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ENHANCING WARNINGS

1.

EXECUTIVE SUMMARY
Background
Warnings are part of our everyday life, whether traffic lights, food health warnings,
the weather, advice from colleagues, or moralistic stories. Warnings serve to provide
cautionary advice, give advance notice of something, and generate awareness to trigger
consequent decisions and actions. Warnings are seldom considered beyond the issuance
of a warning, yet warnings are far more complex, requiring a comprehensive tool and
system to help implement preventative, mitigative, and disaster risk-reductive actions.
This report offers insights into what warnings are and how they can better support actions
for effective behavioural preparedness and responses across a wide range of hazards,
stakeholders, and sectors.
Warnings are not just a siren or phone alert but should be a long-term social process
that is a carefully crafted, integrated system of preparedness involving vulnerability
analysis and reduction, hazard monitoring and forecasting, disaster risk assessment, and
communication. Together, these activities enable a wide range of leaders and others
– such as individuals, local groups, governments, and businesses – to take timely and
effective action to reduce disaster risks in advance of hazards. Warnings are represented
via different iconographies and communicated via different mediums that usually express
some form of threshold or tipping point. These vary enormously contingent on the hazard,
and social, political, and economic context of the warning.
Warnings should provide actionable guidance that is integrated into everyday life and
behaviour, providing transparency and credibility to help manage risk in emerging
and ongoing situations. Warnings must operate beyond the silos frequently seen in
institutions, for different vulnerabilities, different hazards, and different stakeholders to
become a long-term social process that can serve to bring together these diverse issues.
This report examines how this can be implemented providing key case-study examples of
lessons learnt and guidance on how to build effective warning systems.
To enhance a warning requires placing it as part of a warning system, a long-term social
process that embodies the 3 I’s and 3 E’s:
3 I’s: Imagination, Initiative, Integration.

3 E’s: Education, Exchange, Engagement.
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Key Recommendations
Three key actions are recommended to enhance warnings in the UK:

1.

Develop effective warnings that consider multiple-hazards, cascading
events, and integration across stakeholders.
• Build effective warnings by adopting four key characteristics:
accuracy, flexibility, timeliness, and transparency.
• Design warnings to be flexible and faciliate multi-directional
feedback.
• Ensure alert level systems include communication protocols, the
level of standarisation, and the decision-making processes.

2.

Adopt a public engagement and outreach programme that empowers
people to identify and fulfil their own needs regarding warnings for
enhancing preparedness and response behaviours and actions.
• Combine education, exchange, and engagement to help integrate
top-down and bottom-up approaches to policy development and
community engagement.

3.

Create and support mechanisms to overcome silos and territorialism
and instead encourage idea and action exchange for building trust and
connections that support action when a major situation arises.
• Develop a warning expert committee initiative.
• Use the Scientific Advisory Group for Emergencies (SAGE) for
independent and transparent advice.
• Develop training and exercise programmes for warnings.
• Integrate successful public engagement lessons.

This report provides guidance on how to implement these recommendations.
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2.

OVERVIEW OF WARNINGS
When a fire alarm is triggered, most people look around to check whether it is a drill or
an error. The warning is there, the evacuation signs are clear and routes to safety are
established. Yet, many do not want to interrupt their activities and instead seek additional
information or assurance to guide their subsequent actions. Whilst failing to evacuate
immediately can cost lives, the ability to understand, reaffirm and act on the situation
goes beyond the siren and strobe light. A lack of action is a lack of engagement, often
emerging due to a lack of imagination regarding why the warning exists along with a lack
of initiative in leading behaviour.
Warnings are a vital component of disaster risk-reduction activities for all forms of
hazards, vulnerabilities, and risks. They are an effective tool to communicate hazard and/
or risk and generate appropriate action that is currently being under-utilised globally.
Warnings save countless lives every year, can be used to support day-to-day living and
vulnerability reduction, and are often operated by government organisations with legal
remits to increase resilience.

Why Warnings Matter
Failure to implement effective warnings can result in significant loss of life and
socio-economic impact:
• Over 250,000 people (including 149 UK citizens or people with close ties to
the UK) died in the 2004 Indian Ocean tsunami as the region lacked a formal
tsunami warning system despite decades of efforts to create one. In this case, no
official warning was issued, so the people who needed to evacuate were not informed,
demonstrating a lack of integration between scientific warning information with the
people directly affected.
• Over 22,000 people died in 1985 from mudflows after the Nevado del Ruiz volcano
in Colombia erupted despite detailed hazard maps being available and accurate
warnings being issued by the scientists. In this case, the solid science and warnings were
not accepted or acted on due to a lack of imagination in accepting the meanings of the
scientific information.
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• Over four million people (including over 140,000 people in the UK) have so far
died in the Covid-19 pandemic despite sufficient information and clear warnings
coming from China in January and February 2020 indicating the possibility of the
disease being a major concern. Warnings of a significant pandemic have been flagged
for decades, yet preparedness actions were not fully in place due to a lack of initiative in
leading pandemic readiness.
Boxes 1 and 2 provide examples of known threats with past catastrophes where work
should be done now to ensure that warnings work and lead to needed action. Yet,
frequently despite clear irrefutable warnings, the appropriate action is not taken.

Warnings are difficult to support for three main reasons.

1.

Investment is needed to develop a long-term warning process and it is difficult to
justify these financially as tacit impacts (e.g. cultural loss, mental health, trauma)
from a disaster or event are hard to quantify in a cost-benefit analysis relative to
measurable) impacts (e.g. infrastructure damage, business costs).

2.

Precautionary approaches for warnings of a number of hazards may not be
required in the short or medium term (e.g. a pandemic, asteroid), yet, when the
event happens, the impact is highly costly. It is difficult to justify to taxpayers
that money is being spent on events that may happen when money is needed to
address definite needs. Yet, it has been proven that for every $1 invested in disaster
risk reduction activities saves over $10 following the event. Policy makers tend to
focus on timescales in line with political terms, rather than adopting more longterm investments that work beyond party politics, as seen in the challenges of
heeding warnings of anthropogenically enforced global warming.

3.

Awareness and research on warnings remains limited, disparate, and often focused
on individual case studies with little opportunity to share and compare practices and
knowledge. Warning science, policy and practice are also often compartmentalised
by hazard or threat, without much cross-vulnerability connections. These elements
can provide barriers to implementing warnings, despite their clear value.
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Box 1:

Storm Surge for London
Throughout the centuries, storm surge flooding from the North Sea has been
a major concern for the UK. London has been flooded on many occasions
by such surges and has also experienced flooding from rainfall via the River
Thames and its tributaries as well as ponding in the streets. Following a
devastating storm surge around the North Sea in 1953, including hundreds
of deaths across the UK, a moveable barrage was built across the Thames
downstream from London, The Thames Barrier helps to stop a storm surge
propagating up the river into the city while also assisting with reducing
rainwater flood intensity.
Because the Thames Barrier takes up to 90 minutes to close, warning for
a storm surge is needed. Systems are in place to monitor possible storms,
predict the storm surge and tide levels, and alert for the need to close the
barrier - with approximately 36 hours of warning provided. The assumption
is that both warnings and the Barrier will always work as expected, so there
appears to be little need for flood awareness or preparedness. Consequently,
flood vulnerability in London has increased.
First, floodplain use has expanded. One of the world’s financial centres,
Canary Wharf, was constructed after the Barrier became operational. Many
residential properties have been built with Thames views near and upstream
of the Barrier; the underlying assumption is that these areas will not be
flooded due to the Barrier. Second, warnings are not typically geared toward
evacuating the floodplain. A low awareness exists among people living and
working in central London regarding the flood potential. Even if warning and
evacuation notices were issued, it is unclear how many people would know
what to do and how many would act in a timely and safe manner.
Little incentive exists to take initiative on reducing flood vulnerability, because
the Barrier is viewed as fully protecting London from floods. Consequently,
warnings can be seen to provide a false sense of security if they are not
integrated as social-processes with vulnerable populations.
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Box 2:

