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1. FOREWORD

The Pacific is one of the most natural disaster-prone regions in the world.
Approximately 69% of disasters are related to hydro-meteorological hazards
(e.g. storms, flooding and drought), and every year flooding in the Pacific

is responsible for loss of life, infrastructure damage and disruption to
business and communities. On average, economic impacts total USD 157
million annually.” Between 2010 and 2021, floods in the Pacific resulted

in the displacement of over 210,000 people.? The impacts are often felt
disproportionally—women, children, people with disabilities, vulnerable and
intersectional groups experience natural disasters, like flooding, differently.:

1. Australian Aid 2021. Pacific
Risk Profile: Pacific Region.
nvrd

Available at: 22 https://w

FILE Pacific%20
f (accessed 28 May

2024).

2. Internal Displacement
Monitoring Centre (IDMC)
n.d. Disaster Displacement in
Asia and the Pacific. Available

s://apiinterna

3. The term ‘intersectionality’
is used to recognise that
individuals hold many social
and cultural identities that can
impact on their experience

of and response to natural
disasters. These differences
are those that exist within
traditional social and cultural
groups such as diverse gender
identities fa'afafine, fakaleiti,
fakafifine, akava'ine and gauri.

4. United Nations Office

for Disaster Risk Reduction
(UNDRR) n.d. Early Warning For
All (EWA4AII). Available at

2 https//www

Irrorg/

action/early-warnings-for-all

(accessed 29 May 2024).

Advancing Flood Early Warning in Selected Pacific

According to the United Nations Office for Disaster Risk Reduction
(UNDRR), “of all risk reduction and climate change adaptation measures,
early warning and early action stand as one of the best-proven and cost-
effective methods for reducing disaster deaths and losses.” Early Warning
Systems (EWS) are designed to reduce the impact of natural hazards upon
communities and organisations by giving them more time to prepare.

Hydrological data is central to creating an effective flood EWS. This data
informs forecasts of location, timing and magnitude of flood events. However,
the limited availability of real-time data, hydrological observation systems and
appropriate hydrological data management and analysis is a significant gap
across Pacific Island countries (PICs). Increased capacity to collect, manage
and analyse hydrological data will support the enhanced performance of flood
early warning systems.

The roadmap has been developed in collaboration with National Hydrological
Services (NHSs) from Fiji, Samoa, Solomon Islands and Vanuatu. The
development of this roadmap draws upon the understanding and experience
of situations current at time of writing in these countries. These countries
experience a range of types of flood events and water-related challenges that
are common across other PICs.

This roadmap is also a step towards understanding and addressing the unique
challenges facing hydrological services in PICs. Hydrological data is critical
across ten of the Sustainable Development Goals (SDGs) and supports many
sectors, including water; food and energy security; disaster risk management;
and the design of climate resilient infrastructure. There are often multiple
agencies involved in the collection and analysis of hydrological data, including
NHSs, National Meteorological Services (NMSs); Land and Mineral
Resources/Geology Departments; water utilities, water supply services and
public health departments. As such, a suite of complementary and coordinated
strategies, informed by broader consultation across other PICs may be required
to address the range of hydrological challenges facing the region. mm
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2. PURPOSE OF THE ROADMAP

WE 7o increase climate resilience and strengthen Disaster
Risk Reduction systems in Pacific Island countries
through increased hydrological capacity and

enhanced performance of flood early warning systems.

— . Teouma River, Efate, Vanuatu
~© Pacific Community (SPC) / Credit: SPC
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Participants during the roadmap development workshop in Rakiraki, Fiji, February 2024 © Pacific Community (SPC) / Credit: SPC

This roadmap aims to assist countries, regional organisations and development
partners to effectively support the capacity of NHSs. These services exist in many
forms with many capacities across the Pacific, but they all play an important role
in supporting national goals for development and climate resilience, including
flood early warning. This roadmap captures the goals and outcomes articulated
by NHSs that will enable them to reach their full potential.

Support to hydrological services can provide benefits across multiple sectors.
For example, investing in improved hydrological services can strengthen flood
early warning, while also benefiting other sectors relying on hydrological data,
such as infrastructure services, water utilities and national planning. Targeted
support to NHSs can be an effective way for countries to meet their national
climate and adaptation goals. There are many entry points to supporting
hydrological services (e.g. NHSs, NMSs, Water Utilities), and this roadmap
helps to identify effective pathways in which that support can be most effective.

This roadmap is intended to assist countries with strategic programming as
well as potential action and investment for improving hydrological services
to enhance flood early warning within their respective countries. It is also
intended to assist development partners and regional organisations in the
design of initiatives to support hydrology and flood early warning that are
reflective of the goals and outcomes identified by NHSs.

There are limited funds and resources available to implement initiatives in the
roadmap. In pursuing efficient and effective implementation of the roadmap,
it will be important to build and maintain cooperation, coordination and
consistency of approach within national government agencies and between
regional and international bodies, civil society organisations and donors.

Advancing Flood Early Warning in Selected Pacific Island Countries: A Roadmap 5



This will avoid duplication, while maximising opportunities to build on
existing programs and work.

Development of the roadmap

This roadmap is informed by experiences and outputs from the Hydrology
Support to enhance Flood Early Warning project (see next page), undertaken
by SPC over a period of two years (2022-2024). The collaborative process
of developing the roadmap included nearly 200 stakeholder and community
consultations and the implementation of two pilot studies (in Fiji and
Vanuatu). The project culminated in a roadmap development workshop in
Rakiraki, Fiji, in February 2024, attended by representatives of NHSs from

each of the four project countries: Fiji, Samoa, Solomon Islands and Vanuatu.

The findings and recommendations of the Pacific Countries and Territories
Hydrological Capacity Assessment and Needs® Report also contributed to the
development of the roadmap. The report canvassed the hydrological capacities

and needs in 11 PICs.

5. Catchlove R, Stewart B, and The development and provisioning of flood early warning requires strong
Hankinson A, 2019. Pacific link b h . ible for hvdrological . h
Countries and Territories inkages between the agencies responsible for hydrological services, weather
Hydrological Capacity forecast services and disaster management. In light of this, the project consulted
Assessment and Needs. A report . . .

for Pacific Hydrological Services with and sogght eXPert advice from each of these stakeholder groups, which
Panel and SPREP. played a major role in the development of the roadmap. wm

RLaRIT \“‘F
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Participants during the roadmap development workshop in Rakiraki, Fiji, February 2024 © Pacific Community (SPC) / Credit: SPC
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The Hydrology support to enhance flood early warning project
undertook a range of activities across Fiji, Vanuatu, Samoa and Solomon Islands
over a period of 2 years, including:

Field assessment

i~

Data analysis

- ]

Flood (Hydraulic) modelling

4

v

‘ I 43) 1% . Field maintenance & planning
11

&

Data synthesis

o

Impact based forecasting

Funding support from -
Australian Water Partnership
PARTHERSHIP
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3. WHY WE NEED A ROADMAP

PICs are home to resilient communities who maintain strong
connections to their land and thus hold critical traditional

and local community knowledge related to water and flooding.
Floods are natural and common occurrences in PICs that impact
these communities. However, their ability to prepare for

and respond to flooding is changing due to increasing rainfall
intensity coupled with urbanisation in flood-prone areas.
Furthermore, the impacts of flooding are not felt equally

and typically compounds the vulnerability of women, children,
people with disabilities and vulnerable and intersectional groups.

Hydrological services play a critical role in understanding and communicating
the risks of flooding and water-related disasters, including forecasting and
warning of impending flood events. This role will only become more critical
as rainfall events are expected to become more intense as the impacts of
climate change become more pronounced. Currently, hydrological services
across the region do not have the capacity or capability to fulfil the suite
of hydrological services that are required for effective flood early warning.
There are a range of political, economic, social and technological factors that
influence this capability, which have resulted in significant challenges to the
role of hydrological services (See annex 1 for further details).

Whilst flooding cannot be prevented, supporting the collection, management
and analysis of hydrological data will enhance the ability of communities and
other stakeholders to make evidence-based decisions, helping to preserve
their resilience to flooding and reduce the socio-economic costs from flooding

experienced by PICs annually.

