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Summary
Early warning provides an opportunity for people to take action to save 
lives and livelihoods, reducing the impacts of rapid onset disasters. For 
an early warning system to be truly effective, we must take a holistic and 
people-centred approach to ensure that timely, accurate, reliable, and 
understandable information reaches everyone in the right way for them 
to take action. This publication outlines the key elements of an effective 
early warning system; explains why these elements are so important 
and what considerations need to be taken for each; and explores how 
Practical Action is incorporating these elements into our early warning 
systems work. 

Recommendations

1.	 Take a holistic, people-centred approach: For an early warning system 
(EWS) to be effective we must address all elements to ensure that timely, 
accurate, reliable, and understandable information reaches everyone in the 
right way for them to take action.

2.	 Understand risk: We need to understand the risks affecting communities, 
including hazards, exposure, vulnerabilities, and coping capacities. We 
need to collaborate with those at risk and those responsible for reducing 
risks to develop this knowledge, and help with preparedness and risk 
reduction planning and management.

3.	 Undertake evidence-based monitoring and warning: We need to 
monitor environmental conditions and issue warnings in a scientifically 
robust, low-cost, contextually appropriate, scalable, and sustainable way.

4.	 Communicate effectively: In order for warnings to reach everyone at 
risk, they must be accessible, tailored, clear, understandable, useful, and 
actionable.

5.	 Develop response capacities: Clear preparedness plans, training, 
education, and resources are needed in advance of a disaster. In this 
way, stakeholders will be confident in their roles and responsibilities, 
information shared, and action taken efficiently and effectively in response 
to early warning before a disaster occurs.

6.	 Address cross-cutting issues: While undertaking all of these 
recommendations, we need to ensure that the development and 
implementation of the EWS involves local communities and marginalized 
people; considers gender perspectives and cultural diversity; develops 
effective governance and institutional arrangements; and takes a multi-
hazard approach.

SUMMARY AND 
RECOMMENDATIONS

We need to 
collaborate with 
those at risk and 
those responsible for 
reducing risks
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Introduction to early warning systems
Early warning is integral to disaster preparedness, which is central to 
building the resilience of households and communities to disaster. Early 
warning systems (EWS) provide information before a hazard occurs (e.g. 
flood, cyclone, landslide). This provides an opportunity for people to take 
action in order to save lives and livelihoods, reducing the impact of the 
hazard event. EWS vary widely across hazard types, contexts, and spatial 
scales. They have different lead times, levels of complexity, capacities to 
forecast, and a variety of end-users; there is no ‘one-size fits all’ EWS. The 
focus of this publication is on rapid onset hazard EWS.

For an EWS to be truly effective, we must consider all elements of the 
system (illustrated in Figure 1) and take a holistic approach to ensure 
that timely, accurate, reliable, and understandable information reaches 
everyone in the right way for them to take action. We must learn and 
continually adapt to improve the systems to ensure no one is left behind.

Early warning is 
integral to disaster 
preparedness

Figure 1 Elements of an effective EWS. This diagram provides a useful way of framing these 
complex systems in order to understand the different elements that make up an effective EWS
Source: adapted from World Meteorological Organization (2017)
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What has Practical Action done?
Practical Action has been working to develop EWS in our partner countries 
for over two decades. The work has evolved over time as technology and 
science has evolved, but has always taken a holistic approach and placed 
people at the centre of that approach.
See Practical Action (2016) for more information.
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RISK  
KNOWLEDGE	

Hazard

ExposureVulnerability

RISK

Risks from natural hazards arise from a combination of: 

•• the physical hazard (e.g. flood water location); 
•• exposure of people and assets to that hazard (e.g. people located in areas 

next to rivers where flood waters reach); and 
•• their vulnerabilities and coping capacities at a particular location (e.g. 

a person’s ability to prepare for, respond or adapt to, and recover from a 
flood event).

In order to reduce these risks, we need to:
Understand: Collect information on each of these components and 
understand how they interact and may cause increased risks for some.

Inform: Collaborate with stakeholders to share this information so 
that all are aware of the risks and the opportunities to take action to 
reduce those risks.
Act: Work with those at risk and those responsible for reducing risks 
to minimize the impacts of disasters. We need to develop preparedness 
and risk reduction plans and management strategies that can be readily 
put into action.

Conducting risk assessments can help to: 

•• identify the location of vulnerable groups, critical infrastructure, and 
assets; 

•• design appropriate evacuation strategies including evacuation routes and 
safe areas; and 

•• ensure warning messages reach the most vulnerable. 

