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Glossary

Climate change adaptation refers to the process

of adjustment to actual or expected climate change
effects. In the context of this report, adaptation
measures seek to avert or minimize harm from flood
risks. They may be institutional, behavioural, social,
structural/physical and/or technological in nature or
may be ecosystem-based adaptation measures.

Ecosystem-based adaptation refers to the use of
biodiversity and ecosystem services as part of an
overall adaptation strategy to help people to adapt to
the adverse effects of climate change - in the context
of this report, floods. These measures are designed in
a way that specifically addresses the goal of climate
change adaptation.

Exposure refers to all people, physical structures,
natural environment and other relevant elements

or assets in a location that overlap with the flood
hazard in a spatially explicit manner. Hence, high flood
exposure means that many people and assets are
expected to be affected by flood hazards.

Flood hazard refers to inundation with water of land
surfaces (including urban areas, agricultural land, etc.)
that are not usually covered by water. The inundation
is limited to a specific duration. It can vary in terms

of intensity (i.e. inundation height and duration) and
in terms of frequency or likelihood (i.e. the expected
or observed number of occurrences over a given
period, sometimes also referred to as “return period”).
High flood hazard levels hence refer to intense and
frequent inundation. Flood hazards are also commonly
referred to as “flooding” or “floods”. The types of
floods depend on the cause: fluvial, pluvial and
coastal flooding. Fluvial flooding occurs when a river
or stream experiences overflow, often as a result of
excessive rainfall. Pluvial flooding occurs when high
rainfall intensities result in surface run-off, often
exceeding drainage capacities of a given area. Coastal
flooding occurs when storm surges, strong winds and
high tides push seawater onto land.

Flood impact refers to adverse flood-induced impacts;
for example, flood-related fatalities and severe injuries
are usually considered a key flood impact. For this
report, four key flood impacts with critical importance
for the local context have been identified.

Flood risk is the outcome of the interaction of
vulnerability, exposure and flood hazard, expressing
the potential for impacts on people, physical
structures and the natural environment in a given
area. The higher the flood risk, the more impacts
are expected.

Flood risk drivers are factors that directly influence
flood risk, through its three subcomponents: hazard,
exposure and vulnerability. For example, surfaces with
a low infiltration rate can be considered an important
risk driver as they increase flood hazard, while the
inability to swim contributes to high vulnerability,
thereby also driving flood risk.

Flood risk management is a holistic approach that
aims to protect societies and safeguard economies,
infrastructure and the environment from flood
impacts. This is done through a combination of
measures that involve assessing, reducing and
managing disaster risk to build resilience across
different timescales (from early action to long-term
adaptation).

Representative Concentration Pathways (RCPs)

are greenhouse gas concentration trajectories used in
climate modelling to project future climate conditions.
They represent possible pathways of expected
greenhouse gas emissions. The most commonly

used RCPs include RCP2.6 (strong mitigation,

low emissions), RCP4.5 (moderate emissions,
stabilization), RCP6.0 (higher emissions, stabilization)
and RCP8.5 (high emissions, “worst case scenario”).
These trajectories help scientists assess potential
climate impacts under these different emission

level scenarios.

River basin is an area of land defined by a shared
natural drainage of water. Basins are often
characterized by a series of streams merging into a
larger river with a common outflow, often a body of
water such as a lake or sea.

Root causes are factors that affect risk drivers and
thereby indirectly affect flood risk. Root causes are
usually underlying circumstances and processes that
are difficult to change. For example, climate change
is a substantial root cause of flood risk as it alters
rainfall, affecting flood hazard levels, or alters human
health conditions, affecting vulnerability to floods.

Scenario refers to a plausible future pathway under
specific conditions. In the present report, scenarios
are used to explore possible futures under different
conditions, such as different levels of emissions
(RCPs) or socioeconomic development (SSPs).
Scenarios help policymakers and researchers evaluate
potential risks and adaptation strategies.
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Shared Socioeconomic Pathways (SSPs) are Vulnerability refers to the degree to which exposed

narratives describing different potential scenarios people and assets are susceptible and capable of

for global socioeconomic development that could coping with and adapting to flood risk impacts. If
influence greenhouse gas emissions and climate exposed people are highly vulnerable, severe adverse
adaptation efforts. They are independent of RCPs impacts are to be expected.

but can be combined with them to model climate
change impacts. The main pathways are SSP1
(“Sustainability™), SSP2 (“Middle of the Road”),
SSP3 (“Regional Rivalry”), SSP4 (“Inequality”), and
SSP5 (“Fossil-fuelled Development™). Each of these
SSPs describes possible societal changes that affect
emissions, adaptation capacity and vulnerability.
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Tom tat

Thanh pho Hué - mién Trung Viét Nam, dang d6i mat
vGi nhiéu thach thiic nghiém trong do tinh trang lG lut

thudng xuyén, va ngay cang tram trong hon do tac dong

cta bién déi khi hau, qua trinh dé thi héa nhanh va van
dé suy thodi méi trudng. Dua trén nhitng phan tich tu
Bao cdo Rui ro FloodAdaptVN: “Rui ro { lut tai Hué,
mién Trung Viét Nam” (Sett va cong su, 2025) - nghién
cliu cac nguyén nhan géc ré va cac yéu té tac dong
chinh dén rui ro va anh hudng cua i lut, bao cao nay
dong dé thuc day quan ly rui ro L lut va thich (ng véi
bién d6i khi hau tai Hué, mién Trung Viét Nam.

Bao cdo nay xac dinh va danh gia cac nhém gidi phap
cho quan ly rui ro [0 lut va thich ling véi bién d6i khi
hau, dong thai chiing minh cach cac bién phap nay c6
thé giai quyét cac thach thic hién tai lién quan dén Li
lut 6 Hué. Qua trinh danh gia tap trung vao cac diém
can thiép cu thé, gan lién véi cac rdi ro chinh dugc
xac dinh thong qua phuang phap tiép can co6 su tham
gia dua trén bao cao cao Rui ro FloodAdaptVN: “Rui
ro 0 lut tai Hué, mién Trung Viét Nam” (Sett va cong
su, 2025), dong thai dugc b sung bang cac danh gia
dua trén tai liéu vé tiém nang cho quan ly rairo LG

lut va thich ting véi bién d6i khi hau, cac co hoi phat
trién di kém, cling nhu can nhac nhiing danh doi can
thiét nham hé trg qua trinh ra quyét dinh dua trén
bang ching.

Nhitng phat hién chinh:

o Cé nhiéu diém khdgi dau dé trién khai cac giai
phap ho trg nham cai thién quan ly rui ro 10 lut
va thich ting véi bién déi khi hau tai Hué. Vi du,
khi ap dung cac bién phap giai quyét dong thai
nhiéu nguyén nhan géc ré gay ra radi ro i lut,
hiéu qua giam thiéu rui ro sé dugc lan tda rong
hon. Ngoai ra, phan tich theo luu vuc cho thay
tUng gidi phap riéng |é, dac biét la cac gidi phap
dua vao hé sinh thai cé thé dugc diéu chinh dé
phu hgp véi cac khu vuc dia ly khac nhau nhu
vung nui, vung ven do, khu vuc do6 thi va vung
ven bién. Cudi cung, su phuc tap cla rtiro i lut
G Hué va tac dong cua lut lén ngudi dan cling rat
da dang, nén can phai ap dung nhiéu bién phap
khac nhau, phu hgp véi cac muc tiéu quan ly cu
thé va dinh hudng phat trién clia dia phuang.
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Tinh da dang clia cac giai phap, bao gom giai
phap cong trinh, xa hoi va thé ché, cé tinh bé trg,
gilp giai quyét toan dién tinh phuc tap cua rdi ro
[G lut va tac déng cua bién doi khi hau.

Lgi ich va danh doi cua tung giai phap la khac
nhan géc ré va tac nhan dan dén la lut, do d6
chiing c6 thé bé trg cho nhau. Trong béi canh do,
cac giai phap khong chi gitp giam thiéu rti ro ma
con md ra nhiéu co hoi phat trién, di van tiém an
mot s6 danh doi can dugce can nhac.

Khuyén nghi chinh:

Hiéu rd rui ro la yéu t6 then chét dé xac dinh
giai phap phu hgp: Dé xac dinh cac giai phap
phu hgp va giai quyét tan goc van dé li lut trén
toan luu vuc, can hiéu ré tinh phic tap cda rairo
[G lut, bao gom moi khia canh lién quan dén diéu
kién kinh té - xa hoi cling nhu xu huéng bién déi
khi hau trong tucng lai.

Xay dung cac nhom giai phap phu hgp véi

bdi canh rai ro lii lut va bién ddi khi hau: Viéc
doi mat vdi tinh phic tap cda rdi ro LG lut tai
Hué, bao gobm nguy cd, mlc d6 phai nhiém va
tinh dé bi tén thuong, cling véi su kho du doan
vé dién bién va tac dong cua bién déi khi hau
trong tuong lai, doi hoi mot cach tiép can tong
hgp. Cach tiép can nay can két hgp giira cac giai
phap cong trinh, xa hoi, thé ché va dua vao hé
sinh thai, ap dung trén toan b ti vung thugng
nguon, trung nguon dén ha nguon. Nhiing bién
phap dudc trinh bay va danh gia trong bao cao
nay gép phan xay dung mét chién lugc quan ly
ri ro toan dién thong qua viéc phat trién cac
nhom giai phap. Khac vdi cach tiép can dan lé,
nhom gidi phap nay c6 kha nang xu ly hiéu qua
nhiéu nguyén nhan géc ré va cac yéu té thic
day rui ro 10 lut, dong thai xem xét cac du bao vé
bién déi khi hau va kinh té - xa hoi, giip nang cao
hiéu qua téng thé trong viéc dat dugc cac muc
tiéu quan ly rui ro 1G lut va thich Ung véi bién doi
khi hau.

