Setting the agendainresearch

Comment

Mind the gapsindisaster
early-warning systems —

and fixthem

Andrew C. Tupper & Carina J. Fearnley

From floods to wildfires,

and tsunamis to volcanic
eruptions, early-warning
systems can stop natural
hazards becoming human
disasters. But more joined-up
thinking is urgently needed.

isasters associated with natural

hazards are constantly in the head-

lines. Some involve predictable

human-made factors, such as the

catastrophic floods in Derna, Libya,
in September, which were caused by the col-
lapse of two dams after torrential rains. Others
are unexpected, such as the eruption of vol-
cano Hunga Tonga-Hunga Ha’apai in Tonga
inJanuary 2022, with a plume that reached a
height of 57 kilometres'. That eruption caused
a Pacific-wide tsunami and cut the country’s
undersea communication cables, shutting
down national and international telephone
and Internet traffic®

Inall cases, what turns natural hazards into
disasters is their damaging effects on com-
munities and ecosystems. These can oftenbe
avoided, or atleast attenuated, through accu-
rate forecasting of an event, advance warning
totherelevant populations and well-prepared
response plans.

In March 2022, the United Nations secre-
tary general, Anténio Guterres, announced
an Early Warnings for All initiative backed
by a US$3.1-billion investment over 5 years.
The aim, he stated, is to ensure “everyone on
Earthis protected from hazardous weather,
water, or climate events through life-saving
early warning systems by the end 0f2027”. This
commitment is necessary, bold and ambitious.
Here, we argue that it is also doomed to fail
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unlessitis supported and implemented from
well beyond the realms of the UN.

Early-warning actions are plagued by struc-
tural gaps. We call for adetermined effort from
the global scientific community to identify
some of them — and to help bridge them.
Nationaland local governments, international
organizations, researchers, the private sector,
operational staff, community workers and the
public all have an essential part to play in the
efficient running of early-warning systems.
We contend that all actors need to take note
of each others’ contributions and be inten-
tional about forming a collective effort. Bet-
ter resources will follow, as well as improved
hazard coverage and warnings that are more
efficient and more inclusive.

A framework for risk reduction

Natural hazards cannot be forecast, warned
about or responded to in isolation. This is
because they depend on hydrological, geo-
logical and atmospheric conditions and
are often interrelated: an earthquake can
trigger a tsunami; heavy rains can lead to
landslides or floods. The UN has had a key
role in developing early-warning systems,
both through focused efforts, such as in
meteorology (through the World Meteoro-
logical Organization; WMO), and through
broader initiatives, such as a multi-hazard
management plan called the Sendai Frame-
work for Disaster Risk Reduction 2015-2030
(see ‘Seven steps to safety’).

Despite much progress, the UN and its
member states are not on track to meet the
2030 goals of the Sendai framework. Nota-
bly, significant gaps exist in multi-hazard
early-warning systems (target G of the frame-
work; see ref. 3). Supporting actions must
accelerate. Investments need scaling up, with
afocus onlow-income countries, multi-sector
cooperation, risk information and data col-
lection and management. In parallel, early
warnings should take into account exposure,

vulnerability and potential impacts using an
accountable, people-centric approach.

Beyond the UN

Itis crucial torealize thatthe UN cannot fix any-
thingbyitself. Speakingin1996,Brian Urquhart
(whowasUNunder-secretary-general for polit-
ical affairs from1945t01986) referred toitasa
“pathetically weak organization whichimpro-
visesinemergenciestotry to prevent the worst
fromhappening”. It was, infact, purposely set
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A huge flash flood hit the city of Derna in Libya in September after torrential rain.

“The technology to
forecast most hazards
and alert populations
exists.”

up to have limited powers, relying on the par-
ticipationand resources of its member states.
Inpractice, thismeans thatacceleration of pro-
gress towards aglobal goal such as the Sendai

framework mustinvolve greater involvement
from the wider community.

Furthermore, some areas that need the
most attention in early-warning systems
are those where the UN system has specific
structural weaknesses, such as in fragile and
conflict-affected states. When resources are
limited, governance is poor or governments
are not trusted, a ‘top-down’ approach is not
effective, and therole of civil-society and other
actors becomes evenmore crucial, even when

they are facing their own challenges.

The UNis a disparate collection of bodies
that have a range of mandates, some more
organized than others.

For example, the WMO and its mem-
ber states have successfully developed
and coordinated early-warning systems
for hydrometeorological hazards such as
tropical cyclones, floods, heatwaves and
thunderstorms, aswell as systemsto sharerel-
evant observations and associated forecasts
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Much of Nomuka island in Tonga was covered in volcanic ash after the January 2022 eruptio
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between countries®.

