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Foreword

For decades, the space community has helped save lives, 

prevent and mitigate damages, and reduce disaster risks by 

contributing to and improving the global understanding of 

natural hazards. Today, space assets, varying in typology 

and orbital placement, observe all regions of the Earth and 

transmit signals from sensors in remote areas to observa-

tories for subsequent monitoring and early warning across 

continents in case of tsunamis and other hazards. Disaster 

response and recovery also rely signi�cantly on global 

navigation satellite systems (GNSS) as they allow for the 

monitoring of surface processes and the precise location 

of critical infrastructure and places essential for providing 

humanitarian assistance. 

�is transformative power of space assets must be made 

available to everyone. Universal access to these space 

solutions, however, remains far from reality despite 

great strides globally. �e O�ce for Outer Space A�airs, 

through the United Nations Platform for Space-based 

Information for Disaster Management and Emergency 

Response (UN-SPIDER), which was established in 2006, 

works to advance access to a vast range of space-based 

information and services relevant to disaster management 

to support the full disaster management cycle. 

�e O�ce is proud to have supported over 40 countries 

since the inception of the programme in advancing their 

preparedness to tackle disaster risks and we remain 

commi�ed to making the bene�ts of space, not least 

for disaster management and emergency response, uni-

versally accessible through our capacity-building e�orts. 

With the adoption by the General Assembly in 2021 of 

the “Space2030” Agenda: space as a driver of sustain-

able development, the mandate was further solidi�ed 

as Member States set as one of the goals to strengthen 

the use of integrated space applications to facilitate the 

observation of the climate and the assessment of disaster 

risks, to improve early warning disaster systems, and to 

use space-based technologies in all phases of the disaster 

management cycle.

�is publication on Space Technologies for Early Warning 

Systems compiles many examples of ways in which the 

space community is broadening the spectrum of appli-

cations of space-based data, information, services and 

products in all areas of e�ective, people-centred early 

warning systems. �e publication serves as a contribu-

tion from the O�ce and its UN-SPIDER programme 

to the implementation of the Sendai Framework for 

Disaster Risk Reduction 2015–2030, and to the “Early 

Warnings for All” initiative recently launched by the 

Secretary-General.

�e information contained in this publication can be 

used by agencies and institutions that are contributing 

to enhancing the resilience of communities worldwide 

through the implementation and routine operation of 

e�ective early warning systems. From the perspective 

of the O�ce, we look forward to the implementa-

tion of the global frameworks and the achievement 

of their pledges and remain commi�ed to delivering 

high-quality capacity-building activities and engaging 

with the international space community for the bene�t 

of United Nations Member States. I hope that this 

publication inspires the space community to continue 

exploring novel e�orts and solutions to advance our 

disaster preparedness and promote their adoption and 

utilization around the world.

Aarti Holla-Maini

Director, O�ce for Outer Space A�airs
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Foreword

�e rising human and economic cost of disasters is a threat 

both to people everywhere and to the achievement of the 

Sustainable Development Goals. �ese disasters, which 

have nearly doubled this century as a result of climate 

change and unsustainable development, impact all coun-

tries but are especially devastating for the poorest, who 

continue to su�er the highest disaster mortality rates. 

Among the solutions for countries to adapt and reduce 

the risks of such disasters, early warning systems stand 

as among the best. �ey not only contribute to a sig-

ni�cant reduction in disaster mortality but are cost-

e�ective and can cut disaster losses and damages. To 

expand this solution to every community in the world, 

the Secretary-General announced in 2022 the launch of 

the "Early Warnings for All" initiative, which the United 

Nations O�ce for Disaster Risk Reduction is proud to 

co-lead with the World Meteorological Organization. 

�e initiative aims to protect every person on the planet 

with inclusive and multi-hazard early warning systems 

by the year 2027. 

Achieving this ambitious goal requires resources, part-

nerships and the latest data and technologies, including 

space-based technologies. Satellite observation data 

can strengthen countries’ understanding of the risks 

they face, improve their ability to monitor and forecast 

hazards, and identify the populations and assets that 

are most at risk. Overall, satellite observations can 

strengthen every aspect of the early warning and early 

action chain. 

�is is why I am grateful to the UN-SPIDER programme 

of the United Nations O�ce for Outer Space A�airs for 

the production of this report on Space Technologies 

for Early Warning Systems. �e publication explains 

the importance of using space technologies, products 

and services to confront the challenges posed by natural 

hazards while demonstrating how the space community 

contributes to the e�ectiveness of multi-hazard early 

warning systems.

I welcome this publication as a solid contribution from 

UNOOSA and its UN-SPIDER programme to the 

implementation of the Sendai Framework for Disaster 

Risk Reduction 2015–2030 and to the "Early Warnings 

for All" initiative, and I call on Governments and prac-

titioners to make full use of it to enhance the resilience 

of communities worldwide, so that no one is le� behind 

when disaster strikes.

Mami Mizutori

Special Representative of the Secretary-General 

for Disaster Risk Reduction and Head of the 

United Nations O�ce for Disaster Risk Reduction
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Executive summary

Over the centuries, communities throughout the world have experienced disasters triggered by natural hazards. 

In the past these disasters were considered inevitable. However, since the 1990s, there has been a paradigm shi�, 

recognizing that such disasters reveal not only the exposure of such communities to natural hazards, but also their 

physical, social and economic vulnerability.  

In recent decades, experts in environmental science have carried out research that has allowed societies to improve 

their understanding of those natural hazards that can trigger disasters. Structural engineers have identi�ed improved 

building techniques and introduced construction materials with superior qualities that can reduce the physical 

vulnerability of infrastructure. Social scientists and economists have also pinpointed the root causes and dynamic 

factors that unfortunately give rise to social and economic vulnerability. Despite these advances, natural hazards 

continue to trigger disasters in developed and developing countries alike. Furthermore, climate change is aggra-

vating the behaviour of hydrometeorological hazards. 

To address the challenges related to such disasters, since 1990 the United Nations has been spearheading inter-

national e�orts to increase the understanding that while societies cannot really prevent natural hazards from taking 

place, they can prepare themselves be�er to mitigate the impacts of those hazards.

Early warning systems are an example of measures that allow communities to improve the way 

they confront and minimize the impact of such hazards, reducing the loss of lives and the damage 

and loss of essential assets. These systems rely on sound scienti�c knowledge regarding the spatial 

and temporal dynamics of natural hazards and can be improved through:

• The use of information on exposure and vulnerability of communities,  

their livelihoods and assets

• An improved capacity to disseminate and communicate warnings, and

• A more proactive anticipated response to warnings by those at risk 

Since the 1960s, the space community has been contributing to an improved understanding of natural hazards. 

Meteorological satellites now measure more than one hundred parameters that increase our understanding of 

hydrometeorological phenomena. Other Earth observation satellites contribute to the monitoring of the dynamics 

of geological, environmental and coastal hazards, and to the assessment of the exposure of vulnerable elements 

such as critical infrastructure, crops and pastures. Satellite telecommunications are essential for transmi�ing data 

from sensors in remote areas to national observatories where such data are analysed in order to monitor natural 

hazards and transmit warnings from one continent to another one. Furthermore, global navigation satellite systems 

allow us to pinpoint the location of essential assets.



ix

�is publication on space technologies for early warning systems, compiled by the UN-SPIDER programme 

of the United Nations O�ce for Outer Space A�airs (UNOOSA), presents examples of the use of space-based 

data, products and services in early warning systems that address hydrometeorological, geological, extraterres-

trial, health, biological, environmental and coastal hazards. It presents numerous examples of ways in which the 

space community and experts in many areas are broadening the spectrum of applications in all areas of e�ective, 

people-centred early warning systems.    

It serves as a gateway for readers to familiarize themselves with the e�orts carried out by many national and regional 

space agencies, universities, organizations and private companies to improve early warning systems. It includes 

81 case studies that provide information on e�orts by these institutions and more than 350 links to websites where 

readers can �nd additional information on these e�orts.

�e publication is also intended as a contribution from the O�ce and its UN-SPIDER programme to the imple-

mentation of the Sendai Framework for Disaster Risk Reduction 2015–2030, and to the “Early Warnings for All” 

initiative launched by the Secretary-General of the United Nations in 2022.

With this publication UN-SPIDER aims to provide advice to Governments and disaster management 

stakeholders and practitioners on how space technologies can contribute to enhancing the 

effectiveness of early warning systems. In a complementary fashion, UNOOSA presents this 

publication as an example of ways in which the space community is bringing the bene�ts of space 

to humankind.  
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1

Introduction

Natural and technological hazards continue to trigger disasters in many countries of the world, making no distinc-

tion between developed or developing nations. In the year 2022, Pakistan experienced unprecedented �oods and 

the Government, the United Nations Development Programme (UNDP) and other regional and international 

organizations estimated losses in the order of US$15.2 billion.1 In contrast, the western region of the United States 

was experiencing one of its worst droughts in recent history.2 And since the beginning of 2020, the corona virus 

disease (COVID-19) pandemic began to impact people around the world. By the end of March 2023, the World 

Health Organization reported that more than 760 million people had been infected with the COVID-19 virus, 

leading to the deaths of nearly 7 million people.3

While several decades ago disasters were perceived as unavoidable, in the 1990s, e�orts began to change this 

paradigm introducing the notions of natural, technological and anthropogenic hazards; vulnerability, exposure and 

risk. Some of these e�orts were carried out under the umbrella of international frameworks launched by the United 

Nations such as the International Decade for Natural Disaster Reduction 1990–1999, the Hyogo Framework for 

Action 2015–2014, and the most recent Sendai Framework for Disaster Risk Reduction 2015–2030.4 According to 

the United Nations O�ce for Disaster Risk Reduction (UNDRR), e�orts carried out worldwide have led to fewer 

deaths being caused by such disasters,5 noting that early warning systems (EWS) have played a considerable role 

in the reduction of mortality rates. However, despite these advances, hazards continue to result in major economic 

losses in developed and developing countries. 

Over many decades, national institutions have established EWS to forecast the occurence of potentially catastrophic 

events related to hydrometeorological, geological, environmental and biological hazards. More recently, early 

warning e�orts have also been carried out at the regional and international levels in the case of severe weather, 

tsunamis, locust swarms, near-Earth objects (NEOs) and space weather. �e role of space technologies in EWS 

has proven to be pivotal and continues to be essential for disaster management in a changing climate. 

1  United Nations Development Programme, “Pakistan Floods 2022: Post-Disaster Needs Assessment (PDNA)”. Available at www.undp.org/pakistan/
publications/pakistan-floods-2022-post-disaster-needs-assessment-pdna.

2  United States, National Oceanic and Atmospheric Administration. Record drought gripper much of the U.S. in 2022. Available at www.noaa.gov/news/
record-drought-gripped-much-of-us-in-2022.

3  World Health Organization. “WHO Coronavirus (COVID-19) Dashboard”. Available at https://covid19.who.in
4  More information on these frameworks is available at www.undrr.org 
5  United Nations O�ce for Disaster Risk Reduction, “Sendai Framework for Disaster Risk Reduction 2015-2030”. Available at www.preventionweb.net/

files/43291_sendaiframeworkfordrren.pdf 

https://www.undp.org/pakistan/publications/pakistan-floods-2022-post-disaster-needs-assessment-pdna
https://www.undp.org/pakistan/publications/pakistan-floods-2022-post-disaster-needs-assessment-pdna
https://www.noaa.gov/news/record-drought-gripped-much-of-us-in-2022
https://www.noaa.gov/news/record-drought-gripped-much-of-us-in-2022
https://covid19.who.int/
https://www.undrr.org/
https://www.preventionweb.net/files/43291_sendaiframeworkfordrren.pdf
https://www.preventionweb.net/files/43291_sendaiframeworkfordrren.pdf


SPACE TECHNOLOGIES FOR EARLY WARNING SYSTEMS2

At the international level, the topic of early warning systems has been addressed since the 1990s, with the launch 

of the United Nations International Decade for Natural Disaster Reduction (IDNDR).6 �e Hyogo Framework 

for Action (2005–2015, launched in 2005, included a speci�c priority calling for e�orts to enhance early warning.7 

�is framework recognized the need for risk assessments to develop early warning systems; and called for the use 

of space-based Earth observations, space technologies, remote sensing and geographic information systems to 

contribute to such risk assessments and early warning. It also called for the promotion of the use of space-based 

technologies and related services, as well as Earth observations, to build a culture of safety and resilience at all levels. 

In 2006, the former Platform for the Promotion of Early Warning (PPEW) introduced the notion of people-centred 

early warning systems with the aim “to empower individuals and communities threatened by hazards to act in 

su�cient time and in an appropriate manner so as to reduce the possibility of personal injury, loss of life, damage to 

property and the environment and loss of livelihoods”. 8 �e framework for people-centred early warning systems 

was structured using four key elements:9 

 • Risk knowledge

 • Detection, monitoring, analysis and forecasting

 • Warning dissemination and communication 

 • Preparedness and response capability

Over time these four elements have evolved, and include notions of impact-based forecasts and forecast-based 

�nancing. In the last decade, the early warning community began to introduce the notions of multi-hazard early 

warning systems (MHEWS), and the Sendai Framework for Disaster Risk Reduction 2015–2030 included the 

aim to “Substantially increase the availability of and access to multi-hazard early warning systems and disaster risk 

information and assessments to people by 2030” as one of its seven global targets. 

International early warning conferences were organized under the umbrella of the United Nations in 1998 in 

Potsdam, Germany; in 2003 and 2006 in Bonn, Germany; in 2017 in Cancun, Mexico; in 2019 in Geneva, 

Switzerland; and more recently in 2022 in Bali, Indonesia. 

In the year 2022, Secretary-General Antonio Guterres set the goal to ensure that every person on Earth would be 

covered by EWS by 2027 and thus encouraged “Member States to substantially increase the availability of and 

access to multi-hazard early warning systems (…), including through the provision of technology”.10 To achieve 

this goal and to implement global coverage of EWS, the United Nations launched the "Early Warnings for All" 

initiative, which is co-led by the World Meteorological Organization (WMO) and the United Nations O�ce for 

Disaster Risk Reduction (UNDRR), with support from the International Telecommunication Union (ITU), the 

International Federation of Red Cross and Red Crescent Societies (IFRC) and other partners.  .11 

6  General Assembly, “United Nations Forty-second Session: International Decade for Natural Disaster Reduction”, resolution 42/169. Available at https://
digitallibrary.un.org/record/152704?ln=en. 

7  United Nations International Strategy for Disaster Reduction. “Hyogo Framework for Action 2005-2015”. Available at www.unisdr.org/2005/wcdr/intergover/
official-doc/L-docs/Hyogo-framework-for-action-english.pdf

8  United Nations, “Global Survey of Early Warning Systems”. Available at www.unisdr.org/2006/ppew/info-resources/ewc3/Global-Survey-of-Early-Warning-
Systems.pdf 

9  World Meteorological Organization, “International Network for Multi-hazard Early Warning Systems (2018) Multi-hazard Early Warning Systems: A Checklist”. 
Available at https://public.wmo.int/en/our-mandate/focus-areas/natural-hazards-and-disaster-risk-reduction/mhews-checklist 

10  General Assembly, “International cooperation on humanitarian assistance in the �eld of natural disasters, from relief to development”. Available at https://
documents-dds-ny.un.org/doc/UNDOC/GEN/N22/728/90/PDF/N2272890.pdf?OpenElement 

11  World Meteorological Organization, “Early Warnings for All Executive Action Plan 2023–2027”. Available at https://library.wmo.int/doc_num.
php?explnum_id=11426 

https://digitallibrary.un.org/record/152704?ln=en
https://digitallibrary.un.org/record/152704?ln=en
https://www.unisdr.org/2005/wcdr/intergover/official-doc/L-docs/Hyogo-framework-for-action-english.pdf
https://www.unisdr.org/2005/wcdr/intergover/official-doc/L-docs/Hyogo-framework-for-action-english.pdf
https://www.unisdr.org/2006/ppew/info-resources/ewc3/Global-Survey-of-Early-Warning-Systems.pdf
https://www.unisdr.org/2006/ppew/info-resources/ewc3/Global-Survey-of-Early-Warning-Systems.pdf
https://public.wmo.int/en/our-mandate/focus-areas/natural-hazards-and-disaster-risk-reduction/mhews-checklist
https://documents-dds-ny.un.org/doc/UNDOC/GEN/N22/728/90/PDF/N2272890.pdf?OpenElement
https://documents-dds-ny.un.org/doc/UNDOC/GEN/N22/728/90/PDF/N2272890.pdf?OpenElement
https://library.wmo.int/doc_num.php?explnum_id=11426
https://library.wmo.int/doc_num.php?explnum_id=11426


INTRODUCTION 3

Since the 1960s, the space community has dedicated e�orts to contribute to an improved understanding of natural 

hazards. �e world’s �rst dedicated weather satellite, the Television Infrared Observation Satellite (TIROS), 

was launched by the United States on 1 April 1960.12 Subsequently, national space agencies of several countries 

launched other satellites to monitor hydrometeorological phenomena from space, and telecommunication satellites. 

Subsequently, several space agencies began to launch global navigation satellite systems (GNSS). 

Since then, space technologies have played an important role in improving EWS and in reducing the impact of 

many types of natural hazards. Space technologies contribute to each of the four key elements mentioned above 

of e�cient, people-centred early warning and the space community is continuously developing new tools to 

contribute to such early warning e�orts. 

Satellite observations have been contributing to the improvement of weather forecasts for decades, and data 

acquired from a variety of satellites are now used to develop weather forecasts for severe weather on land and at 

sea. Other types of satellite observations allow disaster managers to have the most up-to-date view of the exposure 

of vulnerable elements to hazards of various types, and the combination of archived and up-to-date observations 

allow disaster managers to track the dynamics of such exposure, including land use changes that may a�ect the 

behaviour of hazards such as �oods and landslides. Earth observation data is also being used to map the distribution 

of human population, buildings, strategic infrastructure and roads.

Furthermore, the combination of a speci�c type of satellite imagery permits experts in geological observatories to 

track the deformation of volcanic cones prior to eruptions, and the motion of slow-moving landslides. 

In a complementary fashion, satellite telecommunications play an essential role in transmi�ing data on a continuous 

basis from sensors deployed in remote areas to monitor hazards. A key example is the use of satellite telecommu-

nications to transmit information from buoys located in the ocean that emit data on tsunamis to warning centres. 

Global navigation satellite systems also allow for improved location services and will soon be used to transmit 

warnings to areas that may be impacted by some types of hazards. 