Can xac dinh thi tu uu tién va trién khai cac
nhém giai phap: 0 giai doan tiép theo, cac giai
phap can dugc danh gia va thao luan théng qua
mot quy trinh tham van cé su tham gia, dya trén
cac muc tiéu da dat ra cho quan ly rai ro 10 lut



va thich (ing véi bién déi khi hau, dong thai xét
dén muc do kha thi trong diéu kién thuc té cua
dia phuang. Viéc xac dinh thur ty uu tién cho cac
nhom giai phap sé la nén tang cho viéc lap ké
hoach cac budc chi tiét dé trién khai.

Bao cado nay la mot phan clia Du an
FloodAdaptVN - Phuong phap tiép can dya vao
hé sinh thai dé quan ly rdi ro |G lut nham phat
trién do thi theo hudng thich (ng va bén viing &
mién trung Viét Nam. Muc tiéu ciia du an la giam

thiéu rai ro [0 lut tai khu vuc mién Trung Viét
Nam thong qua viéc tich hgp cac chién lugc thich
Ung dua vao hé sinh thai vao khung quan ly rti ro
[G lut. Thong tin chi tiét cd thé xem tai trang web
du an: https://floodadapt.eoc.dlr.de
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Executive summary

Hue city, located in Central Viet Nam, faces significant
challenges due to recurrent flooding, which is being
exacerbated by climate change, rapid urbanization
and environmental degradation. Building on insights
from the FloodAdaptVN Risk Report Flood risks

in Hue, Central Viet Nam (Sett and others, 2025),
which examines the root causes and drivers of key
flood risks and impacts, this report shifts the focus

to opportunities for actionable solutions to advance
flood risk management and adaptation in Hue, Central
Viet Nam.

The report identifies and evaluates a set of diverse
measures for flood risk management and climate
change adaptation and demonstrates how these
measures can address existing flood-related
challenges within Hue. The evaluation of measures
highlights the specific entry points for risk reduction
in relation to key flood risks identified using a
participatory approach in the FloodAdaptVN risk
report, Flood risks in Hue, Central Viet Nam (Sett and
others, 2025). This is complemented by literature-
based assessments of the potential benefits for flood
risk management and climate change adaptation,

as well as additional development opportunities

and potential trade-offs, to support evidence-based
decision-making.

Key findings

There are multiple entry points for
implementing measures to support improved
flood risk management and climate change
adaptation in Hue. For example, implementing
measures to address the diverse root causes
of flood risk could have cascading benefits in
reducing flood risk. In addition, catchment-
based analysis has shown that individual
measures can be tailored to be implemented
in different geographical regions of Hue,

such as mountainous, peri-urban, urban and
coastal regions. This is particularly relevant
for ecosystem-based measures. Lastly, the
complexity of flood risk in Hue and the diverse
flood impacts that affect its population
require a variety of measures that could align
with specific management objectives and
government development goals.

The variety of measures - such as structural/
physical, social and institutional options -
complement each other in addressing the
complexity of flood risks and impacts of
climate change.

The different measures have specific benefits
and trade-offs. Individual measures address
different root causes and drivers of flood risks,
and as such complement each other. Against
this background, measures can also provide

a variety of additional development benefits,
although they also come with trade-offs.

Key recommendations

Understand risk as a key to identifying
tailored solutions

An understanding of the complexities of flood
risk, with all its dimensions and future climate
and socioeconomic variability, is needed in
order to identify tailored solutions to address
the overall catchment.

Derive bundles of measures tailored to the
risk and climate change context

Addressing the complexity of flood risks in

Hue - encompassing hazard, exposure and
vulnerability, as well as uncertainties due to
climate and socioeconomic change - requires an
integrated approach that combines structural,
social, institutional and ecosystem-based
measures across upstream, midstream and
downstream areas. The measures presented
and evaluated in this report, grouped into
bundles, contribute to the development of

a comprehensive risk management strategy.
Unlike single-solution approaches, these
effectively tackle a combination of diverse

root causes and drivers of flood risks, taking
climate change and socioeconomic projections
into account, creating synergies and enhancing
overall performance in achieving flood risk
management and adaptation goals.

Opportunities for improved flood risk management and adaptation in Hue, Central Viet Nam 9
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Prioritize bundles of measures to be
implemented

As a next step, bundles of measures need to be
evaluated and discussed using a participatory
process, bearing in mind objectives set for
flood risk management and climate change
adaptation, as well as their feasibility in the
local context. Prioritizing a bundle of measures
forms the basis for planning the detailed steps
to implement it.

This report is part of the project Integrating
Ecosystem-based Approaches into Flood Risk
Management for Adaptive and Sustainable
Urban Development in Central Viet Nam
(FloodAdaptVN). The project aims to reduce
flood risks in Central Viet Nam by incorporating
ecosystem-based adaptation strategies into
flood risk management frameworks. More
information can be accessed through the
project website: https://floodadapt.eoc.dlr.de/

Opportunities for improved flood risk management and adaptation in Hue, Central Viet Nam
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LGi tua

LG lut van [a mét thach thic nghiém trong va tai dién
thudng xuyén tai thanh pho Hué, bat nguén tir dac
diém dia ly cia khu vuc va ngay cang trdm trong hon
bai bién d6i khi hau, dé thi hoa nhanh va suy thoai moi
trudng. Trong béi canh do, Ban Chi huy Phong chéong
thién tai va Tim kiém c(fu nan nhan thay su can thiét
khong chi la hi€u rd cac nguyén nhan goc ré gay ra rai
ro L0 lut tai Hué, ma con phai xac dinh cac giai phap kha
thiva hiéu qua dé giai quyét van dé nay.

Bao cado “Ca hoi cai thién quan ly rdi ro va thich ing véi
[0 lut tai Hué, mién Trung Viét Nam”, dudc xay dung trén
cd sé két qua clia Bao cao Rui ro FloodAdaptVN “Rui ro
[0 lut tai Hué, mién Trung Viét Nam”. Trong khi bao cao
trudc do da gitp lam rd cac yéu té thic ddy va tac dong
cta radiro [ lut tai Hué, an pham mdi nay mang lai su
chuyén hudng kip thdi va can thiét sang viéc dé xuat
cac giai phap cu thé nham giam thiéu rdi ro ld lut va
thich tng véi bién doi khi hau.

Bao cdo trinh bay nhiéu giai phap ky thuat, xa hoi va
thé ché, dong thai cung cap danh gia hitu ich vé cach
cac giai phap nay cé thé ho trg cong tac giam thiéu rai
ro LG lut trong béi canh clia thanh phé Hué. Bang viéc
thic ddy tich hgp nhiéu loai giai phap nhu mét chién
lugc toan dién dé déi pho véi rui ro L lut, bao cao dua
ra dinh hudng dé giai quyét dong thai nhiéu nguyén
nhan géc ré va yéu té gay ra riro LG lut.

Véi vai tro la cd quan chiu trach nhiém diéu phoi cac

no luc phong chéng va ling pho thién tai tai thanh phé
Hué, chliing t6i danh gia cao bao cao nay nhu mot dong
gdp quan trong cho cong viéc ctia minh. Bao cao sé ho
trg chinh quyén dia phuang, cac phong ban chuyén
mon va cac déi tac lién quan trong viéc xac dinh va trién
khai cac giai phap thuc tién phu hgp véi cac muc tiéu
phat trién cla tinh va gop phan bao vé dgi séng cta
nguai dan.

Pang Van Hoa

Chanh Van phong Ban Chi huy Phong chéng thién tai va
Tim ki€ém cfu nan thanh pho Hué, Viét Nam
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Foreword

Flooding remains a serious and recurring challenge

in Hue city, driven by the region’s geographical
characteristics and increasingly intensified by climate
change, rapid urbanization and environmental
degradation. In this context, the Steering Committee
for Disaster Prevention and Search and Rescue
recognizes the need not only to understand the root
causes of flood risk in Hue, but also to identify viable
and effective measures to address the flood issue.

This new report, Opportunities for improved flood
risk management and adaptation in Hue, Central
Viet Nam, builds on the findings of the earlier
FloodAdaptVN risk report Flood risks in Hue, Central
Viet Nam. While the previous report helped to clarify
the underlying drivers and impacts of flood risk in our
region, this new publication offers a timely and much-
needed shift in focus towards concrete measures for
flood risk reduction and climate adaptation.

The report presents a wide array of structural,

social and institutional measures, and provides a
valuable assessment of how these can support flood
risk reduction in the context of Hue. By promoting
the integration of diverse types of measures as a
comprehensive strategy to address flood risk, the
report offers guidance on how to simultaneously
address multiple root causes and drivers of flood risk.

As the agency responsible for coordinating disaster
prevention and response efforts in the city of Hue, we
welcome this report as an important contribution to
our work. It will support local authorities, technical
departments and development partners in identifying
and implementing practical solutions that align with
the province’s development goals and help safeguard
the well-being of our citizens.

