Case Study

FLOOD EARLY WARNING

Using Satellite Data and Tools for Human on Making




Introduction

Early Warning Systems (EWS) alert residents to incoming hazards, helping communities
to evacuate high-risk areas and save lives. Earth Observation (EO)-based flood forecasts
allow for rapid and precise warnings that enable timely evacuations and protection of
assets. Humanitarian organizations leverage these forecasts for preemptive resource
deployment, such as cash transfers, food, water, medicines, and shelter, ensuring aid for
the most vulnerable. Effective end-to-end EWS incorporate four key components—disaster
risk knowledge, warning service, communication, and response capacity—and are
characterized by being multi-hazard, comprehensive from detection to action, and

people-centered, empowering communities to act effectively to reduce harm. Despite a United

Nations goal for universal EWS coverage by 2027, only half of countries reported having such systems

by 2023.

What decisions could satellite data support?

HUonn

Satellite-supported workflows and systems to support flood early warning systems are increasingly
common and for good reason; EWS can save lives and reduce economic losses. Satellite data can

support and inform several decisions type, such as:

* Flood warnings

= |dentification of potential settlements and populations at risk
* Visualization and understanding of flood risk

» Supporting existing warning response plans

= Key decisions like evacuation and shelter-in-place

]

resources we could use?

Are there any precendents for this use case? Relevant

There are many examples of humanitarian organizations adopting satellite data-derived flood forecasts

for early warning systems. A few examples include:

= The World Food Program (WFP) team in Somalia provided pre-emptive cash transfers along with
weather warnings, helping thousands of families in flood zones to move to safety and purchase the

food and essential items they needed to survive.

= The International Federation of Red Cross and Red Crescent Societies (IFRC) utilizes satellite data to
enhance its EWS for natural disasters. In 2020 the IFRC used satellite imagery to track the movement

and intensity of storms, enabling better-prepared emergency response teams.

» The Uganda Red Cross in collaboration with the Uganda National Meteorology Authority and the
German Red Cross distributed materials, and alerted residents who started to build protective trenches
in advance of a flooding event in 2016, using in part the Global Flood Awareness System (GloFAS).

= InBangladesh in 2020, the Bangladesh Red Crescent Society used GloFAS data to prepare
residents in regions that would be affected by floods, and supported them with evacuation,

food, and water. They also released funds for anticipatory action.


https://climatepromise.undp.org/news-and-stories/what-are-early-warning-systems-and-why-do-they-matter-climate-action#:~:text=Reduced%20loss%20of%20life%20and,by%20protecting%20assets%20and%20infrastructure.
https://www.undrr.org/reports/global-status-MHEWS-2023#download

= SERVIR-Mekong/Asian Disaster Preparedness Center (ADPC)'s satellite-based rainfall data increased
the accuracy of flood forecasting and gave first responders fifteen days lead time (as opposed to six
days previously) in the Lower Mekong. In addition, the WFP Cambodia Office used SERVIR
Mekong/ADPC's regional flood extent data to understand flood impacts in near real-time and target
life-saving emergency assistance in October 2020.

In countries without end-to-end EWS, humanitarian organizations can work with governments to build
systems. The UNDP outlines steps to successfully implement EWS that include leveraging technologi-
cal advances, focusing on community-based solutions, engaging the private sector, and cooperating and
sharing data across borders and organizations.

= What are the ethics and risk considerations of introducing
% the use of satellite data?

Due to the uncertainty inherent in forecasting, there are risks associated with evacuation recommenda-
tions. Organizations issuing these warnings must be as clear and accurate as possible. If the recommenda-
tion is not conservative, those that trusted in the system could be exposed to the danger of the storm, face
personal and property harm, and lose faith in the system. Conversely, if the system is too conservative it
could burden those with little resources to take on financial and personal safety costs. For example, for
each family that evacuated from hurricane Harvey in Texas, USA the cost ranged from $1,500 to $3,000.
Evacuating can also be particularly dangerous for girls and women.

One challenge of humanitarians, foreign governments, and private companies releasing
their own warnings is that these organizations don’t have the same accountability to
their citizens as the national government would. Humanitarians using these

systems must heavily weigh the ethical considerations of these alert triggers.

What resources are available for ethical use of satellite data in this context?

The Locus Charter Ensures location data is used responsibly, and that users of geospatial data can make
more informed decisions and work with people affected by those decisions.