In addition, products such as digital elevation models derived from satellite observations allow experts to develop 

�ood hazard maps, landslide susceptibility in mountainous areas, and for the modelling of how tsunamis and storm 

surges will impact coastal communities. 

In recent years, the space community has begun to implement services that facilitate access to space-based infor-

mation that is useful in early warning systems. �ese include the Copernicus Global Flood Awareness System 

(GLoFAS), the Global Drought Observatory (GDO)and the Global Wild�re Information System (GWIS). 

Furthermore, the private sector also o�ers access to high-resolution satellite imagery, satellite telecommunications 

and other services equally useful in early warning systems. 

With this publication UN-SPIDER aims to provide advice to governments, disaster management stakeholders and 

practitioners on how space technologies can contribute to enhancing the e�ectiveness of EWS. �e publication 

provides information on the use of various types of space technologies to improve di�erent components of such 

systems for a range of natural hazards. 

12  United States, National Aeronautics and Space Administration, Launch of TIROS 1, World’s 1st Weather Satellite — �is Week in Goddard History: March 31–
April 6. Available at www.nasa.gov/feature/goddard/2019/launch-of-tiros-1-worlds-1st-weather-satellite-this-week-in-goddard-history-march-31-april-6. 

https://www.nasa.gov/feature/goddard/2019/launch-of-tiros-1-worlds-1st-weather-satellite-this-week-in-goddard-history-march-31-april-6
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�e publication includes examples of the use of space-based data, products and services which can contribute 

to improving early warning systems for hydrometeorological phenomena including fast- and slow-onset events; 

geological phenomena including landslides, volcanic activity and earthquakes; coastal hazards including tsunamis 

and storm surges; extraterrestrial hazards such as space weather and near-Earth objects; health hazards and other 

biological hazards that a�ect humans and agriculture; and environmental hazards such as forest �res. Several 

examples presented are already in use, while others are still in the development and testing phases. Others could be 

employed, and awareness-raising e�orts are needed to encourage their use. �e �nal chapter presents information 

on upcoming developments to be implemented in the coming years. 

Some of these technologies can contribute to an improved understanding of natural hazards in terms of their 

spatial and temporal dynamics. �ey can monitor these hazards and can be used in a complementary fashion with 

other in situ data to forecast potentially catastrophic events. Other technologies will allow early warning managers 

to take note of the most-up-to-date information on exposed infrastructure, crops and other assets. In the case of 

agriculture, the combined use of archived and up-to-date information compiled from satellite imagery allows those 

in charge of this sector to ascertain the severity of a current drought in comparison to historic droughts which may 

have taken place in previous decades.

Satellite telecommunications play a crucial role in transmi�ing essential data to observatories, meteorological 

departments and geological surveys, where the data are used to forecast potentially catastrophic events. And as is to 

be expected, satellite communications contribute to the dissemination of warnings across oceans and vast regions.

Global navigation satellite systems are also contributing to the improvement of early warning systems through the 

more precise geolocation of exposed infrastructure and assets, and some of these systems will be used to transmit 

warnings in the near future as well.

But more importantly, the publication serves as a gateway for the reader to become aware of the e�orts that are 

being carried out by many national and regional space agencies, universities, organizations and private companies on 

this topic. It includes 81 case studies that provide information on e�orts by these institutions that are contributing 

to the improvement of early warning systems around the world using satellite imagery, products and services. �e 

publication includes more than 350 links to websites where the reader can �nd additional information on these 

e�orts. 

�is publication is a contribution of UN-SPIDER to the implementation of the Sendai Framework for Disaster Risk 

Reduction 2015–2030 and the Paris Climate Agreement, as these global frameworks call for e�orts to improve early 

warning systems. �e publication is also a contribution to the "Early Warnings for All" initiative that was launched 

by the Secretary-General in 2022; and the midterm review of the implementation of the Sendai Framework, carried 

out by the United Nations O�ce for Disaster Risk Reduction between 2022 and 2023. Finally, the publication 

serves as a contribution to the implementation of the “Space 2030” Agenda: space as a driver for sustainable 

development, and to the mission of the United Nations O�ce for Outer Space A�airs regarding the promotion 

of international cooperation in the peaceful uses of outer space for economic, social and scienti�c development 

for the bene�t of developing countries. 





TIROS 1 satellite during its 

testing phase

Image courtesy of NASA
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Chapter 1.  
A brief history of international collaboration 

on the use of space technologies in early 

warning systems

“On 4 October 1957, the former Union of Soviet Socialist Republics (USSR) launched the �rst Earth-

orbiting satellite SPUTNIK-1, followed later in the same year by SPUTNIK-2. On 2 January 1958 

the EXPLORER-1 was satellite launched by the United States of America (USA). The world’s �rst 

dedicated weather satellite, the Television Infrared Observation Satellite (TIROS-1), was launched 

by the United States on 1 April 1960. These launches effectively marked the beginning of a new 

era of observational data coverage for the whole globe”.13

�e launch and operationalization of weather satellites triggered the inception of the World Weather Watch 

(WWW), a programme designed to facilitate the development, operation and enhancement of worldwide systems 

for observing and exchanging meteorological and related observations. H. Wexler and V. Burgaev prepared a report 

outlining the feasibility of using satellites to monitor the weather and forecast potentially catastrophic events. �e 

report was submi�ed to the World Meteorological Organization (WMO) and at its ��h Congress in 1967, the 

WWW Plan and Implementation Programme was approved.14

By 1972, the Coordination of Geostationary Meteorological Satellites (CGMS) had been established by Japan, 

the United States, Europe and WMO.15 CGMS established a constellation of �ve geostationary satellites to track 

the weather worldwide. Since then, the number of satellites launched by its members has increased substantially 

and more than 100 parameters are measured from space. 

Equally important to using satellite technology to monitor and observe meteorological processes is the e�ort 

to develop weather prediction models to enhance the use of satellite data, and the need to ensure the quality of 

satellite data for its use in hydrometeorological forecasting and warning. 

13  World Meteorological Organization, “World Weather Watch”. Available at https://public.wmo.int/en/programmes/world-weather-watch 
14  World Meteorological Organization, “�e Global Satellite Observing System: a Success Story”. Available at https://public.wmo.int/en/bulletin/

global-satellite-observing-system-success-story 
15  European Organisation for the Exploitation of Meteorological Satellites, �e Coordination Group for Meteorological Satellites (CGMS). Available at www.

eumetsat.int/international-cooperation/coordination-group-meteorological-satellites-cgms 

https://public.wmo.int/en/programmes/world-weather-watch
https://public.wmo.int/en/bulletin/global-satellite-observing-system-success-story
https://public.wmo.int/en/bulletin/global-satellite-observing-system-success-story
https://www.eumetsat.int/international-cooperation/coordination-group-meteorological-satellites-cgms
https://www.eumetsat.int/international-cooperation/coordination-group-meteorological-satellites-cgms
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Today, the WWW also generates and disseminates analyses and forecast products, as well as severe weather advi-

sories and warnings, and related operational information. In addition, CGMS “globally coordinates meteorological 

satellite systems. �is includes protection of in orbit assets, contingency planning, improvement of quality of 

data, support to users, facilitation of shared data access and development of the use of satellite products in key 

application areas.”16

As the potential for using satellite technology was dawning on the meteorological community, another disaster 

was about to strike that would change the role of satellites in warning for geological hazards. On 22 May 1960, a 

Mw 9.5 earthquake occurred o� the coast of southern Chile, followed by a devastating tsunami. �e tsunami hit 

southern Chile and, half a day later it impacted Hawaii, and nearly a day later it struck Japan and the Philippines. 

In Chile, the earthquake and tsunami combined are estimated to have caused up to 5,700 fatalities, made some 

2 million people homeless, and caused US$ $550 million in damage.17

Concerned countries set out the requirements for an international tsunami warning system and, in 1965, the International 

Coordination Group for the Tsunami Warning System in the Paci�c was formed. “Now 50 years in existence, the Tsunami 

Warning System in the Paci�c is an example of how, through international cooperation, the tsunami hazard impact 

has been mitigated by properly evaluating in real time potentially tsunamigenic earthquakes and by issuing timely 

informational bulletins and warnings”.18 �e development of space technologies over the past 50 years has played a 

signi�cant role in the real time evaluation and communication of tsunami information and warnings (chapter 7). 

As time progressed and satellite technology evolved, the space community increasingly saw the potential for space 

technologies in disaster management applications. 

In 1989, the General Assembly launched the International Decade for Natural Disaster Reduction (IDNDR). �is 

decade-long e�ort, carried out from 1990 to 1999, was adopted with the objective “to reduce through concerted 

international action, especially in developing countries, the loss of life, property damage, and social and economic 

disruption caused by natural disasters …”.19 

As one of those activities carried out under the umbrella of IDNDR, the General Assembly requested the IDNDR 

secretariat to coordinate a review of existing early warning programmes. �e secretariat established six international 

expert groups, including one on Earth Observation, Hazard Analysis and Communications Technology for Early 

Warning. In its 1997 report,20 the experts of this group recognized the bene�ts of the use of Earth observation, 

satellite telecommunications and GNSS in early warning systems. 

In July 1999, at the third United Nations Conference on the Exploration and Peaceful Uses of Outer Space, held in 

Vienna, participants noted that “Space technologies can play an important role in early warning and management 

of the e�ects of disasters”.21 It was noted that “Satellite remote sensing o�ers several advantages over alternative 

16  Coordination of Geostationary Meteorological Satellites, About. Available at https://cgms-info.org/about-cgms
17  United States National Oceanic and Atmospheric Administration, “Southern Chile Earthquake and Tsunami 22 May 1960”. Available at www.ngdc.noaa.

gov/hazard/22may1960.html
18  International Tsunami Information Centre (ITIC), PTWS 50th Book. Available at http://itic.ioc-unesco.org/index.php?option=com_content&view=art

icle&id=1941&Itemid=2633 
19  General Assembly, “International Decade for Natural Disaster Reduction”, resolution 44/236, 44th Session of the General Assembly. Available at https://

digitallibrary.un.org/record/82536?ln=en 
20  United Nations O�ce for Disaster Risk Reduction, “IDNDR Early Warning Programme (1997). Report on Earth Observation, Hazard Analysis and Com-

munications Technology for Early Warning”. Available at http://lib.riskreductionafrica.org/bitstream/handle/123456789/1256/4045.Report%20on%20earth%20
observation%20hazard%20analysis%20and%20communications%20technology%20for%20early%20warning.pdf?sequence=1&isAllowed=y 

21  United Nations, “Report of UNISPACE III”, O�cial document A/CONF.184.6. Para. 105. Page 39. Available at https://digitallibrary.un.org/record/287788?ln=en 

https://cgms-info.org/about-cgms/
https://www.ngdc.noaa.gov/hazard/22may1960.html
https://www.ngdc.noaa.gov/hazard/22may1960.html
http://itic.ioc-unesco.org/index.php?option=com_content&view=article&id=1941&Itemid=2633
http://itic.ioc-unesco.org/index.php?option=com_content&view=article&id=1941&Itemid=2633
https://digitallibrary.un.org/record/82536?ln=en
https://digitallibrary.un.org/record/82536?ln=en
http://lib.riskreductionafrica.org/bitstream/handle/123456789/1256/4045.Report on earth observation hazard analysis and communications technology for early warning.pdf?sequence=1&isAllowed=y
http://lib.riskreductionafrica.org/bitstream/handle/123456789/1256/4045.Report on earth observation hazard analysis and communications technology for early warning.pdf?sequence=1&isAllowed=y
https://digitallibrary.un.org/record/287788?ln=en
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means of data collection, such as airborne and ground surveys”.22 �e conference participants also recognized 

that the potential of space technologies for civil protection was not being utilized by the disaster management 

community. A key recommendation from the conference was to implement activities to facilitate the use of space 

techniques by the civil protection authorities. 

�e use of space technologies by civil protection in disaster risk reduction, including early warning e�orts, has been 

encouraged by the Commi�ee on the Peaceful Uses for Outer Space (COPUOS) in its deliberations. Following the 

recommendation of this Commi�ee to enhance the use space technologies in disaster risk reduction, preparedness 

and response, the General Assembly established in 2006 the United Nations Platform for Space-based Information 

for Disaster Management and Emergency Response (UN-SPIDER). UN-SPIDER is implemented by the O�ce 

for Outer Space A�airs (UNOOSA) and it provides universal access to a vast range of space-based information 

and services relevant to disaster management to support the full disaster management cycle.23 

Since 2007, UN-SPIDER has been encouraging the use of space technologies to contribute to the early warning 

e�orts and the programme has organized speci�c international conferences on this topic. Together with Member 

States, UN-SPIDER was able to incorporate explicit text on the use of space technologies to contribute to the 

implementation of the Sendai Framework for Disaster Risk Reduction 2015–2030.24 

�e Sendai Framework was launched during the World Conference on Disaster Risk Reduction held in Sendai, 

Japan in March 2015. �e framework includes four Priorities for Action and seven targets. Priority Area 1, labelled 

Understanding Disaster Risk, calls for regional and international organizations “to promote and enhance, through 

international cooperation, including technology transfer, access to and the sharing and use of non-sensitive data 

and information, as appropriate, communications and geospatial and space-based technologies and related services; 

maintain and strengthen in situ and remotely-sensed Earth and climate observations.” 

Taking advantage of this conference, UNOOSA, and its UN-SPIDER programme, joined forces with other 

organizations of the United Nations to launch the International Network on Multi-Hazard Early Warning Systems 

(IN-MHEWS).25 �e role of UN-SPIDER in this network is to raise awareness about the use of space technologies 

in such early warning systems. In addition, UN-SPIDER has been working with partners in many regions of the 

world to improve the routine operation of early warning systems through the incorporation of novel satellite 

technologies, products and services. 

�e Commi�ee on the Peaceful Uses for Outer Space continues to promote and encourage international collabora-

tion in the use of satellite technology, most recently in the “Space2030” Agenda: space as a driver of sustainable 

development.26 �e “Space2030” Agenda includes harnessing the potential of space to solve everyday challenges 

and leverage space-related innovation to improve the quality of life (Overarching Objective 2). �e agenda calls 

for e�orts to be carried out to strengthen the use of integrated space applications to improve early warning systems. 

22  United Nations, “Report of UNISPACE III”. O�cial document A/CONF.184.6. Para 112. Page. 40. Available at https://digitallibrary.un.org/
record/287788?ln=en 

23  General Assembly, “United Platform for Space-based Information for Disaster Management and Emergency Response”, resolution 61/110. Available at www.
un-spider.org/sites/default/files/General%20Assembly%20Resolution%2061-110.pdf 

24  United Nations O�ce for Disaster Risk Reduction, “Sendai Framework for Disaster Risk Reduction 2015-2030”. Available at www.undrr.org/publication/
sendai-framework-disaster-risk-reduction-2015-2030 

25  More information on the International Network on Multi-Hazard Early Warning Systems is available at www.un-spider.org/network/in-mhews and in 
https://mhews.wmo.int/en/welcome 

26  General Assembly. “Space2030 Agenda: space as a driver of sustainable development”. Available at www.unoosa.org/res/oosadoc/data/resolutions/2021/
general_assembly_76th_session/ares763_html/A_RES_76_3_E.pdf

https://digitallibrary.un.org/record/287788?ln=en
https://digitallibrary.un.org/record/287788?ln=en
https://www.un-spider.org/sites/default/files/General Assembly Resolution 61-110.pdf
https://www.un-spider.org/sites/default/files/General Assembly Resolution 61-110.pdf
https://www.undrr.org/publication/sendai-framework-disaster-risk-reduction-2015-2030
https://www.undrr.org/publication/sendai-framework-disaster-risk-reduction-2015-2030
https://www.un-spider.org/network/in-mhews
https://mhews.wmo.int/en/welcome
http://www.unoosa.org/res/oosadoc/data/resolutions/2021/general_assembly_76th_session/ares763_html/A_RES_76_3_E.pdf
http://www.unoosa.org/res/oosadoc/data/resolutions/2021/general_assembly_76th_session/ares763_html/A_RES_76_3_E.pdf
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Practitioners are �nding innovative ways to use Earth observation to assess disaster risk, including exposed ele-

ments, the location of vulnerable groups and critical infrastructure. Up-to-date risk data is critical for e�ective 

early warning systems as it enables key information to be incorporated into the forecasting of impacts for early 

warnings and the design of measures such as evacuation routes. 

In 2015, the Commi�ee on Earth Observation Satellites (CEOS), stated that satellite technologies o�er several 

advantages over in situ observations, speci�cally the acquisition of data:27

 • At the global level that is consistent and comparable from country to country

 • At multiple scales, including in the case of transboundary hazards

 • Useful for multi-hazard disaster risk reduction e�orts

 • In areas that may be inaccessible or too hazardous for human presence

 • In a se�ing that is not vulnerable to the events that trigger disasters

 • Collected over a period of several decades at regular, frequent intervals, to be able to track changes 

in the environment, on land and at sea to facilitate temporal comparisons over time

Improvements in space technologies, and the increasing uptake of these technologies in countries is leading to 

improvements in early warning systems and disaster risk reduction measures around the world. 

Most recently, the use of satellite-derived data has improved su�ciently to enable EWS to issue impact-based 

forecasts. In addition, satellite technologies are enabling EWS that trigger the pre-emptive allocation of resources 

to mitigate impacts from these hazard events through programmes such as forecast-based �nancing and index-

based insurance.

As space technologies evolve, providing greater resolution, more accurate data and greater accessibility, EWS 

continue to bene�t and harness state-of-the-art satellite capabilities to improve the timeliness and accuracy of hazard 

warnings. In turn, EWS around the world continue to become more accurate and e�ective, providing life-saving 

information with su�cient notice to enable pre-emptive mitigation and prevention measures to be implemented 

to minimize the impact of hazardous events. 

Developments in space technologies are now leading to pilot programmes and operational testing of capabilities that 

are bene�ting warning systems for potentially devastating hazards that have previously been deemed unforecastable.

�e publication includes examples of space technologies, data, services and products which can feature in early 

warning systems for hydrometeorological phenomena including fast-onset and slow-onset events; geological 

phenomena including landslides, volcanic activity and earthquakes; coastal hazards including tsunamis and storm 

surges; extraterrestrial hazards such as space weather and near-Earth objects; health hazards and other biological 

hazards that a�ect humans and agriculture; and environmental hazards including forest �res. Several examples 

presented are already in use, while others are still in the development and testing phases. Others could be used, and 

awareness-raising e�orts are needed to encourage their use. �e �nal chapter presents information on upcoming 

developments to be implemented in the coming years.