Pang Van Hoa

Chief of the Office of the Steering Committee for
Natural Disaster Prevention and Search and Rescue of
Hue City, Viet Nam
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1. Introduction

In recent decades, climate, socioeconomic and
environmental change have exacerbated flood risks in
Central Viet Nam, leading to severe adverse impacts
(Ngo-Duc, 2014; Sett and others, 2025). In Viet Nam,
flooding causes approximately 97 per cent of the
country’s annual losses from climate-related disasters
(Nguyen and others, 2021a). From 2004 to 2023, floods
impacted over 9.7 million individuals, caused 1,843
fatalities and incurred direct damages amounting

to US$4.1 billion (Nguyen and others, 2021b; CRED,
2023). Urbanization following the Doi Moi reforms in
1986 has worsened flood risks in many cities, and this
has been compounded by climate change, population
growth and development of infrastructure in flood-
prone zones (Sudmeier-Rieux and others, 2015; Huong
and Pathirana, 2013). Central Viet Nam, particularly
Hue city, faces significant flood risks exacerbated by
the hydrology of the Huong River system and human
interventions. Despite structural measures such as
water reservoirs and floodgates, floods disrupt lives
and hinder sustainable development, as highlighted
by the devastating floods of 1999, 2020 and 2023,
which resulted in substantial loss of life and damage
to infrastructure (Nguyen and others, 2021a; van Dau
and others, 2017).

Understanding past impacts, as well as current

and future projections of flood risks, is crucial for
effective resilience building. Against this background,
extensive research in the context of the BMFTR-
funded FloodAdaptVN project has analysed the root
causes and risk drivers of the following four key

flood impacts, which were identified for Hue during

a participatory research process: (1) severe health
impacts; (2) disruption of agricultural livelihoods
(especially rice production); (3) disruption of
transportation (individual mobility); and (4) water
contamination with cascading effects on people

and nature (Sett and others, 2025). In addition, the
projection of future flood hazards and exposure
under different climate change scenarios, as well as
future vulnerabilities under different socioeconomic
development pathways, have been modelled and
assessed (Vu and others, 2025b). People, agriculture,
transportation and water quality are at high flood risk
throughout Hue and this is expected to be further
exacerbated due to climate change and new urban

development. These risks have interconnected root
causes, which lead to cascading impacts (Sett and
others, 2024). In the city of Hue, new urban and
downstream peri-urban areas already face the highest
aggregated risks, while core urban and upstream
peri-urban areas experience slightly lower but still
significant risk levels.

To effectively manage these risks and adapt to climate
change, measures that address current and future
risks from different angles should be implemented

in Hue. In recent years, the municipal authorities
have made concerted efforts to address the issue of
urban flooding, including investing in building and
managing hydropower dams to control flood levels,
upgrading the city’s drainage infrastructure and
building extensive coastal protection walls (Vu and
others, 2025a). However, these interventions have
not yet reduced the flood risks faced by the city’s
residents, particularly those living in more urbanized
and low-lying areas (Thanh Tu and Nitivattananon,
2011). Moreover, flood risks are expected to worsen
due to future climatic trends (Sett and others, 2024;
Redmond and others, 2015; MONRE, 2020).

This report addresses these challenges by exploring
measures that can contribute to the management
of current and future flood risks and adaptation to
climate change in Hue. Specifically, it includes the
following:

. an understanding of flood risks and their
impacts in the study area (Chapter 3)

. an overview of measures identified for flood
risk reduction and climate change adaptation
(Chapter 4)

. an evaluation of measures in relation to their

potential benefits for flood risk reduction and
climate change adaptation, as well as additional
development opportunities and trade-offs
(Chapter 5)

The report closes with key recommendations on

a way forward to implement solutions as part of a
comprehensive flood risk management and adaptation
strategy and to support evidence-based decision-
making in Hue (Chapter 6).

14 Opportunities for improved flood risk management and adaptation in Hue, Central Viet Nam
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2. Hydrological and landscape
characteristics of Hue

Hue is the key area of focus of the FloodAdaptVN project. Located

in Central Viet Nam, the city encompasses several river basins and
landscapes, which range from inland mountain forests in the west to
flat coastal lands in the east (Figure 1). This chapter briefly describes
hydrological and landscape characteristics relevant to flood risk
management in Hue, complementing the more detailed description of
the study area by Sett and others (2025).

To understand the flood risks and identify tailored For this study, the landscape around Hue has been
solutions, we need to consider the hydrology divided into four distinct but interconnected regions
at the catchment level and view the city of Hue - the mountain, peri-urban, urban and coastal
as an element in an interconnected landscape, regions. These are described below and illustrated in
characterized by different ecosystems (Figure 1). Figure 2.
Legend
';"J!z,, Subbasins B Waterbodies
J [ Huong River —— Waterways
= Huu Trach River @® Reservoir dams
5 s [ Ta Trach River Elevation above sea
- Bo River level
I other -1800m
—

(direct discharge

to the lagoon) sm

Data source specification:

0 5 10 20 Background elevation model: Copernicus DEM; Waterways
. and waterbodies: Open Street Map; Subbasins: Geomer.

EEN T Kilometres Data clipped to administrative and district boundaries.

Figure 1: Relevant basins, topography, water reservoirs, waterways and lagoons in the city of Hue
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Figure 2: Transect representation of the Huong River basin, illustrating the mountain, peri-urban, urban and coastal
regions and the direction of water flow influencing flood risk (Illustration: Caitlyn Eberle).

The upstream mountain region includes forests and
water reservoirs, all of which are critical for flood risk
management. The region’s three main reservoirs -
Huong Dien, Binh Dien and Ta Trach - regulate water
flow but require careful management to balance
flood control with hydropower generation (van
Berchum and others, 2014). The area integrates the
Bach Ma National Park and various types of forest
(MARD, 2020), which help reduce floods by retaining
rainwater and reducing erosion and run-off in the
downstream areas (LU and others, 2021; Reinhardt-
Imjela and others, 2018). However, deforestation and
land use changes threaten these key functions of
ecosystems in the region (Pham and others, 2018).
The upstream mountain region has little to no impact
in the context of flooding (Sett and others, 2025) but
provides a great opportunity for reducing the severity
of fluvial flood hazards in downstream regions. The
urban and peri-urban regions include the city of Hue
and its surrounding areas. Urban areas are densely
populated with impervious surfaces, while peri-urban
areas transition towards rural regions, featuring more
aquaculture and agriculture (Ruby, 2005; Capital
Regional District, 2024). This region is the hotspot for
impacts due to flooding and it is exposed to all three
types of flood hazards: fluvial, pluvial and coastal
flooding. The coastal region of Hue features diverse
ecosystems, including mangroves, wetlands, sand
dunes and coastal forests, which serve as habitats
for various species (Tuan, 2012). These coastal
ecosystems play a key role in flood risk reduction in
acting as natural barriers to protect inland areas from

coastal flooding by absorbing wave energy, preventing
erosion and stabilizing landforms (Mclvor and

others, 2013; Bruland, 2008). This area also includes
peri-urban settlements reliant on agriculture and
aquaculture, both of which are vulnerable to floods,
storms and sea level rise (Sett and others, 2025; Tuan,
2012). With a 128 km coastline, the city has significant
coastal resources which support tourism, fisheries
and local industries (van Tuyen and others, 2023).
The Tam Giang Lagoon, the largest lagoon system in
South-East Asia, spans 70 km with an area of 216 km?,
extending across five districts (Mclvor and others,
2013; Bruland, 2008; van Tuyen, 1997).

The regions are hydrologically linked through the
Huong, Huu Trach, Ta Trach and Bo River basins
(Figure 1), which are key elements in flood hazard
propagation and flood risks in the city. Changes in

the condition of upstream areas (encompassing the
mountain and peri-urban regions) affect the hydrology
in downstream areas (the urban and coastal regions),
which can either increase or decrease flood risks in the
region. In addition, the conditions in the coastal region
can increase or decrease flood risks in the city of Hue,
mainly in the context of coastal flooding.

The regions vary significantly in extent and
characteristics and are thus subject to different
hydrological conditions. At the same time, they offer
diverse entry points for implementing flood risk
reduction and adaptation measures. Therefore, the
recommendations related to specific measures in this
report will be presented according to these regions.
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3. Flood risks and impacts

Hue city faces growing flood risks due to its coastal location, rapid
urban growth and the increasing impacts of climate change. Floods in
Hue are mainly related to fluvial floods (overflow of rivers and streams
due to excessive rainfall) (Benito and Hudson, 2010), pluvial floods
(which occur when heavy rainfall overwhelms the drainage capacity

of a certain area, leading to an accumulation of water on the surface)
(Proki¢ and others, 2019) and coastal floods (which occur when storm
surges, strong winds and high tides combine to push seawater inland
from the coastline) (Idier and others, 2020).

The severe floods of 2020, which caused tragic loss
of life and major disruptions to homes, transport,
agriculture and public health, highlighted how floods
can trigger far-reaching and interconnected impacts
across different sectors and systems.

