI). 
- Provides drought information and dissemination including maps, data customization and download 

and drought information analysis. 
- Compliant with open standards. 
- Interoperable with GEOSS/ web-based data services and processing services.  
- Large data archive with over 14 years of historic drought data analysis available. 
- Offering integrated and on-demand services (to analyze and estimate drought severities).  

Methodology  
The process and analysis of the GADMFS are developed in a Service Oriented Architecture (SOA), using 
AJAX web applications and BPEL workflow technology. Aiming to overcome the limitations of the 
current systems in agricultural drought monitoring and forecasting, the GADMFS supports better 
decision-making with improved monitoring, prediction, and analysis of agricultural drought. 

 
33 Chunming Peng, et la. Global Agricultural Drought Monitoring and Forecasting System (GADFMS): a tool to 
map and analyze agricultural drought. Available from: 
http://commons.esipfed.org/sites/default/files/esip_peng_r2.jpg 
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Figure 10: Online layout of the Global agriculture drought monitoring and forecasting system  

Website usability 
- Platform is easy to use  
- Global dataset available 
- GIS data available for download of a selected region 
- High resolution forecast  
- Up-to-date data 
- Data available for a range of years 

Online System: http://gis.csiss.gmu.edu/GADMFS/ 
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FAO’s Agricultural Stress Index System (ASIS) of Global Information and Early 
Warning System (GIEWS) 
Agricultural Drought - Indices: Agricultural stress index, drought index, progress of season and mean 
vegetation health index. 
FAO’s Global Information and Early Warning System (GIEWS) and the Climate, Energy and Tenure 
Division are monitoring the condition of major food crops across the global to assess production, through 
various indicators. By utilizing remote sensed data, this can support analysis and supplement ground-
based information and provide valuable insight on water availability and vegetation health during 
cropping seasons34.  

Through FAO, the GIEWS has developed an information system, called the Agricultural Stress Index 
System (ASIS), that allows countries to monitor vegetation and crops using satellite data. This system 
also detects agricultural areas with a high likelihood of water stress, detecting “hotspots” around the globe 
where crops may be affected by drought. Alongside this, GIEWS and FAO also estimate rainfall and the 
Normalized Difference Vegetation Index (NDVI) as an indicator for the early identification of affected 
agricultural areas. The ASIS provides data on a global, regional and national scale. 

 

Figure 11: Global view of the Agricultural Stress Index (Source: FAO). 

 
34 Food and Agriculture Organization of the United Nations. Agricultural Stress Index System of GIEWS. Available 
from: http://www.fao.org/giews/earthobservation/country/index.jsp?code=AFG&lang=en 
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Methodology 
The Agricultural Stress Index System (ASIS) is based on 10-day (dekadal) satellite data of vegetation and 
land surface temperature from the METOP-AVHRR sensor at 1 km resolution. 

ASIS is based on the Vegetation Health Index (VHI), derived from NDVI and developed by Kogan from 
the Centre for Satellite Applications and Research (STAR) of the National Environmental Satellite, Data 
and Information Service (NESDIS). This index was successfully applied in many different environmental 
conditions around the globe, including Asia, Africa, Europe, North America and South America. 

VHI can detect drought conditions at any time of the year. For agriculture, however, we are only 
interested in the period most sensitive for crop growth, so the analysis is performed only between the start 
(SOS) and end (EOS) of the crop season (temporal integration) and restricted to crop areas (spatial 
integration). ASIS assess the severity (intensity, duration and spatial extent) of the agricultural drought 
and express the final results at administrative level, giving the possibility to compare it with the 
agricultural statistics of the country. 

Country indicators 
Alongside this FAO also provides country level datasets, which include data on the following: Seasonal 
indicators – agricultural stress index, drought intensity and mean vegetation health index, vegetation 
indicators – NDVI anomaly, vegetation condition index, vegetation health index, NDVI-graph and 
precipitation indicators – estimation precipitation.  