27  Commi�ee on Earth Observation Satellites, “Satellite Earth Observations in support of Disaster Risk Reduction, Special 2015 WCDRR Edition”. Available 
at www.eohandbook.com/eohb2015/files/CEOS_EOHB_2015_WCDRR.pdf 

https://www.eohandbook.com/eohb2015/files/CEOS_EOHB_2015_WCDRR.pdf




Eyjafjallajokull volcano in 

south-east Iceland, image 

of the eruption captured by 

ENVISAT on 8 May 2010

Image courtesy of ESA
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Chapter 2.  
Building blocks of early warning systems 

Early warning can be de�ned as a service that conveys critical information on potentially catastrophic 

events and potential impacts to people and institutions, so that speci�c actions can be taken to 

minimize the impact of such catastrophic events. As such, these systems have contributed to 

reducing the number of fatalities, injuries and other losses. However, there are still gaps that need 

to be addressed and room for improvement in such systems.

EWS have been designed and implemented to target a variety of hydrometeorological, geological, extraterrestrial, 

coastal, health, agricultural, environmental and biological hazards. In addition, the constant invention of new 

technologies, including space technologies, is allowing agencies to improve their early warning capacities.

Improved dissemination tools and the Internet are widening the capacity of agencies to advocate such systems, to 

display related information and to carry out awareness campaigns. At the same time, improved monitoring networks 

and modelling capacities allow experts to track the dynamics of natural hazards in a more precise fashion, leading 

to more precise forecasts of events both in terms of their geographical extent, their temporal manifestation and 

impact. 

In general terms early warning systems use data from a variety of sources to monitor precursors that are used to 

forecast the occurrence of potentially catastrophic events. Figure 2.1 illustrates the general �ow chart of typical 

EWS.28, 29 Newer systems are making use of information derived from satellites, in situ networks in the �eld, and 

additional sources available through the Internet. �e use of satellite communications is also now essential when 

it comes to transmi�ing data and warnings for rapid-onset and intercontinental-range hazards such as tsunamis. 

Once a potentially catastrophic event is forecasted, a warning is issued and communicated to the population which 

could be impacted. Communication of early warnings involves the use of sirens, mass media, including radio and 

television networks, and, more recently, massively distributed SMS messages over commercial telephone networks. 

28  Juan Carlos Villagran de Leon, Inundaciones: Lineamientos para su manejo. (Guatemala, Guatemala, CIMDEN-VILLATEK, 2001). Available at https://
catalogosiidca.csuca.org/Record/CR.UNA01000309818/Details

29  Juan Carlos Villagran de Leon, Janos Bogardi, Stefanie Dannenmann, and Reid Basher, Early Warning System in the context of disaster risk management. 
Available at www.unisdr.org/2006/ppew/info-resources/docs/ELR_dt_23-25.pdf 

https://catalogosiidca.csuca.org/Record/CR.UNA01000309818/Details
https://catalogosiidca.csuca.org/Record/CR.UNA01000309818/Details
https://www.unisdr.org/2006/ppew/info-resources/docs/ELR_dt_23-25.pdf


SPACE TECHNOLOGIES FOR EARLY WARNING SYSTEMS14

While there are many advances regarding ways to communicate warnings, technology alone is not enough to ensure 

that people at risk will respond quickly and proactively to warnings.

�ere are ongoing e�orts to incorporate the use of information on exposure and vulnerability within the warning 

message, raising awareness of potential impacts that the hazard may trigger. �e expectation is that such impact-

based warnings will lead those at risk to respond to warnings more proactively. 

Figure 2.1 Components of early warning systems 

Source: UN-SPIDER

�e anticipated response to early warnings includes evacuation to safe areas before the hazard impacts exposed 

areas, the minimization of potential impacts through the implementation of additional measures, and the mobiliza-

tion of �nancial and in-kind resources to assist vulnerable communities to minimize the impact of such events.
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2.1 People-centred, ef�cient early warning systems

In 2006, the former Platform for the Promotion of Early Warning set up by the former International Strategy for 

Disaster Reduction (PPEW) introduced the notion of people-centred, e�cient early warning systems, and de�ned 

four elements of people-centred early warning.30 Figure 2.2 presents these four elements proposed by PPEW to be 

considered in the design and operation of people-centred early warning systems. When taken into consideration, 

these four elements allow for the transformation of any technical early warning system into a people-centred system. 

Figure 2.2 Four elements of an end-to-end, people-centred early warning system 

Source: UN-SPIDER, adapted from UNDRR

In recent years, people-centred systems are also evolving to incorporate impact-based forecasts and forecast-based 

�nancing measures. Furthermore, the partners of the International Network for Multi-Hazard Early Warning 

Systems (IN-MHEWS) adapted the four elements and produced a checklist for multi-hazard early warning systems 

to become user-centred and impact-based.31

30  United Nations, “Global Survey of Early Warning Systems”. Available at www.preventionweb.net/files/3612_GlobalSurveyof EarlyWarningSystems.pdf/ 
31  World Meteorological Organization, “Mult-Hazard Early Warning Systems: A Checklist”. Available at https://library.wmo.int/doc_num.php?explnum_id=4463 
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https://www.preventionweb.net/files/3612_GlobalSurveyofEarlyWarningSystems.pdf/
https://library.wmo.int/doc_num.php?explnum_id=4463
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2.1.1 Disaster risk knowledge

Risk knowledge implies an understanding of the hazards, the exposure and the vulnerabilities of those at risk. It 

represents the know-how concerning the types of events which can manifest themselves in a particular geographic 

region, and the way in which such events can impact communities. 

Space technologies contribute to risk knowledge through information on hazards and exposure of vulnerable 

elements. For example, the most up-to-date, high-resolution optical image provides the most precise and timely 

information on elements that are exposed to a hazard. A comparative overview of high-resolution satellite imagery 

of a speci�c area over many years provides information on how the exposure of vulnerable elements has changed 

over time. �is improves the understanding of the dynamics of risks. 

In parallel, data gathered from di�erent types of satellites is currently used in combination with in situ data to 

model hazards and develop hazard maps. Digital elevation models derived from satellite observations are used to 

develop �ood, landslide, storm surge and tsunami hazard maps, which, in turn, provide valuable information for 

understanding the potential impact of hazardous events and the measures needed to reduce their impact. 

�e use of satellite technologies to assess risk assists operators of early warning systems to establish impact-based 

forecasts. �ese include important information about the extent, type, severity and the likelihood of impacts 

occurring. In addition, impact-based forecasts include valuable advice and guidance on the response actions that 

people can take to prevent and mitigate the impacts of hazard events. 

Including risk information to generate impact-based forecasts is considered best practice for multi-hazard early 

warning systems. �is approach is being adopted across a range of hazards, from slow-onset hazards, such as 

droughts, to more near-time onset hazards such as river �ooding. For large rivers, the Global Flood Awareness 

System (GLoFAS) of the Copernicus programme is beginning to be used by hydrometeorologists around the 

world to issue impact-based forecasts about impending �oods in their area of responsibility.

2.1.2 Monitoring and forecasting

Monitoring of phenomena which can trigger potentially catastrophic events, or their precursors, is usually carried 

out using arrays of instruments of di�erent kinds. For example, networks of satellites and ground-based sensors 

in the �eld track the path and the characteristics of potentially catastrophic hurricanes in the Caribbean and the 

eastern Paci�c, and typhoons or cyclones in the western Paci�c and the Indian Ocean. In the case of �oods, a variety 

of instrumentation is used to monitor and assess precipitation and river behaviour to produce �ood warnings. For 

example, weather stations, rain gauges, rainfall intensity derived from satellite data and discharge gauges are all 

used to forecast potential �oods in rivers. 

Since the 1960s, meteorological satellites have contributed to the monitoring of potentially severe weather over 

land and at sea. More recently, di�erent types of satellites are used to monitor other hazards, and research is ongoing 

to develop new procedures to use satellites to expand the monitoring capabilities of observatories in charge of 

forecasting potentially catastrophic events. 

Recently launched satellites can monitor gas emissions from active volcanoes, which could be used to forecast the 

dispersion of ash clouds. In a similar fashion, multitemporal radar interferometry is being used in several active 
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volcanoes to track the deformation of their domes to detect changes in the morphology that can suggest potential 

eruptions. �ese are of critical importance for volcanoes at sea, where lateral eruptions that are accompanied by 

a large mass displacement that may trigger tsunamis, as in the case of the Anak Krakatoa eruption in 2018, and 

the Tonga eruption in 2022. 

Satellite telecommunications are used to transmit data from the monitoring sensors located in remote areas to 

observatories, where the data are analysed to elaborate forecasts. For rapid-onset events, such as �ash �ooding, 

tsunamis or earthquakes, the speed at which satellite technologies can transmit monitoring data is crucial. 

2.1.3 Warning dissemination and communication

Once a forecast has been made concerning a potentially catastrophic event, a warning is issued based on this fore-

cast. �e warning is a noti�cation that is typically issued when a hazard is expected to exceed a level of magnitude 

and scale that will cause impacts. O�cial warnings are typically issued by a speci�c government department, 

government agency, civil protection agency or local authority. 

Once a warning has been issued by the appropriate authorities, it is disseminated and communicated to all commu-

nities at risk through a range of channels, including the media and telecommunication networks. �e e�ectiveness 

of early warning systems is enhanced if warnings reach the target audience as quickly as possible, allowing su�cient 

time to act to minimize the impact of the hazard event. 

Recognizing the need for rapid transmission of warnings, particularly in rapid-onset hazard events, WMO agreed 

to allow its satellites to be used to transmit tsunami warnings between regions that could be impacted, in 2006. 

Since then, satellite technologies continue to be explored and developed to improve the rapid dissemination of 

warning information. For example, satellites which are part of the constellations of GNSS in Europe and Japan 

will soon be used to transmit warnings to people at risk (see chapter 12). 

2.1.4 Preparedness and response capability

Preparedness is essential for minimizing damages and losses once a warning is issued. Rapidly disseminated warning 

information, using satellite technology, can provide a window of opportunity to implement fast response actions 

to save lives. 

Successful preparedness and response are not just a function of timely warning information. Communities and 

disaster management organizations must also be ready to respond, knowing what actions should be taken to 

minimize the impact of a hazardous event. In recent years, vulnerable communities in countries such as Bangladesh, 

India and Viet Nam, which are exposed to cyclones, have responded in a timely fashion to warnings, based on the 

lessons learned from previous events and improvements in the warning systems. �is has led to a drastic reduction 

in the number of fatalities and injuries when comparing impacts from recent and historic cyclones. 

Before disasters strike, high-resolution satellite imagery and data from global navigation satellite systems can be used 

to improve risk knowledge. �ese can be used to identify among others: the location of vulnerable groups, such as 

children in schools or the elderly in retirement homes; places where large numbers of people congregate, such as 

commercial areas, public markets or train and bus stations; and critical infrastructure, such as hospitals, government 
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buildings, power stations, etc.32 Such information can be used to develop warning strategies for vulnerable groups, 

including evacuation routes to safe areas. Similar information on the location of vulnerable assets can be used to 

plan for and take pre-emptive actions before the impacts occur to minimize damages and losses. 

2.2 An introduction to space technologies used in early 
warning systems

Since the 1960s, space agencies of di�erent countries have been launching satellites to contribute to early warning 

e�orts. Countries such as Japan, the Russian Federation and the United States have launched a series of satellites 

over time to provide continuity to their observations. �is continuity has been very useful in the context of hazard 

monitoring and climate change. In recent years, the European Commission launched its Copernicus programme 

that includes a constellation of a variety of satellites that is already enhancing early warning e�orts spanning several 

types of hazards.

Subsequently, several countries joined forces to establish international e�orts such as the Coordination Group 

for Geostationary Satellites (CGMS), which began its activities in 1972,33 the Commi�ee on Earth Observation 

Satellites (CEOS), which was launched in 1984,34 and the European Organization for the Exploitation of 

Meteorological Satellites (EUMETSAT), which began its operations in 1986.35 

�e role of space technologies in supporting disaster management operations has been recognized for several 

decades. Consequently, three notable mechanisms have been established by the space community to support 

disaster management e�orts worldwide. �ese are the International Charter Space and Major Disasters, established 

in 2020,36 the Sentinel Asia mechanism, established in 2005,37 and the Copernicus Emergency Management 

Service.38 �ese mechanisms have been set up to provide space-based information free of charge to national 

emergency management agencies to contribute to disaster response e�orts worldwide.

�e number of satellites launched into outer space has been increasing every year and by the end of 2022, more 

than 70 countries and two international organizations had launched a satellite. According to the Register of Objects 

Launched into Outer Space, which is maintained by the O�ce for Outer Space A�airs, by the year 2022, nearly 

13,000 satellites had been launched into Earth orbit or beyond. 

An important contribution regarding the use of satellites in early warning systems is the role of the International 

Telecommunications Union of the United Nations, which “oversees the allocation of the radio frequencies required 

32  Juan Carlos Villagran de Leon, Rapid Assessment of Potential Impacts of a Tsunami: Lessons �om the Port of Galle in Sri Lanka. United Nations University 
Institute for Environment and Human Security SOURCE Publication No. 9/2008. Available at https://collections.unu.edu/eserv/UNU:1876/pdf3777.pdf 

33  Coordination of Geostationary Meteorological Satellites, “History and Achievements”. Available at https://cgms-info.org/about-cgms/history-and-achievements 
34  Commi�ee on Earth Observation Satellites, “Overview”. Available at https://ceos.org/about-ceos/overview 
35  European Organisation for the Exploitation of Meteorological Satellites, “Convention for the establishment of a European Organization for the Exploitation 

of Meteorological Satellites”. Available at www.eumetsat.int/media/40625 
36  More information on the International Charter Space and Major Disasters is available at https://disasterscharter.org/web/guest/home 
37  More information on Sentinel Asia is available at https://sentinel-asia.org/aboutsa/AboutSA.html 
38  More information on Copernicus Emergency Management Service is available at https://emergency.copernicus.eu 

https://collections.unu.edu/eserv/UNU:1876/pdf3777.pdf
https://cgms-info.org/about-cgms/history-and-achievements/
https://ceos.org/about-ceos/overview/
https://www.eumetsat.int/media/40625
https://disasterscharter.org/web/guest/home
https://sentinel-asia.org/aboutsa/AboutSA.html
https://emergency.copernicus.eu/
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to meet the continuously evolving needs of the satellite industry”.39 For this purpose, Member States established 

the “Radio Regulations” that govern the use of radio frequencies worldwide, including those employed by satel-

lites. �e aim of the radio regulations is to prevent harmful interference among satellites in orbit, and to achieve a 

rational, equitable, e�cient and economical use of the radio frequency spectrum. 

Satellites can be classi�ed in various ways: according to mass or size, type of orbit and use. �e types of orbits 

used by satellites include:

 • Geostationary orbit, also known as high-Earth orbit

 • Medium-Earth orbit 

 • Polar orbit and sun-synchronous orbit

 • Low-Earth orbit (LEO)

Satellites in geostationary orbit remain in situ over the same spot on Earth, rotating around the Earth once every 

24 hours, at an altitude in the order of 36,000 km above the Equator. �e orbits are in the plane of the equator, 

as the aim of these satellites is to hover over the same region of the Earth all the time and are used for State and 

commercial telecommunications as well as for meteorological applications. 

Satellites in medium and low-Earth orbits have a higher frequency of rotation around the Earth and may have 

inclined orbits with respect to the equatorial plane. 

�ere are three types of satellites according to their use:

 • Earth observation satellites

 • Telecommunication satellites

 • Global navigation satellite systems (GNSS)

�ese types of satellites can be used in a complementary fashion to contribute to early warning e�orts. 

2.2.1 Earth observation satellites

Meteorological satellites

�e �rst satellites launched were meteorological satellites. �ese were used to observe the atmosphere and to 

understand global and regional weather pa�erns. �e �rst weather satellite launched into orbit was the Television 

InfraRed Observational Satellite (TIROS). It was launched by the National Aeronautics and Space Administration 

(NASA) of the United States in the spring of 1960 with the aim of testing experimental television techniques for 

meteorological observation. It provided the �rst satellite observation of cloud cover and cloud dynamics around 

the world during its 78 days of operation.40 

39  International Telecommunications Union, “Regulation of satellite systems”. Available at www.itu.int/en/mediacentre/backgrounders/Pages/Regulation-
of-Satellite-Systems.aspx 

40  More information on TIROS 1 is available at www.nasa.gov/multimedia/imagegallery/image_feature_1627.html 

https://www.itu.int/en/mediacentre/backgrounders/Pages/Regulation-of-Satellite-Systems.aspx
https://www.itu.int/en/mediacentre/backgrounders/Pages/Regulation-of-Satellite-Systems.aspx
https://www.nasa.gov/multimedia/imagegallery/image_feature_1627.html
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Since the 1960s, several countries have launched meteorological satellites to contribute to an improved understand-

ing of the weather and the climate globally. Satellites in orbit now measure more than 100 parameters that help 

meteorologists understand a variety of hydrometeorological processes, including the interactions between the 

oceans and the atmosphere, and between land and the atmosphere. 

Recognizing the usefulness of meteorological satellites, WMO established its World Weather Watch (WWW) 

programme41 to facilitate the use of meteorological satellites launched by individual countries and more recently, 

WMO launched its Integrated Global Observing System (WIGOS). �rough WIGOS, WMO members are now 

able to “be�er respond [to] natural hazards, improve weather, water, climate and related environmental monitoring, 

and adapt to climate change and human-induced environmental impacts”.42 

Similarly, a consortium of European countries established the regional EUMETSAT programme to operate a 

system of meteorological satellites to observe the atmosphere, the ocean and land surfaces. 

Currently, there are many meteorological satellites in geostationary and low-Earth orbit. �ose in geostationary 

orbit allow for a continuous monitoring of the atmosphere and its dynamics over the same spot continuously, but as 

they are nearly 36,000 km above the surface of the Earth, they are not used for high-spatial-resolution monitoring. 

Geostationary meteorological satellites include optical, infrared and microwave sensors, which provide a range of 

options for monitoring aspects of the atmosphere.

Meteorological satellites are usually placed in a geostationary orbit around 36,000 km above the surface of the 

planet, and in the Equatorial plane. �ey provide data on weather on land and at sea. Data is processed to generate 

information on a wide range of meteorological phenomena and processes. Cloud data is one of the most well 

known, but satellites also provide data including, but not limited to, wind speed and direction, temperature pro�les 

for ocean and land areas, ocean wave heights, humidity pro�les and lightning. 