Flash Floods in Europe
In July 2021, around 200 people were killed in western Europe in flash
floods. The floods seemed to have hit without warning, even though the
European Flood Awareness System (EFAS) had given days of warning
that intense floods were expected with many updates as the seriousness of
the situation became increasingly apparent. This is another example of the
science, monitoring, technology, and information being successful, yet still
the warnings failed to avert a disaster, partly because those affected could
not imagine the suddenness, intensity and danger of the floods. This despite
many of the damaged places having long histories of flooding.
The UK is not immune to such a scenario. Lynmouth in 1952 and Boscastle
in 2004 are examples of flash floods. If, as with EFAS, plenty of time is
provided regarding the expected rainfall and flooding, would people in the
areas warned have the imagination to realise what is coming, to accept the
information, to know exactly what to do and to act? The only way of knowing
for a specific location is to ask them. What do they know and what do they
not know? What would they need and how could they lead improvements?
What might change their behaviour to do better for themselves? Would
they be willing to lead themselves for it and how much external guidance
and support would be needed?
It is easy to point to a flash flood warning system and say that all the data,
information and material are fine. It is not so easy to ensure that a flash
flood disaster is averted. The people affected can best identify and close
any gaps for themselves but no one can provide everything which means
working together, pooling knowledge and linking bottom-up with top-down.
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What are Warnings?
Warnings are tools and processes for turning knowledge and information into decisions
and actions. Warnings are often considered within the context of an Early Warning
System (EWS), defined by the UN Office for Disaster Risk Reduction (2017) as:
‘An integrated system of hazard monitoring, forecasting and prediction,
disaster risk assessment, communication and preparedness activities
systems and processes that enables individuals, communities,
governments, businesses, and others to take timely action to reduce
disaster risks in advance of hazardous events.’
They are primarily a social process, often using technology and always integrated into
and across all governance levels, from international to local, while combining formal and
informal approaches. Warnings continually cover all disaster-related activities, requiring
aspects of planning, preparedness, damage mitigation, education, training, risk reduction,
recovery, and reconstruction.
Warnings must translate into decisions and actions, otherwise they are not fulfilling their
purpose. Warnings comprise of five key steps, each vital to the success of the warning
issued:

MONITORING
Selection of indicators,
and monitoring of
indicators

FORECASTING
AND RISK
KNOWLEDGE
Decision-making, and
issuing the warning

INTEGRATION
Planning, cooperation,
education, exercises

DISSEMINATING
A WARNING
Communicating the
warning, and receiving
the warning

ACTION
Believing in the
warning and acting on
the warning

Figure 1: The five key steps of warnings
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Governance of Warnings
Paramount to warnings governance is establishing the leaders, decision-makers, and
disseminators. Who has authority, responsibility, and accountability in warning matters;
how do they enact their duties; and why do differences or disjoints exist?
Several institutional frameworks exist for warnings at differing levels:
• Local levels: Community-based or community-established warnings via groups
such as the Red Cross and Red Crescent as well as local self-organisation, local level
government warnings, and local immediate warnings, e.g. by COMAS (control of
major accident hazards).
• National and sub-national governments: Government agency led warnings such as,
for the UK, the Met Office, British Geological Survey (BGS) and the Environment
Agency / Scottish Environment Protection Agency (EA / SEPA).
• Global or regional organisations: Global organisations such as the United Nations,
the World Health Organization and the World Meteorological Organization.
To develop clear governance of warnings, three key responsibilities must be established:

1.

Legal responsibility: The responsibility to provide warnings depends on laws. In the
UK, scientists typically assess vulnerabilities and hazards, with government officials
making decisions around suitable responses to the data presented or absent. In
some instances, such as in the Philippines, Indonesia, and in some processes
such as Climate Outlook Forums, this process is combined, working together to
interpret the information and to generate decisions although legal liabilities may
depend on specific contexts.

2.

Clearly defined roles and responsibilities: This requires political commitment to
generate legal, policy and implementation frameworks to facilitate and support
warning processes, investment in capabilities and co-ordination among everyone
involved.

3.

Integrated as a daily responsibility for the community: To make warnings fully
effective, they need to be part of regular activities contributing to daily life and
livelihoods while being continually updated to account for changes (see Box 5).

Good practice examples of integrating many such elements, including the first mile, are
hurricane warnings and evacuations for the US and Cuba (as with Box 3 for Bangladesh).
Despite very different governance systems, both countries have long had successful
monitoring and projection of hurricane tracks following by millions evacuating to safer
ground. Hurricane damage remains extensive but deaths have declined from thousands
to dozens per storm, even as coastal populations have substantially increased. A focus on
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hurricanes can, though, distract from other hazards, with hurricane-related tornadoes
seeming to be ‘surprising’ because the warning and evacuation notice was for hurricanes.
In fact, warnings from different hazards and threats often operate in isolation and lack
the capacity to identify and manage concurrent and cascading crises, whereby an initial
event’s impact can generate a sequence of subsequent failures and disruptions, often
worse than the initial event. Lessons from several simultaneous large-scale crises,
including COVID-19, human-caused climate change, terrorism, and poverty highlight
the challenges in developing fully integrated warning systems. The UK frequently
experiences these situations such as in 2001 with floods, foot-and-mouth disease, and
petrol shortages, and also in 2021 with a pandemic, food shortages, gas-supply problems
and petrol shortages again. This raises questions about how warnings can work across
governmental silos to address multi-hazard and cascading events.

Box 3:

Bangladesh Cyclone Warnings
The coastlines of Bangladesh are low-lying, subject to devastating storm
surges from cyclones making landfall from the Bay of Bengal. Hundreds of
thousands died in a cyclone in 1970 followed by tens of thousands in another
storm in 1991. Over the past few decades, the country has been battered by
further cyclones but these killed dozens or hundreds.
This massive reduction in death toll was affected by engraining cyclone
warning and response within the local culture and linking it to day-to-day life.
People receive local warnings, know where to evacuate to, and are confident
that a good proportion of their livelihoods will remain afterwards, even
while they are rebuilding. Local training for cyclones is linked to developing
household businesses, creating local markets for goods, mapping difficulties
and dreams in the community and training for first aid and search-andrescue. Many of these activities might not seem to be typical for warnings
but they integrate and connect with the wider warning system and warning
process to improve daily life and livelihood continually, connecting people to
the warnings and enhancing appropriate action.
These successes do not guarantee an absence of disasters. Mistakes could
happen for a cyclone, plus Bangladesh is highly prone to river floods,
earthquakes, tsunamis, landslides and other hazards. A key lesson is that
warning is a continual societal process because past success does not
guarantee future success, while multiple hazards need to be considered.
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3.