The Sphere States that all should have the right to life with dignity; the right to receive
Humanitarian Charter humanitarian assistance; and the right to protection and security.

The Signal States that the human rights people have to information during disasters include 1.
Code The Right to Information; 2. The Right to Protection; 3. The Right to Privacy and
Security; 4. The Right to Data Agency; and 5. The Right to Rectification and Redress.

Bringing Satellites Lays out questions and steps to censure using

Dl Earth:.Slx EO-data is ethical and responsible. _
steps to more ethical ). Click on each

remote sensing resource to
learn more
Space Data Ethics: The Urges for developing principles of space data ethics.
Next Fronteir in
Responsible
Leadership



https://www.adaptation-undp.org/sites/default/files/resources/undp_brochure_early_warning_systems.pdf
https://wbhm.org/2024/1-reason-people-dont-evacuate-for-hurricanes-rising-costs-and-theyre-getting-pricier/
https://asiapacific.unwomen.org/sites/default/files/2023-08/gender-and-disaster-early-warning-systems-s2.pdf
https://ethicalgeo.org/locus-charter
https://www.spherestandards.org/humanitarian-standards/humanitarian-charter/
https://hhi.harvard.edu/publications/signal-code-human-rights-approach-information-during-crisis
https://www.sciencedirect.com/science/article/pii/S2950138523000037
https://www.nasa.gov/wp-content/uploads/2024/02/white-paper-space-data-ethics-2023-12-01-final-002.pdf?emrc=65d8fcfdca26f

Also keep in mind...
Does the analysis follow humanitarian principles?

Using satellite-based flood forecasts can directly reinforce humanitarian principles—-Humanity, Impartiality,
Neutrality, and Independence-in the following ways:

Humanity: Flood early warning systems can save lives by triggering evacuations or the building of
protective structures. Post disaster mapping, such as flood extent data or imagery can also ensure that
lifesaving material can be directed to those most impacted as efficiently as possible.

Impartiality: Humanitarians should ensure that marginalized communities also have access to EWS, their
assets are represented in any triggers for evacuation, understandable alerts and communication reaches
them, they have safe shelters and equal support to evacuate and have equal support to rebuild. Using
EO-based systems can support impartiality as they can provide wider coverage instead of relying on varied
investment. However, there are factors to improve this impartiality, like validating the system in vulnerable
areas or tasking satellites to the most impacted areas following a disaster regardless of standing or wealth.

Neutrality: Ensuring all people have access to the system regardless of if they support or are under the
jurisdiction of rival political leaders. Satellites cover broad geographic areas, reducing biases or omissions
caused by human factors or subjective decisions. This helps humanitarian actors deliver assistance based
on vulnerability and risk exposure. Satellite data is verifiable, helping humanitarian actors demonstrate
neutrality clearly to all stakeholders, minimizing perceptions of bias or favoritism.

Independence: Access to satellite data provides humanitarian actors with an independent, unbiased

source of information, allowing them to plan responses without relying solely on local authorities or
governments, which may have competing interests or biases.

What data could support these decisions? What are “must have”
requirements for the data and use case?

The domain of flood early warning systems is broad, comprising different subfields:

Disaster risk Flood Warning Response

knowledge forecasting dissemination capability
and
communication

Though related, these disciplines require specialist approaches and often have different satellite data
needs and techniques.

For disaster risk knowledge

Humanitarian organizations can work with local communities so that they properly understand their level
of hazards. Incorporating local knowledge of flood hazards, with satellite imagery, digital elevation models
(DEM), building data, and infrastructure like evacuation routes can improve disaster risk knowledge. Local
leadership and capacity are essential to capture hazard mapping, and will support incorporating

local data & knowledge, with more contextual information than EO-data alone can offer. In 4



Mozambique, the Institute of Social Communication (ICS) educates communities on storm
preparedness and response, through community debates, distributing educational information,
slogan caravans, SMS, meteorological and hydrological bulletins, and messaging on flood risks on the
country’s primary river basins.

Staff or partner capacity needed to build disaster risk knowledge include:

= Flood mapping skills (Geographic Information System (GIS) tools, remote sensing, crowd-sourced &
field data).

* Local engagement and capacity building: Working with local agencies, NGOs, and communities
to validate and use flood models and training government officials, disaster response professionals,
and local volunteers on flood mapping, preparedness and response.