Using satellites, meteorologists can measure the state of the oceans and the atmosphere and forecast where tropical 

storms may form. Subsequently, these satellites can track the path of hurricanes and provide a more precise location 

of the areas where such storms will make landfall.43 In recent decades, satellite observations in the microwave regime 

have allowed for estimates of rainfall amount and intensity, which are contributing to �ood early warning systems. 

41  More information on WMO’s World Weather Watch programme is available at https://public.wmo.int/en/programmes/world-weather-watch 
42  More information on WMO’s WIGOS system is available at https://public.wmo.int/en/resources/bulletin/wmo-integrated-global-observing-system-wigos 
43 More information on how satellites are used to forecast hurricanes is available at www.nasa.gov/feature/goddard/2020/satellites-have-drastically-changed- 

how-we-forecast-hurricanes 

https://public.wmo.int/en/programmes/world-weather-watch
https://public.wmo.int/en/resources/bulletin/wmo-integrated-global-observing-system-wigos
https://www.nasa.gov/feature/goddard/2020/satellites-have-drastically-changed-how-we-forecast-hurricanes
https://www.nasa.gov/feature/goddard/2020/satellites-have-drastically-changed-how-we-forecast-hurricanes
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CASE STUDY 

The National Oceanic and Atmospheric Administration Geostationary 
Operational Environmental Satellites a

For nearly 50 years, the National Oceanic and Atmospheric Administration (NOAA) of the United States has been 

operating its constellation of Geostationary Operational Environmental Satellites (GOES) to contribute to improving 

weather forecasts, storm tracking, and for other applications in agriculture, oceanography, atmospheric physics and 

space weather observations. Figure 2.3 shows a satellite image from the American hemisphere acquired in August 2023.

�e �rst three GOES satellites were launched between 1975 and 1993 and contributed to monitoring weather on land 

and at sea. �e GOES 4, 5, 6 and 7 satellites were launched between 1980 and 1996 and included sensors to obtain 

vertical pro�les of temperature and moisture at various elevations and allowed for improved forecasting of the intensity 

and extent of storms. 

�e GOES 8, 9, 10, 11 and 12 satellites were launched between 1994 and 2014 and were ��ed with higher resolution 

sensors and larger capacity for data collection. �e GOES 13, 14 and 15 satellites were launched between 2006 and 

2020 and included even be�er resolutions that enabled the location of intense storms to be pinpointed. �ese were also 

the �rst satellites ��ed with instruments to monitor space weather. 

�e newest GOES 16, 17 and 18 satellites were launched between 2016 and 2022 and are used to monitor di�erent 

regions of the planet (GOES East and GOES West). �e GOES 16 satellite included an Advanced Baseline Imager (ABI) 

that can scan the full disc of the planet and more localized areas as o�en as every 30 seconds to enhance the accuracy 

of short-term weather forecasts. �e ABI includes 16 di�erent spectral bands in the visible and infrared segments of 

the electromagnetic spectrum. 

Meteorological o�ces and institutes around the world continue to bene�t from the data generated by the GOES constel-

lation. In addition, the National Hurricane Centre combines satellite observations from GOES and other satellites, aerial 

observations from reconnaissance aircra�, and data acquired from sensors in ships, buoys, radar and other land-based 

platforms to monitor the spatial and temporal characteristics of tropical storms and hurricanes.b

a United States, National Oceanic and Atmospheric Administration, History of NOAA Satellites. Available at www.nesdis.noaa.gov/current-satellite-missions/
history-of-noaa-satellites

b Jonathan Zawislak and others, “Accomplishments of NOAA’s Airborne Hurricane Field Program and a Broader Future Approach to Forecast Improve-
ment”. Available at https://journals.ametsoc.org/view/journals/bams/103/2/BAMS-D-20-0174.1.xml

http://www.nesdis.noaa.gov/current-satellite-missions/history-of-noaa-satellites
http://www.nesdis.noaa.gov/current-satellite-missions/history-of-noaa-satellites
https://journals.ametsoc.org/view/journals/bams/103/2/BAMS-D-20-0174.1.xml
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Figure 2.3 GOES East image of Earth at 16:40Z on 21 August 2023 

�e Applications Technology Satellite-1 was the �rst environmental satellite launched into geostationary orbit 

by the United States in 1966. It included the spin scan cloud camera that produced visible images of the Earth 

every 20 minutes.44 As satellite sensor and communication technology have advanced, meteorology satellites can 

produce ever more frequent rapid-scan imagery.

Rapid-scan data are vital for monitoring and forecasting a range of rapidly changing, impactful events such as 

tropical storms, cyclones, typhoons and hurricanes, snowstorms and blizzards, storm surges, �oods, forest and 

wild�res, and even sand or desert storms. 

44  World Meteorological Organization, “NOAA’s Eyes in the Sky - A�er Five Decades of Weather Forecasting with Environmental Satellites, What Do 
Future Satellites Promise for Meteorologists and Society?”. Available at https://public.wmo.int/en/resources/bulletin/noaa%E2%80%99s-eyes-sky-after- 
five-decades-of-weather-forecasting-environmental 

Source: NOAA

https://public.wmo.int/en/resources/bulletin/noaa%E2%80%99s-eyes-sky-after-five-decades-of-weather-forecasting-environmental
https://public.wmo.int/en/resources/bulletin/noaa%E2%80%99s-eyes-sky-after-five-decades-of-weather-forecasting-environmental
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CASE STUDY 

The role of satellite observations in weather forecasting: the European Centre 
for Medium-Range Weather Forecasts a

What is the role of satellite observations in weather forecasting?

�e European Centre for Medium-Range Weather Forecasts (ECMWF) uses satellite data for climate monitoring, 

atmospheric composition monitoring and forecasts as part of the European Commission’s Copernicus programme. 

Satellite data also help to monitor the quality of forecasts and to identify and remedy de�ciencies in Earth system 

models. As indicated by ECMWF, satellite observations make a crucial contribution to the quality of today’s weather 

forecasts. �eir global coverage means that they provide information on the atmosphere, the land surface, the ocean 

and sea ice that cannot be provided by in situ measurements. �rough a process called data assimilation, they help to 

produce the best possible estimate of the current state of the Earth system. �at estimate is used as the initial condition 

on which weather forecasts are based.

What are the main areas of research in satellite data assimilation at ECMWF?

Active areas of research include the development of techniques to fully exploit hyperspectral infrared instruments, which 

have many channels: all-sky assimilation for infrared radiances, the use of more of the information that satellites provide 

on the wider Earth system, such as surface conditions, the ocean and atmospheric composition, and the treatment of 

random and systematic errors in satellite observations. In addition, the Centre works on new generations of instruments 

with partners such as the European Space Agency (ESA) and EUMETSAT in Europe and similar agencies in China, Japan 

and the United States. ECMWF has, for example, begun to assimilate Doppler wind light detection and ranging (LiDAR) 

observations from the ground-breaking Aeolus satellite, and it is preparing the ground for the assimilation of cloud pro�le 

observations from the EarthCARE mission planned by ESA and the Japan Aerospace Exploration Agency ( JAXA).

What types of satellite observations are there?

Some satellites carry passive instruments, which measure radiation emi�ed naturally, and other satellites use active 

instruments, which send out signals and measure the backsca�er. Natural radiation contains information, for instance, 

on temperature, humidity, clouds and surface conditions. It can also provide information on winds by tracing motions of 

humidity or cloud features in successive observations. Active instruments use radar or LiDAR to probe the surface, clouds 

and winds. Radio occultation observations are unique in that they involve sending signals from one satellite to another. 

�e bending angle of such signals crossing the troposphere or stratosphere depends on temperature and humidity.

How has the use of satellite observations at ECMWF evolved?

�e use of satellite data has greatly increased over the last few decades. Today such data collectively make the biggest 

contribution to forecast quality at ECMWF compared to other types of observations, such as those made with weather 

stations or aircra� data. Satellite observations do not measure variables such as temperature or ocean wave height directly. 

Instead, they measure quantities linked to these variables, such as radiances or radar echoes. ECMWF has come to play 

a leading role in extracting the maximum amount of information from such observations.

How are radiances assimilated into the Earth system model used by ECMWF?

Currently most satellite data used at ECMWF come from passive instruments measuring infrared or microwave radi-

ances. Such radiances typically re�ect conditions in a rather deep layer of the atmosphere and could be the result of any 

number of atmospheric states. To be able to compare the observations with the state of the atmosphere in the forecasting 

model, it is necessary to know what radiances would be observed if the model correctly stated the atmosphere. Such 
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simulated radiances are produced by what is known as an observation operator. By comparing simulated radiances with 

those observed, the 4D-Var data assimilation system used by ECMWF can work out how the model state needs to be 

adjusted to pull it more closely towards the observations.

What is “all-sky” satellite data assimilation?

ECMWF has pioneered the use of satellite observations of microwave radiances a�ected by clouds and precipitation. 

Today such all-sky observations are routinely used at ECMWF and make a huge contribution to the quality of weather 

forecasts. All-sky assimilation requires a good representation of raindrops, snow�akes and other hydrometeors in the 

model, and some knowledge of how they a�ect microwave radiances. Only then can we successfully simulate the radiances 

a satellite instrument would measure if the state of the atmosphere corresponded to the model state.

a European Centre for Medium-Range Weather Forecasts Fact sheet: “ECMWF’s use of satellite observations”. Available at https://www.ecmwf.int/
en/about/media-centre/focus/2020/fact-sheet-ecmwfs-use-satellite-observations

Other Earth observation satellites

In addition to meteorological satellites, space agencies and private companies have launched many satellites that 

also observe the surface of the Earth for other purposes, including for land cover/land use, agriculture and envi-

ronmental monitoring (deforestation/reforestation e�orts).

In general terms, these Earth observation satellites can be divided into two classes: 

 • �ose that operate in the optical and near-infrared regimes of the electromagnetic spectrum using 

the sun as a source of light (passive)

 • �ose that operate in the microwave segment of the electromagnetic spectrum that send their 

own signal to the surface of the Earth and receive the re�ection of that signal (active)

Many Earth observation satellites launched by consortiums, individual countries and private operators include 

sensors that cover the optical and near-infrared segments of the electromagnetic spectrum. �ese satellites o�er the 

most up-to-date view of elements exposed to natural hazards, as well as imagery of storms, hurricanes, cyclones and 

typhoons, active volcanoes, forest �res, landslides and other hazards. �e continuous daily monitoring of the Earth’s 

surface also allows the data to be used to monitor land use/land cover changes. For example, the combination of 

optical and near-infrared imagery allows professionals and experts to identify the impacts of drought on vegetation.

https://www.ecmwf.int/en/about/media-centre/focus/2020/fact-sheet-ecmwfs-use-satellite-observations
https://www.ecmwf.int/en/about/media-centre/focus/2020/fact-sheet-ecmwfs-use-satellite-observations
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CASE STUDY 

Landsat satellites

Landsat is a constellation of passive satellites launched by the National Aeronautics and Space Administration (NASA) 

of the United States that started in the 1970s. �e passive sensors on the Landsat satellites have acquired millions of 

medium-resolution multispectral images with global coverage and are provided free of charge to users. �e images, 

archived in the United States and at Landsat receiving stations worldwide, are a unique resource for global change 

research and applications in agriculture, cartography, geology, forestry, regional planning, surveillance and education. In 

addition, imagery can be accessed through the Earth Explorer website of the United States Geological Survey (USGS).

From 1970 to 2021, NASA launched nine satellites of this constellation to improve the Earth's land surface observa-

tions that are useful for monitoring land-use change and environmental impacts caused by global warming, droughts, 

urbanization and wild�res. a 

Landsat's current temporal resolution is 16 days.

�e various Landsat series could be divided into di�erent categories based on the sensors adopted in each satellite:

 • Landsats 1, 2 and 3 were equipped with the Multispectral Scanner System sensor capable of detecting 

visible and near-infrared wavelengths.

 • Landsats 4 and 5 were provided with the �ematic Mapper sensor capable of returning two additional 

bands for re�ected infrared and one band for thermal infrared.

 • Landsats 6 and 7 were adapted with the Enhanced �ematic Mapper Plus sensor, and panchromatic 

band eight was introduced, with a broader detection spectrum (green to near-infrared) allowing for 

be�er spatial resolution.

 • Landsat 8 receives data in 11 separate bands from two di�erent sensors: the Operational Land Imager 

(OLI) and the �ermal InfraRed Sensor.

 • Landsat 9 is an improved copy of the Landsat 8 sensors.

Figure 2.4 shows an illustration of the Landsat 8 satellite in orbit. At the time of publication, both Landsat 8 and Landsat 9 

satellites are in orbit. �e millions of Earth images support decision makers in fostering early warning systems procedures, 

disaster management cycle strategies and increase the resilience of communities.b

Furthermore, Landsat Earth observations are crucial to detect the land surface before and a�er a disaster. �e data are 

useful for assessing hazard risk, mapping the damage extension, evaluating the severity of a speci�c hazard or climate 

change consequence, and increasing the preparedness for response and recovery. 

Some examples of Landsat’s applications of space-based observations related to disasters include:

 • Analysis of the heat from �res both during and a�er the burns

 • Location and extent of lava �ows

 • Elaboration of �ood extent maps and �ood depth maps

 • Analysis of drought impact, drought hazard, drought duration and frequency

Other Landsat satellite observations related to climate change outcomes include monitoring the extent of glaciers and 

the physical conditions of glacial lakes, and deforestation rates.

a United States, National Aeronautics and Space Administration, Landsat Science. About section. Available at https://landsat.gsfc.nasa.gov/about/

b A. J. Marx, T. V. Loboda, “Landsat-based early warning system to detect the destruction of villages in Darfur, Sudan”. Remote-Sensing Environment. 
Vol. 136. (September 2013), pp126-134. Available at https://doi.org/10.1016/j.rse.2013.05.006

https://landsat.gsfc.nasa.gov/about/
https://doi.org/10.1016/j.rse.2013.05.006
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Figure 2.4. Illustration of the Landsat 8 in orbit

Source: EROS Date Centre, United States Geological Service

Optical imagery can be classi�ed according to its resolution in terms of pixel size and the frequency of the elec-

tromagnetic spectrum that is being used. �e resolution ranges from low to high, with low resolution pixel sizes 

covering 1 to 5 km and high resolution with pixel sizes of around one metre or less. Optical imagery is limited to 

the visible, near- and mid-infrared ranges of the electromagnetic spectrum. 

While some space agencies have implemented open data policies that allow for open and free of charge access 

to low and moderate resolution satellite imagery, many space agencies have not yet implemented such policies. 

Furthermore, in most cases, the generation and provision of high-resolution optical imagery has been allocated 

to the private sector.

�e combination of archived and up-to-date optical imagery is allowing practitioners to track the e�ects of hazards 

on vulnerable elements.
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CASE STUDY 

Planet.com – Commercial Earth observation for early warning systemsa 

Planet is a leading Earth observation company, providing the highest frequency satellite data available and foundational 

analytics to derive insights that empower users across the world to make impactful, timely decisions. Planet’s platform 

processes and distributes a global, near-daily stream of high-resolution satellite data into the work�ows of customers 

and partners, enabling them to quickly build applications that evolve and respond to our rapidly changing world.

Planet has built and successfully deployed over 450 satellites, with over 200 currently in orbit, collecting 350 million 

square kilometres of imagery every day. �e satellites are operated in two “constellations”, with unique spatial, temporal 

and radiometric resolutions. �is allows Planet to capture the Earth’s surface from multiple perspectives and dimensions. 

Planet operates two types of satellite in its two constellations: Doves and SkySats.

Doves weigh approximately �ve kilograms and are roughly the size of a showbox, much smaller than traditional satellites. 

�ese satellites are typically launched in large groups, called “�ocks”.

�e SkySat constellation can image any point on Earth in high resolution of 50 centimetres at subdaily intervals. Stereo 

imagery and video footage of up to 90 seconds can also be captured. SkySats have an internal propulsion system, allowing 

Planet to maintain desired altitudes and optimize global coverage. 

�e satellite data collected is processed and made available for �ve di�erent areas of application:

 • Planet monitoring – to see and understand daily changes on Earth 

 • Planet tasking – providing near-real-time intelligence to proactively identify blind spots, anticipate events 

and have con�dence in the next mission critical decisions

 • Planet basemaps – visually consistent and scienti�cally accurate imagery that informs time series analysis 

and machine learning powered analytics

 • Planet analytics feeds – identi�es objects and features of interest to enable resource prioritization and 

decision-making based on the most recent insights available 

 • Planet archive – monitor areas of interest, validating information on the ground and discovering trends 

of relevance 

�e 3.7 m resolution images in four multispectral bands (red, blue, green and near-infrared), the greater visibility o�ered 

by Planet to obtain ground-truth data from opaque, dispersed or remote geographies, the 200 orbits every 90 minutes, 

and the continuous coverage mean that the commercial o�ering from Planet has potential for EWS.

a Planet, “�e leading provider of global daily Earth data”. Available at www.planet.com

http://Planet.com
https://www.planet.com/
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While optical satellites cannot make observations below the clouds, synthetic aperture radar (SAR) sensors in 

dedicated satellites operate in a microwave segment of the electromagnetic spectrum that is unimpeded by clouds. 

Such sensors send signals to the Earth which bounce back to the satellite. �is allows these active sensors to monitor 

hazards during day or night conditions, even under cloud cover.45

Like optical imagery, SAR imagery is useful to understand the dynamics of natural hazards such as �oods, droughts, 

earthquakes, landslides and other types of mass movements, oil spills and volcanic activity.

Figure 2.5 presents an illustration of the Sentinel 1 satellites of the Copernicus constellation. Such satellites are 

frequently used to map the geographic extent of �oods, to detect the deformation of land triggered by earthquakes 

and volcanic activity and are beginning to be used in early warning e�orts in case of �oods, landslides and volcanic 

activity. 

Figure 2.5 One of the Sentinel 1 satellites in orbit. 

Source: ESA

Aperture radar sensors are operated in in a narrow portion of the microwave segment of the electromagnetic 

spectrum. �e typical frequency ranges have been designated with le�ers. Table 2.1 presents typical frequency 

ranges:46

45  European Space Agency, “Synthetic Aperture Radar (SAR) (ERS) Overview”. Available at https://earth.esa.int/eogateway/instruments/sar-ers/description 
46  United States, National Aeronautics and Space Administration, “Earth Data. Synthetic Aperture Radar”. Available at https://earthdata.nasa.gov/learn/

backgrounders/what-is-sar 

https://earth.esa.int/eogateway/instruments/sar-ers/description
https://earthdata.nasa.gov/learn/backgrounders/what-is-sar
https://earthdata.nasa.gov/learn/backgrounders/what-is-sar
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Table 2.1  Frequency bands for SAR satellites and typical applications 

Band designation Frequency range (GHz) Typical application

L 1–2 Moderate resolution SAR.