CURRENT OPERATION OF UK WARNINGS
In the UK, warnings are commonly issued via individual or joint agencies responsible for
a key hazard that takes leadership around the particular hazard e.g. flood warnings by the
Flood Forecasting Centre (FFC) (partnership between the Environment Agency and
the Met Office) and terrorism threat levels by the Joint Terrorism Analysis Centre and
the Security Service (MI5). Whilst these warnings exist within their own silos, Category
1 responders (organisations at the core of the response to most emergencies, such as
the emergency services, local authorities, and NHS bodies) are subject to the full set of
civil-protection duties as outlined in the Civil Contingencies. Act 2004 (section 4, 20,
p12) including:
‘Arrangements to warn the public, and to provide information and
advice to the public, if an emergency is likely to occur or has occurred’.
These arrangements are typically implemented via a Public Warning Task Group that
works within Local Resilience Forums (multi-agency partnerships made up of category
1 and 2 responders). Whilst there are numerous examples of Local Resilience Forums
establishing effective warning systems, challenges emerge within and beyond these
specific structures:
• Warnings are often issued at a national level, with Local Resilence Forums working
to apply them at their level. However, co-ordination and communication between
Local Resileince Forums can be challenging, and it remains problematic to
obtain visibility for all the national warnings issued as they remain under different
responsibilities.
• Warnings are typically focused around one hazard or threat occurring at a time
rather than a multi-hazard or cascading crisis, with vulnerabilities often neglected.
• Managing a nation-wide crisis, such as COVID-19 starting in 2020, or volcanic ash
that shut down much of European airspace in 2010, is complex as issues cross local
coordination groups and the four nations have differing approaches.
• Warnings become more responsive than anticipatory, not enabling stakeholders
enough time to respond effectively to the warning. This is partly due to a lack of
resources and few long-term staff to develop preparedness actions.
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Previously, the UK’s National Steering Committee on Warning and Informing the Public
provided primary independent advice to the Cabinet Office on best practice for warning
and informing the public during an emergency or major incident. It was last publicly active
in 2013.
On a national level there are challenges in integrating relevant expertise and warning for
long-term or low-frequency but high-impact events. At present, there are few formal
mechanisms to integrate external expertise from academics, NGOs, businesses, and
others into decision-making processes. Key communication networks have no central
location to obtain the latest and credible government issued advice, typically provided in
an emergency operations centre. Often, the public and their knowledge is left out.
An example is the radioactive fallout impacting sheep farming in Cumbria following
the Chernobyl nuclear power plant disaster in 1986 during which adopting top-down
narratives that ignored local expertise proved costly. Wynne (1992, 1996) studied how
government scientists claimed the problem would clear up in weeks, taking little account
of the area’s specific features and contradicting the farmers’ own expertise. This topdown approach undermined the status of local knowledge, creating disillusionment
about scientists’ ability to predict, manage and inform about risks. Wynne’s work first
highlighted ‘the forms of institutional embedding, patronage, organisation and control of
scientific knowledge’ (Wynne, 1992, p42) that often lead to a lack of action by the public
in response to warnings, followed by blaming the public for not acting.
All the pieces needed for effective UK warnings exist already, including information,
interest, knowledge, experience, data, messages and communication mechanisms.
Numerous, specific examples of successes and failures can inform improvements. Yet,
appropriate behaviour is still often absent and leadership failures at all levels are too
evident in terms of decision-making and behaviour. The focus for policy options and
recommendation to enhance warnings in the UK should be focused on getting warnings
right based on what already exists, rather than trying to trying to change well established
mechanisms and therefore undermining the solid, established, and accepted elements.
UK warnings should comprise of the five principles in Table 1.
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Principle

Implementation and
Process

Example

1.

Warnings are
long-term social
processes.

They need to be
integrated into short-,
medium-, and longterm plans and societal
structures that are able
to use warnings for
appropriate actions.

UK supply chains were
disrupted by the 2011
Bangkok floods, the 2011
Japan earthquake and
tsunami, and the 2021
Suez Canal blockage.
Planning could have
led to short-term
substitutions as well as
long-term alternative
sourcing once warnings
were available, if those
affected had been
preparing long in advance
for such situations.

2.

Warnings must use
multiple channels
/ modes and be
clear, transparent
and credible.

Some people rely on
WhatsApp or Twitter for
news; others use neither.
Not everyone can see,
hear, or read. Users
will be left out without
creativity, flexibility and
trust across multiple
communication and
engagement modes.

Public buildings should
have fire alarms which
are both audio and visual.
For places where people
sleep, such as hotels,
mechanisms are needed
to alert people with
hearing impairments.

3.

Warnings must
be relevant
to everyone,
covering a range
of timeframes and
spatial coverage.

If people cannot afford
to evacuate – or to plan
for evacuation – then
warnings might not be
helpful.

Many who evacuated
from the Grenfell
Tower fire in London
in 2017 spent months
in ‘emergency
accommodation’,
effectively being in limbo.
What would they have
done if it had been 2.5
years later and suddenly
warnings of a pandemic
and possible lockdowns
were in force?
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4.

Warnings need
to connect all
governance levels,
including local,
national and
international.

Cybersecurity affects
everyone, from
individuals losing
life savings through
phishing through to
health services and
multinationals held
hostage to ransomware.
Cybersecurity warnings
need to connect all these
users.

Some phishing examples
are highly localised and
culturally contextual,
such as using recent news
stories in local languages.
Others are international,
when viruses spread
around the world.

5.

Warnings require
integration
across different
vulnerabilities
to respond to
multiple hazards,
sequences and
cascades.

They need to be
integrated and coordinated across differing
silos to enable broader,
more diverse overviews
of any single situation or
multiple crises.

A small area flooded in
south-eastern England
could mean that several
train drivers cannot get to
work, leading to cancelled
trains and government
workers unable to reach
their desks. In July 2021,
the COVID-19 testand-trace system told
many airport workers to
isolate, leading to major
delays for Heathrow
passengers.

Table 1: Principles for UK warnings
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4.

KEY RECOMMENDATIONS
FOR WARNINGS
This section provides three key recommendations for developing warnings and warning
systems that generate effective actions, building on the state of the art. The aim is to
provide guidance on how to achieve these recommendations via practical actions and
decisions.

Three key actions are recommended to enhance warnings in the UK:

1.

Develop effective warnings that consider multiple-hazards, cascading
events, and integration across stakeholders.

2.

Adopt a public engagement and outreach programme that empowers
people to identify and fulfil their own needs regarding warnings for
enhancing preparedness and response behaviours and actions.

3.

Create and support mechanisms to overcome silos and territorialism
and instead to encourage idea and action exchange for building trust
and connections that support action when a major situation arises.
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1. Building Effective Warnings
To plan, develop, and maintain effective warnings there are four key characteristics that
need careful consideration to facilitate warning success:

A | Accuracy
Warnings deal with hazards and threats that have differing levels of predictability, often
obtaining more certainty the nearer the danger. Given the inherent uncertainties in
issuing warnings, confidence that warnings are accurate and will not cause false alarms
or potential warning fatigue can vary. Box 4 on climate change warning indicates the
importance of accuracy, and specifying the uncertainties involved.