Flood risks are not just about rising water levels;
they are about how people, systems and places are
exposed and how prepared they are to cope with

and adapt to flooding. To better prepare for future
events and identify entry points for enhanced risk
management and adaptation, the FloodAdaptVN
project has assessed current and future flood risks in
Hue. This included analysing:

. where flooding may occur (flood hazard)

. who and what might be affected (exposure,
including people, infrastructure and
ecosystems)

. how severely they may be impacted

(vulnerability)
. which factors increase flood risks (root causes)

. which impacts were observed and how they
are connected

Through consultations with local stakeholders,
four key flood impacts have been identified as
most relevant and these have informed the risk
assessments conducted in the project:

1. health impacts, including fatalities, injuries and
disease outbreaks

2. disruption to rice-based agriculture, a key
livelihood in the region

3. transportation disruption, especially affecting
daily mobility

4. water contamination, harming people and the
environment

Findings from the assessment of risks related to
these key impacts have already been published in the
FloodAdaptVN risk report Flood risks in Hue, Central
Viet Nam (Sett and others, 2025) and in a more in-
depth academic paper (Sett and others, 2024). Below,
we summarize five key takeaways from the above
report and the future risk scenarios.

1. Floods lead to severe direct and cascading
impacts, which must be considered in
adaptation planning

Hue has been severely affected by floods, particularly
through adverse health impacts, disruptions to rice-
based livelihoods and individual transportation,

and water contamination. These impacts do not

occur in isolation; they are interconnected and can
trigger cascading and systemic impacts (Figure 3).

For example, recent floods directly damaged crops

or indirectly affected them through the spill of
contaminated water onto agricultural fields, thereby
reducing agricultural incomes of farmers. Similarly,
disruption to transportation during past floods
impeded mobility and prevented people from accessing
their workplace and customers from accessing goods
and services, thereby also disrupting non-agricultural
livelihoods. Lastly, flood-related health impacts, such
as injuries or diseases (including those induced by
water contamination spills), prevented people from
realizing their livelihoods, therefore further disrupting
economic opportunities for people in Hue. At the same

Opportunities for improved flood risk management and adaptation in Hue, Central Viet Nam 19


https://collections.unu.edu/view/UNU:10124
https://collections.unu.edu/view/UNU:10124

Limited Vel
Unsafe WASH | | conditanand |- | provsionofa || PeiicSY || dependancy | |unemployment
l;-a"l:(l]('Of susceptibility el G s flooded area on mobility insurance High dependency
Clltellits) on & lack of
resilience diversification of
livelihoods
Presence of Damaged
buildings in P RS Adverse mental Reduced
flooded area iz health impacts income
Damaged trees
Poor ecosystem Poverty &
health & \J‘ l welfare
susceptibility : reduction
N Traffic D;erl;?::i?:;l;h Infectious Disrupted pamadged ;r
accidents & provision diseases livelihoods muc':og;e
Poor response .
behaviour Crop sensitivity
] i d Animal
Transportation Disrupte! \nimal Crop & food Saltwater
Flood Limited | — i i waste diseases contamination intrusion
hazard transportation gisupticn collection & fatalities Presence of
options . g ecosystems
\ in flooded area
Lack of 5 e
infrastructure D d ‘Damage
resilience < tre:::pg:rt dis?Sn;Zﬁe\?VSSH Solid waste Water A disrupted flood Presence of
T infragtructure distribution contamination __protection livelihoods
/ infrastructure in flooded area
Damaged Lack of
Sewerage Microbial Chemical agricultural infrastructure
spillover distribution distribution facilities & & building
assets resilience
Presence of
infrastructure & K—J /\’_ﬁ
services in flooded area
Unsafe disposal of Unsafe storage/ High application Lack of
livestock & aquatic disposal of of fertilizers & ecosystem Legend
animal wastes harmful material pesticides SEIE :
provision Key flood risks
Impacts
Lack of Lack of Unsustainable
ack o iveli : T
cimate [l "eufcientisk M Lacicorris W nancia (Moo WO (W Fovvsten W papio [ Mool
i i -
change management & awareness P — PP P degradation R R i Insufﬁme_nt
- adaptation planning early warning

Figure 3: Cascading and systemic flood risks in the city of Hue, Central Viet Nam. Flood risks and impacts, as well
as their underlying risk drivers, are deeply interconnected. Source: Sett and others (2024).

time, disruptions to livelihoods have affected people’s
incomes and thereby limited access to insurance,
healthcare and transportation, ultimately reinforcing
vulnerability to future flood events. This demonstrates
how all four key flood impacts are strongly

interlinked. Furthermore, our research shows strong
interconnections not only between the impacts but
also between their underlying risk drivers. For example,
the exposure and vulnerability of infrastructure not
only contributed to transport disruptions in past flood
events; it also directly caused health and economic
impacts. Similarly, inadequate preparedness and
response strategies have the potential to escalate
cascading effects of all four key risks. For instance,
poor water, sanitation and hygiene (WASH) practices
facilitate disease outbreaks resulting from water
contamination, exacerbating public health challenges.

2. Large parts of Hue are already prone to high flood
hazard levels, with increased extent and height of
inundation expected in the future

Our research shows that almost half (46 per cent)
of Hue’s total area is currently prone to exceptional

20

floods such as the 2020 event. While upstream areas
are less affected, almost 90 per cent of the new urban
development and downstream regions are prone to
flooding, which can exceed 2 metres in some areas.
Future flood hazards will intensify. Locations that
were previously unaffected will be affected, while
inundation levels in locations that were already
affected will increase. Figure 4 portrays the extent of
flood hazard and depths of inundation under moderate
climate and socioeconomic development scenarios
that are considered realistic by local experts.

3. Flood exposure is widespread and will further
increase given future urban growth

Large parts of Hue’s population, economic activities,
infrastructure and environment are already exposed to
floods. More than three quarters (76 per cent) of Hue’s
population currently live in areas prone to floods. In
addition, 94 per cent of health facilities in the citadel,
as well as 99 per cent of rice paddies and 72 per cent
of roads in the downstream region, are in a flood zone.
Scenarios produced as part of the project indicate
that the number of people and assets in flood-prone
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Figure 4: Extent of flood hazard and depths of inundation under moderate climate and socioeconomic development

scenarios. Source: Bachofer and others (2025).

locations will increase as Hue rapidly expands, mainly
in low-lying areas, indicating increased expected
impacts in the future.

4. Vulnerabilities exacerbate impacts and will
increase if no actions are taken

Vulnerability patterns differ across Hue, due to

the city’s diverse urban regions. For example, the
upstream region is characterized by the highest
vulnerability to transport disruption, while the
downstream region is particularly vulnerable to water
contamination. Key vulnerability drivers include poor
response behaviour, poor building conditions, lack of
insurance and poor ecosystem health. Under current
developments, vulnerabilities will increase for most
people in Hue in the future, leading to an expected
increase in impacts across the city.

5. Underlying root causes fuel flood risks and should
be addressed to counteract increasing flood risks

Flood risks are fuelled by underlying root causes (i.e.
structures, policies, processes, norms and values). For
example, the transformation of ecosystems into highly
sealed, densely populated urban areas, as observed

in particular in the new development region in Hue,
intensifies flood hazards, exposure and vulnerabilities,
causing adverse impacts on health, livelihoods,
transport and water quality. Climate change,
insufficient risk management and challenges in risk-
informed planning further contribute to increasing
risks. To counteract risk intensification sustainably,
these underlying root causes should be addressed.
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4. Identification of measures
for flood risk management
and climate change adaptation
in Hue

Given the current and future flood risks, this chapter elaborates

on concrete measures identified as opportunities to address the
challenges presented in Chapter 3. First, it provides an overview of

all assessments carried out under the FloodAdaptVN project, and the
flood-related challenges identified as a result (Table 1). Based on this
understanding, flood risk management and adaptation measures were
identified (Table 2) as a basis for further evaluation (Chapter 5).

4.1 Information basis used for identifying measures

Table 1 summarizes the different approaches institutional context. While there are many elements
used to obtain a comprehensive understanding of in understanding risk, this overview of context-specific
flood-related challenges in Hue. These go beyond assessments helps to identify and elaborate on
understanding the risk context, also elaborating on concrete measures for flood risk reduction and climate
the ecosystem context, the social context and the change adaptation in Hue in a more targeted manner.

Table 1: Overview of approaches used to support the identification of measures

Flood risk Participatory co- Impact chains « Common root causes are ecosystem degradation,
context development of for four key flood lack of financial resources, lack of risk awareness,
conceptual risk impacts and rapid urbanization, non-risk-informed planning,
models overarching impact livelihood dependency on natural resources,
web (Sett and insufficient risk management and adaptation, and
others, 2024; Sett insufficient early warning.

and others, 2025)

Household survey | Vulnerability maps » There is a lack of awareness among the
households surveyed, with 40 per cent of
them being unfamiliar with the roles and
responsibilities of the flood risk governance
system.

* Many households surveyed lack the necessary
resources, capacities and guidance.