We must learn and 
continually adapt to 
improve the systems 
to ensure no one is 
left behind
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Figure 2 Rajapur municipality and surrounding communities in lower Karnali basin, Nepal, shown in 
OpenStreetMap (left, grey dots indicating individual buildings) and Google Maps (right) as of September 2017

Risk knowledge and Practical Action
Improving risk knowledge at community level: Practical Action 
works with communities in hazard-prone areas to support risk awareness 
raising activities and risk reduction strategies. This includes teaching the 
community how to use technology, tools, and resources before and during a 
hazard event to reduce the impacts.
Improving information on coping capacities and areas for 
improvement: In partnership with the Zurich Flood Resilience Alliance 
in Bangladesh, Peru, and Nepal, we are developing and using a Flood 
Resilience Measurement tool to improve community understanding of 
existing capacities and areas for improvement to reduce risks to floods. 
Mapping hazard, vulnerability, and exposure: Practical Action worked 
with Kathmandu Living Labs through the Zurich Flood Resilience Alliance 
to develop an approach that combines state-of-the-art collaborative 
digital mapping techniques with community-based participatory methods. 
Critical local flood hazard, exposure, and vulnerability information is now 
accessible to all online.
See Wei et al. (2018) and Laurien et al. (2019) for more information.
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MONITORING AND 
WARNING

Monitoring of conditions such as river levels and rainfall is an important 
part of any early warning system. By monitoring environmental 
conditions, we can understand weather and hydrological patterns that 
took place when hazards occurred, and forecast when a hazard is likely to 
occur again in the future, as illustrated in Figure 3.

There are several points to take into consideration when developing 
monitoring and warning methods. Methods should be:

Scientifically robust: Data collection and analysis methods 
should be based on evidence-based science, to ensure the 
warnings are accurate, timely, and reliable.
Low-cost: Solutions that are low-cost mean that the technology 
can be accessible to as many as possible, and can be maintained 
in the long term.

Historical data on 
previous hazards

Statistical model predicting 
likelihood of hazard 
occurring based on 

environmental conditions

When 
environmental 

conditions 
match 

‘thresholds’ for 
likely hazard 
occurrence, 

issue warning

Continually collect data on 
environmental conditions

Historical data on 
environmental 

conditions

Figure 3 Historical data helps us to understand the types of conditions that increase the likelihood of a hazard 
event; combining this with data about current conditions means we can identify when a hazard is likely to occur 
and can issue a warning
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Appropriate: The most appropriate solution for the specific 
context should be evaluated and prioritized, building on and 
respecting existing community practices, capacities, needs, and 
processes.
Scalable: Solutions that are scalable can inspire others to apply 
the solution in their contexts, reaching more people and yielding 
more learning and insights about how to develop EWS that leave 
no one behind. 
Sustainable: Monitoring stations should be able to collect data 
and contribute to an operational EWS after project funding 
has ended. Working with communities and national actors can 
ensure that solutions are embedded in long-term systems.

Early warning 
information ensures 
people get the right 
information in the 
right way

Monitoring and warning and Practical Action
Using open-source technology to develop local solutions: In Peru, 
Practical Action has been providing monitoring stations for early warning 
of mudslides and flash floods. The stations are low-cost, community-led, 
and issue real-time warnings to the local area.
Improving weather monitoring: In Bangladesh, we have installed one 
automated weather station in the remote coastal area of the Satkhira District. 
This station is now owned and operated by the Bangladesh Meteorological 
Department, feeding into the national EWS to generate more accurate and 
localized weather information.
Improving river monitoring: Practical Action has been working with the 
Nepal Department of Hydrology and Meteorology (DHM) for more than 10 
years to help improve monitoring of river levels across Nepal. We provide 
advice to the DHM and other local stakeholders, assess existing hydro- 
meteorological stations, conduct feasibility assessments to identify where 
best to place monitoring stations, develop and install low-cost, community-
managed monitoring stations, and pilot innovative technology and science 
for the DHM to implement.
For further information, see Practical Action (2018, 2020a, b).
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DISSEMINATION AND 
COMMUNICATION

In order for early warning information to help people to act before a 
disaster, effective dissemination and communication of warning messages 
are critical. This ensures people get the right information in the right 
way in order to act in advance of hazards. Barriers still remain in the 
communication of early warnings to authorities, communities, and 
individuals worldwide.