Box 4:

Climate-Change Warning
Human-caused climate change has been a major scientific concern since
at least the 1970s, leading to efforts in subsequent decades for concerted
international policy action. Despite this long-term warning of adverse
impacts, effective international action remains absent. Misinformation,
disinformation and intransigent countries and corporations are significant
reasons. Another factor is inaccurate warnings such as on climate change
causing disasters, conflicts and migration. Warnings about millions of
‘environmental refugees’ and ‘climate refugees’ became popularised in the
mid-1990s with variations including a 2005 warning about 50 million by
2010 and then a 2010 warning about 50 million by 2020.
Reality did not match these dire warnings, undermining supposed links
between climate change and migration. Yet, warnings of ‘climate-change
migrants’ continue to be publicised, despite the absence of scientific
evidence for the warnings alongside many scientific analyses providing
fewer alarming conclusions. Caution is needed in attributing migration (as
well as disasters e.g. from hurricanes, and conflicts such as the Syrian war)
to human-caused climate change, although heat-humidity is projected to
be a significant exception and other scenarios exist which are devastatingly
catastrophic. Warnings about the adverse impacts of human-caused climate
change need to retain scientific accuracy for both horribly disastrous and
exaggerated outcomes.
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B | Flexibility
Warnings are not technological instruments but are social processes that allow for
differing approaches, whether formal or informal, international, or local, qualitative or
quantitative, and high-tech or low-tech. Warning design and dissemination needs to
reflect the flexibilities involved in dynamic and intertwined societies and environments.

C | Timeliness
The time between the hazard or threat detection and the outcome prediction (more
specific) or projection/forecast (vaguer) gives the lead time to prepare and varies
enormously. A hazard itself can last for differing timescales, from seconds of a bomb
blast to decades for volcanic eruptions. Many warning processes involve large-scale
operational systems (see Box 5).

D | Transparency
Openness of and communication regarding data collection, leadership, and decisionmaking processes around warnings influence people’s trust and hence behaviour.
Warning decisions and actions should be audited and held to account, not necessarily to
blame and punish, but rather to share reflections and lessons in order to improve. Where
authority, responsibility and accountability are poorly connected, transparency becomes
difficult, and leadership loses trust.
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Box 5:

Tsunami Warnings
Formal warnings for Pacific Ocean tsunamis started in 1949, leading to
international co-ordination in 1960. Similar proposals were made in the
1970s for Indian Ocean tsunami warning. Despite decades of effort, Indian
Ocean tsunami warning was always deemed to be low priority until the
2004 catastrophe after which the Indian Ocean tsunami warning system
was operational within 18 months. Now, poor maintenance and lack of
upgrades are causing problems, especially for near-shore tsunamis such as
the waves from a volcanic eruption and collapse in Indonesia in December
2018. Lessons from Indian Ocean tsunamis are quickly being forgotten
including anecdotes from 2004 where a single person’s observations or a
community’s collective knowledge of the sea’s odd behaviour led to rapid
evacuations and thousands of lives being saved.
It is the same with UK tsunami warnings. From hazards such as an oceanic
landslide in the Canary Islands, a suggestion which re-emerged during the
2021 eruption of La Palma’s Cumbre Vieja volcano, or under the North
Sea, UK coastlines have immense tsunami vulnerability as evidenced by the
extensive infrastructure in potential tsunami inundation zones, low awareness
among the population regarding the possibility, and little scope currently for
effective warning and action. With major tsunamis in living memory having
occurred only in faraway places, tsunami disasters are not seen as being an
important UK concern. Few people living in vulnerable places would receive
a warning of impending inundation or know how to act.
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These four characteristics combine to show the importance of effective
warnings being:

Integrated
Warnings should be understood not just for their differing components, but
also as a system where the links between the different components facilitate
action, typically as a warning system. Successfully integrated warnings
connect internationally through to local levels by displaying:
• Trust and credibility;
• Clearly defined authority, accountability, and responsibility;
• Education, training, and communication;
• Research, knowledge, and engagement;
• Exchange of ideas, knowledge, and expertise;
• Imagination and initiative to learn and act on the learning.
Ultimately, warning users must be integrated into the entire warning
process so that they have the imagination to take the initiative on turning
knowledge and information lead to decision and action. Integration cannot
be started during a crisis as it is then too late. Instead, warnings are a
continual, integrated process involving collective education, exchange and
engagement which leads to imagination and initiative. A warning system
must be managed as an ongoing concern.
Achieving this success requires everyone. Too often, warning failures are
seen as needing to close the so-called ‘last mile’ representing gaps between
the origin of warning information and users. Instead, the warning process
must prioritise the ‘first mile’ representing a beginning with users to listen to
and respond to their needs and contributions.
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Designing Warning Systems
Designing a warning system is a complex process given the diversity of experts, hazards,
threats, and policies involved. Warning systems are too frequently linear, top-down
processes, assuming that expert information goes from a centralised source to the
inexpert masses. They should instead be networks of connected elements in which
everyone is involved in the design, maintenance, operation, and use. Effective warning
systems enable multi-directional feedback and are flexible, always changing according to
people’s needs.
Designing the warning process requires establishing:
• What is the purpose of the warnings?
• How can everyone involved be connected and contribute?
• How are decisions and disseminated? By whom?
• Who leads? Who is responsible? Who is accountable?
• What methods would be most appropriate for the entire process?
• What behaviour or actions are needed from the warnings?
• How will the warnings be tested, monitored, and evaluated for continual
improvement?
• How do the warnings integrate with warnings for other hazards, and international
level warnings?
Warning systems can be formed in different ways depending on the focus, purpose, and
resources available, providing different communication mechanisms. When designing a
warning system, it is important to consider the type of system to be implemented, and
how existing international warning systems already exist that can be integrated.
International warning systems:
• The Common Alerting Protocol (CAP): This alerting system is implemented globally
to provide an international standard format for emergency alerting and public
warning via technology and radio.
• Earth Observation Systems (EOS): Numerous warning systems for hazards rely on
deployed sensors on or near the Earth’s surface or on satellites to track changes in
the environment, be it a short-term volcanic eruption with volcanic ash, or longerterm impacts such as deforestation or sea-level rise.
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Types of warning system:
• Integrated warning systems: These systems bring together data, analysis, warnings,
and response in one system as seen in the Global Information and Early Warning
System on Food and Agriculture (GIEWS).
• Community-based warning systems (CBEWS): These systems empower people
by involving them in the data collection and analysis processes, with communities
leading and operating them.
• Traditional warning systems: These systems incorporate traditional knowledge and
observations, often through storytelling, songs, and regular conversations about the
local environment.
• Multi-hazard early warning systems (MHEWS): These systems facilitate coordination and consistency of warnings for multiple hazards occurring simultaneously
or in succession, as differing actions may be required.
• Automated warning systems: Once established these technologically based systems
operate without human input to provide warnings based upon pre-assigned criteria
and may trigger automated responses (e.g. bridge closures).

