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Satellite EO Capabilities for Each Phase of Disaster Risk Reduction

Part III

Introduction

Part III of this document provides graphical summary descriptions of how EO satellite data 
support each phase of DRR:

- �Mitigation and Preparedness;

- �Detecting and tracking hazards (both weather–related and non–weather–related);

- �Response;

- �Recovery;

- �Long-term climate monitoring.

The pictorial spreads describe the capabilities that the satellite data bring and the DRR functions 
that these capabilities support. The relevant disaster types are described and some important 
examples provided.
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Mitigation and Preparedness

Digital Elevation Model, Atlantic City, USA

Image Credit: NOAA
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Hazard Mapping and Risk Modelling

Remote sensing provides a powerful tool for disaster mitigation and preparedness by supporting the mapping of hazards 
and making systematic observations as an input to risk modeling. Satellite archives contain valuable historical information 
and new acquisitions can help authorities narrow their focus to the areas of highest risk and optimise preparations and the 
pre-positioning of response assets. The relative cost effectiveness of using satellite imagery means that much broader areas 
and a wider range of hazards can be addressed.

For example, the assessment of wildfire fuel loads enables effective hazard reduction burns to be conducted in high-risk 
areas. These areas are often vast, but satellite imagery can provide cost effective methods for mapping and characterizing 
fire fuels quickly and accurately, supporting the best-possible mitigation outcomes.

Landslide hazard mapping requires the detailed analysis of past occurrences in relation to their geo-environmental causes. 
Maintenance of these hazard maps requires continual effort, frequent updates, and the collection of observations over 
many sites. The consistent and repetitive nature of satellite acquisitions, used in combination with high-resolution airborne 
images, helps to streamline and scale-up the process.

Accurate information on topography is a key input to modeling risks associated with inundation from floods and tsunamis. 
These models highlight the most vulnerable areas, informing those responsible for civil works like bridges and breakwaters, 
and enabling planning. Satellites have produced several global, high-resolution digital elevation models which are an 
essential input to inundation modeling.
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Assessing Drought Vulnerability: Precipitation and Ground Water

The causes of drought are complex and can include extreme 
heat, reduced precipitation levels, low soil moisture, and the 
diminished flows of surface and ground water. To date, drought 
strategy has focused mainly on response management once 
a drought has set in, but some authorities have begun to 
place more emphasis on mitigation. Many of the factors 
governing the occurrence of drought can be measured using 
satellites and this supports the assessment of vulnerability 
that enables mitigation and preparation.

Seasonal precipitation levels across the tropics and subtropics 
are governed in part by the El Niño Southern Oscillation, 
which arises due to the effects of anomalous sea surface 
temperatures off the western coast of South America. Large-
scale and frequent monitoring of El Niño is conducted by 
satellites measuring both temperature, as well as sea level 
that reflects changing density as seawater heats and cools. 
These measurements provide an assessment of precipitation 
for the coming season, one of the key indicators of impending 
drought.

In addition to precipitation, ground water plays a major role in determining vulnerably to drought. As drought conditions 
worsen, the large stores of water in underground aquifers become depleted and this loss of restorative capacity can 
accelerate the drought impact on the water table and soils above. The amount of water stored in these aquifers is measured 
globally by satellites detecting small changes in the Earth’s gravitational field from orbit. As aquifer levels fall, authorities can 
take steps to mitigate impact through water allocations, agricultural markets can adjust in an orderly fashion, and farmers 
can alter their cropping plans accordingly.

Producing with Confidence: Crop Insurance

Farming is a risky business, with farmers making considerable up-front 
investments in crop inputs, such as seed, fertilizer, fuel, and labour, to work 
the crop and bring it to harvest. A farmer must deal with the precarious 
nature of the weather, the volatility of commodity prices, and the perils 
of insects and disease. Crop insurance helps farmers mitigate these risks 
and sow crops with confidence – however these programmes need to 
verify claims in order to be sustainable. Farms are often spread across the 
countryside and in many cases cover vast areas, making on-site inspection 
costly or infeasible.

Both medium- and high-resolution satellite imagery is employed by 
government agencies and companies offering crop insurance to verify 
whether a claim is warranted. Satellite data can provide evidence, helping 
determine if a crop was planted at all, and if it was, identifying where in 
the growing cycle issues may have arisen. There are also instances where 
satellite images support a producer’s claim, for example where the forces of 
disease, drought, and weather make the claim appear out of the norm.