» There is low understanding of expected flood
damage and the importance of adaptation.
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Flood risk Spatial risk Flood hazard maps, Hotspots of flood hazard in the coastal/
context assessment flood exposure and downstream region.
vulne‘rability maps, Hotspots of flood exposure in the citadel and new
and risk tables for urban development areas.
Fhe four key flood Hotspots of flood vulnerability in the peri-urban
impacts (Sett and .
upstream and downstream regions.
others, 2025)
Future risk Future flood hazard Future hazard severity is projected to increase
assessment and exposure substantially.
maps, an'd' future Future exposure hotspots are projected in the
vulnerability coastal areas.
projections for Future vulnerability levels strongly depend on
the four key flood . . .
) L7 socioeconomic development pathways, with
impacts in different . . -
) projected stagnation of vulnerability under
scenarios (Sett and
current trends.
others, 2025)
Ecosystem Urban growth Maps of urban Projected expansion of urban areas into areas
context models growth on different that provide many ecosystem services, including
land cover classes flood hazard reduction benefits, could increase
(Obaitor and others, future flood risk.
2025b)
Consultations with | A catalogue of There is an opportunity and need for targeted
local authorities ecosystem-based EbA projects in coastal and lagoon areas, that
and experts measures to inspire support both ecosystem conservation and the
in the field of adaptation in sustainability of local livelihoods.
natural resource Central Viet Nam Forest conservation and reforestation near
management and (Annex 1) the hydropower dams are essential to address
planning erosion and sedimentation challenges in the
Field visits to upstream region.
key ecosystems
and areas
implementing
Ecosystem-based
Adaptation (EbA)
Ecosystem service | Ecosystem services The evergreen broadleaf forest in the upstream
assessment supply maps (Ortiz area of the basin is the ecosystem that is
Vargas and others, perceived to provide the most ecosystem
2025) services.
Social SSPs narratives Local scenarios The resulting narratives established behind the
context workshop for future local SSP2 and SSP3 pathways highlight possible

socioeconomic
pathways (Obaitor
and others, 2025a)

socioeconomic trends that will have a negative
impact on ecosystems critical for flood risk
reduction.
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Policy and Policy framework Policy and action
stakeholder/ | analysis to identify | report (Bachofer

institutional | entry points and others, 2025)
context and challenges

for adaptation
and flood risk
reduction

Consultations with
local government
representative from
the disaster risk
management field

Analysis of the
institutional
framework and
stakeholder
network

« Integration of EbA into disaster management
remains limited; stronger policy frameworks and
efforts are required to scale up and scale out.

« Socioeconomic development is often prioritized
over sustainable spatial planning, climate
adaptation and flood risk management.

» Weak integration of adaptation into spatial
planning highlights the need for risk-informed,
cross-sectoral governance.

« Climate change adaptation needs to become a
cross-cutting theme for all sectors; however, better
tools are needed for informed decision-making.

« Insufficient data availability calls for a shared
repository to improve access and coordination. It
is crucial to enhance interprovincial cooperation
for sustainable flood management, requiring
a shift from project-based collaboration to
integrated planning.

« There is an emphasis on capacity development in
policies but it needs further implementation.

» Stable funding needs to be secured; this can be
done by embedding climate adaptation and flood
risk reduction into budget planning at all levels.

» Adaptation measures need to be included in

financial plans and public budgets to be feasible
and implementable.

4.2 Overview of measures identified to address the challenges in

improving flood risk management

An understanding of the challenges allowed the
identification of 34 measures to address the flood-
related challenges identified in Table 1 and enhance
current flood risk management and adaptation efforts.
The measures identified (Table 2) have been clustered
according to the classification of adaptation measures
in the Intergovernmental Panel on Climate Change
Fifth Assessment Report (IPCC AR5) (Noble and
others, 2014) (Figure 5).

Structural/physical options

. Engineered and built environment measures
refer to hard infrastructure or structural
measures implemented to address flood risks
and support adaptation.

. Technological measures refer to
innovations and tools to enhance flood risk
management and address climate impacts.
The FloodAdaptVN project developed a specific

tool named FRAME (Flood Risk Adaptation
Measures and Evaluation) which falls into this
category (FloodAdaptVN, 2025).

. Ecosystem-based measures refer to the use of
biodiversity and ecosystem services as part of
an overall adaptation strategy to help people
adapt to the adverse effects of climate change.

Social options

. Educational measures aim to build long-
term capacities and improve individual and
community understanding through awareness-
raising and skills-building.

Institutional options

. Economic measures are diverse; they could
include taxes, subsidies, insurance, catastrophe
bonds, revolving funds, payments for ecosystem
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Current & future

risks in Hue

services and any other economic mechanisms
that support adaptation and risk reduction
efforts.

Law and regulation measures are regulations
to improve flood risk management and enable
adaptation. Key measures in this category
include land zoning laws, building standards,
easements to guide development, water
regulations, disaster risk reduction laws and
insurance incentives to enhance resilience.

Government policies and programmes
include national, regional and local adaptation
plans that mainstream climate change. Urban
upgrading, municipal water management and

disaster preparedness enhance resilience.

Figure 5: Portfolio of types of measure to address
current and future risks

Table 2: Measures identified as opportunities to improve flood risk management and adaptation in Hue. Measures
with an asterisk (*) were identified in the risk report and are presented here alongside newly identified measures.

#

Measures and short concept

Structural/physical options

Category

Flood type
addressed

Location

1 | Urban flood wall system: construct or upgrade flood walls in Pluvial and Urban
the city to protect infrastructure and reduce damage from fluvial
high water levels.

2 | Structural housing modifications:* use physical modifications Pluvial and Urban
or construction techniques to reduce a building’s fluvial
vulnerability to flood damage.

3 | Forest monitoring system (quantity and quality conditions): Technological RHUEIETT Mountain
use tools and protocols to regularly evaluate forest health, fluvial
informing interventions that reduce erosion and flood risks.

4 | Impact-based early warning system (watershed level):* Technological Il All
implement a watershed-wide system to forecast flood impacts
and coordinate targeted responses across multiple zones.

5 | Restoration of mangroves: maintain and expand mangrove Ecosystem- Coastal Coastal
ecosystems to shield the lagoon from storm surges, enhance [RsEEE
biodiversity and lower flood risks.

6 | Restoration and conservation of urban water channels: Ecosystem- Pluvial and Urban
revitalize and protect urban canals and channels to improve based fluvial
drainage capacity and reduce flood accumulation.

7 | Climate-smart agriculture: adopt farming practices that Ecosystem- Pluvial and Peri-urban
improve resilience to floods, conserve resources and stabilize FeERE fluvial
production in peri-urban zones.

8 | Establishment of agroforestry in riparian buffers:* integrate Ecosystem- Pluvial and Mountain
trees into agricultural lands to bolster soil stability, enhance based fluvial and peri-
water retention and reduce flood vulnerability in riparian urban
buffers. Implementation of this measure in this specific location
will reduce erosion, filter run-off and moderate flood impacts.
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# | Measures and short concept Category Flood type | Location
addressed
9 | Sustainable management of forests:* implement sustainable MESSEEIE Pluvial and Mountain
forestry practices to maintain healthy forest cover, reduce based fluvial
erosion and manage water run-off.
10 | Establishment, conservation and restoration of coastal Ecosystem- Coastal Coastal
forest: protect and reinforce coastal forests to stabilize based
shorelines, reduce erosion and buffer against flood impacts.
T | Conservation and restoration of sand dunes: preserve and Ecosystem- Coastal Coastal
rehabilitate sand dunes to serve as natural barriers against based
coastal flooding and erosion.
12 | Implementation of permeable pavement or pavement Ecosystem- Pluvial and Urban
removal: replace or retrofit impervious surfaces with based fluvial
permeable pavement to increase water infiltration and
reduce urban flood run-off, or remove pavement from
surfaces that do not necessarily need sealing.
13 | Establishment and conservation of urban vegetation: plant Ecosystem- Pluvial and Urban
and maintain trees and other urban greenery to improve based fluvial
stormwater infiltration.
14 | Conservation of traditional home gardens: safeguard Ecosystem- Pluvial and Urban
traditional home gardens to enhance local food sources, based fluvial
biodiversity and stormwater retention in urban areas.
15 | Establishment and conservation of green open spaces: Ecosystem- Pluvial and Urban
develop and preserve parks and other green areas to based fluvial
naturally absorb water and reduce urban flooding.
16 | Establishment, conservation and restoration of green Ecosystem- Pluvial and Peri-urban
corridors: create and maintain connected green spaces that based fluvial
facilitate water flow, reduce flood peaks and support peri-
urban biodiversity.
17 | Restoration and conservation of urban waterbodies: Ecosystem- Pluvial and Urban
rehabilitate lakes and ponds to store floodwater and regulate [eEE! fluvial
water flow in urban environments.
18 | Floodplain reconnection and restoration: re-establish natural HEeeE=IE Pluvial and Urban
floodplains to temporarily hold excess water, lowering flood based fluvial
peaks and safeguarding communities.
19 | Conservation and restoration of vegetated riparian buffers: Ecosystem- Pluvial and Peri-urban
maintain and restore vegetation in riparian buffers to reduce [NSEE:L! fluvial
erosion, filter run-off and moderate flood impacts.
20 | Restoration of riverbanks: stabilize and revitalize riverbanks  [NEeSE =k Pluvial and Peri-urban
to lessen erosion, enhance water conveyance and reduce based fluvial
flood risk.
21 | Establishment, conservation and restoration of vegetated Ecosystem- Pluvial and Peri-urban
filter strips: plant and preserve vegetated strips to trap based fluvial
sediments, reduce run-off pollution and help control flooding
in peri-urban areas.
Social options
22 | Flood risk awareness campaigns:* implement ongoing public [E=e[I[e:IdleiEl All All
outreach to educate communities about flood risks and
encourage proactive preparedness.