Questions to consider:

1. What is the built environment? Newer or less formal settlements may not be captured on human settle-
ments data, and this could lead to underestimations of affected populations. Also are there structures,
like wastewater treatment facilities or nuclear power plants in the area, that may need special attention
or cause additional damage or health risks? Google’'s Open Building data can support this work.

2. Arethere biases or gaps in the data that may disadvantage certain communities?

3. How s climate change impacting hazard zones? Is the land in a hazard zone growing or shrinking? Will
different infrastructure or populations be affected?

For Flood Forecasting

Consider using an existing forecast system or partnering with a country’s meteorological service to
implement EWS, as National Hydro-Meteorological Services are usually the only agency officially
mandated to issue warning messages. In the absence of a full coverage local EWS —that includes
disaster risk knowledge, warning service, communication, and response capacity — consider applying the
global systems that are in use today. These systems are not a replacement for local operational hydrologi-
cal forecasting systems, but can assist when no system exists, or can work in tandem with local systems
where global coverage can provide more data upstream or upwind from the local system’s coverage.
Many global early warning systems are freely available, but the quality often improves with incorporating
higher resolution data and models.

Expert advice on flood forecasting can help your organization operationalize these tools. Consider work-
ing with the flood forecast system developers to best understand the opportunities and limitations of
operationalizing their forecast in your location. In addition to partnering with the local government,
partnerships with universities, humanitarian organizations, meteorological agencies, or

specialized NGOS can expand your organization's technical expertise, ensure local

validation, and help in accessing satellite data.

Examples of Global Flood Systems:
Copernicus Global Flood Awareness System (GLoFAS)

The Copernicus Global Flood Awareness System is a flood EWS with global coverage that releases
flood forecasts daily. GIoFAS is used daily as the main information source to monitor existing and
upcoming river flood events and report back potential risks of flood impacts to the Emergency
Response Coordination Centre (ERCC) of the European Commission. GLoFAS is used by the
Aristotle-ENHSP project (European Natural Hazard Scientific Partnership), and supported the
humanitarian response to the devastating floods that affected large parts of Mozambique, Malawi, and
Zimbabwe in the wake of tropical cyclones Idai in March 2019, and was used during the 2020
monsoon season by the Bangladesh Flood Forecasting and Warning Centre (FFWC).

Though GIoFAS is promising, it must be tested in the region and must be used as one tool of an


https://www.worldbank.org/en/news/feature/2023/09/11/early-warning-system-saves-lives-in-afe-mozambique
https://ctk.climatecentre.org/training/module-2/subitem-2a
https://global-flood.emergency.copernicus.eu/

end-to-end EWS. Disaster risk awareness, developing thresholds for evacuation,communicatio,
and response rely on additional components such as educational staff, volunteers or brigades, local
hydrological experts, social scientists, and financiers.

Google Flood Hub

Another flood EWS is the relatively new Google Flood Hub. It produces a shareable map of river gauge
data updated daily and forecasts of up to seven days advance notice. Flood Hub currently covers river
basins in over 100 countries worldwide, providing critical flood forecasting for over 5,000 locations.
This EWS also surfaces alerts on Google Search and Google Maps and shares android notifications to
those in affected areas, where applicable. The model has challenges in arid watersheds, and there is no
pattern where GIoFAS or Google Flood Hub is stronger, so it could be helpful to consult both systems.
Google Flood Hub partners with Give Directly and the International Rescue Committee to support
people affected by floods through anticipatory action cash transfers, allowing residents funds to safe-
guard property or evacuate. Flood Hub data is also available via API to beta testers who have non-com-
mercial use cases. This system currently has limited coverage, focusing only on riverine flood types, but
could support humanitarian efforts as it increases coverage.

These two systems were evaluated due to the presence of GLoFAS in EWS reports and articles. Google's
Flood Forecasting was reported as it includes state-of-the-art approaches: Al and benchmarks its
forecast against GIoFAS. Other global flood datasets are available as well.

To implement forecasts, work with partners who have experience with near real-time EO data sources,
understanding of hydrological models to assess flood risks and experience integrating global hydrological
datasets.

Questions to consider:

1. Are there locally validated flood models? If so, those are often the highest resolution, provided they are
tested and validated.