To date, investment and support for hydrology has been ad hoc and in many
cases has not involved the national hydrological services. For example, a recent
study identified 46 projects within the region where high quality hydrological
services were fundamental to the success of the projects. However, NHSs
appear to have been directly engaged in only four of these projects. This ad-
hoc investment has resulted in the failure of approximately 200 of the over
250 river level monitoring stations installed in the region and challenges to
capacity in NHSs, which in many cases impacts the ability of NHSs to provide

effective flood forecasting and warning.

There is a need for a regional strategic approach, which can be scaled to the
national situation for a structured approach to support hydrological services
in PICs. Through the development and implementation of this roadmap, the
hydrological services community can enhance coordination and leverage funding
at both the national and regional scales. This will further support and resource
PIC's work towards a defining a regional strategy for hydrological services.

Advancing Flood Early Warning in Selected Pacific Island Countries: A Roadmap 9



“There is a need for a regional strategy on flood early warning
systems because Pacific Island Countries which are vulnerable

to flood events have similar needs, similar gaps and similar
challenges, being able to come together and have this discussion.”

Ms Emarosa Romeo, Principal Hydrology Officer, Ministry of Natural Resources and Environment, Samoa

6.Yeo S, Esler S.L., Taaffe

F.P, Jordy D.J-J. and Bonte-
Grapentin M. 2017. Urban
flood risk management

in the Pacific: Tracking
progress and setting priorities
(English). UFCOP knowledge
notes Washington, D.C.:
World Bank Group. Available

7. Fiji Meteorological Service,
2022, List of floods occurring in
the Fiji Islands between 1840
and 2019, FMS Information
Sheet 125.

Types of flooding

There are five main types of flooding that affect PICs: riverine flooding, flash
flooding, urban/pluvial flooding, groundwater flooding and coastal flooding.
Almost all PICs experience urban/pluvial flooding and coastal flooding, whilst
riverine flooding and flash flooding is restricted to high volcanic islands with
short steep catchments, such as Fiji, Samoa, Solomon Islands, Vanuatu, New
Caledonia, Papua New Guinea and Cook Islands. Groundwater flooding, due

to rising water levels in low-lying areas, has been identified in parts of Vanuatu.

Impacts of flooding

The impacts of flooding can be variable and wide ranging. Major flooding can
result in significant loss of life and nationally-significant economic impacts,
for example, the 2014 floods in Honiara, Solomon Islands, where 24 people
died and loss and damage equated to ~ 9.2 % of GDP (USD 90 million).6
Another example is the 2009 floods in western Fiji, where seven people died
and loss and damage equated to ~ 7 % of GDP (USD 190 million).” However,
the accumulated impacts of more frequent minor and moderate flooding
could exceed that of the single large flood events. For example, in the 39
years between 1980 and 2019 in Fiji, 127 flood events were recorded, which
resulted in over 200 deaths and significant economic and social impacts upon
communities.” Typical impacts from flooding can be both immediate and
long-term. They include:

Loss of life
— Often in PICs these deaths occur whilst trying to cross flooding rivers
Damage to and inundation of properties
Impacts upon water quality
Damage to infrastructure
— For example, bridges, water supply pipes, roads, communication networks
Road and river crossing closures
— Disruption to transport networks
— Isolated communities
Damage to agricultural enterprises—damage to crops and loss
and displacement of livestock, which can affect food security

Advancing Flood Early Warning in Selected Pacific Island Countries: A Roadmap
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Barriers and enablers to hydrology and flood early warning in the Pacific

ENABLERS I BARRIERS

Global initiatives Long-term global
priorities and initiatives can support
national priorities, e.g. climate
change and disaster risk reduction.

Governance arrangements/coordination
Challenges in coordination between agencies leads
to a lack of alignment between, or clarity within,
legislation/mandates for flood early warning.

The awareness of the role of hydrological
services in flood early warning and disaster
risk reduction across all government levels can

I
1
I
I Political instability/direction can lead to challenges in:
|

lead to broader support for hydrology. I
I
|
I
I
|
I

- Development/approval of policies, plans and legislation
« Uncertainty of government priorities and budgets.

Long term sustainability of projects Funding is often
limited to project implementation, without consideration
for ongoing operational support (e.g. maintenance of

equipment, equipment spares, system support).

-
Hydrological services are valuable
to multiple sectors (e.g. water supply,
disaster risk reduction, infrastructure
design), which may provide potential
alternative sources of funding support
to develop clear national strategies
for ensuring core hydrological services
are identified and supported.

Donor priority funding
Donor funded projects can be inconsistent
with national priorities and capacity.

Government funding for capital and
ongoing expenditure is often insufficient for
maintaining effective hydrological services.

Government procurement processes
Unclear or rigid procurement processes can impact
the ability to procure fit-for-purpose equipment.

Gender equality,
disability and social inclusion (GEDSI)
Broad support for GEDSI consideration and the need
for inclusive and accessible early warning.

A lack of clear training pathways
and succession planning affects the
capacity of national hydrology services.

Broad government and donor
understanding that community
consultation and involvement leads to
sustained and improved project outcomes.

Social and cultural barriers
to female participation in the industry
(e.g. male-dominated industry).

Civil society groups can facilitate

the inclusion of diverse voices including women,

children, people with disabilities and other
vulnerable and intersectional groups.

Social and cultural barriers to the participation
of women, people with disabilities and other vulnerable
and intersectional groups in decision making.

Communities hold traditional and local
knowledge that provides valuable information
and context around flood risk, flood forecasting,
flood warning and flood response.

Cost of specialised equipment
and systems for hydrometric measurement,
flood forecasting and associated ICT infrastructure
is high (capital and ongoing).

Lack of standardisation of equipment
This can lead to inefficient operation of systems.

Innovation in technology
is increasing the ability for and efficiency Specialised training is required
of hydrometric data collection, TECHNOLOGICAL for operation of equipment and
data analysis and flood forecasting. systems (including calibration,
maintenance and troubleshooting).

Current hydrological database limitations
are restricting effective management
and use of hydrological data.

{2 Advancing Flood Early Warning in Selected Pacific Island Countries: A Roadmap



©
D
°
@
s
=
S
o}
L
O
~
)
&
527
>
e,
=
a5
a
144
o
UN
o}
=
o}
©
&
(©]

Advancing Flood Early Warning in Selected Pacific Island Countries: A Roadmap




8. United Nations Development
Programme. 2018. Five
approaches to building
functional early warning
systems. Available at 71 https

vw.adaptation-undp.org

sites/default/files/resources/

undp

rochure_early warning

systems.pdf (accessed on
29/05/2024).

Gender equality, disability and social inclusion

Weather, water and climate-related hazards pose significant challenges on a
global scale, affecting communities worldwide. However, these impacts are
not evenly distributed, with certain groups bearing a disproportionate burden.
Women, children, youth, people with disabilities, and other vulnerable and
intersectional groups face unique vulnerabilities because their specific
needs often go unheard or are inadequately considered in critical decision-
making processes. Consequently, these groups are more severely impacted by
hazards, exacerbating existing inequalities. These groups experience stigma,
discrimination and lack of protection. For intersectional vulnerabilities such
as in the case of traditional gender diverse individuals, including Fu'afafine,
Jfakaleiti, fakafifine, akava'ine, qauri, adolescent girls with disability and
pregnant women for example, the impacts are multiplied exponentially.
These groups often experience higher mortality, loss of livelihoods, risks of
gender-based violence, or are at the risk of being excluded from evacuation
and relocation activities due to lack of representation in consultations and in
decision making structures.

These groups also possess unique capabilities that are invaluable for DRM.
Women often serve as primary caregivers and formal and informal community
leaders and bring valuable insights into local dynamics, resource management,
and risk perception. Their knowledge of traditional coping mechanisms and
community networks enhances resilience and facilitates effective disaster
response. Similarly, youth are often at the forefront of innovative solutions
and technology adoption, playing a crucial role in community mobilisation,
awareness raising and advocacy for inclusive DRM policies. Additionally,
people with disabilities offer invaluable perspectives on accessibility, inclusive
communication and adaptive strategies essential for ensuring the resilience
of all members of society to natural hazards. Harnessing the capabilities of
women, youth, people with disabilities and other vulnerable and intersectional
groups in DRM efforts not only strengthens community resilience but also
fosters greater social cohesion and empowerment.