Opportunities for improved flood risk management and adaptation in Hue, Central Viet Nam

27



23 | Adaptation knowledge sharing and learning:* enhance Educational Al All
knowledge, skills training and platforms for sharing best
practices for improving flood protection and self-efficacy in
implementing necessary measures.

24 | Citizen flood drills (preparedness): conduct regular Educational Al All
community drills to enhance public awareness, preparedness
and effective response to flood events.

Institutional options

25 | Crop insurance:* provide insurance options for coastal Economic All All
farmers to minimize financial losses and encourage resilient
agricultural practices.

26 | Flood risk-informed planning and development:* incorporate | Laws and All All
flood hazard data into land-use decisions to guide safer regulations
development and reduce potential flood damage.

27 | Multi-level and cross-sector flood risk governance:* Government | All All
coordinate government bodies and stakeholders at all levels | policies and
to jointly develop and implement flood risk strategies. programmes

28 | Housing modification programme for private homeowners: Government | Pluvial and Urban
provide guidance and support for retrofitting homes to policies and fluvial
reduce flood damage and enhance household resilience. programmes

29 | Citizen flood competence centre (including consultancy Government | Pluvial and Urban
services): establish a resource hub offering training, policies and | fluvial
expertise and services to build community flood resilience. programmes

30 | Forest seed banking: collect and store seeds of local trees Government | Pluvial and Mountain
to preserve genetic diversity, support reforestation and policies and | fluvial
strengthen flood resilience. programmes

31 | Establishment of a watershed management commission: form | Government | All All
a governing body to coordinate and integrate comprehensive policies and
flood risk management efforts across the entire watershed. programmes

32 | Establishment of a forest-shareholder system: engage Government | Pluvial and Mountain
local communities as stakeholders in forest ownership and policies and | fluvial
management to support conservation. programmes

33 | Blue carbon programme for the lagoon: promote the Government | Coastal Coastal
restoration of coastal wetlands and seagrasses to sequester policies and
carbon and enhance lagoon protection against flooding. programmes

34 | Establishment of mechanisms for cooperation: create formal | Government | All All
frameworks that foster collaboration among institutions, policies and
communities and sectors for comprehensive flood risk programmes
management.

35 | Forest certification insurance: offer insurance incentives Government | Pluvial and Mountain
linked to sustainable forest certification, enhancing forest policies and | fluvial
health and flood protection. programmes

In the case of ecosystem-based options, more information can be found in Annex 1. For the rest of the measures,
please refer to the FloodAdaptVN risk report Flood risks in Hue, Central Viet Nam (Sett and others, 2025).
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5. Evaluation of measures
for flood risk reduction and

adaptation

The aim of this chapter is to evaluate measures in terms of their
potential benefits for flood risk reduction and climate change
adaptation, taking into consideration additional development
opportunities and trade-offs. Specifically, this will be done through
mapping entry points for flood risk reduction and adaptation
measures, in relation to the detailed understanding of key flood
impacts (Analysis 1), which will be complemented by literature-based
research to evaluate the contribution of measures beyond the key
risks (Analysis Il). The “four eyes” principle was applied in evaluating
each measure, to ensure quality and consistency of results. The
results from the evaluation will support the recommendations of the

report in Chapter 6.

5.1 Evaluation approach

The evaluation approach presented in this report
involves theoretically assessing how a selection of

12 measures could address the current and future
flood risks in Hue and beyond. We show how some

of the measures identified (Table 2) can address the
root causes and drivers of the key flood impacts, and
how they are relevant to the flood-related challenges
(Table 1). Our emphasis on root causes aligns with
recent calls for more transformative approaches to
adaptation (Schipper, 2020; Filho and others, 2022).
Effective adaptation should address the root causes
of risks, not merely the symptoms of impacts, to help
ensure the sustainability of adaptation (Filho and
others, 2022; Schipper, 2020; Birkmann and McMillan,
2020; Blaikie and others, 2014).

Nine of the measures identified have already been
featured in the FloodAdaptVN risk report Flood risks
in Hue, Central Viet Nam (Sett and others, 2025).
These are: 1) structural housing modification; 2)
impact-based early warning systems; 3) flood risk-
informed planning and development; 4) multi-level
and cross-sector flood risk governance; 5) crop

insurance; 6) flood risk awareness; 7) adaptation
knowledge sharing and learning; 8) agroforestry

in riparian buffers; and 9) sustainable forest
management. The identification of these nine
measures therefore builds on flood risk understanding
and the different flood-related challenges identified
across the different assessments (Table 1). Given

the EbA focus of the FloodAdaptVN project, three
additional EbA measures were identified, to ensure a
balanced representation of different regions across the
catchment (Figure 2) in the compendium of options
evaluated in this report. This approach highlights

the importance and value of considering a landscape
perspective, which allows us to plan and implement a
range of options effective at the catchment level. The
EbA measures identified - 1) restoration of mangroves;
2) restoration and conservation of urban waterbodies;
and 3) climate-smart agriculture - were chosen

based on the flood-related challenges identified
across various ecosystem assessments (Table 1) and
the findings of the catalogue of ecosystem-based
measures to inspire adaptation in Central Viet Nam
(Annex 1). The latter is an informational product
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featuring 16 EbA measures identified through a mixed
method approach. This included consultations with
local experts about opportunities and challenges for
implementation of EbA measures across the Huong
River catchment, as well as a literature review on the
benefits of locally tailored EbA measures in addressing
the three key components of flood risk. The three EbA
measures mentioned above were selected from the
full list of EDA measures featured in the catalogue due
to the strong evidence of their effectiveness in risk
reduction, their ability to provide many ecosystem
services, and their capacity to address the flood-
related challenges found in the ecosystem context,
while also representing different landscapes in the
catchment (Annex 1).

1. Analysis I: Contribution of measures to
addressing key flood impacts

This analysis examines the possible influence of
the measures on the root causes and drivers of
flood risks, building on the findings from the four
impact chains presented in the FloodAdaptVN risk
report (Sett and others, 2025). For each individual
measure, the evaluation details which root causes
and drivers are theoretically addressed by the
measure and explains how and why, based on
scientific evidence from the literature. Using
impact chains to evaluate measures directly
relates to the key flood impacts, which were
identified by local stakeholders during the early
stage of the FloodAdaptVN project.

2. Analysis lI: Development opportunities and
trade-offs

This analysis evaluates the measures in relation
to potential additional benefits, opportunities,
trade-offs and conflicts. In this analysis, the
assessment considers broader contributions
from each measure, beyond the four key flood
impacts identified and addressed in Analysis I.
The assessment of positive contributions focuses
on benefits such as enhanced ecosystem services
- including biodiversity conservation, carbon
sequestration and water quality improvements -
as well as social benefits such as increased social
cohesion and improved livelihoods. Conversely,
the assessment of negative contributions refers
to potential trade-offs that were identified. These
include possible conflicts or negative impacts
such as resource competition or displacement, or
unintended ecological consequences that could
arise during implementation. The evaluation
drew on multiple data sources found in relevant
academic literature.

This variety in the analysis ensures that measures

are evaluated not only in terms of their flood risk
reduction potential, but also in terms of their
alignment with long-term sustainability considerations
and local development priorities, and their capacity

to address climate change adaptation needs and
enhance resilience in Hue.
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5.2 Results of evaluation

This section presents the findings of the evaluation
of each measure to address flood risk reduction and
climate change adaptation in Hue. Each evaluation
starts by introducing the respective measure,
documents the findings under Analysis | and
Analysis Il, and ends with a short conclusion on the
respective evaluation.

5.2.1 Structural housing modifications

This measure involves physical modifications or
construction techniques to reduce a building’s
vulnerability to flood damage (Hidayati and others,
2023). Examples include elevating housing structures,
using flood-resistant materials, applying dry or wet
floodproofing, and building flood barriers around the
house (Mannucci and others, 2022).

Analysis I: Contribution to addressing key
flood impacts

The measure is not specific to a particular flood
hazard type. Instead, it supports impact reduction

in relation to all flood hazard types that affect Hue,
as building modifications such as higher elevation,
which is common in Central Viet Nam, provide shelter
to protect people (Kreibich and others, 2005). As a
result, it could reduce the exposure of people and
their well-being, and the exposure of buildings and
infrastructure, both of which are elements in the
impact chain for the key flood impact of severe health
impacts.

In terms of root causes of the identified key risks, the
measure has the capacity to address “insufficient
risk management and adaptation” (a specific

root cause of the flood hazard) and “non-risk-
informed urban planning” which is related to the

key flood impact of severe health impacts. Making
modifications to houses is a way of managing flood
risk and promoting adaptation (Hidayati and others,
2023; Creach and others, 2020). The measure could
also be implemented as part of an institutional
programme with government support for more risk-
informed urban planning (Sett and others, 2025).

As a result, the positive effects of addressing these
root causes can influence the vulnerability drivers
“lack of infrastructure resilience” and “poor building
conditions”. Kreibich and others (2005) found that
this type of measure represents an improvement in
building conditions, with higher floors spared from the
immediate effects of flooding.