2. What type of catchment is this? The strength of flood EWS like GloFAS differ widely in different
catchments. Weak catchment types for GloFAS include tropical Africa, western coast of South America,
and catchments dominated by snow and ice in high northern latitudes.

3. How do we integrate in-situ data (e.g., river gauges, community reports) with satellite-based forecasts?
Many satellite products already include in-situ data and would welcome a partnership if you are able to
provide a verified data source.

4. What spatial resolution is necessary? Special attention should be paid to the resolution and accuracy of
the data. Flood maps that cover low-income areas often use low to medium resolution data for flood
extent maps like MODIS (250m) or VIIRS (375 m) or have challenges with clouds in optical imagery or
interference or inconsistencies with Synthetic Aperture Radar (SAR).

5. Whatis the lead time of the forecasts, and does it align with operational decision-making?
Flood systems are divided into flood alerts with longer lead times, or emergency
warnings with shorter lead times.

6. Arethese models underestimating flood risk? Climate change is causing changing
precipitation patterns and severe flooding in places that haven’t seen it before. Models
may not account fully for this change.

7. What are the risks of false alarms, and how do we minimize them? All flood forecasts are
uncertain, but frequent clear communication of the latest data, and actionable
information can reduce the risk of false alarms.


https://sites.research.google/floods/l/0/0/3
https://www.nature.com/articles/s41598-023-47595-7
https://www.researchgate.net/publication/353477493_Creating_Effective_Flood_Warnings_a_Framework_from_a_Critical_Review

For warning dissemination and communication P —

Communication activities are crucial to saving lives and property in an emergency. ((C
Humanitarian organizations can support communication by mobilizing community S
brigades that can reach areas with no reception for warnings, and ensure warnings
reach those residents in other ways. In Mozambique, brigades trained far in advance
of storms alerted community members of the approaching Cyclone Freddy in J
2023 with enough time to gather belongings and move to safety. Other /4
tools like Google Maps can share where roads are already closed, or
alternative routes for evacuation to avoid heavy traffic. There are also
standards like the WMO Common Alerting Protocol (CAP) to follow S\
in communication. SN N\

Y

Questions to consider:

1. Are there different communication approaches needed for =/
different groups? Communications methods include both the
message and the medium in which they are distributed.

Sending a message with the thresholds of risk anticipated can support people in deciding whether

to evacuate. For example, Google shows ‘warning’, ‘danger’ and ‘extreme’ levels, and maps of likely
inundation. The structure and contents of the message are also important; In Germany, a study found AN
that 96% percent of residents prefer communications with graphics, and especially maps of intensity

and extent of inundation 85% preferred structuring recommendations on action in a bullet point

format.

The medium of communication will determine if certain groups receive and understand the
message. In Bangladesh, a UN Women study found that different communications methods

will affect marginalized groups, like transgender people, women, girls, and the elderly

differently. TV, phone calls, community announcements and other mechanisms will be more well
received by certain groups. In addition, literacy is a challenge, and text alerts aren’t always feasible.
Ensure these communications are multi-channel, multilingual, accessible. In the Mozambique case,
community brigades going door-to-door was necessary for the warning to reach some community
members.

2. What kind of risk profile do community members have? Flood warnings are hindered by people P
underestimating the risk or perceive themselves as unequipped to mitigate the risk. -
Communication should be altered to the risk profile and the specific barriers that prevent
people from taking appropriate action.

For response capability and forecast based financing

Forecasts are used primarily for warnings and evacuations but can also be used by humanitarians

to link these forecasts to forecast-based-financing, releasing cash or material supplies like ‘ ,
food, water, medicine, or sandbags to support communities to weather the storm and S
prevent excess damage to assets. NN

Questions to consider:

How are different groups impacted by the hazard? Evacuating can be particularly

dangerous for girls and women. Many prefer not to leave their homes after receiving early

warnings due to a desire to protect their homes. Further, they may face sexual harassment or assault at
shelters. Displaced people are also often disproportionately impacted by flooding events. Humanitarian
organizations often do not have time to adequately place refugee camps away from natural hazards.
However, in places like Bangladesh, both host communities and refugee camps may be susceptible to
flooding, so it's important to ensure both are reached by services for peaceful co-existence and local
flood risk knowledge.


https://www.worldbank.org/en/news/feature/2023/09/11/early-warning-system-saves-lives-in-afe-mozambique
https://community.wmo.int/en/common-alerting-protocol#:~:text=The%20Common%20Alerting%20Protocol%20(CAP,ensuring%20critical%20information%20reaches%20everyone.
https://sites.research.google/floods/l/0/0/3
https://asiapacific.unwomen.org/sites/default/files/2023-08/gender-and-disaster-early-warning-systems-s2.pdf.
https://www.sciencedirect.com/science/article/abs/pii/S2212420924004473?dgcid=raven_sd_recommender_email

Do any existing solutions meet our requirements?
If not, what gaps exist regarding data access and analysis
to support our use case?