Geophysical monitoring, vegetation

S 2–4 Agriculture

C 4–8 Change detection, ice, oceans

X 8–12 High-resolution SAR 

Used in urban monitoring, ice and snow

Source: Adapted from NASA

One technique used in radar imagery is the combination of sequential images of the same satellite in the same 

orbit to track minute changes in the elevation or subsidence of land. �is procedure, called interferometric SAR 

(InSAR),  can be used to monitor the deformation of volcanic domes, active landslides, relative motion of tectonic 

plates and subsidence in urban or rural areas.47

47  Further information on radar interferometry is available from ESA at: https://www.esa.int/About_Us/ESA_Publications/InSAR_Principles_Guide-
lines_for_SAR_Interferometry_Processing_and_Interpretation_br_ESA_TM-19, from NASA at: https://appliedsciences.nasa.gov/sites/default/files/Session4-
SAR-English_0.pdf, from Copernicus Sentinel programme at: https://sentinels.copernicus.eu/web/sentinel/user-guides/sentinel-1-sar/product-overview/
interferometry, from ALOS PALSAR InSAR at: https://asf.alaska.edu/wp-content/uploads/2019/03/asfnn_4-4.pdf 

CASE STUDY 

The Joint Italian-Argentinian Satellite System for 
Disaster Management (SIASGE)a, b

�e Joint Italian-Argentinian Satellite System for Disaster Management (SIASGE) is an international cooperation e�ort 

to deploy active satellites to contribute to disaster management e�orts. �e cooperation agreement was signed in 2005 

and the satellite constellation includes four Italian COSMO-SkyMed satellites and two Argentinian SAOCOM satellites.

�e six satellites are positioned in polar orbit at the same altitude for a near-real-time monitoring of hazards with an 

expected update every 12 hours. �e radar satellites can monitor forest �res, �oods, volcanic eruptions, earthquakes, 

avalanches, landslides and mass movements day and night, even under cloud cover. �e sixth satellite of the constellation 

is the SAOCOM 1B satellite and it was launched in August 2020. Figure 2.6 presents a schematic diagram of SIASGE.

A few years ago, the Copernicus programme began to launch a constellation of active and passive satellites to contribute 

to an improved understanding of the dynamic nature of the planet and to map changes over time driven by societies 

around the world. 

a Argentina, National Space Activities Commission. Sistema Ítalo Argentino de Satélites para la Gestión de Emergencias (SIASGE). Available at www.
argentina.gob.ar/ciencia/conae/misiones-espaciales/siasge

b Italian Space Agency. Italian-Argentinian satellite system for disaster management. Available at www.asi.it/scienze-della-terra/cosmo-skymed/siasge

https://www.esa.int/About_Us/ESA_Publications/InSAR_Principles_Guidelines_for_SAR_Interferometry_Processing_and_Interpretation_br_ESA_TM-19
https://www.esa.int/About_Us/ESA_Publications/InSAR_Principles_Guidelines_for_SAR_Interferometry_Processing_and_Interpretation_br_ESA_TM-19
https://appliedsciences.nasa.gov/sites/default/files/Session4-SAR-English_0.pdf
https://appliedsciences.nasa.gov/sites/default/files/Session4-SAR-English_0.pdf
https://sentinels.copernicus.eu/web/sentinel/user-guides/sentinel-1-sar/product-overview/interferometry
https://sentinels.copernicus.eu/web/sentinel/user-guides/sentinel-1-sar/product-overview/interferometry
https://asf.alaska.edu/wp-content/uploads/2019/03/asfnn_4-4.pdf
https://www.argentina.gob.ar/ciencia/conae/misiones-espaciales/siasge
https://www.argentina.gob.ar/ciencia/conae/misiones-espaciales/siasge
https://www.asi.it/scienze-della-terra/cosmo-skymed/siasge/
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Figure 2.6 SIASGE satellite constellation. 

Source: SIASGE, CONAE

CASE STUDY 

The Copernicus Satellite Constellationa, b

Recognizing the usefulness of satellite observations for a variety of applications, the European Commission established 

its Earth observation programme naming it Copernicus. �e programme includes a constellation of optical and infrared 

radar and other types of satellites to contribute to an improved monitoring of the atmosphere, the land and marine 

environments. It also addresses those challenges posited by climate change and natural hazards, as well as security 

concerns. �e �rst satellite of the constellation was launched at the end of 2014, and nearly 20 satellites are expected to 

be in orbit by 2030. Figure 2.7 presents the services o�ered by Copernicus.

�e Sentinel 1 satellites are radar-type satellites that are useful for monitoring a variety of natural hazards. For instance, 

these satellites can track the geographical extent of water bodies. �is information is useful in the case of �oods and 

droughts. �ese satellites also have the capability to track minute deformations of the surface of the planet through what 

is known as radar interferometry. In the case of early warning applications, radar interferometry allows experts to track 

the deformation of volcanic domes before eruptions, to monitor slow-moving landslides, and to monitor the subsidence 

of land due to natural or anthropogenic factors. 
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�e Sentinel 2 satellites, operating in the optical and near-infrared regimes, complement the Sentinel 1 satellites in 

monitoring many types of hazards. �ese satellites contribute to monitoring vegetation, soil and water cover. �ey are 

very useful in the case of droughts, �oods, forest �res and to monitor some geological hazards.

�e Sentinel 3 and 6 satellites include optical sensors and altimeters. �e Sentinel 6 satellite provides high accuracy 

altimetry for oceanography and climate studies. 

�e Sentinel 4 and 5 satellites will include atmospheric chemistry sensors that will be useful in the case of forest �res 

and to track the dynamics of volcanic ash clouds.

Recognizing the need to enhance the use of the data generated by these satellites, the European Commission imple-

mented an open data policy that allows researchers and professionals around the world to download and use the imagery 

for many purposes. In addition, the Commission is facilitating the generation of services to address the challenges posed 

by �oods, droughts and forest �res, as well as products such as digital elevation models than can be used for �ood, storm 

surge, tsunami and landslide hazard assessments. 

a European Union Copernicus Programme. “Europe’s Eyes on Earth”. Available at www.copernicus.eu/en

b European Union Copernicus Programme. “What is Copernicus”. Available at www.copernicus.eu/sites/default/files/Brochure_Copernicus_2019%20
updated_0.pdf

Figure 2.7 Services provided by Copernicus. 

Source: Copernicus, background imagery courtesy of NASA

 • Climate change

 • Marine monitoring

 • Atmosphere 
monitoring

 • Land monitoring

 • Security

 • Emergency 
management

https://www.copernicus.eu/en
https://www.copernicus.eu/sites/default/files/Brochure_Copernicus_2019 updated_0.pdf
https://www.copernicus.eu/sites/default/files/Brochure_Copernicus_2019 updated_0.pdf
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2.2.2 Satellite telecommunications

�e �rst telecommunications satellite launched into orbit was Telstar 1. �is was a joint e�ort between the National 

Aeronautics and Space Administration (NASA) and the former AT&T Bell Telephone Laboratories of the United 

States. Launched in July 1962, it facilitated the transmission of television and telephone signals between the United 

States and Europe.

Since then, di�erent companies and space agencies have launched a variety of telecommunication satellites. As the 

need and use of telecommunications satellites increased, private companies such as COMSAT began to emerge. 

While the typical application of these satellites is to contribute to telephone communications, television and 

radio broadcasting,  the role of satellite telecommunication in early warning systems cannot be underestimated. 

Satellite communications play an essential role in transmi�ing raw data from sensors to the early warning centres 

for subsequent analysis and then disseminating early warnings to those at risk. �e use of satellites to send data 

for early warning systems is particularly bene�cial where sensors are deployed in remote areas that are used to 

monitor hazard events and precursors to hazard events. 

2.2.3 Global navigation satellite systems 

Global navigation satellite systems (GNSS) have been designed to provide positioning, velocity and timing services 

for terrestrial users, and are now being increasingly utilized for autonomous navigation in space.48 GNSS include 

constellations of Earth-orbiting satellites that broadcast their locations in space and time and networks of ground 

control stations and receivers that calculate ground positions by trilateration. 

GNSS are used in all forms of transportation: aviation, maritime, rail, road and mass transit. Positioning, naviga-

tion and timing play a critical role in a vast range of sectors, including telecommunications, land surveying, law 

enforcement, emergency response, precision agriculture, mining, �nance and scienti�c research. 

As indicated by UNOOSA, “GNSS includes two fully operational global systems: the Global Positioning System 

(GPS) of the United States and the GLObal NAvigation Satellite System (GLONASS) of the Russian Federation, as 

well as the developing global and regional systems, namely the European Satellite Navigation System (GALILEO) 

and the COMPASS/Bei-Dou system of China, the Regional Navigation Satellite System (IRNSS) of India and 

the Quasi-Zenith Satellite System (QZSS) of Japan. Once all these global and regional systems become fully 

operational, the user will have access to positioning, navigation and timing signals from more than 100 satellites.”49

In early warning systems, GNSS is an essential enabling technology for the mapping and precise monitoring of 

deformations of the ground. For example, GNSS is used by the United States Geological Service (USGS), and 

other organizations around the world, for monitoring �ank movements and lava dome growth. Any changes in 

growth can be indicative of magma movement, which could result in an eruption.50 

48  More information on global navigation satellite systems is available at www.unoosa.org/oosa/en/ourwork/psa/gnss/gnss.html 
49  United Nations O�ce for Outer Space A�airs, “Global Navigation Satellite Systems (GNSS)”. Available at www.unoosa.org/oosa/en/ourwork/psa/gnss/gnss.html 
50  United States Geological Survey, Earthquakes and Other Natural Hazards: GNSS for Disaster Management. Available at www.unoosa.org/pdf/icg/2011/icg-6/21-1.pdf 

https://www.unoosa.org/oosa/en/ourwork/psa/gnss/gnss.html
https://www.unoosa.org/oosa/en/ourwork/psa/gnss/gnss.html
https://www.unoosa.org/pdf/icg/2011/icg-6/21-1.pdf
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2.3 Using space technologies

Space-based data comes in a range of types and formats, and, over the years, the space community has generated 

products that extend the use of such data in early warning systems. More recently, the space community and other 

geospatial agencies have begun to implement services that facilitate access to ready-to-use, or nearly ready-to-use, 

geospatial information. Figure 2.8 presents an example of this trend in the case of drought. 

Figure 2.8  The transition from satellite imagery to products and then to services 
in the case of droughts 

Source: ESA, EUMETSAT and Copernicus Drought Observatory

2.3.1 Accessing the data 

Satellite imagery

Satellite imagery is downloaded in the form of �les which are subsequently processed by the receiving organiza-

tion. �is process includes ortho-recti�cation procedures, which process the images to apply corrections for 

optical distortions from the sensor system, and apparent changes in the position of ground objects caused by the 

perspective of the sensor view angle and ground terrain.51 As the data are accessed in a raw format, they need to 

be processed using dedicated so�ware to generate useful information that is o�en presented in the form of maps. 

Some space agencies, such as the National Aeronautics and Space Administration (NASA) of the United States, the 

European Space Agency (ESA) and the Copernicus programme, have implemented open data policies that facilitate 

the use of such imagery. An example is the imagery from the moderate resolution imaging spectroradiometer 

(MODIS) sensors on board the TER� and AQUA satellites. MODIS composite products are used in several 

applications including agriculture and environmental management, where there is no need for high-resolution 

imagery. UN-SPIDER and other organizations have developed speci�c procedures to combine archived and up-to-

date composite products such as the Enhanced Vegetation Index (EVI) and the Normalized Di�erence Vegetation 

Index (NDVI) to track the severity of a speci�c drought in comparison to historic droughts since the year 2000.52

51  Esri,“What is orthorecti�ed imagery?” Available at www.esri.com/about/newsroom/insider/what-is-orthorectified-imagery 
52  UN-SPIDER programme, “UN-SPIDER Knowledge Portal. Recommended Practices”. Available at www.un-spider.org/advisory-support/recommended-practices 
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https://www.esri.com/about/newsroom/insider/what-is-orthorectified-imagery/
https://www.un-spider.org/advisory-support/recommended-practices
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High-resolution satellite imagery could o�er potential advances for the monitoring and warning of hazards, as the 

pixel size ranges from 5 to 6 metres down to 50 cm. However, most of this capability is only currently available 

commercially.

Open source satellite imagery is available through these providers:

 • Copernicus Ecosystem https://dataspace.copernicus.eu

 • USGS - Landsat satellite imagery www.usgs.gov/landsat-missions/landsat-data-access and  

www.usgs.gov/landsat-missions/data

 • NOAA - GOES satellite imagery www.star.nesdis.noaa.gov/goes/index.php

 • ESA https://earth.esa.int/eogateway/catalog

Location-based data 

Location-based data acquired from the constellation of GNSS satellites are available in the form of numerical 

coordinates, indicating the geographic position of a point using latitude and longitude. 

2.3.2 Products

In recent decades, the space community has realized the usefulness of preprocessing satellite imagery to generate a 

variety of products. Examples of products used in early warning systems include digital elevation models (DEM). 

�ese are used in �ood and landslide hazard mapping and for hydrological �ood modelling. In a complementary 

fashion, land-use and land-cover products are used to track changes in the use of land in environmental applications 

and can also be used in �ood and landslide hazard mapping. 

CASE STUDY 

Digital elevation modelling for risk knowledge and monitoring in 
early warning systemsa

Satellite data can be processed to create a wide range of services and products. One example is the use of elevation 

data from Earth observation satellites to monitor changes indicative of natural hazards, such as landslides and volcanic 

eruptions.

UN-SPIDER has collated user cases involving space technologies for disaster risk reduction into its Knowledge Portal. 

Examples include the use of the digital elevation model (DEM) called WorldDEMTM, which has been developed by 

Airbus Defence and Space, and covers the entire land surface of the Earth. WorldDEMTM can be used in hazard modelling 

in case of �oods, landslides, tsunamis and storm surges to support EWS.

Inundation modelling for sea level rise 

Climate change-driven sea level rise is a global phenomenon that is a�ecting communities in coastal and island regions 

as well as marine and terrestrial ecosystems. Currently sea levels rise around 3mm per year on a global scale and the 

rate is expected to intensify in the future. �e global coverage of the WorldDEMTM elevation products and the detailed 

https://dataspace.copernicus.eu
http://www.usgs.gov/landsat-missions/landsat-data-access
http://www.usgs.gov/landsat-missions/data
https://www.star.nesdis.noaa.gov/goes/index.php
https://earth.esa.int/eogateway/catalog
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extraction of the world ocean shoreline (map scale 1:20,000) enable the modelling of sea level rise for every region of 

the world. Understanding the potential implications of sea level rise is vital for coastal hazard early warning systems, 

such as tsunami and storm surge.

Flood hazard mapping

Another application of the WorldDEMTM data is �ood hazard mapping. Modelling for �oods is required to identify 

areas exposed to hydrological risk or to capture �ood-prone areas. At the suggestion of UN-SPIDER, the Space 

Application Centre for Response in Emergency and Disasters (SACRED) of the Space and Upper Atmosphere Research 

Commission (SUPARCO) of Pakistan developed a recommended practice for the elaboration of �ood hazard maps 

using the WorldDEMTM. �is recommended practice is available in this link: https://un-spider.org/advisory-support/

recommended-practices/recommended-practice-flood-hazard-assessment

Landslide hazard mapping

To assess risks of landslides in mountainous regions, information about the topography is required. WorldDEMTM eleva-

tion products o�er high-resolution topographic information for the entire landmass of the world. Based on WorldDEMTM 

terrain elevation, the secondary relief parameters slope and aspect can be derived and used to determine the �ow 

direction of rock, debris or earth. In combination with information about geology, tectonics, soil and vegetation cover, 

the monitoring of landslides is possible on the local, regional and global scale. Figure 2.9 presents an example of a digital 

elevation map of the island of Bali in Indonesia.

a AIRBUS Defence and Space, “WorldDEM Neo-World-DEM”. Available at www.intelligence-airbusds.com/en/5751-image-gallery-details?img=35255

Figure 2.9 WorldDEMTM digital elevation model of the island of Bali in Indonesia 

Source: AIRBUS

https://un-spider.org/advisory-support/recommended-practices/recommended-practice-flood-hazard-assessment
https://un-spider.org/advisory-support/recommended-practices/recommended-practice-flood-hazard-assessment
https://www.intelligence-airbusds.com/en/5751-image-gallery-details?img=35255


http://www.eorc.jaxa.jp/ALOS/en/dataset/aw3d30/aw3d30_e.htm
http://www.eorc.jaxa.jp/ALOS/en/dataset/aw3d30/aw3d30_e.htm
http://www.earthdata.nasa.gov/news/new-aster-gdem
http://www.earthdata.nasa.gov/news/new-aster-gdem
https://spacedata.copernicus.eu/collections/copernicus-digital-elevation-model
https://spacedata.copernicus.eu/collections/copernicus-digital-elevation-model
http://www.jpl.nasa.gov/news/us-releases-enhanced-shuttle-land-elevation-data
http://www.jpl.nasa.gov/news/us-releases-enhanced-shuttle-land-elevation-data
https://geoservice.dlr.de/web/dataguide/tdm90/
https://geoservice.dlr.de/web/dataguide/tdm90/
http://www.planetobserver.com/global-elevation-data
http://www.planetobserver.com/global-elevation-data
http://www.intelligence-airbusds.com/imagery/reference-layers/worlddem/
http://www.intelligence-airbusds.com/imagery/reference-layers/worlddem/
https://doi.org/10.3389/feart.2015.00032
https://doi.org/10.3389/feart.2018.00233
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https://geoservice.dlr.de/web/


http://Geoportal.DE
https://edo.jrc.ec.europa.eu/gdo/php/index.php?id=2001
https://droughtwatch.icpac.net/about/
https://gwis.jrc.ec.europa.eu/






43

Chapter 3.  
Space technologies for rapid-onset 

hydrometeorological hazards 

Hydrometeorological hazards result from the state and behaviour of the Earth’s atmosphere, 

its interaction with the land and oceans, the weather and climate produced and the resulting 

distribution of water resources.59 The most frequent and impactful hydrometeorological hazards 

are typically storms, �oods and droughts. These types of hazards can emerge, develop and cause 

impacts quickly (rapid-onset) or gradually build over time before effects are realized (slow-onset – 

see chapter 4). The required capability from space technologies for early warning systems depends 

on the type and characteristics of the hazard. For example, rapidly forming thunderstorms require 

high-resolution, rapid-scan Earth observations and fast, reliable satellite telecommunications to 

issue warnings quickly. 