Satellites make a significant contribution to the mitigation of farmer’s risk 
relating to extreme weather, drought, and other disasters by helping provide 
the evidence required to make crop insurance programs viable.

The 1997 El Niño observed by TOPEX/Poseidon

Image credit: NASA/JPL

61



CEOS EARTH OBSERVATION HANDBOOK FOR WCDRR

The Global Observing System 

A large portion of disasters – over 90% by some assessments – are linked to hydrometeorological hazards. Climate change 
is expected to lead to an increase in the intensity and frequency of some of these hazards.

Satellites operated by the world’s space and meteorological agencies underpin the space segment of the Global Observing 
System (GOS), which is coordinated by the WMO. These satellites provide unique meteorological and environmental 
observations that enable warnings of extreme weather events on a global scale.

The established dissemination channels of the GOS provide information to decision makers at the local level and serve as 
a useful model for the timely transmission of disaster information.

Monitoring Risk – Weather Hazards
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Space Data Capabilities

Operational Polar Satellites
Temperature, humidity, water vapour, 
wind speed, and direction

Enhanced weather forecast skill – 
out to 5 days with reliability

Operational Geostationary Satellites Near real-time tropical storm imagery
Today’s 48-hour forecast is as 
accurate as those issued for a 24-
hour prediction of 10 years ago

Next-generation Operational 
Geostationary Satellites

Improved accuracy and expansion 
of application areas with advanced 
sensors

High frequency (every 2.5 minutes) 
regional tracking of tropical storms, 
active fire detection

Research and Development 
Capabilities

Measurement of physical storm 
intensity markers

Direct measurement of precipitation 
type and volume, lightning strikes

Space-Based GOS

Satellite observations from the GOS space segment provide unique global weather data that cannot be gathered from 
terrestrial sources. These observations greatly improve extreme weather forecast accuracy, coverage, and range, including 
tropical storms such as hurricanes, typhoons and cyclones, severe rain and storm activity, and tornadoes.

Forecasts of these extreme weather events allow authorities to issue warnings, coordinate evacuations, and manage 
the response to major incidents. In the aftermath of major incidents, satellite observations support timely damage 
assessments and the monitoring of resulting hazards such as flooding.

A new generation of geostationary satellites, the first of which was launched in 2014, is expected to further improve the 
quality and timeliness of data, producing more than 50 times the information provided by the current systems. This will 
include a wider variety of unique observations of the environment, with particular emphasis on hazardous weather, and 
will be able to provide tropical storm-scale regional observations every 2.5 minutes.
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Image credit: NOAA/National Hurricane Center Example of Proposed new Storm Surge and Hurricane Warnings
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Wildfires

Fire is a force of nature that humans have harnessed to heat our homes, cook our food, and clear land. But though we 
employ it regularly to our benefit, fire can very easily become a destructive force through carelessness and mistakes or via 
natural means.

Satellite observations can provide valuable information about wildfire risk conditions, which can help emergency managers 
and firefighters identify potential fire ignitions in even the most remote areas and reduce response times. For example, 
the level of drought stress in vegetation can be assessed and mapped, enabling the identification of drier areas of greater 
fire risk. And, from 2015, a new generation of lightning-mapping instruments on geostationary satellites will provide near-
continuous hemispheric monitoring for lightning flashes – one of the leading natural causes of wildfires.

Once wildfires have taken hold, satellite observations help in providing information on fire extent, intensity, and hot 
spots over broad regions, including in remote areas that are not otherwise systematically observed. In addition, both 
meteorological and land-surface imaging satellites provide observations of smoke conditions, which is an important input 
to air quality monitoring.

Monitoring Risk – Wildfires, Volcanoes, and Geohazards
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Volcanoes

As discussed in the Part II case study on Volcanoes and 
Aviation, tracking the course of a volcanic eruption takes 
constant monitoring. In addition to helping track volcanic 
ash plumes, satellites provide a valuable tool for observing 
the ground around volcanoes for signs of deformation (see 
InSAR inset). Ground deformation can indicate that magma 
is flowing, which can be a valuable marker for a potential 
eruption.

The study of satellite data collected over volcanoes since the 
1990s has shown that while deformation is not a certain 
indicator of impending eruption, a lack of deformation is an 
important indicator that no eruption will occur, with fewer 
than 10% of volcanoes that did not deform still erupting.

InSAR cannot replace existing field-monitoring methods, 
but does provide a useful addition to volcano-monitoring 
capability. In particular, InSAR is useful for keeping an eye 
on volcanoes that are difficult to access or that do not have 
ground-based instruments installed.