This country level data can be utilized as a tool to help countries develop their agriculture monitoring or 
drought and aid in managing risks, by using satellite data to detect cropped land that could be affected by 
drought. The country-specific version of the Tool uses general methodological principles of the global 
ASIS that FAO uses to support the Global Information and Early Warning System on Food and 
Agriculture (GIEWS). 

The country level maps and graphs depict the latest 36-month period of the seasonal, vegetation and 
precipitation indicators. The data is presented by dekad and month. All three vegetation indicators are 
based on 10-day (dekadal) vegetation data from the METOP-AVHRR sensor at 1 km resolution (2007 
and after). Data at 1 km resolution for the period 1984-2006 are derived from the NOAA-AVHRR dataset 
at 16 km resolution. 
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Figure 12: Country level indicators of the ASIS 

Website usability  
- Website is easy to navigate and clearly shows the different functions/ maps etc. 
- There is a lot of data available for all scales (global, regional, national). 
- Maps can be downloaded in JPG format, per country or region. 
- Large data archive (dating back past 1990). 

Online database: http://www.fao.org/giews/earthobservation/index.jsp 
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CropWatch Cloud35 
CropWatch Cloud (http://cloud.cropwatch.com.cn) (Figure 13) is an Ali cloud based crop monitoring 
platform providing a agroclimate, agronomic information service paradigm, and a unique solution for 
developing countries aspiring to conduct their own crop monitoring to promote their leapfrog 
development to achieving the UN SDGs of Eliminating Poverty and Zero Hunger. The fundamental 
principle of CropWatch Cloud is to move the user from current paradigm of data and tools to the 
paradigm of cloud service to end users at anytime and anywhere in global food security community. 

 

Figure 13: Screenshot of CropWatch Cloud Interface 

CropWatch Cloud consists of the following four subcomponents: CropWatch Processing, CropWatch 
Explore, CropWatch Analysis, and CropWatch Bulletin. CropWatch Pro is mainly for the online 
processing of the 32 indicators for interest of areas or units, such as administrative units of country, 
province, and districts, and geographical unit of climate, ecological zones, including task management, 
allowing users to implement crop monitoring on the cloud-based platform without touching the original 
data. CropWatch Explorer allows users to explore agricultural monitoring results in the form of vector, 

 
35 Institute of Remote Sensing and Digital Earth (RADI), Chinese Academy of Sciences (CAS). CropWatch Cloud. 
Available from: http://cloud.cropwatch.com.cn 
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raster, dynamic charts and tables, to provide online agricultural information services in near real-time 
manner, including agro-climatic, agronomic and food production situation indicators.  

CropWatch Analysis is a joint analysis platform, including creating report outlines, assigning analysis 
tasks to authors, conducting analysis with support of CropWatch database and thematic graphs, cross 
checking and accepting the analysis report. Users can use CropWatch Analysis to join the analysis for a 
global or country report, or to conduct independent reports for his/her own country, province, or even 
district analysis report. CropWatch Bulletin releases CropWatch Bulletin in both Chinese and English and 
is publicly available worldwide at anywhere and anytime as long as the access to Internet is available. 

9 of 32 indicators are drought relevant indicators, including agro-climate indicators as abnormal of 
precipitation, temperature and potential biomass, NDVI and soil moisture abnormal, TCI, VCI, VHI and 
Max VCI. 

One of example is South Africa drought in early 2016. Maize production was projected at 44.6% drop, 
Severe drought prevented farmers from sowing maize, with a reduction of 34% of maize area; yield was 
16% lower than 2015, released at January 2016 Bulletin. The results are revisited in April 2016 Bulletin 
that maize production is revised to 32% drop due to rainfall benefited the maize in fields since Feb 2016 
(Figure 14 below). 