Tsunami warnings are coordinated by the
Intergovernmental Oceanographic Commis-
sionof the UN cultural organization UNESCO,
together with the WMO. The UN Office
for Outer Space Affairs promotes efforts
to address the threat posed by near-Earth
objects, working with the International Aster-
oid Warning Network, which was establishedin
2013.No UN organization coordinates volcanic
warnings, however® — with the exception of
aviationadvice onvolcanicash, for which the
International Civil Aviation Organization takes
the lead. Currently, only about 35% of Earth’s
historically active volcanoes are continuously
monitored®. Similarly, there is little coordi-
nation of warning systems for landslides,
earthquakes or severe geomagnetic storms
—allof which pose catastrophicrisks” — or for
emerging risks, such as wildfire-generated
thunderstorms®,

This organizational patchwork, com-
bined with differences between countries
and regions, hinders the smooth running of
early-warning systems across the world. Plug-
ging the gaps will rely on the involvement of
the scientific community, as well as people at
all organizational levels, from the UN to local
communities.

Bring down barriers across borders

To reach people efficiently, early-warning
systems should be consistent, highly acces-
sible and as easy to act on as possible. This
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is often not the case.

Early warnings have typically stemmed
from discipline-specific initiatives. Even
though seismically generated tsunamis
and tropical cyclones might trigger similar
coastal inundations, warnings to affected
populations are often delivered through
various terminologies or alert codes, agen-
cies and formats. All can have different lead
times (whichis ofteninevitable when dealing
with distinct hazards) and the availability of
underlying observations canvary.Resourcing

of the overall warning network often differs,
as do the working conditions for staff (such
aswhether they are paid towork out of hours,
receive training on media communication or
have secure employment).

Similarly, when warning systems for the
same hazard have developed in different
national or local systems, cross-border dis-
crepancies can be confusing. For example, a
category 4 severe tropical cyclone (one meas-
ured as having 10-minute-average winds of
86-107 knots, or160-204 kilometres per hour)

LANGUAGE BARRIER

Different regions use varying methods for measuring and naming the same tropical weather
phenomenon — a rapidly rotating system of clouds and storms with a low-pressure centre.
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in Samoa would, in neighbouring American
Samoa, probably be described asacategory 3
hurricane with one-minute-average winds of
96-112knots, or178-207 kmh™ (see ‘Language
barrier’). Furthermore, the warnings would be
presented in different formats.

Competitive behaviour can also occur
between individuals, agencies or disciplines,
whichinterferes with the creation of accurate
and seamless warning systems and hinders
overallinvestmentin the early-warning sector.

Another difficulty in establishing
multi-hazard early-warning systems arises
fromthe widely differing risks posed by vari-
ous hazards. Warning systems tend tobe more
developed for frequently observed hazards
such as heavy rains. By contrast, those for
less-frequent but potentially catastrophic
hazards’® are immature — yet it is absolutely
necessary to include them. Before the 2022
Hunga Tonga-HungaHa’apaieruption, there
was no instrumental monitoring at the vol-
cano. With no understanding of what was
happening beneath the volcano’s surface,
the Tongan authorities and public were
forced into a reactive mode, responding to
what they could see and hear of the eruption
rather than having the information to stay
ahead of events. Similarly, academics are still
debatingthelikely catastrophicimpact ofan
intense solar storm, such as the Carrington
Event™ in 1859. However, there is no doubt
that a globally coherent, rapid warning and
response would be necessary to help manage
suchanevent.

Integrate inclusive information
flows

Another crucial aspectis that warnings should
reach everyone. Systems are typically set up
from the top down — data are analysed, fore-
casts made and notices of upcoming events
relayed to populations. But they must alsowork
from the bottomup, so thatwarningsreachall
members of acommunity in an effective way.
Whatis generally assessed is whether the warn-
ings existat all* — instead, the focus should be
onthelives and livelihoods they protect.

Warnings should be tailored to the needs
of all members of a community, in particu-
lar those who are marginalized or otherwise
vulnerable, because these people are already
athigher risk from natural hazards. Aninter-
sectional approachisneeded: situations must
be considered taking into account an indi-
vidual’s characteristics, including gender,
sexuality, age, race, ethnicity and disability,
incombination.

Inclusivity requires focusing on theintegra-
tion of various information flows. This involves
asking what people and groups need to receive
warnings and take action efficiently, and devel-
oping successful policy and action through
co-creation, co-production and co-imple-
mentation. There have been many instances

Sevensteps
to safety

Key goals of the Sendai Framework for
Disaster Risk Reduction 2015-2030.

In 2015, 187 member states of the
United Nations adopted a multi-hazard
management plan to avert risks and
minimize losses through seven global
targets:

Reduce

(a) the number of deaths and missing
persons linked to disasters worldwide;
(b) the number of people affected,
including by injury, sickness, damage to
habitations or disruptions to livelihoods;
(c) direct economic losses, including
agricultural losses and damage to cultural
heritage;

(d) damage and disruptions to
infrastructure and services, including
education and health.