Geohazards and InSAR

Geohazards include a range of geological phenomena that 
present the risk of widespread damage over the short  and 
long term, locally and more broadly – in particular earthquakes 
and landslides. InSAR is a powerful tool for monitoring the 
risks associated with geohazards.

InSAR uses two or more radar images in combination to 
detect surface changes over large areas. Small changes on 
the ground modify the reflected radar signal and lead to the 
rainbow-coloured fringes in the interferogram.

Unlike other techniques that rely on measurements at a few 
points on the ground, InSAR produces a spatially complete 
map of ground deformation with centimeter accuracy in 
a timely manner, and without subjecting field crews to 
hazardous conditions on the ground. The capability that 
satellites bring in this area represents a major leap forward in 
the way we will be able to monitor catastrophic geohazards 
in the future.

InSAR is used in some areas to track rates of subsidence, 
which can be a marker of potential landslide risk. It is also 
valuable for identifying the surface break of an earthquake 
and providing a guide to where rupture has not yet been 
detected or mapped.

Interferogram from Sentinel-1 / Napa Valley, CA, US

Image credit: ESA
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International Charter on Space and Major Disasters

The Charter (see detailed case study in Part II) 
is a partnership of space agencies that provides 
a mechanism for the rapid tasking of satellites for 
immediate response to disasters. It was declared 
formally operational in 2000 and, as of the end 
of 2013, has been activated for 402 disasters in 
110 countries. The Charter has addressed tropical 
storms, earthquakes, floods, wildfires, landslides, 
oil spills, and volcanic eruptions, with different 
satellite data types better suited to different 
disaster types. Taken together, the satellites 
coordinated by the Charter provide global all-
weather day-night response capability.

For example during Typhoon Haiyan in November 
2013, the strongest ever to hit the Philippines, 
more than 1,000 high-resolution images were 
provided freely through Charter activation. These 
images were used to provide before/after imagery 
to assess damage to structures, houses, oil 
facilities, and other infrastructure. They were also 
used to underpin mapping and analysis in support 
of situational awareness and for the planning of 
resource deployment across the many islands of 
the Philippines. When the tropical storm Haiyan 
went on to impact the coast of Vietnam, the 
Charter was again activated to provide a variety 
of satellite data to produce estimates of affected 
areas and potential flood and storm inundation risk.

Disaster Response
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Image credit: Charter on Space and Major Disasters
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Flood Mapping

In 2013–2014, the Charter was activated for flood disasters 
more than once a month on average and accounted for more 
than half the activations during this period. These activations 
were spread across the globe, in countries with mature 
technical capabilities, and in those with very little national 
capacity to utilise satellite data. In the vast majority of these 
activations, satellite radar imagery was employed to produce 
flood-extent maps. Radar imagery enables all-weather, day-
night response, which is particularly well suited to the cloudy 
and rainy conditions associated with flooding, as well as for 
detecting areas of standing floodwater.

In August of 2013, monsoon rains lead to widespread 
flooding in the Punjab and Sindh Provinces of Pakistan, where 
over 130 people were reported killed and government reports 
indicate that as many as 1 million may have been affected. 
During the floods, multiple assessments were generated 
using radar data captured over a 10-day period covering the 
flooding itself, as well as pre- and post-assessments of risk 
exposure and then damage.

Earthquakes

In the aftermath of a major earthquake, local infrastructure 
is often degraded or destroyed, including systems used by 
emergency managers to rapidly assess damage and the 
roads that enable access to sometimes remote disaster 
areas. Satellites help planners work around the loss of local 
infrastructure and can provide rapid damage assessments 
based on before/after imagery, comparing archives to new 
post-incident acquisitions.

These images – often high resolution – can provide detailed 
assessment of structural loss, damage to houses, and 
damage to critical transport infrastructure like roads, rail, 
and airports. In addition, satellites can effectively monitor 
for landslides, including in remote areas. Post-earthquake 
landslides can often block waterways, causing the formation 
of barrier lakes that themselves present a flood hazard after 
the initial earthquake hazard has subsided.