 

Figure 14: Example of chart and map about South Africa drought 

CropWatch cloud provides global coverage. Indicators are calculated for 65 climate zone, 7 main 
production zone, and 275 ecological zones of 42 main production countries, as well as 173 countries, and 
42 main production countries down to province and district/county level. 

Website usability  
- The website and interface are simple and easy to use 
- Graphs and tables are available to download 
- Multiple drought-relevant indices  
- Data is available on a global scale 
- Crop bulletin analysis option 

Online website available: http://cloud.cropwatch.com.cn  
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FEWS NET – Africa and Central America 
The Famine Early Warning Systems Network (FEWS NET) is a leading provider of early warning and 
analysis on food insecurity. Created by USAID in 1985 to help decision-makers plan for humanitarian 
crises, FEWS NET provides evidence-based analysis on some 34 countries. FEWS NET36 was designed 
to monitor (and forecast when possible) incidence of drought and flooding in Africa in order to identify 
problems in the food supply system that could potentially lead to famine or other food-insecure 
conditions.  

 

Figure 13: Screenshot of FEWS NET interface 

 

 
36 U.S. Agency for International Development. The Famine Early Warning Systems Network (FEWS NET). 
Available from: http://fews.net/ 
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Figure 14: Country Example 

Website usability  
- Easy to navigate and identify the data being shown. 
- Highlights key areas of high concern. 
- Multiple drought indices data available. 
- Maps available for download (PDF/ JPG) 
- Large data archive  
- No RAW data available for download. 

Online website available: http://fews.net/ 
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SPEI Global Drought Monitor  
The Standardized Precipitation Evapotranspiration Index (SPEI) is a multiscale drought index based on 
climatic data which was developed by the Spanish National Research Council and the Ministry of 
Economy and Finance - Spain. It can be used for determining the onset, duration and magnitude of 
drought conditions with respect to normal conditions in a variety of natural and managed systems such as 
crops, ecosystems, rivers, water resources, etc. 

The SPEI Global Drought Monitor offers real-time information on drought conditions at the global scale, 
with high spatial resolution, of 1 degree, and a monthly time resolution scale between 1 to 48 months.  

Methodology 
The data is frequently updated at the start of the following month based on the most reliable and updated 
climate data. Mean temperatures are obtained from the NOAA NCEP CPC CHCN_CAMS gridded 
dataset37 and the monthly precipitation data is obtained from the ‘first guess’ Global Precipitation 
Climatology Centre (GPCC)38. 

Currently, the SPEI Global Drought Monitor is based on the Thortnthwaite equation for estimating 
potential evapotranspiration, PET. This is due to the lack of real-time data sources for computing more 
robust PET estimations, which have larger data requirements. The main advantage of the SPEI Global 
Drought Monitor is thus its near real-time character, a characteristic best suited for drought monitoring 
and early warning purposes. 

The SPEI is simple to calculate and is based on the original SPI calculation procedure. The SPI is 
calculated using monthly (or weekly) precipitation as the input data. The SPEI uses the monthly (or 
weekly) difference between precipitation and PET. This represents a simple climatic water balance which 
is calculated at different time scales to obtain the SPEI. 

 
37 National Aeronautics and Space Administration (NOAA), National Committee for Disaster Management (NCEP). 
NOAA NCEP CPC CHCN_CAMS gridded dataset. Available from: 
ftp://ftp.cpc.ncep.noaa.gov/wd51yf/GHCN_CAMS/  
38 Global Precipitation Climatology Centre (GPCC). The monthly precipitation data. Available from: ftp://ftp-
anon.dwd.de/pub/data/gpcc/first_guess/  
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Figure 15: Online SPEI Global Drought Monitor Screenshot 

Website usability  
- The website and interface are very simple and easy to use 
- GIS data available for download 
- There are limited drought indices  
- Data is available on a global scale 
- Large data archive  