The Sendai Framework for Disaster Risk Reduction 2015-2030 emphasises the
importance of engaging women in building disaster resilience programmes.
Recommendations include considering gender, age, disability and cultural
perspectives across all disaster risk reduction (DRR) policies and practices.

“Women'’s participation is critical for effectively

managing disaster risk and designing, resourcing and

implementing gender-sensitive disaster risk reduction

policies, plans and programmes; and adequate capacity

building measures need to be taken to empower women
for preparedness as well as build their capacity for

alternate livelibood means in post-disaster situations.”

(UNDP 2018) 8
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9. United Nations, n.d. Sendai
Framework for Disaster Risk
Reduction 2015 - 2030,
available at 71 Senda
Framework for Disaster Risk
Reduction 2015 - 2030 (undrr.
org) (accessed on 29/05/2024).

The Sendai Framework identifies responsibilities and actions that need to
be taken from national government level through to local government and
community levels. It stresses the roles of non-government and civil society
organisations in disseminating disaster information (UN nd).?

Flood warnings need to have a human-centric approach and be tailored to suit
local communities’interests, needs and values to be effective. LLocal communities
often have a complex knowledge of local disasters and have an inherent
capacity to respond to these. Involving communities in DRR, emergency
management planning and including local languages and existing knowledge
of indicators of floods can improve responsive actions. The incorporation of
GEDSI into the messaging is crucial to ensure vulnerable members of society
do not get left behind. An example of GEDSI in initiatives by hydrological
services is provided in Annex 2, along with common GEDSI issues in disaster
risk management and potential solutions that address these issues. wm

R
Mapping of flood extents and flood behaviour during a community meeting in Vatukacevaceva, Fiji, April, 2023 © Pacific Community (SPC) / Credit: SPC
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4. FLOOD EARLY
WARNING FRAMEWORK

The geography and climate of many PICs render them vulnerable to impacts from
extreme flooding. Volcanic islands with short and steep catchments combined

with intense tropical weather events such as cyclones can lead to the rapid onset

of extreme flooding known as flash floods. The short timeframe between rainfall

and flash flooding poses significant challenges for early flood warning.

This timeframe can be shorter than the time required for decision making and
emergency response. As such, the interlinkages between NMSs, NHSs and disaster
management organisations (DMOs) are essential to effective end-to-end flood warning.

Table 1.
Pillars of the Multi-Hazard
Early Warning Framework

Pillar
1 RISK/IMPACT
2 MONITORING

AND WARNING SERVICES

3 DISSEMINATION AND
COMMUNICATION

4 RESPONSE CAPABILITY

* Denotes the typical lead agency for the pillar

To reflect the integrated nature of end-to-end flood warning, a Flood Early
Warning Framework was developed through the project, Technical Support in
Hydrology to enhance Flood Early Warning in the Pacific. The framework was
developed as an extension to the United Nations office for Disaster Risk
Reduction (UNDRR) Multi-Hazard Early Warning Framework (MHEWF)
to be specific to flood early warning. The UNDRR MHEWETF includes four
pillars. These are described in Table 1 (below), which also lists the types of

PIC agencies involved in each pillar.

The flood early warning framework guides the understanding of the status
of end-to-end flood early warning systems in PICs. Development of the
framework was informed by inputs gathered through consultation with lead
hydrology, meteorology, disaster and emergency response agencies from PICs

Description

Understanding and mapping the hazard - understanding the potential
likelihood and consequence of flooding. It refers to the awareness of the
spatial scale, temporal scale and magnitude of flooding combined with
the vulnerabilities of communities.

Monitoring and forecasting impending — monitoring and forecasting
meteorological events; forecasting, predicting and monitoring
catchment responses to rainfall; and determining and disseminating
flood warnings.

Processing and disseminating understandable warnings to political
authorities and the population - what message needs to be
communicated to warn people of impending flooding and getting that
message to the people and organisations that are going to be affected
by flooding.

Undertaking appropriate and timely actions in response to the warnings DMOs*
- the capability of communities and agencies impacted by flooding to
respond to the flood warnings
Advancing Flood Early Warning in Selected Pacific Island Countries: A Roadmap

Agencies involved

DMOs*, NMSs, NHSs

NMSs*, NHSs*

NMSs*, DMOs, NHSs



Flood early warning framework

Risk Data
informed collection D
community ata
management
Flood risk & analysis
mapping
LUATION AND g Rainfall
ek Viey, forecasting
Flood
modelling and
mapping Flood
forecasting
and warning
Historical
flood
Staff and

knowledge /@\ training
Community ;

awareness Consultation
and inclusive
preparedness

Warning
Emergency e
response YALuATION AND REVIEW
plans
Cross-agency
integration
Emergency
response Communications
agencies infrastructure

and technology

and regional agencies. The framework is specific to riverine flooding and does
not extend to an assessment of systems and infrastructure relating to tidal,
coastal or marine inundation.

The framework maintains the four pillars of the UNDRR multi-hazard early
warning framework at its core but breaks these into components specific to
flood early warning under each pillar. These components are broken down
further to elements that support each component. The framework supports
the development and implementation of this roadmap by detailing the
specific requirements that encompass an effective flood early warning system.
The approach extends across the full value chain of flood early warning
systems and disaster risk reduction, which helps to identify the role in which

hydrology plays.

Advancing Flood Early Warning in Selected Pacific Island Countries: A Roadmap 17



Role of hydrology in flood early warning

HYDROLOGICAL DATA IS A FOUNDATIONAL PART
OF AN EFFECTIVE FLOOD EARLY WARNING SYSTEM

Telemetered hydrological Hydrometric data
observational networks . Managing data: including

Measurement of rainfall volumes, i data processing, quality

water level and streamflow. assurance and control,
archiving and data sharing.

Analysis of data
Understanding the relationship
between rainfall, runoff,
river water level response.

Flood modelling Flood forecasting
Understanding the extent Predicting the location, timing and
and impacts of flood events. magnitude of flood events.
FLOOD EARLY WARNING

Impact based forecasting

18 Advancing Flood Early Warning in Selected Pacific Island Countries: A Roadmap



Hydrology plays a crucial role in flood early warning through understanding,
predicting, and preparing for flooding. By studying and understanding factors such
as rainfall patterns, topography, soil moisture, land use, and river flow dynamics,
hydrologists can assess the location, likelihood, timing, and severity of flooding.

Telemetered hydrological observation networks collect near-real time
measurements of rainfall volumes, river water levels and in some cases,
flow volumes. The ongoing maintenance and validation of hydrometric
equipment to ensure data quality is a key part of an effective hydrological
and meteorological observation network and is critical to its ongoing
operation and sustainability.

Hydrometric data management includes data processing, quality assurance
and control, archiving and data sharing. The quality and quantity of
hydrological data, namely rainfall, water levels and streamflow, is critical to
the ability to accurately forecast flooding.

Analysis of hydrological data helps hydrologists understand the
relationship between rainfall, runoff, river water level response, and

the likelihood of flooding. Hydrologists use this information to model
hydrological responses under a range of scenarios which are then used to
improve flood warning through an increased understanding of the timing
and magnitude of flood events.

Flood models predict and simulate where water might flow, which can be
used to determine impacts of flooding. The accuracy of flood modelling
and mapping is dependent on the quality and quantity of the input data.
Poorly calibrated flood models are more likely to over or underestimate
the risk of flooding and provide less accuracy around the movement of
floodwaters.

Flood forecasters use real time data, coupled with an understanding of

the relationship between rainfall and river water level response, to predict
which rivers might be about to flood, at what time and at what height flood
waters will peak.

There are many ways to undertake flood forecasting and there are many
different flood early warning systems available. The type of methodology
used to undertake flood forecasting is dependent on its applicability
(suitability) for the system and the availability of resources.

The common theme between the methods is the quality of the hydrometric
data that underpins forecasting and decision making, i.e. it doesn’t matter
if the systems are the most expensive or complex, if poor quality or
inaccurate data is used to ‘feed’ or support these systems then it is unlikely
they will yield the anticipated benefits.

& RESILIENT FUTURE
> g

Hydrological services support many sectors,
including water, food and energy security;
disaster risk management; and the design

of climate resilient infrastructure.