In recent decades, the contribution of space technologies to EWS for hydrometeorological hazards has been 

signi�cant. Continuously evolving satellite capability has enabled Earth observations, providing valuable data 

on the current state and behaviour of the atmosphere and its interaction with oceans and land. Furthermore, the 

continual development of space technologies is increasing the accuracy of EWS.

More than 100 satellites have been launched to monitor the Earth’s atmosphere. Half have been designed to 

support weather forecasting, whereas the others have been more research focused. Short-term weather-prediction 

science has advanced signi�cantly through active microwave instruments, as these operate through cloud cover and 

without daylight. Microwave and infrared sensors can now map atmospheric temperature pro�les, water vapour 

distribution, surface pressure and precipitation. 

Satellite observations make a crucial contribution to the quality of today’s weather forecasts. �eir global coverage 

means that they provide information on the atmosphere, the land surface, the ocean and sea ice that cannot be provided 

by in situ measurements. �rough data assimilation, they help to produce the best possible estimate of the current 

state of the Earth system. �e assimilated data is ingested into forecasting models, providing the initial conditions 

for numerical weather prediction (NWP) and climate modelling. In turn, NWP and climate modelling then provide 

forecasts and early warnings of hazardous events that may occur in a ma�er of hours to days, weeks or months ahead. 

59  United Nations O�ce for Disaster Risk Reduction, “Hazard De�nition & Classi�cation Review: Technical Report”. Available at www.irdrinternational.org/
knowledge_pool/publications/858 

https://www.irdrinternational.org/knowledge_pool/publications/858
https://www.irdrinternational.org/knowledge_pool/publications/858
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�e European Centre for Medium-Range Weather Forecasts (ECMWF), for example, uses satellite data for climate 

monitoring, atmospheric composition monitoring and forecasts as part of the Copernicus programme of the 

European Commission. Satellite data also help monitor forecast quality and identify and remedy de�ciencies in 

Earth system models.

Medium-range weather forecasts that provide information �ve to seven days in advance were impossible before 

satellites began making global observations routinely available in real time, particularly over remote regions, such 

as the ocean waters of the Southern hemisphere. Global forecasting models developed at the United States National 

Center for Atmospheric Research, ECMWF and the United States National Meteorological Center became the 

standard during the 1980s, making medium-range forecasting a reality. Global weather forecasting models are also 

routinely run by national weather services worldwide, including those of Canada, Japan and the United Kingdom,  

all made possible by the development of satellite technology.

Near-real-time hydrometeorological satellite data measuring the current state of the atmosphere is also archived 

and catalogued to provide a time series of data used by hydrometeorological and climate specialists to build, test 

and improve numerical weather prediction, and hydrological and climate models. �ese models are critical to 

forecast potential impactful hydrometeorological hazards and issue early warnings.

�e following segment of this chapter present information and examples on how space technologies contribute 

to early warning in the case of storms and �oods.

3.1 Storms 

�e term storm is usually applied to any violent atmospheric disturbance and covers a range of meteorological 

systems, from low-pressure depressions and thunderstorms to hurricanes, typhoons and tropical cyclones. Storms 

are commonly associated with �erce winds. In addition, storms are o�en multi-hazard, including other hydro-

meteorological phenomena and hazards such as precipitation and storm surges (chapter 7), leading to �ooding, 

lightning and rain-induced landslides (chapter 5).

Early warning systems for storms need capabilities that can detect the potential for storm development and monitor 

the life cycle of a storm once it develops. Satellite technologies, therefore, play a crucial role in providing Earth 

observation data, which can be used to detect and forecast storms and then track the storm’s progress, behaviour 

and characteristics to enable warnings to be updated with the latest and most accurate information.

Satellite technology is particularly relevant for the most destructive storms, hurricanes, typhoons and tropical 

cyclones, which materialize over warm oceans where other ground-based monitoring technologies, such as auto-

matic weather stations and radar, are absent.

In addition, wind sca�erometers mounted on a polar-orbiting satellite can derive wind speed and direction close 

to the ocean’s surface, providing valuable observations in the absence of ground-based monitoring. 

Sca�erometers direct radar pulses towards the Earth’s surface and measure the strength of the backsca�ered return 

beam. Over the oceans, backsca�ering is caused by small wind-generated waves rather than larger swell waves. 



https://www.metoffice.gov.uk/weather/learn-about/how-forecasts-are-made/observations/observations-from-space
https://www.metoffice.gov.uk/weather/learn-about/how-forecasts-are-made/observations/observations-from-space
https://doi.org/10.1175/BAMS-D-18-0044.1
https://www.weather.gov/news/17512_season-to-remember




https://www.dwd.de/EN/research/weatherforecasting/met_applications/satellite_data_applications/convective_cell_detection_node.html
https://www.dwd.de/EN/research/weatherforecasting/met_applications/satellite_data_applications/convective_cell_detection_node.html
https://www.nwcsaf.org/rdt_description
https://www.nwcsaf.org/rdt_description
https://www.dwd.de/EN/research/weatherforecasting/met_applications/nowcasting/konrad_en_node.html;jsessionid=61397321B6E4E971011C9B1696B5F7C5.live31094
https://www.dwd.de/EN/research/weatherforecasting/met_applications/nowcasting/konrad_en_node.html;jsessionid=61397321B6E4E971011C9B1696B5F7C5.live31094
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3.2 Floods

Floods are the most common natural hazards a�ecting people, infrastructure and the natural environment. �ey 

can occur in many ways and in many environments. Riverine �oods, the most prevalent, are due to heavy, prolonged 

rainfall, rapid snowmelt in upstream watersheds or the regular spring thaw of snow in river catchments. Other �oods 

are caused by he�y rainfall occurring over a short period, the backup of estuaries due to high tides coinciding with 

riverine �ooding or storm surges, dam failures, dam overtopping due to landslides into a reservoir, and seiche and 

wind tide e�ects in large lakes. Occasionally an eruption under a glacier or snow-covered volcanic peak can cause 

a �ood or a mud�ow in which the terrain is radically changed and any rural development is destroyed, frequently 

with much loss of life.61

According to the 2021 report of the Centre for Research on the Epidemiology of Disasters and the United Nations 

O�ce for Disaster Risk Reduction,62 the �ood was the most frequent type of disaster worldwide and the only one 

that became increasingly deadly in 2020. Moreover, �ood occurrence signi�cantly increased in 2020 compared 

to the 2000–2019 annual average. �erefore, policy and decision makers need e�cient �ood monitoring tools 

to facilitate their work towards increasing disaster resilience, especially in the urban and peri-urban areas, where 

most of the population and critical infrastructure are located.

De�ning the entire �ood potential is a challenge. Nevertheless, historical evidence o�en provides some valuable 

risk knowledge. Still, as �ood plains and catchments are continuously subjected to change through various vari-

ables, such as land clearance and construction, geomorphological changes and even �oods themselves, historical 

events become less valuable.

However, satellite Earth observations can identify signi�cant �ood potential and assess the associated risk by 

providing essential data to build disaster risk knowledge for changing and geographically remote river catch-

ments. In addition, satellite-derived data for understanding �ood plains, catchments and rivers can be combined 

with other critical data sets to assess exposure and vulnerability, which can be applied alongside conventional 

hydrometeorological modelling to forecast �ood impacts and issue �ood warnings.

In recent years, several national, regional and international organizations have launched services that present 

information on potential �oods on the basis of hydrological models that transform rainfall estimations into potential 

�oods. Two of these services are GLoFAS of the Copernicus Programme and the Group on Earth Observations 

Global Water and Sustainability Initiative (GeoGLOWS) stream�ow model implemented by several partners 

including Brigham Young University, the National Oceanic and Atmospheric Administration (NOAA), the NASA/

USAID SERVIR programme, the private remote-sensing company Esri of the United States and the European 

Centre for Medium-range Weather Forecasts (ECMWF).

61  Organisation of American States, “Chapter 4 – Remote Sensing in Natural Hazard Assessments (1991)” in Primer on Natural Hazard Management in 
Integrated Regional Development Planning. Available at www.oas.org/dsd/publications/Unit/oea66e/ch04.htm 

62  Centre for Research on the Epidemiology of Disasters and United Nations O�ce for Disaster Risk Reduction. “2020: �e Non-Covid year in disasters: 
Global trends and perspectives”. Available at http://hdl.handle.net/2078.1/245181 

https://www.oas.org/dsd/publications/Unit/oea66e/ch04.htm
http://hdl.handle.net/2078.1/245181
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6.2 Space weather

Space weather, triggered by intense solar variability, poses a potential threat to satellites and international space 

stations, human space �ight, aviation and ground infrastructure upon which society is increasingly dependent. 

For example, on 13 March 1989, several regions of Canada experienced a major electrical blackout due to a major 

solar storm. In October 2003, some areas of Sweden also experienced a blackout triggered by a solar storm.

According to the International Space Weather Initiative (ISWI), severe solar storms a�ect the magnetosphere of 

the planet and can trigger what is known as geomagnetic storms. �ese changes in the magnetosphere can lead to 

the degradation of the altitude of satellites in low-Earth orbit. In a complementary fashion, highly energetic solar 

particles can damage electronic components essential for the routine operation of all satellites.113

Severe changes in the Earth’s magnetic �eld triggered by intense solar storms can impact the electric power grid. 

Changes in magnetic �elds will induce electric currents in long transmission lines, which may damage or destroy 

transformers due to the saturation of their limits to operate as expected. In addition, solar storms may generate 

currents in frequencies that are di�erent to the typical 50 Hz or 60 Hz frequencies used in many regions of the world. 

Recognizing the exposure of the entire planet to space weather and the vulnerability of satellite systems, telecom-

munications and electrical networks around the world, many countries have acknowledged that space weather needs 

to be addressed globally. �rough international cooperation and coordination, the ability to predict potentially 

severe space weather events has been developing, enabling mitigation of the impact of space weather so that the 

long-term sustainability of outer space activities and Earth-based vulnerable infrastructure is maintained.

In July 1999, the United Nations organized the third Vienna Conference of the Exploration and Peaceful Uses of 

Outer Space. At that conference, Member States of the United Nations agreed to cooperate to protect the Earth’s 

environment by developing a worldwide strategy for long-term global observations of space weather.114

Since then, UNOOSA has addressed this topic. In 2014, the Commi�ee endorsed the establishment of the Expert 

Group on Space Weather “with a mandate to promote awareness, provide guidance and enable communication 

and cooperation in space weather-related activities among States members of the Commi�ee and related national 

and international organizations. Its workplan included e�orts to support increased and expanded involvement of 

Member States in providing space weather monitoring, from the ground and in space, and in developing, advancing, 

sharing, and delivering space weather services.”115

�ere are several international e�orts addressing space weather:

 • �e International Space Weather Initiative (ISWI) was launched in 2009. According to the website 

of ISWI, its goal is “to develop the scienti�c insight necessary to understand the science and to 

reconstruct and forecast near-Earth space weather. It includes instrumentation, data analysis, 

modelling, education, training, and public outreach.” 

113  International Space Weather Initiative. Available at www.iswi-secretariat.org/.
114  General Assembly, “Report of the �ird United Nations Conference on the Exploration and Peaceful Uses of Outer Space” (18 October 1999), pp 21-27. 

Available at www.unoosa.org/pdf/reports/unispace/ACONF184_6E.pdf
115  European Space Agency, “Weather services”. Available at www.esa.int/Space_Safety/ESA_expands_space_weather_services

https://www.iswi-secretariat.org/
https://www.unoosa.org/pdf/reports/unispace/ACONF184_6E.pdf
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Chapter 7.  

Space technologies for coastal hazards

More than 600 million people (around 10 per cent of the world’s population) live in coastal areas 

less than 10 metres above sea level, and 40 per cent of the world’s population lives within 100 km 

of the coastal zone. Meanwhile, by 2030, the coastal population is expected to increase by 50 per 

cent.122 In the past two decades, climate change, unplanned development and increased population 

have considerably increased disasters in coastal zones. In the next 50 years, the impact of climate 

change is predicted to substantially affect the impacts of coastal hazards, particularly tsunamis, 

storm surges and coastal erosion due to sea level rise.

Coastal hazards are generally known as physical phenomena that impact human properties and the environment 

associated with the coastal zone. According to the UNDRR classi�cation, coastal hazards can originate from 

hydrometeorological, geological, biological or technological phenomena.123 �e most prominent hazard types 

are tsunamis and storm surge. 

Space technology is an e�ective and e�cient tool to monitor, detect and assist in generating early warnings for 

coastal hazards. Satellite-derived coastal zone characteristics such as coastal elevation, bathymetry, topography 

and land use are essential variables that are used for coastal hazard assessments, speci�cally for tsunamis and storm 

surges. In addition, near-real image acquisition is used to detect and monitor changes in these hazard events during 

the disaster response and post-disaster damage assessment stages.

�is chapter will start with a discussion on geospatial data that are essential to elaborate hazard maps and will 

include information on early warning systems developed in the case of tsunamis and storm surges and will conclude 

with additional information on satellite technologies to monitor sea level rise. 

122  W. Neil Adger, Terry P. Hughes, and others, “Social-ecological resilience to coastal disasters”. Science, vol. 309, issue number 5737 (12 August 2005) 
pp.  1036–1039. Available at https://doi.org/10.1126/science.1112122 

123  United Nations O�ce for Disaster Risk Reduction, “Hazard De�nition & Classi�cation Review: Technical Report”. Available at www.irdrinternational.org/
knowledge_pool/publications/858 

https://doi.org/10.1126/science.1112122
https://www.irdrinternational.org/knowledge_pool/publications/858
https://www.irdrinternational.org/knowledge_pool/publications/858


SPACE TECHNOLOGIES FOR EARLY WARNING SYSTEMS124

7.1 Satellite-derived bathymetry124

One of the key parameters of coastal zones is bathymetry. Bathymetry measures water depth in oceans, rivers or 

lakes and is used to de�ne submarine topography. Bathymetry is used for tsunami, storm surge and coastal �ood 

modelling, and it is an essential parameter in generating early warnings. 

Tsunami and storm surge inundation modelling needs both bathymetric and coastal elevation data. Due to con-

tinued changes in the bathymetric conditions caused by human and geomorphological processes, coastal hazard 

models must be regularly updated. �is creates a high demand for bathymetric data.

In practice, the bathymetry is typically obtained from in situ measurement using echo sounders on ships and light 

detection and ranging (LiDAR) in aeroplanes. �ese methods are costly and do not provide extensive coverage; 

hence, bathymetry for 50 per cent of the world’s shallow coastal zones is still not surveyed.125 However, satellite-

derived bathymetry (SDB) is an innovative way of generating bathymetry at a lower price and wider coverage. 

Historically, the horizontal resolution of bathymetry derived from satellite data is poorer than that provided by 

echo sounders and LiDAR. But as satellite technology has evolved and continues to develop, the resolution is 

being improved. For example, in the 1990s, GeoSat and ERS 1 provided 12 km horizontal resolution. In contrast, 

the Global Multi-Resolution Topography synthesis, which merges satellite and in situ sensor data, can provide a 

resolution of 50 m where data exist.126

Various optical and radar sensors are employed to generate SDB. �e resolution and the maximum depth vary 

depending on the type of the sensor, depth of sunlight penetration, turbidity, location, season in the case of optical 

sensors and the method used to derive SDB. 

Two methods are used to estimate bathymetry: multispectral inversion and wave-based inversion. Multispectral 

inversion uses a�enuation of the light with depth in the water column, which is a function of wavelength. Wave-

based inversion uses the in�uence of coastal topography on shallow-water ocean waves. 

Wave-based inversion needs stereo, burst or video modes of images to calculate the depth, and high-resolution 

optical satellites such as IKONOS, WorldView-2, Spot-5 and Sentinel 2 are used in this method. In addition, SAR 

sensors such as Sentinel 1, TerraSAR-X and RISAT are also used to derive near-shore bathymetry. 

Improved algorithms and machine learning methods also enhance the quality of bathymetric data compared to 

the more conventional, in situ analyses in isolation. Susa127 derived near-shore bathymetry from Sentinel-2 satellite 

imagery near La Parguera, Puerto Rico utilizing a traditional band-ratio algorithm, a band-ratio switching method, 

a random forest machine learning model and the XGBoost machine learning model. �e machine learning models 

returned comparable results and were markedly more accurate relative to other techniques demonstrated. 

124  Gillaume Cesbron, Angelique Melet, and others, “Pan-European Satellite-Derived Coastal Bathymetry—Review, User Needs and Future Services”, Frontiers 
in Marine Science, Vol. 8 (2021). Available at https://doi.org/10.3389/fmars.2021.740830 

125  International Hydrographic Organization, “Status of Hydrographic Surveying and Charting Worldwide”. Publication C-55 (3 October2023). Available at: 
https://iho.int/uploads/user/pubs/cb/c-55/c55.pdf 

126  Global Multi-Resolution Topography, “GMRT Overview”. Available at www.gmrt.org/about/index.php
127  Tyler Susa, “Satellite Derived Bathymetry with Sentinel-2 Imagery: Comparing Traditional Techniques with Advanced Methods and Machine Learning 

Ensemble Models”. Marine Geodesy, vol. 45, issue number 5 (4 May 2022). Available at http://dx.doi.org/10.1080/01490419.2022.2064572 

https://doi.org/10.3389/fmars.2021.740830
https://iho.int/uploads/user/pubs/cb/c-55/c55.pdf
https://www.gmrt.org/about/index.php
http://dx.doi.org/10.1080/01490419.2022.2064572
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7.2 Satellite-derived elevation data

Tsunamis, storm surges and sea level rise are critical coastal hazards in�uenced by the coastal landform and eleva-

tions. �erefore, elevation data play a crucial role in determining the potential impact of these hazards and provide 

the basis for developing early warning systems. As in the case of bathymetry, space observation o�ers elevation 

data at a lower cost than airborne or ground surveys.

�e National Hazard Pro�le project conducted by the Disaster Management Centre of Sri Lanka with the assistance 

of UNDP has used satellite-derived elevation data to develop coastal hazard pro�les for tsunami, storm surge and 

sea level rise. �e 30-metre resolution imagery from the Advanced Spaceborne �ermal Emission and Re�ection 

Radiometer (ASTER) on the Terra satellite was used in this project to develop inundation maps for these hazards 

for multiple scenarios.128

7.3 Tsunami 

A tsunami is a series of ocean waves that send water surges onto land, o�en causing widespread destruction. Large, 

undersea earthquakes or underwater volcanic eruptions and landslides typically cause tsunamis.129 Large meteorites 

impacting the oceans or seas may also trigger tsunamis.