Online drought monitor: http://spei.csic.es/map 
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India – National Agricultural Drought Assessment and Monitoring System (NADAMS)  
Indices: NDVI, NDWI, SASI, Soil Moisture, Weekly Rainfall data (dry days, wet days), Crop sown area.  
Through the Government of India’s Department of Agriculture and Cooperation and Farmers Welfare 
within the Ministry of Agriculture and Farmers Welfare, the National Agricultural Drought Assessment 
and Monitoring System (NADAMS) has been developed. This system provides near real-time 
information on prevalence, severity level and persistence of agricultural drought at multiple different 
scales, including state, district and sub-district level. The monitoring system covers 14 states, focusing on 
predominantly agriculture-based regions prone to drought situations. 

Methodology/ Data acquisition  

 

Figure 16: Drought Assessment Methodology 

Agricultural conditions are monitored at state/district level using daily NOAA AVHRR data for 9 states. 
AWiFS (Advanced Wide Field Sensor) of Resourcesat (56 m resolution) is used for detailed assessment 
of agricultural drought at district and sub district level in five states. Agricultural drought assessment is 
carried out with multiple indices/data such as: 

- Normalized Difference Vegetation Index (NDVI) derived from NOAA AVHRR data (1km x 1km) 
- Normalized Difference Wetness Index (NDWI) derived from MODIS (250 m) data 
- Shortwave Angle Slope Index (SASI) derived from MODIS (500m) data 
- Soil Moisture Index (derived from soil water balance approach using daily PET & Rainfall values) 
- District-level Weekly Rainfall data from IMD– Rainfall Deviation, Number of dry weeks 
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- Taluk/Mandal Level Monthly Rainfall data from State Agriculture Departments 

Other data available includes crop sown area collected from various states and district level Irrigations 
Statistics. Alongside this monthly drought reports are also available for download, which show updated 
relevant information on the drought situation within the country39.  

Online interface - https://farmer.gov.in/nadams.aspx 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
39 Mahalanobis National Crop Forecast Center (2018). Monthly Progress Report – 2018. Available from: 
http://ncfc.gov.in/mpr-doc.html 
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United States - Drought Monitor 
The National Drought Mitigation Centre, United States - University of Nebraska, have produced the 
online U.S Drought Monitor (USDM) which is an interactive online website, that shows, frequently 
updated, drought conditions within the country. The monitor produces a number of functions including: 

- Maps  available for download of selected areas, compare maps between two different weeks, 

also maps available for request for custom maps etc. Multiple formals available for download, 

including PNG, PFG and JPG, TIFF, AI. 

- Data  tabular data, time series data, datasets, GIS formats 

- Drought Summary  Weekly drought summary detailing  

The maps are updated every Thursday to show the location and intensity of drought conditions across the 
country. The USDM uses five-categories to monitor the drought conditions as follows: 

- Abnormally Dry or D0, (a precursor to drought, not actually drought) 

- Moderate (D1) 

- Severe (D2) 

- Extreme (D3)  

- Exceptional (D4) Drought.  

These categories show experts' assessments of conditions related to dryness and drought including 
observations of how much water is available in streams, lakes, and soils compared to usual for the same 
time of year.  

 

Figure 17: Screenshot of USDM home page – this shows an overview of drought within the country.  



58 
 

The USDM shows different levels of drought conditions, starting with an overview of the country, 
followed by region overview and then state overview. These can easily be clicked through, making the 
information detailed but presented in an easy to understand way.  

 
Figure 18: Drought information available for Texas (state level) 

 
Figure 219: Example statistics of drought conditions over time 

Website usability 
- Large data archive dating back to 2000. 

- Simple and easy to use interface. 

- All drought information clearly available. 

- Different admin levels of data available depending on which region or area of focus  

- Comparable statistics available for different time periods.  

- Data and tables available for export from a range of years.  