Unlike hazards such as tropical storms, it is not yet possible 
to predict earthquakes, so the ready capacity and global 
coverage of satellites makes them a uniquely powerful tool 
for earthquake response managers.
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Disaster Recovery

Recovery Resource Management

The initial, frenetic disaster-response phase is often followed by a longer, more methodical recovery process involving 
the deployment of temporary humanitarian aid and logistics support while a more permanent recovery is organised 
and implemented. The complete disruption or severe degradation of local information sources can hamper the effective 
deployment and management of temporary aid and infrastructure. Satellites can provide imagery that plays a critical role 
in rapidly identifying newly formed hazards resulting from the disaster, supplementing and updating national and local 
geospatial information, and objective monitoring of the effectiveness of humanitarian efforts.
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Post-Disaster Assessment

Active wildfires present a clear and direct danger to people, wildlife, property, 
and infrastructure – but beyond their immediate impact, they have significant 
long-term impacts on forests that need to be assessed and managed as 
a part of the recovery process. These impacts include damage to often 
remote infrastructure like forest roads and bridges, stress induced on delicate 
ecosystems, updates to forest inventories used by industry, and impacts on 
the risk profile for future fires. Satellites play a valuable role by enabling 
the collection of burn-scar imagery in the immediate aftermath of the fire, 
which can be used to prioritise urgent recovery steps. By their nature, 
satellites provide systematic revisit over the burnt areas in the months and 
years following the incident, which allows for an on-going assessment of 
the recovery of forests and monitoring as the risk of future fires builds with 
regrowth. This is of particular value in remote forested areas that are not 
easily accessible to forest managers and national authorities.

Like wildfires, floods also present a clear and direct danger as the waters 
rise, with most flooding taking place over coastal or low-lying land. Once the 
danger begins to recede, a rapid assessment of damage is required in order to 
initiate and direct recovery. This assessment is usually made on site, but in the 
aftermath of a major flood, damage in the field can pose risks to investigators 
and often the scale and vastness of the flooded areas would require too many 
human and material resources to allow for a timely assessment. Satellite 
imagery provides a viable alternative for a fast and large-scale survey of the 
flooded region. Archived pre-flood imagery can be used in combination with 
new acquisitions, enabling recovery managers to rapidly access the scope of 
inundation. These early assessments can be used to position recovery aid, 
identify safe and unsafe areas, prioritise infrastructure repair, and monitor 
risks from repeat flooding.

Monitoring Recovery

As the recovery process proceeds, satellites can provide 
practical and systematic measures of progress. For example, 
in the case of recovery from major storms, storm surge, 
or tsunamis, high-resolution satellite images can be used 
to determine the condition of individual buildings. When 
collected at regular intervals, these images can be used 
to generate a spatially explicit timeline of the recovery and 
inform the direction of reconstruction aid. In some cases, 
ocean surges can completely denude coastal settlements of 
all structures, and so pre-disaster images combined with 
progressive post-incident images can enable authorities to 
rapidly and objectively assess recovery.

In the case of the January 2010 Haitian earthquake, civil authorities lacked adequate maps of Port-au-Prince, which sustained 
heavy damage and frequent aftershocks. As a part of the response process, high-resolution satellite imagery was utilised by 
groups like the Humanitarian OpenStreetMap Team (HOT) to create new pre- and post-incident maps. These satellite-derived 
maps helped guide first responders and also provided a practical geospatial framework to be utilized by the Government of 
Haiti during the long recovery process.
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Long-Term Climate Monitoring

Climate Trends, Models, and Observations

There is growing evidence from models and observations that climate change amplifies the risk factors for extreme weather 
events, causing more intense tropical storms, heavier rainfalls and flooding, more severe and quicker onset drought, increasing 
numbers of lightning strikes, and increased conditions for wildfires and dangerous heat waves. The monitoring of long-term 
trends in climate variability is vital to our understanding of how this intensification will impact weather-related DRM.

With climate models continually evolving in complexity, evaluating the quality and accuracy of their results is critical. Satellites 
play an essential role here – there is simply no other way to make the globally consistent and comparable observations 
required to bridge measurements collected on the ground and from planes and ships.

A unified approach to the collection, merging, and analysis of information relating to climate change, sustainable development, 
and DRR will only be possible thanks to the global datasets collected by satellites.

The Global Climate Observing System

The Global Climate Observing System (GCOS) was established as a long-term, user-driven operational system capable of 
providing the comprehensive observations required for monitoring the climate system. GCOS has defined 50 ECVs that are 
technically and economically feasible for systematic observation, in large part due to the capacity of satellites. A detailed 
global climate record depends critically on a coordinated observing system with a strong satellite component. Of the 50 
ECVs identified, 27 are exclusively or largely dependent on satellite observations.development, and DRR will only be possible 
thanks to the global datasets collected by satellites.
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Radiation Budget, Temperature, and Storm Intensity

The Earth Radiation Budget ECV quantifies the overall balance between the incoming energy from the sun and the outgoing 
energy from the Earth. The radiation balance at the top of the atmosphere is a fundamental driver of the climate system and 
it can only be measured from space.