In open, deep water, tsunami waves have small amplitudes and long wavelengths. Tsunami waves travel at great 

speeds; for example, the 2004 Indian Ocean Tsunami took 2.5 hours to travel from Sumatra to Sri Lanka. However, 

once the waves reach coastal areas and the sea �oor becomes shallower, the tsunami wave height can increase 

dramatically, bringing fast-moving, large and powerful tsunami waves onto coastal areas, causing extensive damage 

and a signi�cant danger to life. In 2004, the Indian Ocean Tsunami killed 275,000 people across 14 countries and 

caused US$ 9.9 billion worth of damage.130 

A�er the 2004 Indian Ocean Tsunami, the Intergovernmental Coordination Group for the Indian Ocean Tsunami 

Warning and Mitigation System (IOTWMS) was established to improve regional coordination. �e initiative was 

supported by the Intergovernmental Oceanographic Commission (IGC) of UNESCO, and under the IOTWMS, 

three tsunami service providers have been established in Australia, India and Indonesia. IOTWMS has 28 member 

countries which bene�t from tsunami detection and warnings. Figure 7.2 presents a schematic diagram of the 

Indian Ocean Tsunami Warning System.

128  United Nations Development Programme, “Chapter 10 Tsunami in Hazard Pro�les of Sri Lanka Report”. Available at www.dmc.gov.lk/images/hazard/
hazard/Report/UNDP%20BOOK%20CHAP%20010_%20TSUNAMI%20%20-%2019-12-2012.pdf

129  National Geographic, Tsunamis. Available at www.nationalgeographic.com/environment/article/tsunamis 
130  Australian Disaster Resilience Knowledge Hub, “Tsunami Evaluation Coalition. �e Boxing Day Tsunami in numbers”. Available at https://knowledge.

aidr.org.au/media/3767/tsunami-stats-facts.pdf 

https://www.dmc.gov.lk/images/hazard/hazard/Report/UNDP BOOK CHAP 010_ TSUNAMI  - 19-12-2012.pdf
https://www.dmc.gov.lk/images/hazard/hazard/Report/UNDP BOOK CHAP 010_ TSUNAMI  - 19-12-2012.pdf
https://www.nationalgeographic.com/environment/article/tsunamis
https://knowledge.aidr.org.au/media/3767/tsunami-stats-facts.pdf
https://knowledge.aidr.org.au/media/3767/tsunami-stats-facts.pdf
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7.4 Storm surge

Storm surge is an abnormal rise of water generated by a storm, over and above the predicted astronomical tides. 

Storm surge is produced by water being pushed towards the shore by the force of the winds moving cyclonically 

around the storm.139

Along the coast, storm surge is o�en the greatest 

threat to life and property from a hurricane or tropical 

cyclone. Hurricane Katrina (2005) is a prime example 

of the damage and devastation that can be caused by 

surge. At least 1,500 persons lost their lives during 

Katrina and many of those deaths occurred directly, 

or indirectly, as a result of storm surge.

According to academic sources, over 700 storm 

surges have occurred globally since 1880, and 

approximately 56 per cent of those events are 

reported from the Western North Atlantic region. 

�e highest surges, however, are repeatedly reported 

in the Northern Indian Ocean (Bay of Bengal).140

As with �ood hazard maps and tsunami inundation 

hazard mapping, satellite remote-sensing techniques 

are also used to map potential storm surge inunda-

tion zones from satellite-derived bathymetry and 

elevation data. Indeed, Sri Lanka has demonstrated 

that potential storm surge inundation zones can be 

identi�ed for multiple wind speeds using numerical 

simulations based on bathymetry and elevation data 

to develop probabilistic hazard maps.

Figure 7.5 presents an example of a storm surge 

inundation map for Sri Lanka related to wind speed 

of 215 km per hour.

Satellite-based radar altimetry is also used to detect 

storm surges and to validate storm surge models. 

Compared with tidal observation data, satellite 

altimetry has the advantage of providing o�shore sea level information to an accuracy of 10 cm. In addition, 

satellite altimetry can provide more e�ective observations for studying storm surges, such as transient surge data. 

�e tide gauges and satellite altimeters are relatively sparse, and the spatial distribution is extremely uneven, 

which o�en seriously restricts the overall understanding of the spatial distribution features of storm surge activity. 

139  United States, National Oceanic and Atmospheric Administration, Storm Surge Overview. Available at www.nhc.noaa.gov/surge/ 
140  Hal. F. Needham, Barry D. Keim, and David Sathiaraj, “A review of tropical cyclone-generated storm surges: Global data sources, observations, and impacts”. 

Reviews of Geophysics, vol. 53, issue number 2 ( June 2015). Available at https://doi.org/10.1002/2014RG000477

Figure 7.5 
 Sri Lanka storm surge inundation map 
related to wind speed of 215 km/h and 
composed using numerical model 
predictions constructed on satellite-
derived bathymetry and elevation data

Source: UNDP
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7.5 Sea level rise

Sea level rise is increasing around the globe because of climate change. �e rapid increment of carbon dioxide and 

other greenhouse gases in the atmosphere is increasing global temperatures. �e oceans absorb the excessive heat from 

the atmosphere and hence ocean waters are becoming warmer. As ocean temperature increases, oceans expand and 

increase the average surface level of the ocean. �e International Panel on Climate Change reports that if greenhouse 

gas emissions remain the same, the projected sea level rise will be in between 0.6 to 1.1 m by 2100.144

Sea level rise a�ects the potential impact of other coastal hazards, such as tsunami and storm surge, therefore 

continuous monitoring of seawater level for e�ective modelling, forecasting and early warning is essential. 

Space applications have been developed to monitor oceanic condition, including surface water level, by various 

satellite altimeter applications.

Since 1991, many satellite altimetry missions have been designed to monitor sea level rise and, since 1992, global 

sea level change has been computed by various organizations and universities. Satellites that have been used for 

altimetry include CryoSat 2, ERS 1 and 2, GFO, Jason 1, 2 and 3, SA�L, Sentinel 3 and 6, and Topex/Poseidon. 

�e synoptic coverage and frequent revisit capability of satellites provides a collection of altimetry data available at 

global scale and able to monitor the trend in sea level rise for the past few decades. �e Jet Propulsion Laboratory 

( JPL) of the California Institute of Technology and NASA has presented sea level changes observed by Topex/

Jason missions for the period of 1992–2019. Figure 7.7 presents a map of sea surface height changes between 1992 

and 2019 measured by the Topex and Jason satellite missions.

Figure 7.7  Sea surface height changes 1992–2019 measured by the Topex/Jason 
missions 

Source: NASA/JPL

144  International Panel on Climate Change, “Chapter 4 - Sea Level Rise and Implications for Low-Lying Islands, Coasts and Communities”. In Special 
Report on the Ocean and Cryosphere in a Changing Climate. Available at www.ipcc.ch/srocc/chapter/chapter-4-sea-level-rise-and-implications-for-low-lying- 
islands-coasts-and-communities/ 
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Chapter 8.  
Space technologies for health hazards

Biological health hazards are of organic origin and include bacteria, viruses or parasites, as well as 

mosquitoes carrying disease-causing agents.145 The consequences of a biological health hazardous 

event may include severe economic and environmental losses. 

Some recent examples of large outbreaks, epidemics or pandemics due to biological health hazards are:

 • �e COVID-19 virus that impacted most countries of the world between 2019 and 2022

 • �e Ebola Virus Disease outbreak in West Africa in 2013–2016, in the populations of Guinea, 

Liberia and Sierra Leone

 • �e outbreak of the Zika virus infection in the Americas and the Paci�c region

 • Signi�cant increase in diarrheal disease incidences following recurrent �oods in most African 

countries or signi�cant increases following natural disasters, such as the 2004 tsunami in Indonesia 

and �ailand

 • Outbreaks of yellow fever in Angola, the Democratic Republic of Congo and Uganda in 2016146 

�e management of risks due to biological health hazards is a national and community priority. It has been rec-

ognized as part of the Sendai Framework and is globally addressed under the International Health Regulations.148 

Satellite technology provides mechanisms for monitoring environmental conditions that are favourable for the 

presence of biological health hazards, such as pathogenic microorganisms and mosquitoes. Like other biological 

hazards, pathogens and insects are too small to be detected directly by current satellite capability. However, proxy 

data can be used to detect the presence of biological health hazards. �is information is proving valuable to health 

early warning systems.

�is chapter addresses those health hazards such as harmful algae blooms, mosquito-borne diseases including 

malaria, and cholera. 

145  United Nations O�ce for Disaster Risk Reduction, “Hazard De�nition & Classi�cation Review: Technical Report”. Available at www.irdrinternational.
org/knowledge_pool/publications/858

146  United Nations O�ce for Disaster Reduction, “Chapter 5. Biological Hazards Risk Assessment”. In Words into Action Guidelines: National Disaster Risk 
Assessment Hazard Speci�c Risk Assessment. Available at www.undrr.org/publication/biological-hazards-and-risk-assessment 

https://www.irdrinternational.org/knowledge_pool/publications/858
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https://www.undrr.org/publication/biological-hazards-and-risk-assessment
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8.1 Harmful algal bloom

Harmful algal blooms (HABs) occur when certain kinds of algae grow very quickly, forming patches or “blooms”, 

in the water. Blooms are more likely when water is warm, slow-moving and full of nutrients, such as nitrogen or 

phosphorous.147 �ese blooms can emit powerful toxins which endanger human and animal health.148 

Over the past three decades, national and international space agencies such as NASA, ESA and EUMETSAT,  

the China National Space Administration and State, the Indian Space Research Organisation (ISRO), JAXA, 

the Korean Space Agency and CNES have deployed and operated a range of ocean-colour sensors dedicated to 

measuring water-leaving radiance in the visible part of the spectrum.149 As a result, ocean-colour products have 

continuously been developed, validated and used in operational applications for harmful algal bloom detection, 

tracking and prediction.

In the United States, HABs have been reported in every coastal state and have caused an estimated one billion 

dollars in losses in recent decades to coastal economies that rely on recreation, tourism and seafood harvesting. 

Blooms can also lead to odours that require more costly treatment for public water supplies.150

147  United States, Centers for Disease Control and Prevention, Avoid Harmful Algae and Cyanobacteria. Available at www.cdc.gov/habs/be-aware-habs.html 
148  United States, National Centres for Coastal Ocean Science, Harmful Algal Bloom Monitoring System. Available at https://coastalscience.noaa.gov/research/

stressor-impacts-mitigation/hab-monitoring-system
149  Marie-Fanny Racault, Anas Abdulaziz and others, “Environmental Reservoirs of Vibrio cholerae: Challenges and Opportunities for Ocean-Color Remote 

Sensing”. Remote Sensing, vol. 11, issue number 23 (24 November 2019). Available at https://doi.org/10.3390/rs11232763 

Examples of harmful algal bloom a, b, c

Karenia brevis is commonly called red tide. Karenia brevis blooms can cause respiratory illness and eye irritation in 

humans. It can also kill marine life and lead to shell�sh closures. Blooms are o�en patchy, so impacts vary by beach and 

throughout the day.

Cyanobacteria (blue-green algae) typically occurs when warmer water creates favourable bloom conditions. Blue-green 

algae can produce toxins that pose a risk to human and animal health, foul coastlines, and impact communities and 

businesses that depend on the water supply.

Alexandrium catenella blooms produce potent neurotoxins that accumulate in shell�sh and cause paralytic shell�sh 

poisoning (PSP) in human consumers.

a United States, National Centres for Coastal Ocean Science, Gulf of Mexico Harmful Algal Bloom Forecast. Available at https://coastalscience.noaa.
gov/research/stressor-impacts-mitigation/hab-forecasts/gulf-of-mexico/

b United States, National Centres for Coastal Ocean Science, Gulf of Maine Alexandrium catenella Predictive Models. Available at https://coastalscience.
noaa.gov/research/stressor-impacts-mitigation/hab-forecasts/gulf-of-maine-alexandrium-catenella-predictive-models/

c United States, National Oceanic and Atmospheric Administration, Lake Erie Harmful Algal Bloom Forecast. Available at: https://coastalscience.noaa.
gov/research/stressor-impacts-mitigation/hab-forecasts/lake-erie/
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10.2 Air quality

Air quality is a measure of how clean or polluted the air is. Poor air quality, or polluted air, is the result of gas and 

particle emissions, and chemical reactions that have occurred in the atmosphere. Poor air quality can be caused by 

natural sources such as volcanic eruptions (see chapter 5), sea spray, lightning and desert dust. But the majority 

are caused by �ve types of human activity: household, industry, transportation, agriculture and waste.180

�e United Nations Environment Programme indicates that around 7 million people die every year from diseases 

and infections related to air pollution. �e impact of poor air quality on global health is estimated at US$5.7 trillion, 

equivalent to 4.8 per cent of the world’s GDP,181 with outdoor and indoor air pollution causing respiratory and 

other diseases and being sources of morbidity and mortality.

Air pollution also has negative consequences for the economy, productivity and tourism. It a�ects biodiversity loss, 

causes acidi�cation of soil and lake ecosystems, and reduces forest and crop yields, threatening food security.183

Fine particulate ma�er (PM2.5) and ground level ozone are particularly dangerous. Invisible to the naked eye and 

present both indoors and out, PM2.5 penetrates lungs and allows toxic compounds into the bloodstream. Ground 

level ozone is both a greenhouse gas and an air pollutant – damaging to human and ecosystem health. Exposure 

to ground level ozone causes 472,000 premature deaths every year.182

Monitoring, forecasting and warning for poor air quality is key to reducing the impacts of poor air quality on lives 

and livelihoods.

180  World Health Organization, “Air Pollution”. Available at www.who.int/health-topics/air-pollution#tab=tab_1 
181  United Nations Environment Programme. “Across the globe, nine out of every ten people are breathing unclear air”. Available at www.unep.org/interactive/

all-you-need-to-know-air-pollution 

CASE STUDY

airTEXT a, b 

Scientists in Latvia and the United Kingdom have used the Copernicus Atmosphere Monitoring Service (CAMS) to 

produce airTEXT: a free, independent air quality service, operated by Cambridge Environmental Research Consultants 

(CERC) Ltd. �e service is available for major cities in the United Kingdom, including London, Cambridge, Chelmsford 

and Colchester, and Riga in Latvia.

�e app draws on CAMS air quality forecasting data and combines these forecasts with air quality information from 

the air quality modelling system for urban areas of CERC to produce air quality maps at 7-metre resolution. �is 

comprehensive system is used to model pollutant dispersion across large urban areas, to show what happens on a range 

of scales, from individual streets to entire cities.

�e service provides forecasts of local air quality up to three days ahead of time and is accessible through a website or on 

a free mobile app. Free text and email alerts are also available to push information to the public about local air quality, 

keeping people informed.

�e hourly concentrations of four pollutants are calculated: nitrogen dioxide (NO2), particulates (PM10 and PM2.5) 

and ozone (O3). From the hourly concentrations the daily air quality index of each pollutant is derived. �e overall air 

https://www.who.int/health-topics/air-pollution
https://www.unep.org/interactive/all-you-need-to-know-air-pollution/
https://www.unep.org/interactive/all-you-need-to-know-air-pollution/
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Earth observation data from satellites, combined with ground-based monitoring instrument data, are used to 

provide real-time measurements of air quality around the world. Combined with forecasting models, air quality 

levels can be forecast, and alerts and warnings issued for sectors including health, aviation, agriculture and local 

populations.

�e Copernicus Atmosphere Monitoring Service (CAMS) monitors and forecasts phenomena that contribute 

towards changes in air quality, such as human induced air pollution and dust. CAMS provides quality-controlled 

and free data for use in creating new applications to help a range of users across the world.183

CAMS draws on Earth observations combined with numerical models of weather and atmospheric composition 

to create detailed analyses and forecasts of atmospheric composition and air quality. �ese data are used for 

initializing forecasts of global conditions, as well as to assess European air quality. To acquire all the observations 

that are needed to produce the CAMS services, it collaborates with ESA and EUMETSAT as well as with many 

other organizations that provide satellite and in situ observations.184

10.3 Dust

Dust comprises small particles of loose soil and sand. �ese particles are li�ed into the atmosphere by gusts of 

surface winds and can be transported and deposited thousands of kilometres away.185

ECMWF notes that the transport of dust is vital to the functioning of many ecosystems; however, dust can det-

rimentally a�ect health, through respiratory impacts; agriculture, when dust lands on crops, it can limit photo-

synthesis and impact yield; and transport, where dust can damage aircra�, a�ect road conditions, railway tracks 

and overhead lines.187 Sand and dust storms have become a serious global concern in recent decades due to their 

signi�cant impacts on the environment, health, agriculture and socioeconomic well-being.186

CAMS tracks dust transport using satellite observations of aerosol optical depth (AOD). AOD measures how 

much sunlight is blocked by small solid particles or liquid droplets �oating in the atmosphere.187 CAMS uses these 

satellite observations as input for its forecasts, and also estimates the contribution to AOD of di�erent components 

such as sea salt, desert dust, organic ma�er, black carbon and sulphate aerosols. CAMS AOD forecasts can be 

evaluated and validated against ground-based remote sensing.

By accurately forecasting and analysing the extent of dust storms, CAMS contributes to the United Nations 

Sustainable Development Goals (SDGs). SDG 3.9 aims to reduce the number of deaths and illnesses from air 

pollution by 2030. With e�ective forecasting of dust storms, authorities, communities and citizens can prepare for 

events a few days in advance and avoid them where possible. �is will also reduce the �nancial burden on health 

services caused by respiratory ailments and other health problems.187

183  European Centre for Medium-Range Weather Forecasts, “Tracking air pollution”. Available at https://stories.ecmwf.int/tracking-air-pollution/index.html 
184  European Commission, Copernicus Programme. Available at https://atmosphere.copernicus.eu/about-us 
185  European Centre for Medium-Range Weather Forecasts, “Forecasting dust storms”. Available at https://stories.ecmwf.int/forecasting-dust-storms/index.html 
186  World Meteorological Organization, “New sand and dust forecast website launched”. Available at https://public.wmo.int/en/media/news/

new-sand-and-dust-forecast-website-launched

https://stories.ecmwf.int/tracking-air-pollution/index.html
https://atmosphere.copernicus.eu/about-us
https://stories.ecmwf.int/forecasting-dust-storms/index.html
https://public.wmo.int/en/media/news/new-sand-and-dust-forecast-website-launched
https://public.wmo.int/en/media/news/new-sand-and-dust-forecast-website-launched
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Chapter 11.  