Our dissemination and communication must be:
Accessible: We need to ensure warnings reach everyone at risk, 
including the most vulnerable and marginalized. Dissemination 
channels and formats need to be carefully considered and 
respond to the different needs that different people have.
Clear: We need to make sure warning information is clear for 
users, considering appropriate languages, levels of literacy, 
accessibility for people with sensory impairments, and avoiding 
technical jargon.
Understandable: We need to check that the risks and warnings 
are understood by those receiving them.
Useful: We need to make sure the information provided is 
appropriate to needs and enables people to take action.
Trusted: We need to develop and maintain trust in the source of 
the information and the information itself.
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Dissemination and communication and Practical Action
Local communication: Practical Action has been working to establish 
local and appropriate means of disseminating warnings to those at risk 
using a variety of approaches including loudspeakers, local brigades and 
‘resilient agents’, digital boards, and community-managed bulletins.
Improving access to information: In Bangladesh, we have developed a 
Disaster Alert app through the Zurich Flood Resilience Alliance. The app 
is used by Practical Action and the Ministry of Disaster Management and 
Relief to disseminate early warning messages along with other services 
before, during, and after disasters.
Reaching more people: In Nepal, we have been working with the DHM 
and telecom providers to send mass push SMS warning messages to mobile 
phones in areas at risk. Similarly, in Bangladesh Practical Action sends out 
push voice messages and advisories to community members’ mobile phones. 
This method ensures that a large number of people receive warning messages 
as quickly as possible, maximizing the time available to take action.
Ensuring information is clear: Practical Action has been working with 
the government authorities in Bangladesh and Nepal to develop clear 
and consistent warning messages to ensure the information provided is 
understandable, for example, using non-technical language.
Reaching everyone: We have conducted research in East Africa and 
Nepal to analyse and understand flows of information and decision-
making and early action. Through this work we have identified barriers and 
bottlenecks in dissemination and communication strategies, and developed 
recommendations for improvements to the system to ensure forecast 
information is accessible and actionable by everyone at risk.
For further information, see Lambert et al. (2019) and Budimir et al. (2020).

We have identified 
barriers and 
bottlenecks in 
dissemination and 
communication 
strategies
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RESPONSE 
CAPABILITY

It is important that, given accurate, timely, and understandable warning 
information in advance of a disaster, people are able to respond and take 
action. The focus here is to build capacity to respond to early warning 
information. Preparedness plans, training, education, and resources are 
needed so that people can respond before a disaster rather than after it 
occurs. National and community response capabilities also need to be 
coordinated and coherent. 

We need to consider:
Planning: An understanding of local and national knowledge 
and capacities is needed. Plans to respond to warning information 
need to be developed in advance and should be regularly updated.
Practice: People need to be aware of and familiar with 
preparedness plans. They need to know what to do in response 
to early warning information and be ready to react. Regular drills 
can help to prepare communities.
Resources: People need to have sufficient resources to respond, 
including having a safe location, a safe route to the location, and 
any other resources to enable them to take action.
Barriers: Barriers to taking action need to be identified in 
advance and measures taken to address them within the 
planning stages.

National and 
community  
response capabilities 
also need to be 
coordinated and 
coherent
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Practical Action 
works with 
communities 
to develop 
preparedness plans

Response capability and Practical Action
Community and household response capacity building: Practical 
Action works with communities to develop preparedness plans, identify safe 
evacuation routes, improve access to evacuation facilities, prepare resources 
for evacuation, practise evacuation scenarios, and develop the capacity of first 
responders. 
National and district preparedness planning: Practical Action works with 
government authorities and other civil society actors in regular preparedness 
planning at central and regional government level, including pre-monsoon 
planning. 
Decision making in complex environments: Practical Action has been 
working with forecasters, responders, and disaster management authorities 
in Bangladesh and Nepal to develop Standard Operating Procedures which 
provide clear guidelines for what early action to take, when, and by whom in 
the case of a likely hazard event.
Increasing lead times: In Nepal, we have been piloting a low data 
probabilistic approach to flood forecasting with the DHM. The novel approach 
has extended the amount of time communities could have to prepare by up to 
5 hours, and has since been rolled out across major river basins in Nepal.
Post-event analysis: As a member of the Zurich Flood Resilience Alliance, 
Practical Action has conducted post-event analysis studies in Malawi, 
Zimbabwe, Nepal, and Peru looking at how the system performed in flood 
events, and what needs to be improved.
Forecast-based early action: Practical Action has been piloting the use of 
increasingly accurate and reliable weather forecast information to inform 
early response and risk reduction in Nepal, working to improve responses to 
disasters by taking action before they occur. 
For further information see Flood Resilience Portal (n.d.) and Smith et al. 
(2017).
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CROSS-CUTTING 
THEMES

In order to ensure EWS work effectively, operate smoothly, and reach 
everyone, several cross-cutting themes also need to be considered: 
involvement of local community, consideration of gender perspectives and 
cultural diversity, effective governance and institutional arrangements, and 
a multi-hazard approach.