Alert Level Systems
Warnings are commonly issued using Alert Level Systems (ALS). ALS are used globally
as a shorthand to convey concise and clear information to a wide range of users. They
often follow a traffic light colour structure or numerical order (as commonly used in
military contexts), and can be standardised across governance levels and entities.
While ALS are commonly thought of as simple ‘triggers’, to be effective they must be
embedded in an extensive system of:
• Observation and communication that integrates different experts;
• Thresholds or tipping points;
• Communication mediums and iconography.
The provision of timely warnings to public and civil authorities can be used to gauge and
co-ordinate response to a developing emergency. ALS provide public awareness about
both escalating and deescalating crises. Yet, there is limited research on the design, use
and implementation of ALS. For some natural hazards such as volcanoes and tsunamis
ALSs are well established, providing good operational guidance for developing muchneeded ALS for other hazards (Fearnley, 2012; Fearnley 2013).
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Decision-making:
• Whilst ALSs are used globally as visual and text-based shorthand systems to convey
concise and clear information to a wide range of people, scientific uncertainties can
make them complicated to use.
• The decision to change an alert level can be challenging due to difficulties in
interpreting scientific data to establish what a hazard is doing, and how it may affect
society.
> The decision to move between alert levels emerges from a detailed negotiation
of perceived political, livelihood and environmental factors rather than solely the
scientific data. This means considering the risks, not just the hazards.

POLICY DOMAIN

HYBRID CROSS-OVER BOUNDARY DOMAIN:
BOUNDARY OBJECTS

SCIENCE DOMAIN

SALIENCE
IS IT RELEVANT?

LEGITIMACY
IS IT BALANCED & TRANSPARENTLY FAIR?

CREDIBILITY
IS IT SCIENTIFICALLY
ROBUST?

KEY USER GROUPS

PRE-CRISIS
ESTABLISHED BALANCED INPUTS/INFLUENCE
(GOAL ORIENTATED)

› Government Agencies e.g.
» Civil Defence/Emergency
Management
» Weather Service
» Police
» National Forest Service
› Landowners
› Media
› Corporations and Business
› Public
Concern for relevance drives
demand for:
› Applied science
› Demand-driven
› Inter-disciplinary
› Real time
› Timely process
› Simple information

› Coordination plans
› Protocols and procedures
› National policy and laws
Collaboration establishment of balanced:
› Roles
› Accountability
› Co-production of information

SCIENTISTS

› At established government
organisations
› External exports
› Advisory panels/boards
› Academia
› Lone exports

PRE AND SYN-CRISIS
COMMUNICATION TOOLS (MULTI-VALENT)

Facilitate translation and co-production of knowledge
› Web based data and website
› Social networking
SYN-CRISIS
SCIENCE TO POLICY COMMUNICATION
(UNI-VALENT)

Little opportunity for translation
› Alert Level Systems (ALS)
› Information Statements
› Automated notices/bulletins

Concern for scientific
credibility drives demand for:
› Basic science
› Supply-driven (autonomy)
› Disciplinary
› Long term
› Quality assessment
› Uncertain, complex,
information

PRE-CRISIS
COMMUNICATION/TRANSLATION TOOLS

Facilitate translation and co-production of knowledge
› Joint Information Centres (JICS)
› Meetings and workshops
› Media and press meetings

Figure 2: Mapping credibility, relevance and the generation of legitimacy to translate, communicate and
mediate crisis information (adapted from Fearnley and Beaven, 2018, p. 11).
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Communication:
• ALS cannot convey the risks alone through a single alert so additional information is
required to make sense of alerts issued.
• ALS can be effective in generating general awareness levels and acting as triggers for
initial communication, policy, and action.
> Translation and interpretation through multi-way communication across multiple
pathways ensure that everyone understands what information is credible, salient,
and legitimate (see Figure 2).

Common communication tools and mechanisms used to create legitimacy between the
scientists and key user groups include co-operation plans, protocols, and procedures.
These activities depend on everyday dialogues in differing formats among users (e.g. social
networks, email, phone and in-person) alongside the establishment of joint information
centres JIC), meetings and workshops. Examples are the National Incident Management
System (NIMS) emergency management structures used in the USA, New Zealand, and
Australia.
It is vital that leadership from, preparedness by, and engagement with users occurs prior
to a crisis as it is too late to start the process once a hazard or threat manifests. This
enhances the actions taken in response to warnings.
Managing complexity does not need to be complicated, irrespective of all the unknowns
and uncertainties. Effective leadership, communication and interaction overcome these
challenges.
Standardisation:
• Standardising alert levels and warnings can convey information to a wide range of
people, while always leaving behind some groups.
• The process of standardisation is shaped by cultural, political and livelihood
factors rather than only in response to scientific needs specific to a hazard or to
vulnerabilities.
> Consequently, standardisation is difficult to implement due to the diversity and
uncertain nature of hazards and vulnerabilities at different temporal and spatial
scales.

24

ENHANCING WARNINGS

Issues

Local
(Non-Standardised)

National
(Standardised system)

Users’ needs

Provides flexibility to local
community but global users may be
confused

Limits flexibility possible, but
provides consistency and clarity to all

Communication
Methods

Local interpretation likely to be more
effective

Common terminology and
understanding, but must be known

Decision
Making

Gear decision on local needs,
circumstances and knowledge

Descriptions provide guidelines /
criteria, but implications may vary

Management

Local stakeholders develop close
relationships

Streamlines communication within
government agencies reducing
confusion

Table 2: The pros and cons of standardising ALS

What Makes Warnings Successful?
A warning does not start with a hazard manifesting:
‘The most effective warning systems integrate the subsystems of
detection of extreme events, management of hazard information,
and public response and also maintain relationships between them
through preparedness.’
(Mileti et al., 1999, pp174–175).

Warnings as a social process means that it should be ongoing, engrained in the dayto-day and decade-to-decade functioning of society – even while recognising that this
ideal is rarely met in practice. To understand the operationalisation of this ideal for a
warning and its system, the phrase itself needs to be broken down.
‘Warning systems are only as good as their weakest link.
They can, and frequently do, fail for a number of reasons.’
(Maskrey & UN, 1997)

Warnings should translate knowledge into action through a multi-element, diverse,
integrated, and engaging process rather than linear, one-directional, or top-down
approaches. In many cases, processes linking individual components of warnings fail,
rather than the individual components themselves typically related to vulnerabilities
rather than hazards. Factors improving links among different elements are in Figure 3.
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MONITORING
AND WARNING

RISK KNOWLEDGE
LOCAL CONTEXT

Effectiveness and continuous communication networks
Risk education and availability of scientific knowledge
Consider multi-hazard scenarios
Integrate science research into practice
Good governance and effective decision-making
Increased preparedness, awareness and trust
Define accountability and responsibility
Increase participation
WARNING
DISSEMINATION
AND
COMMUNICATION

FLEXIBILITY

RESPONSE
CAPABILITY

Figure 3: Diagram of warning systems with factors to improve the linking of subsystems as defined by the
UNDRR (Garcia and Fearnley, 2012, p133).