Warning in Selected Pacific Island Countries: A Roadmap 19
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5. CONTRIBUTION OF THIS ROADMAP
TO NATIONAL, REGIONAL
AND GLOBAL RESILIENCE GOALS

The Sustainable Development Goals and the Sendai Framework for Disaster Risk
Reduction 2015-2030 set global goals for sustainable development, and for
preventing and reducing disaster risk and losses. Similarly, the 2050 Strategy for

the Blue Pacific Continent and the Framework for Resilient Development in the Pacific
2017-2030 provide guidance on the implementation of the global goals at the
regional level. Many of the goals outlined in the global and regional frameworks are
reliant on effective hydrological services. This roadmap is designed to support PICs
to achieve their national development and resilience goals through enhancing the
capacities of NHSs. The goals and outcomes provide pathways, as identified by NHSs,
in which hydrological services can be strengthened across PICs.

There are a range of initiatives across the Pacific to support DRR and
sustainable development, including the Pacific regional Weather Ready Pacific
Programme of Investment and the global Early Warning for All initiative.
These initiatives operate at different levels and incorporate a range of hazards
and thematic areas. This roadmap highlights the role that hydrological
services play in supporting these initiatives and recognises the importance
of close collaborations and partnerships, in particular with other government
departments/agencies and regional organisations.

National priorities

In many PICs, NMSs, NHSs and DMOs sit within different divisions and/
or ministries, but all have responsibilities across the flood early warning value
chain, and collaboration between agencies is essential to an effective flood
EWS. A range of national legislation, strategies, policies and agencies already
exist to guide the various responsibilities of flood early warning within PICs.
The capacity and capability of national hydrological services throughout PICs
continue to be supported by national government initiatives, bilateral support
from development partners and regional initiatives.

This roadmap seeks to leverage and build upon existing capacities and initiatives
with a focus on supporting each of the agencies responsible for flood EWS
through strengthening the capacity and capability of hydrological services.

Regional initiatives

A range of forums and initiatives are already supporting hydrology and
flood early warning within the region. For example, the Pacific Hydrological
Services Panel supports NMSs through providing strategic advice to
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the Pacific Meteorological Council (PMC). Additionally, the Regional
Association V (RAV) Hydrology Working Group are responsible for the
coordination of meteorological, hydrological and related activities within
the Southwest Pacific Region. This roadmap seeks to support these efforts
through the articulation of goals, outcomes and potential action pathways that
have been identified by the hydrological services community.

Regional agencies play a significant role in supporting national hydrological
services and flood early warning, including SPC, the South Pacific Regional
Environmental Program (SPREP) and the Pacific Islands Forum Secretariat
(PIFS).These agencies are members of the Council of Regional Organisations
of the Pacific (CROP) who are mandated to support member countries to
achieve their resilience and development goals. Continued collaboration
between CROP agencies and with PICs is essential to delivering hydrological
advancements in flood early warning.

By defining the shared strategic direction of the national hydrology services,
this roadmap aims to build and maintain cooperation, coordination and
consistency of approach in leveraging funding to support the role of
hydrological services in flood early warning. Hydrological services would
benefit from developing a regional community of practice and forum to better
communicate hydrological issues, challenges and linkages across sectors,
as well as tapping into existing national and regional forums, and funding
sources to drive each of the four goals. Key initiatives include SPC's project
support for hydrology to enhance flood early warning, the Weather Ready
Pacific and global initiatives such as EW4AIl and the regional flash flood
guidance system (FFGS). mm

Flooding on the Queens Highway, Fiji © Pacific Community (SPC) / Credit: Alluvium International
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Strategies, frameworks and initiatives related
to hydrological services and flood early warning

SEPTEMBER 2023

REGIONAL STRATEGIES/FRAMEWORKS

2050 Strategy for the Blue Pacific Continent

Framework for Resilient Development
in the Pacific 2017-2030

UNITED NATIONS INITIATIVES ]

l Early Warnings J

NATIONAL for All initiative (EW4AII )

National Acts/Legislation
Plans/policies/strategies

\ GLOBAL INITIATIVES

Pacific Early Warning Systems
NATIONAL INITIATIVES - Flood (EWS -F)

National government projects Pacific Flash Flood
and programs Guidance System (FFGS)

Bilateral projects The Globa'I.Hydrometry
) Support Facility (HydroHub)

Global Hydrological Status and
Outlook System (HydroSOS)

Climate Risk Early
Warning Systems (CREWS)

REGIONAL
SECTORAL STRATEGIES

The Systematic Observations
Financing Facility (SOFF)

Pacific Island Meteorology PREPAR!E PaciﬁF
Strategy 2017-2026 Early Warning Project

Hydrology strategy to support Weather Ready Nation
flood early warning

- IN CONCEPT
/ Adaptation Fund - Integrating Flood

and Drought Management and
REGIONAL INITIATIVES Early Warning for Climate Change

Resilience in the Pacific Islands

Weather Ready Pacific Programme of
Investment

GCF - Upgrading hydro-

meteorological services for climate
Climate and Oceans Support Program in the resilient water security in Pacifc SIDs
Pacific (COSPPac)

GCF - One Pacific Program
Managing Coastal Aquifers

in Selected Pacific SIDS

GCF - Multi-country project
advancing early warnings for all

SPC Hydrology support to enhance
flood early warning

Enhancing Water
- Food Security and Climate Resilience in
Volcanic Island Countries of the Pacific

INTERNATIONAL FRAMEWORKS

Sendai Framework for Disaster Risk Reduction 2015-2030

Sustainable Development Agenda 2015-2030
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Maintenance of monitoring equipment by Vanuatu Department of Water Resources, 2023 © Pacific Community (SPC) / Credit: SPC

Field assessment by Fiji Meteorological Service, Viti Levu, Fiji, 2022 © Pacific Community (SPC) / Credit: SPC
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6. GOALS AND OUTCOMES
TO SUPPORT THE VISION

This roadmap has four goals which address the key challenges identified
in the region. Each goal is underpinned by more specific outcomes and
actions. The four goals outline the opportunities to support the vision for
hydrology to strengthen the technical foundations of flood early warning
and to integrate hydrology more widely across sectors. Together, the
goals, the outcomes and the actions establish clear priorities.

@“L,I To enhance awareness and foster engagement regarding the critical role
of hydrological services in supporting effective disaster risk management.

@\“‘D To improve the availability and reliability of hydrometric data to strengthen

flood early warning systems, vital to safeguard lives and livelihoods.

@“é To ensure hydrometric observation data is incorporated into impact-based
flood forecasting for informing mitigation and preparedness actions.

@“‘4 To establish multiple training pathways to promote a sustainable pool
of diverse skilled staff, ensuring continual improvement of hydrological
services to manage the current and emerging needs of relevant sectors.

Stream gauging by Fiji Meteorological Service, Fiji, 2022 © Pacific Community (SPC) / Credit: SPC
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Context

There is a general lack of
awareness of the integral role
that hydrological services

play in preparing for climate
resilient communities. As a
result, support for national
hydrological services, including
Flood EWS, has historically not
been provided in a systematic
or standardised way across
the region. This has led to
reduced hydrological capacity
for monitoring and analysis,
limiting the ability to provide
effective flood warnings

to support the safety and
resilience of PIC communities.
Increased engagement
between national hydrological
and meteorological services,
and disaster management
organisations is critical for
effective flood early warning.

26

10 enhance awareness and foster

engagement at all levels regarding the critical

role of hydrological services in supporting

effective disaster risk management.

Outcomes

A) Increased awareness: Raise
awareness among stakeholders
and the communities about the
essential role of hydrological
services in DRM, highlighting
their significance in mitigating
and responding to water-related
disasters.

B) Strengthened engagement:
Foster collaboration and
dialogue among government
agencies, regional organisations,
civil society organisations,
academia and communities
to promote understanding
and utilisation of hydrological
services in DRM planning and
decision-making processes.

C) Policy integration: Advocate for
the integration of hydrological
services into national and
regional meteorological, DRM
and climate change policies,
frameworks and strategies,
ensuring their inclusion as a
fundamental component of
disaster preparedness and
response efforts.

D) Increased and sustainable
investments: Advocate for
increased financial support
and resource allocation
towards hydrological services
and operational capabilities,
enabling them to better
support effective DRM
and climate change adaptation
efforts at all levels.

Action pathways

« Effective communication, knowledge
sharing and inclusive engagement
to bridge the gap between technical
expertise and local perspectives, enhancing
accessibility of hydrological information.