Online - https://droughtmonitor.unl.edu/  
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Flood and Drought Portal – management tool  
Indices: SPI, EDI, NDVI, VCI, SWI, VHI, ASI and CDI.  
IWA, in partnership with DHI, worked with UN Environment Programme (UNEP) to implement a project 
which provides Flood and Drought Portal, to act as a management tool40. The portal also includes an 
online methodology for technical applications to be accessed online through the portal. This online portal 
not only provides information on drought assessments, but also provides spatial information on other 
hazards, including flood assessments, water safety, crop application and water indicators. This spatial 
information is displayed through an online web-interface, which allows the user to visualise the 
information, before downloading it. 

 

Figure 20: Available information through the portal 

 
40 International Water Association (IWA). Flood and Drought Portal. Available from: http://fdmt.iwlearn.org/ 
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Figure 21: Example of drought risk hazard in Thailand 

The portal also provides detailed user guides and manuals, which help to end users to run external 
functions and analysis on drought conditions within their extents, providing a valuable output.  
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Figure 22: Available resources on the project website 

Alongside the Flood and Drought Portal is the Flood and Drought Management Tools, which provide 
multiple valuable resources to gain a further understanding of flood and drought concepts. These contain 
multiple types of resources including publications, information sheets, webinar, infographics, videos, 
experience notes, strategic recommendations and communication strategies.  

Website usability  
- Relatively easy to use, once user signs up and select a country region.  
- Multiple different indices available, with relevant information on the data 
- Some data not updated frequently  
- RAW GIS data available to download 
- Customizable legend  
- Vulnerabilities layer available, which shows different  
- Detailed information on drought framework and indices available on the website. 
- Some pages/data not showing on the website. 

Online access: http://www.flooddroughtmonitor.com/home 

Drought manual: 
http://www.flooddroughtmonitor.com/Onlinedocumentation/02_Drought_assessment_userguide.pdf 

  



62 
 

RADI - DroughtWatch System from China 
The Institute of Remote Sensing and Digital Earth – Chinese Academy of Sciences (RADI) has developed 
the DroughtWatch System, which is an operational drought monitoring system. DroughtWatch is a multi-
satellite; multi-scale drought monitoring system. The DroughtWatch is an entire auto processing chain 
from satellite data downloading, pre-processing, index calculation, drought monitoring, statistics and 
analysis, and data management (Figure 25). DroughtWatch has been deployed at the China Ministry of 
Water Resources and China Ministry of Civil Affairs (now Ministry of Emergency Response), is being 
deployed at the State Meteorological Bureau by using FY series satellite. 

 

Figure 23: DroughtWatch processing chain 

Methodology  
The DroughtWatch provides the modules of calculating 8 remote-sensed drought indices (VCI, TCI, VHI, 
and NDWI since 1998, MaxVCI since 2013, and NDDI, VSWI, NDVI abnormal since 2014) , 5 
meteorological indices (Precipitation and temperature abnormal, deciles, SPI and AI, Palmer Drought 
Severity Index (PDSI)) since 1996,  and 2 hydrological indices (soil moisture index (SMI) and soil 
moisture anomaly percentage (SMAP) since 2005)and the composition indices according to ecosystems. 
Parameters are calibrated in season. These indicators can then be graded for drought. The DroughtWatch 
provides a dashboard which is convenient for displaying, comparing and analysis drought related data. 

 

Figure 24: Version 4.1 of DroughtWatch Interface 

The DroughtWatch has been calibrated and validated in China since 1996 and multiple other countries.  

DroughtWatch Handbook: 
https://www.unescap.org/sites/default/files/Manual_Droughtwatch%20System.pdf 
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Mongolia - DroughtWatch 
Mongolia has suffered from devastating drought, coving 30-70% of the country which resulted in 
enormous economic loss. Based on the DroughtWatch, mentioned above, RADI and The Information and 
Research Institute of Meteorology, Hydrology and Environment (IRIMHE) - Mongolia have been 
working together to customize and integrate the DroughtWatch system for Mongolia to monitor and 
manage drought conditions.  