There are no existing turnkey global flood early warning systems because every EWS needs to have clear
location-specific validation of flood forecasts from historical data, but some countries have functioning
multi-hazard systems, and many have components of an EWS. Consider investigating if the national
government has a functioning system, and where your organization can fill gaps to achieving and
end-to-end EWS.

. What types of skills and expertise are needed? Based on our

internal capacity and bandwidth, can our team take on this
work? What kinds of partnerships do we need?

It is important to thoroughly evaluate both the technical requirements of the project and the capabilities of
your organization and team. Refer to the section above on ‘What data could support these decisions?
What are “must have” requirements for the data and use case?” for a sample of capacity needed for each
of the four pillars of a flood EWS. Local engagement and capacity building skills are essential for all parts of
a flood EWS. Flood mapping skills are particularly helpful to build disaster risk knowledge. Flood
forecasting requires hydrological modeling experts who can assimilate both local and satellite data and
can leverage advances in technology like Al-based models that can improve predictions. Technical partner
organizations can support this pillar. Communication activities require social science skills and in-depth
community knowledge to reach all community members, even those with varied levels of literacy or radio,
phone, or internet service. Finally response activities can be led by forecast based financing experts and
rapid response teams.

- How much time do you need to gather data? For analysis?

This is dependent on the intended goals of the project. It could also be affected by the project location, as
there is a shortage of in-situ meteorological and hydrological data in many places.

Is commercial imagery or tasking needed? \What are our
alternatives?

Consider working with commercial satellite data providers or specialized forecasts if:
= existing free products lack the necessary spatial resolution or frequency,
= real-time, cloud-free satellite images are necessary to capture detailed flood extent, or

= you need highly accurate forecasts or risk assessments that require advanced processing not available
openly.
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What are your needs for analysis like cloud computing,
internet bandwidth, team time, other expertise, in-country
partner?

In the context of Flood EWS, some high-priority needs can be fulfilled by accessible and readily-available
tools and resources. This includes open-source GIS software, high-resolution satellite imagery, technical
support and training.

GIS Software

For risk assessment and mapping, free GIS options software like QGIS or GRASS GIS can be used. Private
companies like Esri also provide low-cost ArcGlIS licenses for the humanitarian user. Google Earth Engine
offers cloud computing and a satellite image catalog to document flood zones or perform calculations on
raster data with some operational use restrictions.

Imagery

Maxar and Planet Labs offer high resolution data to assist humanitarian response to disaster events. The
International Charter: Space and Major Disasters tasks satellites like the 30 cm resolution Airbus Pléia-
des Neo to assess damage and assist with recovery after disasters.

Technical Support

UNOSAT Emergency Mapping Service (UNOSAT- EMS) is a 24/7 service that provides satellite imagery
analysis support following rapid on-set disasters, complex emergencies, and crises. The UNOSAT-EMS is
free of charge for the emergency phase of the response. It can be activated by UN agencies and
humanitarian entities operating in line with the UN policies.

The Humanitarian OpenStreetMap Team organizes volunteers to come together online and on the
ground to create open map data that enables disaster responders to reach those in need. Through the
Missing Maps project, the HOT global community creates maps of high vulnerability areas where data is
scarce on OpenStreetMap.

Trainings

The IFRC has a training module to support humanitarians using EWS. The NASA Disasters program
shares information on projects that apply Earth observation data to support decisions across the disaster
cycle. NASA's ARSET program offers training on how satellite-derived data can practically support humani-
tarian flood forecasts. UN-SPIDER has a training on Flood Hazard Assessment using geospatial informa-
tion. Caribou Space has a module on geospatial data for flood preparedness.

Forecast Based Financing

The Red Cross Climate Centre’s Handbook for Forecast-based Financing (FbF) offers practical guidance
on how satellite-derived forecasts can trigger humanitarian action.