- Raise awareness of the value
of hydrological services, leveraging
existing forums and relationships
and identify new opportunities.

« Develop communications products
to support the awareness of hydrology
and foster engagements.

« Strengthen interagency relationships
at a national level regarding hydrology
and flood early warning.

« Review of the integration
of hydrological services into national
and regional meteorological,
DRM and climate change dialogues,
policies, frameworks and strategies.

« Establish the effectiveness of investment
in hydrology services through
the development of a business case
for investment in hydrological services
through cost-benefit analyses.

« Identification of potential funding mechanisms
to support sustainable, programmatic
approaches to hydrological support.

« Establish baseline mapping of existing
stakeholders and their interconnectedness.

« Mainstream GEDSI principles throughout
design, implementation and monitoring,
evaluation, reporting and learning (MERL).

Advancing Flood Early Warning in Selected Pacific Island Countries: A Roadmap



Participants at the Fiji National
Flood Early Warning Workshop,
Suva, August 2022

© Pacific Community (SPC) / Credit: SPC

Hazard mapping with members

of the hydrological services,

weather forecast services and disaster
management in Samoa

© Pacific Community (SPC) / Credit: SPC

Hydrometric monitoring station
Vaturu Dam, Fiji © Pacific
Community (SPC) / Credit: SPC
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Context

Hydrometric observation data is the
foundation of effective flood early
warning. Telemetered hydrological
observational networks are a critical
tool in flood forecasting. Telemetered
data networks allow flood forecasters
to collect and access near real

time information to help identify
where rainfall is occurring, how the
catchment is responding (i.e. how
the river water level is changing), and
when and where it is likely to result in
flooding. The ongoing maintenance
and validation of hydrometric
equipment to ensure data quality is a
key part of an effective hydrological
and meteorological observation
network and is critical to its ongoing
operation and sustainability.

28

10 improve the availability and reliability
of bydrometric data to strengthen flood

early warning systems, vital to safeguard

lives and livelihoods.

Outcomes

A) Timely and reliable data
access: Consistent, long-term
functionality of hydrometric
monitoring equipment enabling
near-real time telemetered
hydrometric data.

B) Optimised coverage: Increase
the coverage of hydrometric
data through the expansion and
modernisation of monitoring
networks, ensuring risk-informed
and need-based coverage of flood
prone areas.

C) Robust and centralised data
management: Establish national
centralised data archives for
hydrometric data, facilitating
easy access, quality assurance,
standardised data formats and
comprehensive data storage,
ensuring single window, long-term
data preservation and accessibility.

Action pathways

« Standardisation of equipment and
maintenance procedures at a national
level.

« Improved standard operating
procedures and systems to support
hydrometric data collection and
management.

» Engagement with communities
to increase awareness around the
purpose and value of protecting
observation equipment to ensure
data integrity and long-term datasets.

» Development and refinement of
streamflow rating tables for all water
level monitoring locations, supported
by improved streamflow gaugings
with a focus on medium to high flows
to support flood early warning.

» Optimisation of observation networks
to support well informed forecasting
with increased spatial and temporal
resolution.

« Identification and implementation
of innovative, tailored solutions and
technological advancements where
appropriate to a Pacific Island setting
and in line with national priorities.

- Identifying and adopting a modern,
fit-for-purpose database for the
management, storage and sharing of
hydrological data.

« Improved data sharing policies and
practices.

Advancing Flood Early Warning in Selected Pacific Island Countries: A Roadmap



e

Water level monitoring station
in the Teouma River, Vanuatu ariver cross-section survey of Penang River, Fiji
© Pacific Community (SPC) / Credit: SPC © Pacific Community (SPC) / Credit: SPC

g | B SR SR N

Members of the Greenhill Community assisting with the installation of a hydrometric monitoring
station in the Teouma River, Vanuatu © Pacific Community (SPC) / Credit: SPC
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Context

For effective and actionable warnings,
communities need to understand
where and when a flood is likely to
occur, how big that flood might be
and what the impacts could be. An
understanding of flood risk and the
interpretation of observed data (in
conjunction with rainfall forecasts)
provides flood forecasters with

the information to understand the
potential timing, magnitude and
impact of flooding, which in turn
supports impact-based forecasting.
Communities play a critical role in
the understanding of risk. PICs are
home to resilient communities that
maintain strong connections to
their landscapes and hold important
historical, traditional and community
knowledge related to hydrology and
flooding.

The analysis of quality hydrometric
observation data, validated by
community knowledge, is fundamental
to the understanding of flood risk,

and flood forecasting and monitoring,
which in turn is dependent on the
tools, capacity and capability of NHSs.

30

10 ensure hydrometric observation

data is incorporated into impact-based
flood forecasting, for informing

mitigation and preparedness actions.

Outcomes

A) Data driven flood modelling:
Flood risk modelling and
mapping is informed by and
calibrated/validated with relevant
hydrological observation data
and traditional and community
knowledge.

B) Actionable and data informed
flood warnings: Flood warnings
are informed by hydrometric
data and community knowledge,
and include potential flood
location, timing, magnitude and
impact, making them actionable
by communities and relevant
authorities for enhancing response
effectiveness and reducing
vulnerability to flood-related
hazards.

Action pathways

« Develop flood models and maps
using quality assured hydrological
data validated by traditional and
community knowledge.

« Incorporate near real-time
hydrometric observation data
into operational flood forecasting
to enable impact-based flood
forecasting.

« Investigate and apply up-to-date
flood early warning systems and
technologies.

» Harness community historical
and traditional knowledge to
ensure impact-based forecasting
is accessible, inclusive and human
centric, and is reflective of the local
communities’ interests, needs and
values.

« Mainstream GEDSI approaches
throughout stakeholder
engagement.

- Identify and enhance necessary
capacities across communities
and other stakeholders to develop
and improve understanding of
hydrological messaging.
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Data analysis by Fiji
Meteorological Service
Hydrology division staff

© Pacific Community (SPC) /
Credit: SPC

Mapping of flood extents

and flood behaviour during a
community meeting in Rakiraki,
Fiji, April, 2023 © Pacific
Community (SPC) / Credit: SPC

Field inspection of a flood prone community in Tamboko, Solomon Islands © Pacific Community (SPC) / Credit: SPC
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Context

Diverse skilled technical staff are at
the core of hydrological services and
flood forecasting. However, PIC NHSs
generally have very limited numbers
of trained hydrological specialists,
particularly women, and there are
limited formal hydrological training
pathways. Enhancing staff capacity
to meet the current and future
challenges of building, operating
and utilising critical hydrological
infrastructure and undertaking

flood forecasting are essential to an
effective flood early warning system.
This can only be achieved through a
co-design/co-development approach
with NHSs to develop clear training
pathways informed by identified
country needs and to ensure the
retention of skills and knowledge
within institutions. A commitment
to the Revitalised Pacific Leaders
Gender Equality Declaration (2023) will
support diversity in employment.

32

10 establish multiple training pathways to

promote a sustainable pool of diverse skilled

staff, ensuring continual improvement of

hydrological services to manage the current

and emerging needs of relevant sectors.

Outcomes

A) Multiple training pathways:
Establish a range of training
programs tailored to various
skill levels and career stages in
hydrological services, fostering
inclusivity and diversity while
equipping individuals with the
necessary expertise to meet the
evolving demands of the sector
and meet industry standards.

B) Sustainable skilled workforce:
Cultivate a sustainable pool of
diverse skilled professionals
in hydrological services and
associated sectors through
comprehensive and multiple
training initiatives, ensuring
the continuity and resilience of
services amidst emerging needs of
the sector(s).

C) Continuous professional
development: Create new and
leverage existing opportunities
for professional growth and
development within hydrological
services.

Action pathways

» Develop a programmatic approach
to training with clear training
pathways informed by identified
needs and align with industry
standards.

« Strengthen the Pacific Region
Communities of Practice for
Hydrology.

«» Support institutional development
and retention of skills through
succession planning, clearly defined
roles and responsibilities, and
increased accountability.