DroughtWatch-Mongolia provides a comprehensive overview of the country’s level of drought, 
highlighting drought prone regions. RADI and IRIMHE jointly conducted field work in Mongolia for 4 
years to collect field data for calibrating and validating the drought model. Models were then integrated 
into a customized DroughtWatch System for the Mongolian circumstances. This validation process is 
essential to build up confidence in drought products.  

The system was deployed to NRSC of Mongolia since 2014, and official handover took place in 
September, 2018. The drought products were disseminated to local meteorological and agricultural, 
livestock departments by internal networks to provide detailed analysis and data on drought conditions, 
for drought mitigation preparation. The drought condition maps were also disseminated through the 
Ministry’s online website which provides drought condition information to the public41.  

DroughtWatch-Mongolia has been localized for monthly variation, local ecosystems of forest steppe, 
steppe and desert steppe. 

Further development of DroughtWatch Mongolia is to include the monitoring and assessment of dzud, 
one of consequences caused by severe drought in summer. 

Mongolia’s Hydrology and Environmental Research and Information Institute have also developed 
multiple tools, such as environmental databases for fire management.  

Online Source: http://icc.mn/index.php?menuitem=5&datatype=mdro&page=1#prettyPhoto 

 

 
41 Institute of Remote Sensing and Digital Earth (RADI), Chinese Academy of Sciences (CAS) (2018). 
DroughtWatch for Mongolia Experiences and lessons. Available from: http://www.un-
spider.org/sites/default/files/20.DroughtWatch%20for%20Mongolia%20Experiences%20and%20Lessons.pdf 
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Figure 25: Example of one of the drought maps produced using MODIS imagery. 

 

Figure 26: Drought dissemination to public/users 
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United States – drought monitoring tools 
The National Drought Mitigation Center, the University of Nebraska, has created a drought monitoring 
tool which outlines a number of tools and systems developed in the United States to monitor and view 
drought impacts. There are a number of tools including drought monitoring systems and related products, 
drought indicators, historical data and information, satellite, climate and biophysical products, soil 
moisture detection and the standard precipitation index.   

Online drought monitoring tools: https://drought.unl.edu/droughtmonitoring/tools.aspx 
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Ongoing droughts monitored by ReliefWeb (OCHA) 
UNOCHA’s ReliefWeb is the leading humanitarian information source on global crises and disasters, 
which provides reliable and timely information to aid in decision making processes. ReliefWeb actively 
monitors global disasters, including drought, and disseminates maps and information from trusted 
sources, such as relative governments and UN agencies. This online website and database is a good 
source to gain relevant information and data on previous and current global crises and disasters.  

 

Figure 27: Example of one of the drought events posted on ReliefWeb 

Online maps available: https://reliefweb.int/disasters 
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SERVIR – Mekong - Geospatial Data Portal 
Alongside SERVIR-Mekong’s Drought System (Regional Drought and Crop Yield Information System) 
they have also developed a SERVIR-Mekong Open Data Portal.  

This data portal is a geospatial data repository which provides multiple different spatial datasets, along 
with complete metadata records for licensing and usage download. These datasets and resources are not 
only drought related but can also be utilised in a variety of development and disaster relief methods, to 
meet specific user needs and provide data to aid in management within the Lower Mekong region. 

 

Figure 30: SERVIR-Mekong Open Data Portal Interface 

SERVIR-Mekong open data portal: http://data-servirmekong.opendata.arcgis.com/ 
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FEWS NET data portal 
Alongside FEWS NET Drought System (The Famine Early Warning Systems Network FEWS NET) 
which provides early warning and analysis on food insecurity, in the forms of online food insecurity 
maps, FEWS NET has also developed an online data portal. This data ‘FEWS NET Data Center’ is an 
online data portal which provides datasets on a range of indicators, including food security classifications, 
administrative boundaries, livelihood zones, remote sensing imagery and price and cross-border trade 
statistics.  