There is a need to stop viewing warnings as a system of independent sub-systems, but
to explore further the interrelationships that occur between them, because they are
multifaceted and cannot be modelled in a linear systematic function.
So-called near misses (such as when a warning was not issued but it was nearly needed) and
false alarms (such as when a warning was issued but it was apparently not needed) should
be defined for the warning system and described as part of the system’s performance
metrics. It is not clear that either near misses or false alarms necessarily indicate failure.
False alarms might sometimes make people less inclined to react to subsequent warnings,
eroding trust and credibility – the ‘cry wolf’ syndrome. Yet, if local leadership has been
involved from the beginning and if uncertainties are explained with a rationale for the
false alarm, then credibility and engagement can be enhanced and people can be willing
to accept more false alarms, especially in lieu of more near misses.
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Multiple hazard early warning systems (MHEWS)
It is necessary to consider multiple hazard events and understand that warnings issued
for different hazards may conflict. For example, flooding during the UK in 2020
required vulnerable populations to evacuate their homes and seek alternative shelter,
whilst COVID-19 restrictions required those vulnerable populations to remain isolated.
MHEWS attempt to bring in alignment the challenges of issuing multiple hazard warnings
and preparing for the negative/contradicting, or positive/reinforcing actions that can
emerge:
• MHEWS address several hazards and/or impacts of similar or different type in
contexts where hazardous events may occur alone, simultaneously, cascading or
cumulatively over time, and taking into account the potential interrelated effects.
• MHEWS have the ability to warn of one or more hazards which increases the
efficiency and consistency of warnings through co-ordinated and compatible
mechanisms and capacities
> For a MHEWS to operate effectively, national, regional, and local governments and
vulnerable groups should create an integrated and comprehensive framework which
clarifies the roles, responsibilities and relationships of all stakeholders within the
system as exemplified in Figure 4.

Figure 4: Schematic of a multi-hazard early warning system (UNISR, 2017, p.4)
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Case study on developing effective warnings
COVID-19 in the UK
Alert levels were devised and implemented to manage the COVID-19 pandemic globally.
In New Zealand, the alert level played a key role in the strategy to reduce lockdown
measures by setting out four alert levels (Prepare, Reduce, Restrict and Lockdown)
linked to the progress of the virus (see Figure 5). The levels provide clear guidance
on the risk assessment and the range of measures in place for each alert level over a
range of different sectors e.g. public health, personal movement, travel and transport,
gatherings, public venues, workplaces and more. As a unified and comprehensive source
of information, it gives authorities the credibility, accountability and transparency
required so that everyone knows what to do and who is doing it, setting expectations and
responsibilities from the beginning.

New Zealand COVID-19 Alert Levels Summary
•

The Alert Levels are determined by the Government and specify the public health and social measures to be taken in the
fight against COVID-19. Further guidance is available on Covid19.govt.nz.

•

Services including supermarkets, health services, emergency services, utilities and goods transport will
continue to operate at any level. Employers in those sectors must continue to meet health and safety obligations.

•

Different parts of the country may be at different Alert Levels. We can move up and down Alert Levels.

•

Restrictions are cumulative (for example, at Alert Level 4, all restrictions from Alert Levels 1, 2 and 3 apply).
Updated 27 October 2021

Elimination Strategy — New Zealand is working together to eliminate COVID-19
Risk
Alert Level assessment

4
Lockdown
Likely the
disease is not
contained

3
Restrict
Medium risk of
community
transmission
– active but
managed
clusters

2
Reduce
Low risk of
community
transmission
within applied
area

1

Prepare
The disease is
contained in
New Zealand

Measures that can be applied locally or nationally

• There is
sustained
and intensive
community
transmission.
• Outbreaks are
widespread.

• Stay home in your bubble.
• No travel is allowed except for necessities or to undertake safe recreational activities. You must work and learn from
home.
• No gatherings are allowed. All public and education facilities close.
• If you work for an Alert Level 4 business or service and you have no available options for childcare, you can extend
your household bubble to include a carer for your children.
• Businesses must close except for necessities (e.g. supermarkets, pharmacies, petrol stations) and lifeline utilities.
Green grocers, butchers, bakeries, and fishmongers can sell uncooked food items online and must deliver all orders.

• As in Alert Level 2, you legally must wear a face covering in some settings. Refer to the detailed table for more
information. It’s recommended you wear a face covering whenever you leave the house.
• Rationing of supplies and requisitioning of facilities as well as reprioritisation of healthcare services is possible.
• Members of a household or shared bubble may view or accompany the deceased in a funeral home, cemetery or
faith-based institution subject to strict conditions.

• There are
multiple cases
of community
transmission.
• There are
multiple active
clusters in
multiple regions.

• Stay home and keep your bubble small. You can expand to reconnect with close family/whānau, enable caregiving, or
support isolated people. This extended bubble legally must remain exclusive.
• Travel is still restricted, so stay local. Inter-regional travel is highly limited with limited permissions. You can travel
for work, school, to pick up necessities and good purchased in a contactless way or undertake low-risk recreational
activities. Work and learn from home if you can.
• Only people who can’t work from home should return to businesses that can safely open under Alert Level 3.
• You legally must wear a face covering in some settings. Refer to the detailed table for more information. It’s
recommended you wear a face covering whenever you leave the house.
• Gatherings of up to 10 people are allowed for weddings and civil union ceremonies, funerals and tangihanga (exclusive
of staff). Up to 5 staff may be present. Physical distancing and record keeping are legally required.

• When you leave home, keep a 2-metre distance from others when in public or 1-metre in controlld environments like
workplaces, where practical.
• Customers are only allowed inside specific businesses: supermarkets, banks, primary produce retailers, pharmacies,
petrol stations or hardware stores providing goods to trade customers, or if it is an emergency or critical situation.
• Other businesses can open if they trade in a contactless way.
• Public facilities remain closed. Early childhood centres and schools will open for students up to Year 10 for those who
can’t learn from home.
• Healthcare services should use virtual, non-contact consultations where possible.
• People at high risk of severe illness, such as older people and those with existing medical conditions, are encouraged
to stay at home where possible, and take additional precautions when leaving home. You may choose to work.

• There could
be limited
community
transmission.
• There are active
clusters in more
than one region.

• You can connect with friends and whānau in person, socialise in groups and go shopping and travel domestically, if
following public health guidance.
• You can return to the place where you work or learn but alternative ways of working are still encouraged
• Businesses, schools, early learning services, tertiary education providers and public facilities, such as museums,
libraries and pools can now all open with additional health measures in place.
• Gatherings of up to 100 people in a defined space are allowed including weddings, funerals and tangihanga.
Mandatory record keeping (as in Alert Level 1) and physical distancing are legally required.
• Hospitality businesses legally must keep groups of customers separated and seated. Physical distancing of 1 metre
must be applied — this will determine the maximum capacity of the business.
• Event facilities, including cinemas, stadiums, concert venues and casinos can open. Physical distancing of 1 metre
must be applied — this will determine the maximum capacity of the event.
• You legally must wear a face covering if you are aged 12 and over when:
- using public transport, airplanes (including in departure points such as train/bus stations) and in a taxi or ride-share vehicle
- visiting a healthcare or aged care facility (other than for a patient)
- inside retail businesses, such as supermarkets, pharmacies, shopping malls, indoor marketplaces, takeaway food
- stores and public venues — such as museums and libraries
- visiting the public areas within courts and tribunals, local and central Government agencies, and social service
- providers with customer service counters
- providing services while on site in a home or place of residence (except for providing childcare).