» Support diverse participation in
hydrological services through the
commitment to the Revitalised
Pacific Leaders Gender Equality
Declaration (2023).
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Fiji Meteorological Service
field hydrology training ©
Pacific Community (SPC) /
Credit: SPC

Installation of equipment
by hydrology staff from Fiji
Meteorological Service and

Vanuatu Department of Water
Resources © Pacific Community
(SPC) / Credit: SPC

Review of hydrological data with
Solomon Islands Water Resources
Management Division and SPC ©
Pacific Community (SPC) / Credit: SPC
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7. OPPORTUNITIES

There has been a sustained increase in funding to projects related

to climate resilience and disaster risk reduction in the Pacific region.
Several national and regional projects and initiatives are in progress that
address some of the gaps and challenges. However, these are largely ad
hoc, uncoordinated or insufficient to address the challenges hydrological
services experience in full. Additionally, in many circumstances, projects
undertaken to address these gaps do not always involve the NHSs. For
example, many projects focused on flood early warning are executed by
NMSs or DMOs with minimal engagement with NHSs. This amplifies the
problem of sustainability of projects post completion.

By defining the shared strategic direction of the national hydrology services,
this roadmap aims to build and maintain cooperation, coordination and
consistency of approach in leveraging funding to support the role of
hydrological services in flood early warning. Hydrological services would
benefit from developing a regional community of practice and forum to better
communicate hydrological issues, challenges and linkages across sectors, as
well as tapping into existing national and regional forums, and funding sources
to drive the each of four goals. The target donor partners and programs to link
in with include Australian DFAT, AWP, New Zealand MFAT, WMO and
USAID, in addition to regional partners and programs including SPREP and
Weather Ready Pacific.

This framework has utility across other PICs that have surface water resources;
however, a regional approach informed by broader consultation across other
PICs is recommended to address the range of hydrological challenges facing
the region.

Key initiatives include SPC's project support for hydrology to enhance
flood early warning, the Weather Ready Pacific and global initiatives such as
EWA4AIl and the regional FFGS. mm
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8. IMPLEMENTATION

This roadmap outlines the overarching vision and goals to enhance hydrological
services across the Pacific region and strengthen the role and significance of
hydrology to support flood early warning systems. Detailed and collaborative
planning is imperative to translate this strategic vision into tangible on-ground
actions — a process referred to as IMPLEMENTATION PLANNING.

R TU RS

Members of the Greenhill Community carting equipment for the installation
of a hydrometric monitoring station © Pacific Community (SPC) / Credit: SPC
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It is intended that this roadmap document will facilitate the formulation
of implementation plans at the national level and highlight the importance
of coordinating efforts to enhance hydrological services to strengthen
national-level flood early warning systems. The implementation plan,
crafted collaboratively by local stakeholders, should follow the framework
developed by this roadmap to identify the outcomes and actions that are
relevant at the national level and identify specific activities to be undertaken
for implementation of the roadmap. They should be consistent with, and
supported by, other regional and international policies and plans, particularly
those mentioned in Section 4. The implementation plans should include:

Identification of tasks and activities

Development of timelines in which milestones should be achieved
Determination of resources available and required

Assignment of accountability at national and sub-national levels
Identification and engagement with stakeholder communities
Identification of and mitigation strategies for risks and threats

Development of MERL plans

Regional and international agencies are also pivotal in driving the
implementation of this roadmap. Challenges such as increasing awareness of
hydrology, identifying and supporting hydrological databases and establishing
regional programmatic training pathways can be effectively addressed through
a coordinated regional approach.

It is intended that SPC will support monitoring, evaluating and reporting on
the progress of the implementation of the roadmap and in consultation with
PICs, regularly review progress and amend the roadmap as required.

MERL

To ensure strategic alignment and maximise effectiveness, MERL plans should
be integrated with implementation plans at the national level. These plans serve
as indispensable tools for monitoring progress towards the overarching vision,
goals, and outcomes outlined in the roadmap, while also offering a platform for
ongoing learning and contextualised application of the roadmap. The MERL
plans should be guided by the key principles outlined in Annex 3.

Further, targeted and insightful evaluation activities that maximize learning
value act as a crucial component of MERL plans. These activities are advised
to be structured around a set of key evaluation questions (KEQs). These
questions have been designed to align with various evaluation criteria, based on
global evaluation standards and prescribed by the Organization of Economic
Development and Cooperation’s Development Assistance committee (OECD-
DAC), including relevance, coherence, effectiveness, efficiency, impact and
sustainability. These KEQs also outlined in Annex 3. mm
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Flooded river crossing in Ba Province, Fiji © Pacific Community (SPC) / Credit: SPC



IMPACT ON
FLOOD EARLY
WARNING

A

EFFECT

CORE
ISSUES

CAUSE

Limited professional

development of
technical skills

Insufficient budget
for field vehicles

Insufficient budget
for maintenance
and funding

Lack of funding
for site scoping

No funding to update
and maintain
specialised databases

Outdated hydrological
database

Not having equipment
to undertake surveys

Insufficient
data collection

Insufficient funding
for hydrological
programming

Budget and plans
aren't fully funded

Lack of business
justification

Poor development
of flood risk
information

Lack of data to
inform hydrologically
accurate models

Incomplete
hydrological
data archive

No collection of
hydrological data

Monitoring
equipment is
non-operational

Poor maintenance
programming to
upkeep equipment

Equipment damage
from extreme events

Inadequate SOPs and
documentation

Cost for distance and
logistics exceed budget

Delayed payment leads
to ceasing of services

Inefficient government
payment processes

No contingency funding
for equipment repairs

Equipment not in the
right location

Risk to operation
of baseline
monitoring systems

Poor identification
of suitable
monitoring stations

Data rescue
processes incomplete

Backlog of data
thatisnotina
useable format

Lack of
skilled personnel

Limited knowledge
of equipment

Limited QA/QC skill

Lack of capacity
in modelling

Insufficient
technical training

Lack of pathway and
regional framework
for hydrology training
and career (RTC + USP)

Limited data training
priority pathways
or training is delivered
ad hoc

Poor succession
planning

Low confidence
in impact-based
forecasts

Difficulty accessing
contingency planning

Long-term sustainability
of project
funded equipment

Uncoordinated
programme
implementation

Lack of post-disaster
flood surveys

Political priorities
do not align

Unclear institutional
arrangements

Slow or no development
of plans and policies
to support hydrology

Hydrology is a low
government priority

Lack of coordination
across sectors

Hydrological
prioritisation doesn’t
match government
limited data training
priority

Lack of coordination
/ engagement across
departments

Lack of collaboration
between CROP and
donor agencies

Available forums
not fully exploited
or explored

Hydrology
understanding to
DRR is poor

Lack of understanding
the need for hydrology

Limited ability
to provide flood early
warning systems

Issues with land
accessibility and
bringing community
onboard

Vandalism of water
level monitoring sites

Communication
and language is not
easily understood
or communicated

Low community
capacity and awareness
of flood early warning

Lack of engagement
with community

No or underdeveloped
community
engagement plan



Exclusion of women, youth, people with
disabilities and other vulnerable and
intersectional groups from humanitarian
services and decision-making processes
in disaster preparation and recovery.

Lack of participation in training
or other activities to prepare women,
youth, people with disabilities
and other vulnerable and intersectional
groups for an emergency.

Limited understanding by stakeholders

(including community members) within

the pilot catchment about best practice
preparation for flooding.

Strategically engage women, people with
disabilities and other vulnerable groups
through appropriate channels and networks
at critical planning and decision-making points
in building disaster resilience programmes.

Include gender, age, disability and
cultural perspectives across all flood EWS
policies and practices.

Create relevant and effective participation pathways for women,
youth, people with disabilities and other vulnerable and intersectional
groups to foster sustained and constructive participation.

Capacity building measures to empower women, youth,
people with disabilities and other vulnerable and
intersectional groups for preparedness as well as build their
capacity for alternate livelihood means in post-disaster
situations.

Identify contact points and ‘champions’ within
the community, create avenues for their engagements
and leverage their networks for broad reach.

Develop people-centred prevention
and preparation approaches.

Ensure a multi-hazard approach and inclusive
risk-informed decision making based on the open exchange
and dissemination of disaggregated data, including by sex,

age and disability, as well as an easily accessible, up-to-
date, comprehensible, science-based, non-sensitive risk
information, complemented by traditional knowledge.

Recognise intersectionality and address
specific issues for relevant groups.