Figure 6: House with a raised foundation

Analysis II: Development opportunities and
trade-offs

Structural housing modifications often require

less additional space compared with other urban
measures and are therefore especially effective in
densely populated centres (de Ruig and others, 2020).
However, in terms of possible negative contributions,
structural housing modifications can encourage high-
risk construction, which is particularly critical if risk
uncertainties (flooding probability, damage function,
expected house lifetime) are not properly accounted
for (de Ruig and others, 2020).

Conclusion of the evaluation

This measure addresses two root causes and two key
vulnerability drivers that mainly relate to the key flood
impact of severe health impacts. In addition, this
measure is convenient in heavily populated areas, as it
does not require extra space.
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5.2.2 Impact-based early warning

Impact-based early warning systems are designed to
go beyond forecasting weather events, in predicting
the potential impacts of those events on communities,
infrastructure and the environment (Najafi and
others, 2024; Tarchiani and others, 2020). This type
of system needs to be established by combining
hazard forecasts with vulnerability and exposure data
to provide actionable information, helping decision
makers and the public to prepare for and respond
effectively to potential risks (Najafi and others,
2024). The focus is on what the hazard will do, rather
than just what the hazard is, enabling more targeted
and impactful early warning messages (Mitheu and
others, 2023).

Analysis I: Contribution to addressing key
flood impacts

The measure is not specific to a particular flood
hazard type. Instead, it supports impact reduction
for all flood hazard types that affect Hue, as with

Figure 7: Flood marker indicating potential future
flood height
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appropriate warning, measures can be taken to reduce
the exposure of all elements presented in the different
key flood impacts (Potter and others, 2021). However,
more specifically the measure can contribute to better
reservoir management, which can then influence
fluvial floods (Lellyett and others, 2022).

This measure can directly address the root cause
“insufficient early warning” and directly relates to the
vulnerability driver “poor response behaviour” for
both of the key flood impacts severe health impacts
and individual transportation disruptions. Being
warned in time and provided with an overview of
expected impacts can help people to better prepare
and respond and reduce impacts (Potter and others,
2021; Tarchiani and others, 2020).

Analysis II: Development opportunities and
trade-offs

Impact-based early warning has the opportunity to
build on existing warning systems in Hue and already
has broad social acceptance among the population
(Pham and others, 2024). However, it could be
challenging to implement, as it does require certain
infrastructure and also high-level technical knowledge
for maintenance, which requires extensive training

to be effective (Najafi and others, 2024; Potter and
others, 2021). Furthermore, it is crucial that warnings
are delivered in a timely manner and take into account
the diversity of population groups (Tarchiani and
others, 2020).

Conclusion of the evaluation

The measure can address one root cause and one
vulnerability driver for both severe health impacts and
individual transportation disruptions. This measure
could build on current early warning systems, which
would make it easier to implement.
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5.2.3 Flood risk-informed planning and
development

This measure aims to integrate the findings of flood
risk assessments into land use planning, infrastructure
development and policymaking to minimize flood
impacts on communities and the environment
(UFCOP, 2017; Opitz-Stapleton and others, 2019).
Implementation of this depends on having appropriate
risk assessments and the support of decision makers
to facilitate the integration of risk information into
planning and development decisions (Shao and
others, 2019; Handmer, 1996).

Analysis I: Contribution to addressing key
flood impacts

The measure is not specific to a particular flood
hazard type. Instead, it supports impact reduction
for all flood hazard types that affect Hue, as it can
help to improve urban planning in a risk-informed
way and support decisions that reduce exposure

for the elements associated with the key flood
impacts (Connective Cities, 2022). This is particularly
relevant for exposed elements such as buildings and
infrastructure, ecosystems and their services, and
people and their well-being.

As this measure clearly addresses the lack of risk-
informed planning, it can influence the root cause
“non-risk-informed urban planning” related to severe
health impacts, individual transportation disruptions
and water contamination. This can then influence the
vulnerability drivers “lack of infrastructure resilience”,
“poor building conditions and characteristics™, “lack
of public transportation alternatives”, “poor road
conditions” and “low sewage system capacity and
resilience”. The measure will promote integration of
risk information into many institutional processes
that undermine the vulnerability drivers just
mentioned, ensuring more risk-informed planning and
development of the city (UFCOP, 2017; Opitz-Stapleton
and others, 2019).

Analysis II: Development opportunities and
trade-offs

Risk-informed planning and development has a range
of co-benefits that can be perceived as positive
additional contributions. Risk-informed planning can
involve implementing measures that also contribute
to climate change mitigation (Zhou and others, 2024).
Flood risk reduction planning can involve measures
(e.g. open green spaces) that also address other

Figure 8: Riparian buffer zone in Hue city

hazards (e.g. heatwaves) (UFCOP, 2017; Connective
Cities, 2022). A potential trade-off is the restriction

of land for urban expansion to address the need for
accommodation, and the requirement for resettlement
and redevelopment of urban areas to appropriate
flood-safe areas (Der Sarkissian and others, 2022).

Conclusion of the evaluation

The measure can address one root cause and five
vulnerability drivers of severe health impacts,
individual transportation disruptions and water
contamination. Due to the institutional nature of
this measure, an additional benefit is that it could
cascade into other processes relating to climate
change adaptation and disaster preparedness for
other hazards.
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5.2.4 Multi-level and cross-sector flood
risk governance

This measure refers to a collaborative approach to
managing flood risks, involving coordination across
different levels of government (local, regional,
national and international) and different sectors

(public, private and civil society) (Menoni and others,

2024). It aims to ensure comprehensive, inclusive
and effective flood risk management (Menoni and
others, 2024; Wu and others, 2024). It will require,
among other things, defined responsibilities at the
different levels of governance, improved legislation
to allow multi-level and cross-sectoral collaboration,
stakeholder engagement, coordination mechanisms,
platforms to share information across levels and
sectors, and good risk understanding (Thistlethwaite
and Henstra, 2019; Bisaro and others, 2020; Driessen
and others, 2016; Matczak and Hegger, 2020).

Figure 9: FloodAdaptVN project regional networking
forum meeting in May 2023

Analysis I: Contribution to addressing key
flood impacts

The measure is not specific to a particular flood
hazard type. Instead, it supports impact reduction
for all flood hazard types that affect Hue, as it

is an institutional measure that promotes better
collaboration and coordination to address all types
of floods. As a result, it also has the capacity to
address all the exposure components for all the key
flood impacts.

In terms of root causes for all the key flood impacts,
this measure can address “non-risk-informed urban

¢

planning”, “lack of risk awareness”, “insufficient

reservoir management” and “insufficient risk

management and adaptation”. Due to its institutional

nature, it can contribute to more risk-informed urban

planning and the establishment of infrastructure that
is more resilient to the expected hazards (Menoni and

others, 2024; Azizi and others, 2025). Additionally,
the measure can promote better coordination across
governmental, private and community stakeholders,
leading to more effective flood prevention and
response strategies (Menoni and others, 2024) in

Hue. Furthermore, it can promote more collaborative

approaches - for example, integrating risk concerns

into hydropower objectives - and thus influence the

root causes “insufficient reservoir management” and
“lack of risk awareness” (den Boer and others, 2019;
Wyrwoll and Grafton, 2022).

As a result of addressing the root causes mentioned
above, local government can take better decisions in
relation to risk management. This could attenuate th
vulnerability drivers “poor building conditions and
characteristics”, “lack of infrastructure resilience”,
“lack of public transportation alternatives”, “poor
road conditions”, “low sewage system capacity and

» <

resilience”, “unsafe WASH provision and practices”,
“poor response behaviour”, “unsafe storage/
disposal of harmful materials and matters”, “lack
of infrastructure and building resilience” and “poor

ecosystem health and susceptibility”.

Analysis II: Development opportunities and
trade-offs

Multi-level and cross-sector flood risk governance
shows some additional positive contributions, such
as enhancing coherence among different sectoral
policies (as long as institutional fragmentation is
avoided), which ensures more efficient resource

e

allocation to address flood risk management (Benson

and Lorenzoni, 2017). It may also have negative
consequences, such as coordination challenges
where conflicting objectives among different interest
groups or stakeholders become unresolvable or
responsibilities appear more fragmented (Nordbeck
and others, 2023).

Conclusion of the evaluation

This measure has the capacity to address four root
causes and ten vulnerability drivers of the four key
flood impacts. As an additional positive aspect, its
implementation can enhance policy coherence and
improve resource allocation.
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5.2.5 Crop insurance

Crop insurance is a financial risk transfer tool designed
to protect farmers from economic losses due to flood-
related crop damage (Mcleman and Smit, 2006). While
it does not directly reduce the physical risk of floods,
it reduces the socioeconomic impacts by enhancing
resilience and capacity to recover (Surminski, 2014).
Establishment of this measure could be slightly
complex, as it will require good understanding of
flood risks, understanding of the situation for local
farmers, design of a contextualized crop insurance
product, a company or institution that handles the
management (registration, premium collection and
claims management), and development of the legal
frameworks and institutional aspects needed for the
insurance (Di Falco and others, 2014; Schaefer and
Zissener, 2016; Ramm and others, 2018).

Analysis I: Contribution to addressing key
flood impacts

The measure is not specific to a particular flood
hazard type. Instead, it alleviates the impact of

all flood hazard types that affect Hue, as it is an
institutional measure that provides economic payouts
to people who have been affected by any type of flood
(Mcleman and Smit, 2006).