• You legally must wear a face covering if you work:
- as a driver of a taxi or ride-share vehicle
- at close contact businesses, for example barbers, beauticians and hairdressers
- in a public facing role at a hospitality venue, for example a cafe, restaurant, bar or nightclub
- at retail businesses, such as supermarkets, shopping malls, indoor marketplaces, takeaway food stores
- in the public areas of courts and tribunals, local and central Government agencies, and social service providers with
customer service counters
- at indoor public facilities, for example libraries and museums (but not swimming pools)
• Health and disability care services can operate as normally as possible.
• Keep 2 metres apart from people you do not know in public and places like retail stores, libraries, gyms, and museums.
• Keep 1 metres apart from people in other places like office buildings and factories, and in places where there is a cap
on numbers, like cinemas and hospitality.
• People at higher risk of severe illness from COVID-19 (for example, those with underlying medical conditions,
especially if not well-controlled, and older people) are encouraged to take additional precautions when leaving home,
unless fully vaccinated. You may work, if you agree with your employer that you can do so safely.
• Sport and recreation activities are allowed, subject to conditions on gatherings, record keeping, and – where
practical– physical distancing. Gyms — 2m physical distancing, outdoor teams sport — no physical distancing.

• COVID-19 is
uncontrolled
overseas.
• There could
be sporadic
imported cases.
• There could be
isolated local
transmission in
New Zealand.

• All businesses, facilities, schools, education providers and workplaces can open.
• NZ COVID Tracer QR codes issued by the NZ Government legally must be displayed in workplaces and on public
transport.
• The following places legally must have systems and processes to ensure visitors keep a record of where they have
been (whether via the NZ COVID Tracer app or otherwise), including healthcare facilities, aged care facilities, closecontact businesses, hospitality venues, public facilities, exercise facilities and social gatherings such as weddings,
funerals and tangihanga.
• In all other places, we encourage you to keep track of everywhere you have been, as this helps contact tracing to
identify any potential spread of COVID-19.

• There are no restrictions on personal movement or gatherings.
• In all other settings you are encouraged to maintain a record of where you have been.
• You legally must wear a face covering if you are aged 12 and over when:
- using public transport and airplanes (excluding inter-island ferries and school buses)
- exclusions apply for people with disabilities or mental health conditions.

New Zealand COVID-19 Alert Levels Summary

Updated 27 October 2021

Figure 5: The New Zealand COVID-19 Alert Levels Summary (New Zealand Government, 2021).

In contrast, the UK’s COVID-19 ALS was introduced nearly two months into the
country’s first lockdown and faced numerous challenges of having to work with three
other national alert systems across Northern Ireland, Scotland, and Wales, difficulties
involved in determining the parameter (the R-value) that drives the criteria for the alert
level, and in establishing and co-ordinating the body that decides the alert level (the
Joint Biosecurity Centre). Additionally, no clear guidance measures were associated
with each alert level rendering the information irrelevant to the public. By adopting a
security rubric, mirroring that used by the UK Terror Alert System, the UK’s COVID-19
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ALS remained opaque. In October 2020, a further ALS was introduced to account for
geographical variations via a local, three-tier alert system (medium, high and very high,
see Figure 6). Whilst the system’s localisation provides clarity and guidance on actions,
the system has been side-lined by national lockdowns.
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Figure 6: The two national alert systems for England (UK Government, 2020).

These two case studies serve to demonstrate the value of transparency and clarity for
ALS, the need for well-designed iconographies and the importance of communication
to help the public lead themselves for informed actions and decisions.
Key lessons for planning, developing and implementing an ALS in the UK to translate into
successful action include:
• Provide clear guidance that is transparent and freely available.
• Tie actions (social measures) to each alert level so the actions are required at each
level are clear.
• Avoid a ‘terror’ security rubric to encourage the public to work together through
actions. This requires transparency and clarity (not feasible for a terror ALS
context).
• Consider carefully the criterion used to determine thresholds, or whether it will be
based on broader risks. This requires multiple experts.
• The organisation deciding the alert level needs to establish strong multi-directional
communication protocols across national and local governance.
• The alert level system cannot operate in isolation. It needs to be tied with other
preventative and mitigative activities.
• If the alert system is to be used regionally effectively, more investment is needed for
the public to be aware of the differences between regions.
• Alert levels should be issued to the public through a detailed briefings and made
available on a government website and via media as a public-safety campaign.
• National level standardisation significantly reduces confusion whilst also being able
facilitating local requirements.
• Enforcement of the rules are needed.
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2. Engaging with stakeholders and the public
to generate action
It is vital to engage with stakeholders and the public to generate actions from warnings.
All too often, warnings are issued and they are not actioned and this is a result of poor
integration with society, engagement by the public and stakeholders, and a lack of clearly
defined roles and responsibilities. A range of tools and approaches have been used around
the world to enhance public engagement and leadership for warnings. This can occur via
two key approaches, from the top down, and from the bottom up.

A | Policy Engagement
Key policy top-down approaches to shape warnings and warning systems to consider
according to specific local circumstances are:
• Public opinion surveys: These provide a large sample response to gather information
and viewpoints.
• Focus groups: Small groups representing the public to provide free and open
discussion about an issue.
• Citizen juries / panels: Public panels with independent questions to review.
• Responsible Research and Innovation: Works to listen to and account for public
perspectives, also scrutinising the values and actions of science.
• Citizen science: Collect, process, and analyse data for people-powered and peopleled research.
• Public activism: Campaigns and lobbying, such as to support people with HIV/
AIDS and end stigmas. This includes Community Based and Driven Early Warning
Systems.
• Grassroots campaigns: People leading themselves to influence wider policy and
practice, this includes Community Based Early Warning Systems championed by
NGOs and other civil agencies.
A UK mechanism which already exists is the Sciencewise programme, using public
dialogues with scientists, organisations, policy makers and the public to ensure that UK
policy is informed by the views and aspirations of the public. This same process could be
applied for warnings on a regular basis. Whilst engagement is vital to help shape policy, it
is also vital to help the ongoing practice, maintenance, and revisiting of warnings through
simulations. Situations, personnel, hazards, and local and national contingences change
over time and a warning system should be updated to reflect these changes. They are not
static systems but adapting emergent ones.

30

ENHANCING WARNINGS

B | Community Engagement
However, it is vital that bottom-up approaches are also encouraged and supported with
the required resources. Ultimately, upstream engagement is highly recommended,
where the first mile of warnings occurs:
‘The people who are affected by hazards, should be involved as the
central component and should be involved from the beginning of the
EWS design and operation.’
(Kelman and Glantz, 2014, p100)

Community-based Early Warning Systems empower communities to prepare for
and confront hazards. This can be achieved via the involvement of community driven
collection and analysis of information that enable warning messages to help a community
to prepare actions to a warning and take actions to reduce the resulting loss or harm.
These warning systems help create long-term warning systems that are part of the
social process of a community and enable adaptation and resilience that exist outside of
national or international capacities.