Involvement of local community
Early warning systems need to be inherently and actively people-centred. 
Without the involvement of local authorities and communities at risk, 
early warning systems are unlikely to respond appropriately to community 
needs and capacities, and responses to warning information are unlikely 
to protect people, households, and communities from disasters. A local, 
‘bottom-up’ approach to early warning, with the active participation of 
local communities, including marginalized groups, enables engagement 
in and contribution to the system, ensuring reduced vulnerability and 
leveraging and strengthening of local capacities.

A local, ‘bottom-up’ 
approach to early 
warning systems 
strengthens local 
capacities

What has Practical Action done?
Practical Action’s work is based on consciously putting people at the centre 
of early warning systems. We work with communities and individuals at 
risk, considering the entire system and developing awareness of risks. We 
collaborate with local members of communities and civil society as leaders, 
gauge readers, and holders and distributors of knowledge, to develop locally 
owned preparedness plans.
For further information, see Practical Action (2016).
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Acknowledge: Explicitly 
acknowledge gendered impacts 

Examine: Examine gendered 
assumptions (including stereotypes 
and cisnormativity) 

lntersectionality: Understand how 
intersectional vulnerabilities exacerbate 
gendered vulnerabilities

Listen: Make proactive e�orts to hear 
from marginalized gender groups 

Assess: Undertake gender analysis 

Vulnerability: Understand how 
gender impacts on vulnerability

Participation: Understand how 
gender impacts on participation

Dissemination: Understand how 
gender impacts on dissemination

Response: Understand how 
gender impacts on response

Power and Decision-making:
Understand how gender impacts 
on decision making

Gender sensitive: Adapt project actions (across all areas of the EWS, with proactive 
consideration of participation, power and decision-making) to improve the e�ectiveness of 
EWS for marginalized and vulnerable gender groups.

Gender transformative: Design policies, approaches and actions to ensure the EWS works 
e�ectively for people of all genders. Consider how all aspects of the EWS (including participation 
power and decision making) can support the reduction of gender-based inequalities.

Gender aware: Explicitly acknowledge, assess, and document the ways in  
which disasters and EWS impact di�erent gender groups in di�erent ways.

Figure 4 Gender early warning system checklist

Consideration of gender perspectives and cultural diversity
Marginalized people (i.e. those who are marginalized on the basis of age, 
sex, disability, race, ethnicity, religion, migration status, socio-economic 
status, place of residence, and sexual orientation and gender identity) are 
often those most overlooked by early warning systems, and require special 
consideration and focused attention to ensure they are not left behind.

Marginalized people 
are often those most 
overlooked by early 
warning systems

What has Practical Action done?
Practical Action has made a commitment to being gender sensitive and 
becoming gender transformative. 
Practical Action has conducted several studies investigating gender in disaster 
risk reduction (DRR) and EWS in Peru, Nepal, and southern Africa. As a result 
of the studies, Practical Action developed a series of recommendations for 
gender sensitive and transformative EWS. We developed a novel methodology 
for hearing the perspectives of those most marginalized whose insights and 
experiences may be missing from traditional data collection techniques – and 
consequently from DRR planning and strategy.
See Brown et al. (2019a, b; 2020) for more information
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What has Practical Action done?
Practical Action works across local, national, and global stakeholders, 
with a range of actors including community members, civil society, and 
government authorities, enabling dialogue and sharing of needs and 
opportunities. Practical Action has also developed a methodology for 
empowering community members to participate in national conversations 
on climate information services and forecast information.
See Lambert et al. (2019) and Meechaiya et al. (2019) for more information.

Effective governance 
should encourage 
both vertical 
and horizontal 
communication

Effective governance and institutional arrangements
Well-developed governance through robust frameworks and supported by 
a long-term commitment to early warning systems is necessary to support 
development and sustainability of sound EWS. Effective governance 
should encourage both vertical and horizontal communication and 
coordination between early warning stakeholders.

Multi-hazard approach
Where possible, early warning systems should link all hazard-based 
systems to provide better holistic understanding of forecasted hazards that 
may occur within similar timescales and that have complex impacts (e.g. a 
cyclone occurring after a volcanic eruption). However, multi-hazard early 
warning systems that are truly integrated across hazards are rare, and in 
many of the developing countries, the focus is to initially develop reliable, 
accurate, and robust single hazard early warning systems.

What has Practical Action done?
Landslides are inherently complex hazard events, by nature triggered 
by other hazards (e.g. intense rainfall or earthquakes) and often causing 
subsequent hazards (e.g. blocking a river causing an outburst flood). 
Practical Action has been working with partners in India and Nepal to 
advance knowledge of developing regional and slope scale landslide early 
warning systems in developing country contexts where there is typically less 
data to inform forecasting and early warning.
For further information, see SHEAR (2019a, b).

Multi-hazard early 
warning systems 
are rare
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