This data can help to provide valuable insights into multiple fields and aid in development and 
management. Within the remote sensing imagery data section there are multiple data layers which can be 
downloaded that contribute to drought management. These include daily NOAA forecasts, dry days, snow 
depth, NDVI, temperature products, seasonal ET anomaly and monthly evapotranspiration anomaly.  

 

Figure 31: FEWS NET Data Portal 



69 
 

 

Figure 32: Example of drought related data available for the Central Asian region (April, 2019) 

 
Figure 33: FEWS NET Online Data Portal 

Online data portal (Asia): https://earlywarning.usgs.gov/fews/search/Asia 
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ClimatView - a tool for viewing monthly climate data 
Indices: SPI, temperature, precipitation.  
The ClimatView tool, developed by the Japan Meteorological Agency and the WMO, provides a platform 
for viewing and downloading monthly world climate data. This data includes monthly temperature and 
precipitation statistics and 30-year climate normal. Data archives are available dating back to June 1982, 
when JMA started receiving CLIMAT messages. Data is also available for each climate station, showing 
detailed information on temperature and precipitation at that location.  

There is also a document library containing training modules, documents, presentations on research and 
development activities and training modules for capacity building on climate monitoring and seasonal 
forecasting. 

 

Figure 28: ClimatView Global Portal - Showing SPI 3 month 
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Figure 29: Example of the Bangkok station showing climate statistics 

Online resource: https://ds.data.jma.go.jp/tcc/tcc/products/climate/climatview/frame.php 
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Earth Observing System Data and Information System (EOSDIS Worldview - NASA). 
Indices: NDVI, surface temperature, surface reflectance, snow cover, corrected reflectance imagery.  
NASA’s Earth Observing System Data and Information System (EOSDIS), has developed the Worldview 
online interactive application, which collates over 800 global, full-resolution satellite imagery layers. This 
imagery along with additional geospatial data has been analysed to show different data layers that cover 
multiple disciplines. 

Many of the available imagery layers are updated within three hours of observation, essentially showing 
the entire Earth as it looks "right now". This automated data analysis supports time-critical application 
areas such as wildfire management, air quality measurements, and flood monitoring. 

The main themes that fall under hazards and disasters, which also have their own subthemes are air 
quality, ash plumes, drought, dust storms, fires, severe storms, shipping, smoke plumes and vegetation. 

Under the drought category, there are multiple layers including42: 

- Corrected Reflectance Imagery - MODIS and VIIRS Corrected Reflectance imagery are available 
only as near real-time imagery. The imagery can be visualized in Worldview and Global Imagery 
Browse Services (GIBS). 

- Land Surface Reflectance  
- Land Surface Temperature 
- Snow Cover 
- Snow Water Equivalent 
- Vegetation Indices (NDVI) 

The Worldview online portal also supports other features, including comparison tool, raw GIS data 
download, recent hazard updates and download high-resolution photos of selected areas. 

Methodology 
Worldview uses NASA's Global Imagery Browse Services (GIBS) to rapidly retrieve its imagery for an 
interactive browsing experience. While Worldview uses OpenLayers as its mapping library, GIBS 
imagery can also be accessed from Google Earth, NASA WorldView, and several other clients. We 
encourage interested developers to build their own clients or integrate NASA imagery into their existing 
ones using these services. 