Ensure information on key contacts is publicly
available in a range of formats, especially
for groups who may lack access to various

A communication forms.
Women'’s limited access to

communication devices such
as mobile phone technology
means that they may be
disadvantaged in receiving
information.

Consult a broad range of community members about
preferred and culturally appropriate wording, and
accessible means of communication.

Messages are geared to women, youth,
people with disabilities and other vulnerable
and intersectional groups’ needs and
interests for ensuring effective engagement.

Maintain accurate records
of participation in capacity-
building activities to ensure

fair representation.

Conduct activities at times convenient
for women, youth, people with
disabilities and other vulnerable

The time poverty of women and and intersectional groups.

cultural biases may mean that they are

unable to attend relevant community

meetings about emergency responses
and preparedness.

Compensate for opportunity costs.

Conduct ‘refresher’ activities
at relevant times in the year
(such as before the rainy
season).

Conduct activities at times convenient
for women, people with disabilities
and other vulnerable groups.

Include diverse community members (or
representatives) as stakeholders in key
decision-making groups.

Ensure official staff are allocated with
responsibility to maintain community-
based FF EWS responses.

Suboptimal collaboration
between official
organisations and
community groups.

Effective collaboration
between all stakeholders.

Continue to sustainably
resource local and provincial
planning for FF EWS.

Ensure mechanisms for community
feedback to inform official processes
and subsequent incorporation into
course correction.



As part of the pilot project, community consultation was
undertaken in the Rakiraki catchment on the 18-19 April
2023 in two communities: Vatukacevaceva village

and the Rakiraki Town. The community workshops were
cohosted with the Fiji Meteorological Service (FMS).

A local civil society organisation (CSO), FemLINK Pacific,
was engaged to assist with the logistics and design

of the community engagement workshops. FemLINK
Pacific is an organisation with existing links to FMS

and experience in disaster risk reduction through
strengthening coordination and relationship efforts
between vulnerable communities and authorities.

The engagement of a local CSO was an important part of
ensuring that the community stakeholder consultation
process was designed to reflect GEDSI principles, and
GEDSI was mainstreamed throughout the engagement
process. Further to this, the role of the CSO was to:

Ensure any information provided at the workshops
was culturally appropriate and accessible to those
with low literacy and other differences.

Coordinate a stakeholder consultation that involved
a diversity of stakeholders and to ensure that women,
youth, people with disabilities and other vulnerable
and intersectional groups were represented and
included in consultations and workshops, and that
sex and disability disaggregated data was collected,
reported and analysed for all activities.

Structure workshop activities at times and locations
convenient for community members, including
women, youth, people with disabilities and other
vulnerable and intersectional groups.

Provide translation in local vernacular.

Workshop activities were designed to gather local and
traditional knowledge about flood extents, community
behaviour and actions during severe weather events,

and to gather an understanding of how information and
messaging is received and passed on at a community

level. It was also an opportunity for FMS to share with the
communities the existing flood warning products available.
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Community participation during a community flood early warning workshop, Vatukacevaceva, Fiji © Pacific Community (SPC) / Credit: SPC



FIT FOR PURPOSE:

Tailor to the vision, goals and outcomes

of the roadmap and enable hydrology
practitioners to evaluate their effectiveness
and efficiency in meeting objectives and
outcomes set out in the implementation plan.

CREDIBLE AND COHERENT:

Pay close attention to existing science
(environmental, social/cultural and economic)
and use methods that are appropriate

and robust.

CLEAR AND ACCESSIBLE:

Ensure clarity and accessibility for

all stakeholders, making the MERL plan
straightforward and comprehensible
without imposing undue complexity

or implementation burdens.

COST-EFFICIENT:

Prioritise cost-effectiveness by ensuring that the
benefits of monitoring, evaluation and reporting
surpass the associated costs. Where feasible,
leverage existing systems, programs, and data to
optimise resources and minimise expenditure.

PROMOTE CONTINUOUS IMPROVEMENT:
Foster a seamless flow of information to
empower management decisions, particularly
those aimed at enhancing or adapting
management strategies as needed.

FOSTERING ACCOUNTABILITY:

Establish clear mechanisms for accountability
by delineating roles, responsibilities and
performance indicators to track progress

and ensure accountability at every level of
implementation.

PROMOTE ADAPTABILITY:

Embrace a flexible and adaptive approach to
MERL, allowing for timely adjustments in
response to emerging challenges, opportunities
and evolving stakeholder needs.

FACILITATE STAKEHOLDER ENGAGEMENT:
Promote active engagement of stakeholders
including women, youth, people with disabilities
and other vulnerable and intersectional groups
throughout the MERL process for fostering
ownership, participation and collaboration,
thereby enriching the quality and relevance

of evaluation findings and learning outcomes.

SUPPORT EVIDENCE-BASED

DECISION MAKING:

Empower decision-makers with timely and
actionable insights derived from MERL
activities, facilitating informed decision making
and resource allocation to optimise programme
outcomes.

CULTIVATE ONGOING LEARNING:

Ensure the roadmap remains pertinent and
user-centric by fostering a culture of continuous
learning and adaptation.



Relevance

Coherence

Effectiveness

Efficiency

Impact

Sustainability

To what extent have implementation plans

met the needs of the National Hydrology Services?

Are the objectives and priorities of the implementation

plan aligned with the identified challenges and opportunities

in hydrological services within the respective context?

How well do the implementation plans
align with other policies and programs?

Are the strategies and actions outlined
in the plan logically interconnected
and supportive of each other?

What progress has been made in implementing the hydrology

roadmap through this implementation plan in achieving
its stated objectives and targets? To what extent have

the proposed measures led to improvements in hydrological

data collection, analysis and dissemination?

How and in what ways can implementation plans
be more efficient in delivery and in achieving their
intended outcomes?

What are some examples of efficient utilisation
of existing human resources, financial and/or
technical resources in this implementation plan?

What impacts have resulted
from implementation plans?

How has the plan contributed to enhancing
the resilience of communities and ecosystems
to hydrological hazards and climate variability?

Are there any differences
in outcomes between groups?

Will the benéefits of the implementation
plans be maintained over time?

What exit strategies have been put in place
through the implementation plan to ensure long
term sustainability of positive impacts achieved?



Water level monitoring equipment in the Waidina River, Nabukaluka, Fiji © Pacific Community (SPC) / Credit: SPC



Flood risk planning
National Disaster Management
Office, Fiji Meteorological Service

Hydrometric monitoring (rainfall
and surface water)

Fiji Meteorological Service, Water
Authority of Fiji

Flood forecasting
Fiji Meteorological Service

Flood warning

Fiji Meteorological Service,
National Disaster Management
Office

Flood response
National Disaster Management
Office

Natural Disaster Management
Act 1998

Meteorological and Hydrological
Services Bill (in draft)

National Disaster Risk
Management Bill (in draft)

Fiji National Disaster
Management Plan

National Disaster Risk Reduction
Policy 2018-2030

Fiji Meteorological Service
Strategic Plan 2021-2024
Ministry of Waterways and
Environment Repubilic of Fiji -
Strategic Plan 2020-2024

Telemetered hydrometric
network

Water level monitoring stations: 38
Automatic rainfall stations: 58
Radar: 3 operational

The hydrometric monitoring
network covers most flood prone
catchments; however, current
capacity, equipment and database
limitations are constraining full
utilisation of the system.

Flood warning system
Several flood warning systems are
in place for flood forecasting and
warning, including:
Fiji Flash Flood Guidance System
(FFGS)
Riverine threshold warning
levels
Nadi Coastal Inundation Alert
Support System (CIASS)
Ba flood warning system (Ba FEWS)

Flood hazard mapping
High-resolution flood hazard

maps have been developed for
Nadi; however, awareness of these
products amongst institutions is low.
Low-resolution flood extent maps
using a range of methods have
been produced in other population
centres; however, the resolution

of these limits the applicability for
impact-based forecasting.

Flood warnings issued
Catchment specific flood and flash
flood warnings are typically issued
however, current forecasting
capabilities limit the ability to
forecast the timing and scale of
flooding, prohibiting impact-
based forecasting, particularly
during localised rainfall events. A
lack of impact-based forecasting
makes disaster warning messaging
for vulnerable communities
challenging.

Staff and training

Targeted technical specialised
training for staff is required

to enhance capability and capacity
of field programs, data analysis
and technical leadership.