Key elements

COMMUNITY
Based EWS

Driven EWS

With the people

By the people

Democratic

Empowering

Goals

Evocative, consultative

Based on needs, participatory

Outlook

Community as partners

Community as managers

Views

Community as organized

Community is empowered

Values

Development of peoples abilities

Trust in people’s capacities

Initates social reform

Restructures social fabric

Social entrepreneurs, community
workers and leaders

Everyone in the community

Coordinated with technical
support

Self-managed

At least one is active
(e.g., response capability)

All are active, especially the
monitoring of indicators

Orientation
Character

Result/Impact
Key players
Methodology
Active early warning
components (out of the four)

Figure 7: Community Based and Driven Early Warning Systems (IFRC 2012, p. 14)
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‘Overall, the main challenge is to focus on an early warning system as a
social process, overcoming the entrenched view of early warning systems
being mainly technical with those outside a community handing ‘expert’
information to those in a community.
Instead, perhaps ‘end-to-end-to-end’ is needed for an early warning
system, indicating feedback loops and various pathways from which
information comes and to which information flows.’
(Kelman and Glantz, 2014 pp105-106)

C | Integrating Education, Exchange, Engagement
It is important that bottom-up and top-down approaches are integrated to make sure
they work in harmony, address any issues emerging from standardisation, and have
communication processes in place (as per Figure 2). Therefore, public leadership and
engagement are vital to develop effective warnings and related behaviour, meaning
that local knowledge ought to feed into the processes operated by government. The
United States Geological Survey’s Volcano Hazard Program (USGS VHP) serves as
an excellent example of a government agency’s public successful outreach activities
for warnings. Several tools are adopted to help create awareness, citizen scientists and
effective responses to warnings over large populations (USGS VHP, 2021):
• Warning Assessments: Hazard assessment reports are the foundation for hazards
education programmes and preparedness efforts. They outline the hazards, impact
areas and maps of potential impacts, supporting emergency planners in developing
preparedness and response plans. Increasingly, citizen science is being used to
gather data, conduct experiments or develop low-cost approaches to help advance
hazard knowledge and the warning process, fostering local leadership and action.
• Warning Preparedness: Personnel work directly with federal, state and local
officials, as well as industry, media and the public, to increase awareness of locationspecific hazards and to participate in response planning activities well ahead of
crises. Multi-agency hazard response and co-ordination plans are developed for
everyone involved in a particular region, facilitating warning action. They also provide
guidance on making an emergency plan and compiling emergency kits for the public
so that people can lead themselves for effective behaviour and action. Additional
information is provided via hazard and risk maps, 3D modelling tools and fact sheets.
The public are able to follow social media, subscribe to email alerts and contact key
staff directly should they have any enquiries.
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• Warning Support for Locals: Training events, presentations, workshops and
partnerships necessary for grassroots preparedness and education are supported.
Certified Crisis Awareness Courses have been developed to work across and link
emergency responders. Relationships are maintained via yearly reviews.
• Warning Information: Quick and accurate information with pre-established
credibility is provided during a crisis via: (i) issuing authoritative forecasts, warnings
and status updates of volcanic activity; (ii) investigating and rectifying reports of
unrest and eruptions that are false or misleading; (iii) providing access to volcanic
information and real-time data to the public via websites, social media and
subscription services; and (iv) participating in targeted volcano-hazard education
and planning activities.
• Warning Education: Opportunities are provided for educators to learn about
volcanoes and volcanic hazards through summer teacher training, downloadable
curriculum-related teacher resources, educational articles, and creative use of
various USGS websites. Additionally, observatories and offices have open-day
events to engage with everyone and to support local leadership.
The success of the USGS VHP emerges from long-term development of trust and
credibility with the public, supporting them for local leadership and providing resources
in an open, transparent and accessible manner. Their activities help facilitate a wellestablished dialogue and relationship among the public, the scientists, and their agencies.
When needed, warning communication then moves swiftly and is accepted.
Another example is Climate Outlook Forums, run around the world to bring together
scientists and users for seasonal climate projections. Participants work together to
develop probabilistic climate outlooks, determine sectoral implications, and train on
using and communicating the outlooks. The key was to avoid users taking the probabilistic
forecasts as fixed predictions, instead interpreting and trusting them as possible warnings
for translating into on-the-ground, livelihood-related actions.
The 3 E’s of Education, Exchange, Engagement are vital to address Recommendation 2.
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3. Overcoming silos to build trust and connections
Creating and supporting mechanisms to overcome silos and territorialism is vital.
Encouraging idea and action exchange to build trust and connections that support
action when a major situation arises is vital. It also provides a platform to learn from
different agencies, disciplines, and hazards to devise better practices, tools, protocols,
and integration. Four possible mechanisms for the UK to consider implementing include
these recommendations:

A | A Warning Expert Committee Initiative
A Warning Expert Committee that sits across the UK Government providing leadership
uniting all the agencies involved in warnings and facilitating engagement with external
experts and local leaders to the government. Without removing individual agency
responsibility for warnings, the Committee would bring together representatives from
each agency / ministry with others from communities, academia, business, governments,
and the non-profit sector to facilitate co-ordination, exchange and constructive critique.
The committee would co-produce, combine and analyse knowledge and expertise from a
wide range of people involved in warnings, supplementing the knowledge and expertise of
the single agencies that have responsibility to warn.
There is potential for this committee to drive long-term awareness and credibility via:
• Working in the Cabinet Office Situation Room/Centre 24/7 to horizon scan for
warnings.
• Feeding into the National Risk Register and updates of it, as well as related policies
and legislation at all governance levels.
• Developing best practices and sharing lessons identified for action.
• Facilitating public leadership, education and awareness programmes and establishing
more robust science communication according to contextualised local needs.

B | The Scientific Advisory Group for Emergencies
(SAGE)
The UK Government’s Scientific Advisory Group for Emergencies (SAGE) provides
scientific and technical advice to support government decision makers during
emergencies. It is important that this body has within it a wide variety of expertise with
a diversity of scientific approaches and is seen as genuinely independent and that is
transparent in its workings.
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C | Training and Exercise Programmes
Training and exercises help breaking down social barriers and build up awareness and
connections so there is transfer from warning to action. It is vital to clarify responsibilities
and roles and by simulating an event and clearing conflicts issues can emerge that can be
easily addressed.
Scenarios can be developed, examined and tested such as Exercise Cygnus in October
2016 for a pandemic, and Exercise Triton 04 in June-July 2004 for coastal flooding in
England and Wales. More such exercises should bring in people from organisations and
with expertise beyond the specific hazard, such as pandemic or coastal flooding.
A vital component of scenarios includes imaginary futures that can help stakeholders and
the public become aware of how a hazard may look, how it may affect them, and what
their options are. Serious gaming tools can be utilised to help generate imaginary futures,
using virtual futures and scenarios.

D | Integrating successful public engagement lessons
Building on Recommendation 3, several tools can be integrated to help create awareness,
citizen scientists and effective responses to warnings over large populations, diverse
organisations, and differing stakeholders:
• Warning Assessments;
• Warning Preparedness;
• Warning Support for Locals;
• Warning Information;
• Warning Education.
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5.

SUMMARY
Examples throughout this report have highlighted that, whilst the UK has developed
robust warnings, they frequently fail because people do not act or act ineffectively. The
key characteristics of effective warnings need to be implemented alongside mechanisms
for knowledge retention and exchange, particularly given that organisational staff often
have a high turnover. Education is continual, especially regarding engagement between
those with information and authority and the users. With complex, multi-hazard and/or
cascading hazards and threats, warnings must engage directly with people affected, often
looking to and supporting them for leadership.

‘Enhancing Warnings’ means a pair of triplet principals useful for defining
warnings as a long-term social process:
3 I’s: Imagination, Initiative, Integration.
3 E’s: Education, Exchange, Engagement.
These six core principals help produce adaptable and effective warnings
that match the key four characteristics (accuracy, flexibility, timeliness,
and transparency), leading to effective action, saving UK lives and being an
inspiration to the world.
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