 
42 Earth Observing System Data and Information System (2019). Drought. Available from: 
https://earthdata.nasa.gov/earth-observation-data/near-real-time/hazards-and-disasters/drought 
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Figure 30: Worldview tool online portal 

Worldview online tool: https://worldview.earthdata.nasa.gov/  
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Geo Global Agricultural Monitoring (GEOGLAM)43 
Indices: Drought early warning on crops, such as maize, wheat, rice. 
About GEOGLAM 

GEOGLAM, the GEO Global Agricultural Monitoring initiative, was initially launched by the Group of 
Twenty (G20) Agriculture Ministers in June 2011, in Paris. The GEOGLAM Secretariat has been 
established within the Group on Earth Observations, hosted by the WMO. The G20 Ministerial 
Declaration states that GEOGLAM “will strengthen global agricultural monitoring by improving the use 
of remote sensing tools for crop production projections and weather forecasting”.  By providing 
coordinated Earth observations from satellites and integrating them with ground-based and other in-situ 
measurements, the initiative will contribute to generating reliable, accurate, timely and sustained crop 
monitoring information and yield forecasts. 

Services 

- Monthly delivery of the Crop Monitor for AMIS (since September 2013); 
- Monthly delivery of the Crop Monitor for Early Warning (since February 2016); 
- Development of the Asia-RiCE programme, for rice monitoring in Asia (data set requirements, 

SAR/Optical rice crop production information and monthly delivery of rice crop outlook); 
- Development of JECAM activities (Minimum data set requirements, Cross-site SAR experiment); 
- Development of the Rangeland and Pasture Productivity (RAPP) initiative (including the RAPP 

Map http://map.geo-rapp.org/, the Vegetation Cover Anomaly monthly distributed on www.geo-
rapp.org, and discussions around EO data requirements and modelling activities); 

- Development and on-line publishing of the new GEOGLAM website (www.geoglam.org). 

Framework 

 
43 Group on Earth Observations (GEO). Geo Global Agricultural Monitoring (GEOGLAM). Available from: 
http://www.earthobservations.org/activity.php?id=129 
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Figure 31: Overall structure and fodi of GEOGLAM (Source: GEOGLAM) 

Figure 33 shows the overall structure and foci of GEOGLAM, specifically highlighting how it relates to 
monitoring food production from market and early warning perspectives. It shows how input data – data 
from civil space agencies/ commercial space sector, agrometeorological data and climate services, and in 
situ or crowd-sourced observations – necessitate the core data coordination activities undertaken through 
GEOGLAM. These activities include coordinating acquisition, access, and continuity of EO data, 
operational research and development and strengthened monitoring system.  

Crop Monitoring for Early Warning (AMIS) 

GEOGLAM have implemented their online crop monitoring tool for decision making. Although this 
monitoring tool/ platform is not a direct drought monitoring system or tool, it provides additional 
information for crop monitoring highlighting drought as a main indicator.  

GEOGLAM have developed the online Crop Monitor portal, which produces crop condition maps 
showing different data sources. The system shows Early Warning Crop Monitoring for a number of 
different crop calendar dates and crop types, including winter wheat, spring wheat, maize, barley, rice, 
beans and millet. The portal also has the option to overlay additional satellite product layers to aid in data 
analysis. These layers come from a range of sources, such as NOAA, NASA, ESA and USGS and include 
products such as total run off, temperature, soil moisture, surface soil moisture, total rainfall and NDVI. 
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Figure 32: Crop Monitoring Portal showing NDVI data and winter wheat – April 2019 (Source: GEOGLAM) 

Every month GEOGLAM produces an updated report, called Crop Monitor for AMIS, which highlights 
the favourable conditions of the major crops grown within the region. The report also contains high-
resolution downloadable maps and charts for all affected regions44.  

 

Figure 33: Example of crop monitoring reports and charts available for download - monthly. (Source: GEOGLAM). 

Interactive Crop Monitoring Portal - https://cropmonitor.org/index.php/data-and-tools/cmet/ 
Crop Monitoring Reports and Charts - https://cropmonitor.org/index.php/2019/04/03/crop-monitor-for-
amis-april-2019/ 

 
44 Geo Global Agricultural Monitoring (GEOGLAM) (2019). Crop Monitor for Early Warning April 2019 Report. 
Available from: https://cropmonitor.org/index.php/2019/04/03/crop-monitor-for-early-warning-april-2019/ 