Multi-hazard early warning systems

Recognizing the need to continue advocating for the implementation of multi-early warning efforts 

around the world, the Sendai Framework for Disaster Risk Reduction 2015–2030 included a dedi-

cated Priority 4 to confront the steady growth of disaster risk, including the increase of people 

exposed to hazards and the exposure of assets. At the national level, the Sendai Framework calls 

for efforts to be implemented “to invest in, develop, maintain and strengthen people-centred 

multi-hazard, multisectoral forecasting and early warning systems, disaster risk and emergency 

communications mechanisms, social technologies and hazard-monitoring telecommunications 

systems.”187

At the international level, the Sendai Framework calls for e�orts to promote the further development of and 

investment in e�ective, nationally compatible, regional multi-hazard early warning mechanisms, where relevant, 

and facilitate the sharing and exchange of information across all countries.

Meteorological departments or institutes carry out multi-hazard early warning e�orts through the monitoring 

of a variety of meteorological hazards and forecasting potentially catastrophic events. In a similar fashion, some 

geological observatories monitor geological hazards such as landslides, volcanic activity and earthquakes, and issue 

warnings in the case of volcanic activity and landslides. In a parallel fashion, health centres in countries around 

the world keep an eye on a variety of communicable diseases and use the notions of nowcasting to confront those 

that may reach the level of epidemics. 

To contribute to such e�orts, many organizations of the United Nations, several space agencies, and other inter-

national, regional and national organizations launched the International Network on Multi-Hazard Early Warning 

Systems (IN-MHEWS) in Sendai, Japan during the fourth World Conference on Disaster Risk Reduction to 

contribute to the implementation of the Sendai Framework.

�e space community contributes to the generation of timely space-based data that are used to monitor hazards 

and issue warnings in case of potentially catastrophic events. In a sense, this can be understood as a multi-hazard 

e�ort, as the imagery is used in a multi-hazard environment by many institutions worldwide. 

187  United Nations O�ce for Disaster Risk Reduction, “Sendai Framework for Disaster Risk Reduction 2015–2030”. Available at www.preventionweb.net/
files/43291_sendaiframeworkfordrren.pdf

https://www.preventionweb.net/files/43291_sendaiframeworkfordrren.pdf
https://www.preventionweb.net/files/43291_sendaiframeworkfordrren.pdf
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Chapter 12.  
Future outlook

The space community continues to develop missions to enhance the capacity of space technologies 

to improve early warning systems. Several satellites have been launched into orbit recently and 

are undergoing initial tests before becoming operational. In addition, several experiments have 

been carried out in recent years that may become an operational reality once resources are found 

for their implementation. 

�is chapter presents information on such e�orts and is divided into four segments:

 • Novel satellites

 • Improved hazard monitoring

 • Improved on-board data processing

 • Warning and communication 
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The Surface Water and Ocean Topography satellite a

�e Surface Water and Ocean Topography (SWOT) satellite was developed by NASA and CNES and bene�ted from 

contributions from the Canadian Space Agency (CSA) and the Space Agency of the United Kingdom (UK Space). It 

was launched in December 2022. Its orbit around the Earth will be at an altitude of nearly 860 km, and it will repeat the 

same orbit every 21 days. It will have a 120-km-wide swath and its design life is around three years.

�is satellite will help hydrologists assess changing volumes of fresh water across the globe, including reservoirs and wet-

lands. In addition, it will provide run-o� data at a higher resolution for hydrologists to improve their hydrological models. 

Such information will be bene�cial in case of �oods and droughts. For example, SWOT will allow hydrologists to map the 

extent of �oods and monitor the reduction in the water level of lakes and other water bodies in case of severe droughts. 

a Canada, Canadian Space Agency, “Overview”. Available at www.iafastro.org/membership/all-members/canadian-space-agency.html

Geostationary Operational Environmental Satellitea

�e Geostationary Operational Environmental Satellite (GOES-T) was launched in March 2022, and a�er its testing 

in orbit, it will be renamed GOES 18 and then go into service. �is satellite will complement other GOES satellites in 

monitoring the weather and hazardous conditions in the Western Hemisphere. 

Like other geostationary satellites, GOES-T is positioned in orbit 36,000 km above the Earth and is expected to provide 

continuity to the Earth observations carried out by the constellation of GOES satellites launched several decades ago. 

Like the GOES-R satellite, GOES-T also carries a magnetometer to monitor space weather. In addition, it also carries 

sensors to track lightning activity.

a United States, National Aeronautics and Space Administration, “NASA, ULA Launch NOAA’s Newest Earth Observing Satellite”. Release No. 22-023, 
2 March 2022. Available at www.nasa.gov/press-release/nasa-ula-launch-noaa-s-newest-earth-observing-satellite

12.1 Novel satellites

Many space agencies are launching new satellites to monitor various physical and environmental parameters of 

the Earth. Some of these are being launched by private companies to enhance the frequency of observations of 

any place on Earth. Space agencies are launching others to improve the capacity to monitor a variety of hazards 

using novel instruments. 

�e following examples provide information on some of the satellites being launched by several space agencies 

such as NASA, ESA and JAXA. 

http://www.iafastro.org/membership/all-members/canadian-space-agency.html
https://www.nasa.gov/press-release/nasa-ula-launch-noaa-s-newest-earth-observing-satellite


https://www.esa.int/Applications/Observing_the_Earth/Meteorological_missions/meteosat_third_generation
https://www.esa.int/Applications/Observing_the_Earth/Meteorological_missions/meteosat_third_generation
https://www.esa.int/Applications/Observing_the_Earth/Meteorological_missions/meteosat_third_generation/A_new_era_of_weather_forecasting_begins
https://www.esa.int/Applications/Observing_the_Earth/Meteorological_missions/meteosat_third_generation/A_new_era_of_weather_forecasting_begins
https://www.esa.int/Applications/Observing_the_Earth/FutureEO/EarthCARE
https://www.esa.int/Enabling_Support/Preparing_for_the_Future/Discovery_and_Preparation/EarthCARE_mission_to_improve_weather_forecasts
https://www.esa.int/Enabling_Support/Preparing_for_the_Future/Discovery_and_Preparation/EarthCARE_mission_to_improve_weather_forecasts
https://www.esa.int/Applications/Observing_the_Earth/Copernicus/Launches_secured_for_five_Sentinel_satellites
https://www.esa.int/Applications/Observing_the_Earth/Copernicus/Launches_secured_for_five_Sentinel_satellites
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12.2 Improved hazard monitoring

�e combined data from di�erent types of satellites will allow forecasters to improve procedures for the forecasting 

of potentially catastrophic events. One example is the combined use of imagery extracted from Earth observa-

tion satellites and high-resolution positioning data from GNSS. �e following segment presents information on 

examples of this combined use of Earth observation satellites and GNSS data in the case of mass movements. 

European Global Navigation Satellite System and Copernicus for Risk Monitoringa

�e synergistic use of the European Global Navigation Satellite System (EGNSS) and components of the Copernicus 

Programme provide the necessary elements to build integrated applications that improve risk monitoring for geological 

hazards (e.g., landslides, deformation due to volcanic activity, etc.). During the risk identi�cation phase, Copernicus 

data and services (e.g., Copernicus Land Monitoring) are employed and fused with local geospatial layers to detect 

risk-prone areas, providing initial risk assessments on the potential impact on local communities and infrastructure. 

For example, interferometric synthetic aperture radar (InSAR) methods based on Copernicus Sentinel-1 data allow 

acceleration detection, a precursor to slope failures. At the same time, the time series can also reveal displacements and 

pre-failure motions of landslides. 

�e information above can be fused with data streams from local Galileo ground stations and other in situ sensors, such 

as inertial measurement units, to monitor ground deformations, landslides and subsidence. �is synergistic approach can 

improve the detection of land deformations with millimetric-level accuracies and frequent measurement rates. Moreover, 

the integration of in situ accelerometers can deliver real-time alerts in case of sudden movements.

a Information provided by the European Union Agency for the Space Programme (EUSPA). 

Geodetic Integrated Monitoring System – the Geodetic Integrated Monitoring 
System project of the European Union Agency for the Space Programmea

An example of the development of an integrated system is the Geodetic Integrated Monitoring System (GIMS), a project 

implemented by the European Union Agency for the Space Programme (EUSPA). �e main objective of GIMS is to 

develop an advanced low-cost system based on EGNSS, Copernicus synthetic aperture radar (SAR) and in situ sensors 

to monitor ground deformations in real-time, with a focus on landslides and subsidence. �e system will track ground 

deformations with millimetre-level accuracies and a daily acquisition rate combining several inputs:

 • GNSS and accelerometer data collected from ground stations and retrieved from the Internet 

 • Synthetic aperture radar (SAR) data retrieved directly from ESA Copernicus Sentinel servers 

�e deformation results will be used to produce a report for easy consultation by interested stakeholders (e.g., public 

authorities, civil protection, citizens, etc.)

GIMS will contribute to a be�er understanding of the geophysical behaviour of parts of the Earth’s surface and its 

hindrances on structures, allowing for the mitigation of casualties and injuries to the population and be�er planning 

of maintenance intervention.

GIMS has received funding from the European Union Agency for the Space Programme (EUSPA) Horizon 2020 research 

and innovation programme the under the European Union, under grant agreement No. 776335.

a European Union Agency for the Space Programme, “Geodetic Integrated Monitoring System (GIMS)”. Available at www.euspa.europa.eu/
geodetic-integrated-monitoring-system

http://www.euspa.europa.eu/geodetic-integrated-monitoring-system
http://www.euspa.europa.eu/geodetic-integrated-monitoring-system


https://appliedsciences.nasa.gov/our-impact/news/nasa-partnership-launches-groundbreaking-new-global-flood-early-warning-technology
https://appliedsciences.nasa.gov/our-impact/news/nasa-partnership-launches-groundbreaking-new-global-flood-early-warning-technology
https://appliedsciences.nasa.gov/our-impact/story/early-access-global-flood-tracking
https://appliedsciences.nasa.gov/our-impact/story/early-access-global-flood-tracking
https://un-spider.org/sites/default/files/nasa-eo-disasters_0.pdf
https://un-spider.org/sites/default/files/nasa-eo-disasters_0.pdf
http://www.l3harris.com/newsroom/editorial/2022/04/weather-satellites-key-life-saving-tornado-warnings
http://www.l3harris.com/newsroom/editorial/2022/04/weather-satellites-key-life-saving-tornado-warnings
https://www.deepblueglobe.eu/
https://onewave.deepblueglobe.eu/
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12.3 Improved on-board data processing

Bene�ting from the development of greater computing capacities of novel processors and novel ways of process-

ing data, future satellites may not only be able to acquire and transmit satellite imagery down to Earth but also 

process satellite imagery on board to speed up the use of space-based information in early warning applications. 

�e following example presents information on a project geared to demonstrate the feasibility of such on-board 

developments.

Earth observation alerta

Earth observation alert is a project carried out by a group of partners that includes the Deimos Elecnor Group, the 

German Aerospace Centre (DLR), the Graz University of Technology, the Polytechnic Institute of Torino, OHB SE 

and Deimos Imaging. �e project bene�ts from the contributions of the State Meteorological Agency of Spain. 

�e project aims to incorporate Earth observation data-processing technology within the satellite to speed up the 

generation of ready-to-use information. �e project will develop hardware and so�ware tools to enhance the on-board 

capacity of satellites to process satellite imagery and generate relevant products. One potential application is to detect 

and track convective storms as quickly as possible to create relevant and timely alerts.b 

a EO-ALERT, “Objectives”. Available at http://eo-alert-h2020.eu/objectives

b Deimos Elecnor Group, “A Novel Satellite Architecture for Detection and Monitoring of Extreme Events”. Technical Presentation made during 
the 2020 Session of the Scienti�c and Technical Subcommi�ee of the Commi�ee on the Peaceful uses of Outer Space. Available at www.unoosa.org/
documents/pdf/copuos/stsc/2020/tech-46E.pdf

http://eo-alert-h2020.eu/objectives/
http://www.unoosa.org/documents/pdf/copuos/stsc/2020/tech-46E.pdf
http://www.unoosa.org/documents/pdf/copuos/stsc/2020/tech-46E.pdf
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12.4 Warning and communication 

Experience has shown that warning and communication are essential elements of early warning systems. However, 

alerts must reach those at risk to respond to such warnings promptly to minimize damages and losses. 

Being aware of the need to utilize di�erent types of satellites to communicate warnings, the space community 

is developing procedures to transmit such warnings via satellites such as those used for global navigation. �e 

following example presents a project implemented by the Government of Japan to contribute to early warning 

and disaster management e�orts in Asia and Oceania. 

Satellite Report for Disaster and Crisis Management (DC Report)a

�e Government of Japan is implementing the Satellite Report for Disaster and Crisis Management as a service to convey 

warnings and other disaster-related information to people at risk in regions within Asia and Oceania with limited or no 

telecommunication network available, and when local telecommunication networks have been damaged or are inopera-

tive. �e service will convey messages to end users quickly using the Michibiki satellites. �ese satellites are designed 

to �y over Japan and complement the GPS network of the United States, so that accurate positioning information is 

available anywhere in Japan regardless of location. �e need for such complementary satellites arises as certain areas in 

Japan have high topographic relief and normal GPS data. Warning messages and relevant information are expected to 

be shared via audio and displays using low-power wide-area networks (LPWA network). 

�e project will include designing and implementing dedicated receivers that can convert data streams from the Michibiki 

satellites into warnings in various formats (speakers, digital signate, beacon light, etc.). �e receivers will also convey 

the information to the LPWA networks so it can be disseminated to end users. 

�e project envisions an assessment of requirements in countries in Asia and Oceania, developing the dedicated receivers 

and testing using scenarios to complete the design of the proposed service.

a Japan Aerospace Exploration Agency, “Overview of the First Quasi-Zenith Satellite MICHIBIKI”. Available at https://global.jaxa.jp/countdown/
f18/overview/michibiki_e.html

https://global.jaxa.jp/countdown/f18/overview/michibiki_e.html
https://global.jaxa.jp/countdown/f18/overview/michibiki_e.html
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Acronyms 

Acronym De�nition

ABI Advanced Baseline Imager

AIRS Atmospheric Infrared Sounder

ALOS Advanced Land Observing Satellite 

AOD Aerosol optical depth

ASAL Algerian Space Agency

ASIS Agricultural Stress Index System

ASTER Advanced Spaceborne Thermal Emission and Re�ection Radiometer 

AVHRR Advanced very high-resolution radiometer

AVISO Archiving, Validation, and Interpretation of Satellite Oceanographic data

BSM Burn Scar Mapping

CAMS Copernicus Atmosphere Monitoring Service

CCI Climate Change Initiative

CEOS Committee on Earth Observation Satellites

CERC Cambridge Environmental Research Consultants Ltd

CGMS Coordination of Geostationary Meteorological Satellites

CHIRPS Climate Hazards InfraRed Precipitation with Stations

CIIFEN International Research Centre on El Niño Phenomena

CLS Collecte Localisation Satellites, subsidiary of CNES

CME Coronal mass ejections

CNES National Centre for Space Studies (France)

CONABIO National Commission on the Knowledge and Use of Biodiversity

CONAFOR National Forestry Commission of Mexico

COPUOS Committee on the Peaceful Uses for Outer Space

COSMO-SkyMed Constellation of small Satellites for the Mediterranean basin Observation

CSA Canadian Space Agency 

D-SDA German Satellite Data Archive

DART Deep-ocean Assessment and Reporting of Tsunami

DART - NASA Double Asteroid Redirection Test

DE AFRICA Digital Earth Africa
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Quick reference tables

Examples of space-based resources for  

STORM EARLY WARNING

RISK  
ASSESSMENT

HAZARD MONITORING 
AND FORECASTING

WARNING 
COMMUNICATION

PREPAREDNESS

R
A

W
 D

A
TA

Satellite 
imagery

Exposed areas Potential areas, 
communities, 
critical infrastructure, 
agricultural crops, and 
roads which may be  
affected

Impact-based 
forecasting

Forecast-based 
�nancing

Data

PRODUCTS Land use/land 
cover maps

SERVICES IAWN Weather forecasts Weather forecasts

EC-JRC  GHSL

DLR WSF

WorldPop Satellite communications 
to transmit raw data from 
the �eldLandScan

Examples of space-based resources for  

FLOOD EARLY WARNING

RISK  
ASSESSMENT

HAZARD MONITORING 
AND FORECASTING

WARNING 
COMMUNICATION

PREPAREDNESS

R
A

W
 D

A
TA

Satellite 
imagery

Polygons of historic 
�oods

Potential extent 
of �ooded areas 
based on hydraulic 
modelling

Potential areas, 
critical infrastructure, 
agricultural crops, and 
roads which may be  
affected

Impact-based 
forecasting

Exposed areas

Data Satellite-derived estimations 
of rainfall (GPM)

PRODUCTS Digital elevation 
models for �ood 
hazard mapping 
and modelling

Land use/land 
cover maps

SERVICES ECMWF, NOAA, National 
Meteorological Of�ces

Weather forecasts

Copernicus 
GLOFAS

Copernicus GLOFAS Copernicus GLOFAS

EC-JRC  GHSL GEOGloWS  ECMWF GEOGloWS ECMWF

DLR WSF FloodHub (Greece) FloodHub (Greece)

WorldPop Satellite-derived estimations 
of rainfall (GPM)

LandScan Satellite communications to 
transmit raw data from the 
�eld
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Examples of space-based resources for  

EARLY WARNING IN CASE OF DUST STORMS AND POOR AIR QUALITY

RISK 
ASSESSMENT

HAZARD MONITORING  
AND FORECASTING

WARNING 
COMMUNICATION

PREPAREDNESS

R
A

W
 D

A
TA

Satellite 
imagery

Exposed areas Simple 
indices: 

NBR, dNBR Potential  areas, 
communities, and 
critical infrastruc-
ture which may be  
affected

Impact-based 
forecasting

Data Temperature Hotspots, 
thermal 
anomalies

Weather Temperature, 
precipitation

PRODUCTS Land use/land 
cover maps

SERVICES EC-JRC  GHSL WMO Barcelona Dust 
Regional Centre 

WMO Barcelona Dust 
Regional Centre 

DLR WSF Copernicus CAMS Copernicus CAMS

WorldPop airTEXT (Latvia) airTEXT (Latvia)

LandScan
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