Data management and analysis
Improved standard operating
procedures for field data collection
and a fit-for-purpose hydrological
database with quality control
functionality will assist data
management and analysis.

Warning

Improved timeliness of warnings
and the inclusion of impact-based
forecasting will increase the ability
of communities to prepare for and
respond to flooding.

Flood modelling and mapping
High resolution flood mapping

is required in most flood prone
populated regions to support
risk knowledge, impact-based
forecasting and flood response. A
lack of high-resolution elevation
data such as LiDAR is a major
limitation to this.

Cross-agency integration

Clearer articulation of roles and
responsibilities in flood warning

is required to ensure agencies
effectively work together to deliver
consistent flood messaging.



Flood risk planning

National Disaster Management
Office, Department of Water
Resources, Vanuatu Meteorology
and Geo-Hazard Department

Hydrometric monitoring
(rainfall and surface water)
Department of Water Resources,
Vanuatu Meteorology and
Geo-Hazard Department Flood
forecasting

Flood forecasting

Department of Water Resources,
Vanuatu Meteorology and
Geo-Hazard Department Flood
forecasting

Flood warning

Department of Water Resources,
Vanuatu Meteorology and
Geo-Hazard Department Flood
forecasting

Flood response

National Disaster Management
Office, Department of Water
Resources, Vanuatu Mobile Force
(VMF)

Water Resources Management
Act 2002

National Disaster Act 2019
Meteorology, Geological
Hazards, and Climate Change
Act 2016

Vanuatu National Water Strategy
2018-2030

Telemetered
hydrometric network

Water level monitoring stations: 3
Automatic rainfall stations: 10
Radar: 0

The hydrometric monitoring
network does not cover all
flood prone catchments, and
improvement is needed in
standard operating procedures
and staff training for data
collection and management.

Flood warning system

No end-to-end flood warning
system is in place in Vanuatu.
Generalised heavy rain alerts
are issued by the Vanuatu
Meteorology and Geo-Hazard
Department.

Flood hazard mapping

Flood hazard maps have been
developed for the two main
population centres, Port Vila and
Luganville; however, awareness
of these products amongst
institutions is low.

Flood warnings issued
Flood forecasts are limited to
issuing generalised heavy rain
alerts.

Staff and training

Increased training for staff is
required to enhance capability
and capacity of technical work and
leadership.

Data collection
Increased coverage of hydrometric

monitoring stations and enhanced
planning and maintenance for
existing systems will support the
timeliness and reliability of data to
inform flood forecasting.

Data management and analysis
Development of fit-for-purpose
standard operating procedures

for field data collection, data
management and analysis will
improve accuracy of baseline flood
information.

Flood forecasting and warning
Development of a flood
forecasting system that
incorporates real-time data and
nowcasting to increase resolution
of flood forecasts.

Cross-agency integration

Clearer articulation of roles and
responsibilities in flood warning

is required to ensure agencies
effectively work together to deliver
consistent flood messaging.



Flood risk planning
Water Resources Division, Disaster
Management Office

Hydrometric monitoring
(rainfall and surface water)
Water Resources Division, Samoa
Meteorological Division

Flood forecasting
Water Resources Division, Samoa
Meteorological Division

Flood warning
Samoa Meteorological Division

Flood response
Disaster Management Office

Water Resources Management
Act 2008

Disaster Management Act 2007
Meteorology, Geoscience and
Ozone Services Act, 2021
Planning and Urban
Management Act 2024

Samoa National Action Plan for
DRM 2017-2021

Samoa National Disaster
Management plan 2017-2020
Multi-hazard Early Warning
Systems Policy 2022

Hydrometric network

Water level monitoring stations: 16
Automatic rainfall stations: 18
Radar: 0

The hydrometric monitoring
network covers most flood
prone catchments; however,
staff, equipment and database
constraints limit full functioning
capacity of stations.

Flood warning system
The end-to-end Vaisigano
Flood Decision Support System,
operated by the Water Resources
Division, provides flood warning
information in the Vaisigano
catchment (Apia).
Generalised heavy rain alerts are
issued by the SMD for all other
regions.

Flood hazard mapping

Flood hazard maps have been
developed for several catchments
in the main population centre,
Apia. Limited mapping of flood
hazard in other areas is limiting
effective flood early warning
capabilities that include impact-
based forecasting.

Flood warnings issued
Flood forecasts are limited to
issuing generalised heavy rain
alerts.

Flood risk mapping

Improved mapping of flood
hazard in areas outside of Apia
will improve effective flood early
warning capabilities.

Data management and analysis
Improved standard operating
procedures for field data collection
and a fit-for-purpose hydrological
database with quality control
functionality will assist data
management and analysis.

Warning

Improved timeliness and
resolution of warnings and

the inclusion of impact-based
forecasting will increase the ability
of communities to prepare for and
respond to flooding.



Flood risk planning

National Disaster Management
Office, Water Resources
Management Division, Climate
Change Division

Hydrometric monitoring
(rainfall and surface water)
Water Resources Management
Division, Solomon Islands
Meteorological Service

Flood forecasting

Water Resources Management
Division, Solomon Islands
Meteorological Service

Flood warning
Solomon Islands Meteorological
Service

Flood response
National Disaster
Management Office

Rivers Water Act 1996
Environment Act 1998
Environment Regulation 2008
Meteorology Act 1985
National Disaster Council Act
1989 (under review)

Water Resources Bill —in
development to replace the
Rivers Water Act 1996
Solomon Islands National
Disaster Management Plan 2018
Solomon Islands National
Climate Change Policy (NCCP)
2023-2032

Framework for Resilient
Development in the Pacific

SIMS National Strategy and
Framework for Weather, Climate,
and Ocean (2023-2028)
National Meteorology Policy
National Development Strategy
2016-2035

National Disaster Risk
Management Plan 2010

Telemetered hydrometric
network

Water level monitoring stations: 0
Automatic rainfall stations: 13
Radar: 0

There is no telemetered riverine
monitoring network, therefore
no water level observation

data to inform flood early
warning. Current network is not
telemetered and is primarily for
mini-hydroelectric schemes.

Flood warning system

No end-to-end flood warning
system is in place in the Solomon
Islands.

Flood hazard mapping

Flood hazard maps have been
developed for the main population
centre, Honiara; however, the
awareness of these products
amongst institutions is low.
Limited mapping of flood hazard
in other areas is limiting effective
flood early warning capabilities
that include impact-based
forecasting.

Flood warnings issued
Flood forecasts are limited to
issuing generalised heavy rain
alerts at the provincial level.

Data collection

Establishment of telemetered
hydrometric monitoring sites at
locations suitable for providing
early warning information in
priority flood prone catchments

Flood forecasting and warning
Development of a flood
forecasting system that
incorporates real-time hydrological
and meteorological data to
increase resolution of flood
forecasts and ability to nowcast
events.

Data management and analysis
Fit-for-purpose standard operating
procedures for field data
collection, data management and
analysis to improve accuracy of
baseline hydrological information

Staff and training

Targeted technical training for staff
is required to enhance capability
and capacity of field programs,
data analysis and technical
leadership.



Aerial view of the team transporting
hydrometric monitoring equipment
down the Teouma River, Vanuatu

(SPC) / Credit: SPC

© Pacific Community






95, promenade Roger Laroque
BP D5 - 98848 Noumea,

New Caledonia

www.spc.int

= Pacific

*A Community
v ——, Communauté

“..” du Pacifique



	1.	Foreword
	2.	Purpose of the roadmap
	Development of the roadmap

	3.	Why we need a roadmap
	Types of flooding 
	Impacts of flooding
	Barriers and enablers to hydrology and flood early warning in the Pacific
	Gender equality, disability and social inclusion 

	4.	�Flood early warning framework
	5.	�Contribution of this roadmap to national, regional and global resilience goals
	National priorities 
	Regional initiatives 

	6.	�Goals and outcomes to support the vision 
	7.	Opportunities 
	8.	Implementation
	MERL

	9.	�Annex 1 –Challenges and impacts to hydrology and flood early warning in the Pacific
	10.	�Annex 2 – GEDSI integration  
	11.	�Annex 3 – MERL key principles and key evaluation questions  
	12.	�Annex 4 – National summaries of the current flood early warning capabilities
	Fiji
	Vanuatu
	Samoa
	Solomon  Islands