How accurate are the data/analysis/findings? What is our
confidence in this data? How should we communicate about
risks and uncertainty and how to apply data?

Satellite-based flood early warning systems should be validated in a particular region before operationaliz-
ing. Validation with historical flood records can consist of imagery, local stream gauges, or high-resolution
imagery. There are also skill scores and statistical metrics that can set thresholds of whether to use

a model for an early warning system.


https://www.esri.com/en-us/industries/humanitarian/overview
https://qgis.org/
https://grass.osgeo.org/
https://earthengine.google.com/
https://www.maxar.com/open-data
https://www.planet.com/disasterdata/
https://disasterscharter.org/web/guest/about-the-charter
https://www.airbus.com/en/newsroom/stories/2023-09-disasters-how-earth-observation-satellites-help-guide-emergency-workers
https://www.airbus.com/en/newsroom/stories/2023-09-disasters-how-earth-observation-satellites-help-guide-emergency-workers
https://unitar.org/sites/default/files/media/file/UNOSAT%20Emergency%20Mapping%20service-MTE%20report.pdf
https://www.hotosm.org/what-we-do
https://ctk.climatecentre.org/training/module-2/subitem-2a
https://appliedsciences.nasa.gov/what-we-do/disasters
https://appliedsciences.nasa.gov/get-involved/training/english/arset-monitoring-and-modeling-floods-using-earth-observations
https://un-spider.org/advisory-support/recommended-practices/recommended-practice-flood-hazard-assessment
https://www.spacefordevelopment.org/hih-floods-preparedness/
https://www.anticipation-hub.org/learn/methodology/red-cross-red-crescent-fbf-practitioner-manual
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Generally, the lower the lead time to the event, the higher the accuracy of a forecast is. GIoFAS

is one of the leading and most widely used flood forecasting tools to date. It is accurate in 93% of
catchments for short- and medium-range predictions but decreases with longer lead times. Al-based
models, like Google Floods Hub can improve flood predictions, but are only as good as the historical data
that they digest, which may not cover some areas. Rare, severe events like a one in 150- to 200-year event
may be predicted but with a high degree of uncertainty.

The Al based Google global floods model improves predictions from the Copernicus GloFAS tool up to
five days in advance, though the authors still call for increasing the availability of hydrological data to
continue to improve flood warnings globally. Regions that the model has confidence in include South
America, especially the Amazon basin, the US, southern Africa, central Asia, and eastern Australia. Howev-
er, regions with poor performance include smaller catchments, tropical Africa, the western coast of South
America, and catchments dominated by snow and ice in high northern latitudes.

A challenge with global early warning systems is that there are critical gaps in meteorological observations
across Africa, parts of the Pacific and West of Latin America, impeding the improvements and
ground-truthing of these early warning systems. There is unknown skill in parts of the world where there
are no in situ observations to evaluate against. When determining whether to use GloFAS for your area,
consult a confidence layer on the tool.

Are there elements of our approach that should be shared?
(e.g., lessons learned, data, tools)

Many of these systems are already developed and being improved. Sharing use cases and success stories
with those developing these systems could support sustainable funding. In addition, a major challenge in

flood prediction is access to in-situ data to validate models. The team at Google Floods asks that research-
ers with access to streamflow data share it in an open source Caravan project.

What was the impact of our decision-making using this data/
analysis?
When monitoring and evaluating the effectiveness of EWSs, organizations use the Sendai Framework. It

details specific monitoring and evaluation targets for EWS. These include mortality, injuries, shelter
damage, livelihood loss, and additional economic indicators.

In retrospect, would we use satellite data again? \What do we
want to do differently next time?

Some noted methods to improve the accuracy of Flood EWS include:

= Use multiple data sources (e.g., satellite imagery + river gauges + weather models).
= Downscale global models to regional/local scales.

* Conduct continuous validation using historical and real-time flood data.

= Ensure local collaboration.
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https://hess.copernicus.org/articles/27/1/2023/
https://hess.copernicus.org/articles/27/1/2023/
https://www.nature.com/articles/s41586-024-07145-1
https://hess.copernicus.org/articles/27/1/2023/
https://github.com/kratzert/Caravan
https://www.undrr.org/implementing-sendai-framework/monitoring-sendai-framework