Increase

(e) the number of countries with local and
national risk-reduction strategies;

(f) international and regional support,
such as through exchange of science,
technology and innovation in risk
reduction;

(g) the availability of, and access to, multi-
hazard information and early warnings,
including through monitoring and
forecasting systems.

in which warnings have not translated to
action on the ground. An infamous example
isthe 1970 Bhola Tropical Cyclone in what is
now Bangladesh, inwhichmore than300,000
lives were lost™. Another is the eruption of
MountSemeruin December2021inIndonesia,
when warnings did not reach the population.
And the 2023 wildfires in Lahaina on Maui,
Hawaii, devastated the city, killing 99 people
and generating intense discussion about the
effectiveness of the current warning system
in a warming world. To be efficient, systems
should integrate initiatives driven by the UN
andindividual countries with community-led
approaches (see ‘Come together’).

Inareas of unrest, or where the government
isnot trusted, itis crucial to strengthenlocal
warning systems by supporting the institu-
tionalrelationships needed to generate warn-
ings, and to build in mechanisms to minimize
disruptions from insecurity, conflict and
violence. For example, aprojectin Honduras

from 2013 t0 2022 pursued four cross-cutting
strategies in an environment of informal
settlements and gang violence. These strate-
giesinvolvedidentifyingand empowering key
local systems actors; supporting and leverag-
inglocal assets; building cooperative systems
of governance; and engaging with dynamic
local systems™.

Concerted roles and responsibilities

We urge individuals and organizations to
committoajoined-up approach. Thisincludes
academics and scholarly institutions, opera-
tional staff and agencies, community workers
working with the civil-society sector, staff at
governmental and international organizations
andindividuals being good global citizens. We
set out four priorities.

Work across silos. A multi-hazard, inter-
disciplinary and highly cooperative approach
towarning systems should become a priority
in each field. Early-warning systems must be
adaptedtoincludeless-visible hazards, suchas
rare geohazard events, and local and national
systems should be updated to prioritize inter-
national interoperability. Scientists working
onallforms of risks and disasters need to com-
municate with each other. This can be done
through centres that foster collaborations
and collective efforts, including conferences.
An example is the University College London
Warning Research Centre, created in 2020
(C.).F.isdirector and A.C.T. is an affiliate of
the centre).

Create inclusive warnings. Data gathering
and warning systems must be truly inclusive,
meaningthattheyare co-created orled by the
communities that most need them. Partner-
ships between high- and low-income countries
need to be set up in a way that recognizes the
expertise of each member of the collabora-
tion — high-income countries having for too
long extracted knowledge from low-income
countries. Protocols must be developed on
how international scientists should work to
supportwarnings and crisis response. Agood
example of such guidelines are those from the
International Association of Volcanology and
Chemistry of the Earth’s Interior, which advise
the professional community about appropri-
ate behaviour when managing an emerging or
ongoing volcanic crisis”.

Collaborate across borders. No country can
afford to work in isolation. Monitoring net-
works and global support arrangements are
needed. One example of this change of think-
ingis the Systematic Observations Financing
Facility, a global effort to improve meteoro-
logical observation networks, which builds
on long-standing agreements negotiated by
the WMO for the free and open exchange of
crucial operational data.
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Cometogether

Joined-up thinking should inform actions at
every organizational level.

To run efficiently, early-warning processes
need actions across silos that span hazards,
risks, vulnerability, regions and institutions.

National and international governments
« Connect organizations that have relevant

mandates to enable multi-hazard forecasting.

» Develop standardized, adaptable and
engaging communication tools.

» Fund multi-sector efforts.

« Oversee technological transfer.

Scientific community and civil society

» Share monitoring, analysis and forecasting
with governance at all levels, from local to
international.

« Work to support multidisciplinary
approaches.

« Conduct training and awareness-raising
campaigns in non-technical language for
government officials and target audiences.
« Ensure that research and civil-society work
uplifts vulnerable groups.

Local government, local communities and
individual citizens

- Foster collaboration between communities
and local governments.

- Disaggregate data.

« Design and implement inclusive warnings
with vulnerable groups.

« Develop and support standardized
repositories that host risk information.

« Help to join up regional and global systems
while maintaining relevant contexts.

A wildfire on the outskirts of Bilpin near Sydney, Australia, in December 2019.
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Invest in warnings. Without directed effort
and investment in monitoring facilities and
trained staff through sustained resources,
many nations lack the ability to generate warn-
ings at all. Because resources and research
are highly asymmetric across the world, it is
important to prioritize technological trans-
fers, such asthroughthe WMO Severe Weather
Forecasting Programme, which provides
support for warnings in key areas around the
globe.

Over the past century, early-warning systems
have substantially reduced the repercussions
of natural hazards by averting loss of life, dis-
ruptionsto livelihoods, damage to ecosystems
and the economic cost of disasters. Progress
has beenimpressive, but has oftenbeendriven
by dedicated individuals working with each
other, with communities on the ground and
with UN-backed organizations. Much more is
needed. The technology to forecast most haz-
ards and alert populations exists. It isnow up
to peopleatall organizational levels —includ-
ing the scientific community — to engage in
abottom-up and top-down process that has
feedbacks and loops. Risks are accelerating
and warning systems have lagged behind.
Achangeinattitudeis urgently needed.
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