The atmospheric and sea-surface temperature ECVs are key predications of climate models and observations are needed to 
validate the results. Atmospheric temperature observations collected by satellite microwave, infrared, and GPS radio occultation 
instruments have become key elements of the climate record. When used in combination with aircraft measurements, 
satellites enable global calibration and scaling to provide a comprehensive record of atmospheric temperatures.

Global sea-surface temperature ECV data sets include a variety of localised measurements from surface drifters, moored 
buoys, and ships. Satellite measurements enable cross-calibration between these data sources, preserving accuracy while 
enabling the derivation of globally consistent records.

The Earth’s radiation budget bounds the overall energy balance of the climate system and is reflected in the temperature of 
the atmosphere and sea surface. In turn these temperatures are linked to the intensity of extreme weather events and the 
hazards that disaster risk managers need to anticipate and prepare for in the future.

Precipitation and Sea Level

The general view is that the changing climate will drive changes in 
rainfall patterns, with rainy areas to become wetter, drier areas to 
become drier, and downpours to become heavier. These changes 
will have a significant impact on the occurrence of flood disasters. 
The precipitation ECV is critical to our understanding of these trends.

Observations from surface rain gauge and radar networks lack the 
density required to create a global record, in particular over the 
oceans and in countries without radar networks. Satellites can 
observe rain, ice, and snow and are a key input to constructing 
long-term, globally consistent records.

Changes in the glaciers and ice caps ECV provide some of the 
clearest evidence of climate change. Their decline would cause 
serious impacts on the many societies that are dependent 
on glacier meltwater, while the resulting sea-level rise would 
amplify flooding and ocean surge hazards in coastal regions. A 
century’s-long time series of in situ glacier measurements has 
been combined with satellite imagery and elevation models to 
form a comprehensive global record that can be updated at scale 
as new satellite observations become available.

Sea level ECV measurements from tidal gauges constitute 
a significant historical climate data record, but local sampling 
does not enable global coverage. Satellite altimetry provides 
repeated, consistent, global coverage putting tidal measurements 
into context and allows data from sites around the world to be 
directly compared.

Global sea level has been rising for decades and this trend is 
expected to continue beyond the end of this century. This will 
expose our densely populated coastlines to increasing risk from 
flooding and storm surge.
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Appendix
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CEOS WGDisasters and the EOHB Online

CEOS Working Group on Disasters (WGDisasters)

The overarching goals of WGDisasters are to increase and strengthen satellite Earth observation 
contributions to the various Disaster Risk Management (DRM) phases, and to educate politicians, 
decision-makers, and major stakeholders on the benefits of using satellite Earth Observations 
in each of those phases. To achieve these goals, CEOS Agencies have agreed to a series of objectives 
and supporting actions that will improve the coordination of satellite acquisition and data distribution, 
and foster the use of satellite data by DRM users. Objectives include:

− �Define a global satellite observation strategy for DRM, including a detailed assessment of needs, 
gaps, and satellite Earth observation requirements and the development of a strategy;

− �Ensure the appropriate inclusion of satellite Earth observations in the Post-2015 framewor 
for disaster risk reduction process;

− �Continue other supporting actions, including DRM Outreach & Evaluation of CEOS DRM Actions, 
satellite Earth observation capacity building for DRM, and satellite Earth observation DRM Projects 
Database.

Further reading and contacts for WGDisasters can be found on the CEOS website:

www.ceos.org/ourwork/workinggroups/disasters

EO Handbook Online

The full text of this report is available on the Earth Observation Handbook’s website at  
www.eohandbook.com/wcdrr. A supporting database of the satellite missions, instruments 
and measurements is available at database.eohandbook.com and contains powerful search 
and presentation tools, with the ability to export customised tables and timelines in support 
of analyses of current and planned provision of observations in support of different applications 
and measurements.
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CEOS, the Committee on Earth Observation Satellites, 

coordinates civil spaceborne observations of the Earth. 

Participating agencies strive to address critical scientific 

questions and to harmonise satellite mission planning 

to address gaps and overlaps.

www.ceos.org

ESA, the European Space Agency, is Europe’s gateway 

to space. It is an international organisation with 

22 Member States. ESA’s mission is to shape the 

development of Europe’s space capability and ensure 

that investment in space continues to deliver benefits 

to the citizens of Europe and the world. 

www.esa.int

www.eohandbook.com/wcdrr