However, it mainly addresses the key flood impact
of disruption of agricultural livelihoods. In terms of
root causes of this key flood impact, the measure
addresses “insufficient risk management and
adaptation”, as the insurance itself is a measure that
promotes better risk management and adaptation
and reduces the severity of the impacts of this key
flood impact (Di Falco and others, 2014; Yoder and
others, 2025). As a result, it entirely influences the
vulnerability driver “lack of crop insurance”.

Figure 10: Crop fields in peri-urban areas of Hue

Analysis Il: Development opportunities and
trade-offs

Overall, crop insurance shows multifaceted benefits
and positive contributions. Insurance coverage can
reduce “stress sales” in the aftermath of flooding by
providing more economic stability for policyholders,
as well as by reducing mental stress (Mazviona and
others, 2024). Crop insurance can stabilize production
levels and reduce the risk of crop failures, ensuring
consistent availabilities on markets (Kurdys$-Kujawska
and others, 2021). However, crop insurance has

some potential negative trade-offs, such as the
occurrence of “moral hazard”, where farmers change
their behaviour after obtaining the insurance and

may take fewer preventive measures, assuming that
insurance will cover losses (Kurdy$-Kujawska and
others, 2021; Mcleman and Smit, 2006; Surminski,
2014). Also, insurance premium costs may be a burden
for smallholder farmers (Surminski, 2014; Hossain,
2024). Financial mechanisms such as insurance may
also exclude marginalized farmers who lack access

to formal financial services or land ownership,
exacerbating inequalities (Hossain, 2024).

Conclusion of the evaluation

Crop insurance addresses one root cause and

one vulnerability driver of the key flood impact of
disruption of agricultural livelihoods. As an additional
positive aspect, the measure can offer economic and
market stability in the event of flooding.
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5.2.6 Flood risk awareness-raising

This measure aims to build a culture of resilience and
readiness within vulnerable communities, by raising
awareness of flood risk (Osberghaus and Hinrichs,
2021). Risk awareness can be built through flood
awareness campaigns that educate communities
about flood risks, safety protocols and preparedness
actions to minimize impacts during flood events
(Osberghaus and Hinrichs, 2021; Burningham and
others, 2008). These campaigns could use workshops,
informational materials and media outreach to
improve public knowledge and encourage proactive
behaviours (Garcia and others, 2021; Maidl and
Buchecker, 2015).

Analysis I: Contribution to addressing key
flood impacts

The measure is not specific to a particular flood
hazard type. Instead, it alleviates the impact of all
flood hazard types that affect Hue, as it is a social
measure that provides information and educational
awareness to help people to prepare and cope with
the impacts of any type of flood (Osberghaus and
Hinrichs, 2021). This can cascade into exposure
reduction benefits for all elements related to the four
key flood impacts.

In terms of the root causes for the four key flood
impacts, this measure can address “lack of risk
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awareness”, “ecosystem degradation”, “rapid
urbanization”, “insufficient reservoir management”
and “non-risk-informed urban planning”. This is
because it supports better response, risk reduction
and climate change adaptation decisions (lonita and
others, 2020; Glaus and others, 2020), which can
influence all these root causes. Additionally, this
measure can also influence the root cause “lack of
valuing ecosystems and their services”, as it could
integrate information about the role of ecosystems
into reducing flood risk (Sudmeier-Rieux and others,
2021), which would probably increase people’s
appreciation of ecosystems and their services (Renaud
and Murti, 2014).

As a result of addressing several root causes, the
benefits of this measure cascade into addressing
several vulnerability drivers. It can prevent
deterioration of human health in relation to severe
health impacts and water contamination, as
awareness and risk perception could influence “poor
response behaviour”, “unsafe WASH provision and
practices” and “unsafe storage/disposal of harmful
materials and matters” (Anthonj and others, 2022;
Glaus and others, 2020; Osberghaus and Hinrichs,
2021; Maidl and Buchecker, 2015). In terms of
vulnerability drivers of “poor ecosystem health”, the
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Figure 11: Workshop about flood risk adaptation and
regional cooperation

measure could promote more sustainable decisions

in relation to the management of natural resources,
as it could improve understanding of the benefits

of healthy ecosystems for disaster risk reduction
(Rackelmann and others, 2023). More risk-aware
decisions could also promote measures that improve
sewage systems and address the vulnerability driver
“low sewage system capacity and resilience” (Sun and
others, 2011).

Analysis II: Development opportunities and
trade-offs

Risk awareness-raising can be more impactful than
large-scale flood measures, as it can indirectly
increase the capacities of communities to enhance
the adoption of more protective measures (Mehryar
and Surminski, 2021). However, this measure can also
increase anxiety and fear towards flood risks as a
consequence (Lee and Lee, 2019).

Conclusion of the evaluation

Risk awareness-raising is a measure that addresses
six root causes and five vulnerability drivers of all the
key flood impacts. Beyond its direct risk reduction
benefits, risk awareness-raising can enhance better
response behaviour.
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5.2.7 Adaptation knowledge sharing
and learning

Adaptation knowledge sharing and learning focuses
on exchanging information, experiences and best
practices to enhance collective capacity for adapting
to climate change and disaster risks such as floods
(Weichselgartner and Pigeon, 2015; Vasileiou and
others, 2022). In order to implement this measure, it
is key to build a platform (online or in person) that
supports the exchange of knowledge and experiences
among affected people, practitioners, researchers,
policymakers and any other relevant stakeholders
(Davis and Salamanca, 2013; Smith and others,

2013; Brouwers and others, 2022). Examples of such
international online platforms include weADAPT (SEl,
2025) and PANORAMA Solutions (GlIZ, 2025).

Analysis I: Contribution to addressing key
flood impacts

The measure is not specific to a particular flood
hazard type; instead it alleviates the impact of all
flood hazard types that affect Hue. It is a social
measure that promotes learning and helps people
to prepare and cope with the impacts of any type
of flood.

Figure 12: Flood risk reduction workshop in Hue

This measure addresses the root causes “insufficient
risk management and adaptation”, “lack of risk
awareness”, and “insufficient reservoir management”
related to severe health impacts and agricultural
livelihood disruptions. Knowledge sharing and
learning provides more chances for the community
to understand risk, derive inspiration from successful
approaches and take informed decisions (Vasileiou
and others, 2022; Yousefi Mohammadi and others,
2024). Additionally, this measure can also influence
the root cause “lack of valuing ecosystems and their
services”, as this platform could integrate information

and promote exchange of experiences about the role
of ecosystems in reducing flood risk (Sudmeier-Rieux
and others, 2021), which would probably increase
people’s appreciation of ecosystems and their services
given their potential for reducing flood risk (Renaud
and Murti, 2014).

In terms of vulnerability drivers of both severe health
impacts and agricultural livelihood disruptions,

the benefits of addressing the above-mentioned

root causes could also cascade into “poor response
behaviour”, as this measure can enhance people’s
level of knowledge (Vasileiou and others, 2022).
Additionally, the vulnerability drivers “high
dependency on agriculture as single livelihood source”
and “lack of crop insurance” related to agricultural
livelihood disruptions can be addressed in a similar
way by incrementing people’s knowledge (O’Donnell
and others, 2018) and inspiring action, for example
towards diversification of livelihoods. As a result, the
measure can reduce exposure for the elements related
to the key flood risks it addresses: people and their
well-being, livelihoods and economic assets, buildings
and infrastructure, and ecosystems and their services.

Analysis II: Development opportunities and
trade-offs

Adaptation knowledge sharing and learning can
support scaling-up of adaptation strategies via
collection and dissemination of the knowledge of
disparate stakeholders, making knowledge more
accessible and encouraging greater participation

in adaptation strategies by a range of stakeholders
(O’Donnell and others, 2018). However, fear and
anxiety about floods may increase as a result of the
greater awareness of these risks associated with the
spread of adaptation knowledge (Lee and Lee, 2019).

Conclusion of the evaluation

This measure addresses four root causes and

three vulnerability drivers related to severe health
impacts and agricultural livelihood disruptions.
Additionally, it supports scaling-up of improved flood
risk management and adaptation efforts by fostering
stakeholder participation and knowledge exchange.
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5.2.8 Establishment of agroforestry in
riparian buffers

Agroforestry is a sustainable land management
practice that combines trees or shrubs with crops or
livestock on the same land, offering both ecological
and economic benefits (Quandt and others, 2017).
Riparian buffers are areas of natural or semi-natural
vegetation, including grass, shrubs or trees, found
directly adjacent to waterways (Climate Adapt, 2023;
USDA, 2025; Drugge and Doty, 2019). Establishing
agroforestry in riparian buffers requires clear
delineation of buffer zones, thorough understanding
of the site’s ecological and physical characteristics,
and participatory selection of suitable agroforestry
systems in collaboration with local stakeholders
(Raskin and Osborn, 2019; Gassner and Dobie, 2022;
Schultz and others, 2019). Key steps include choosing
appropriate species, choosing specific objectives

in addition to flood risk reduction, planning for
implementation and long-term sustainability, and
ensuring active community engagement throughout
the process (Raskin and Osborn, 2019; Gassner and
Dobie, 2022; Schultz and others, 2019).

Analysis I: Contribution to addressing key
flood impacts

The measure has a specific effect in influencing the
reduction of floods, as the evidence shows that it can
reduce flood peaks and delay run-off from pluvial and
fluvial floods (Santoro and others, 2022; Udawatta,
2021). Furthermore, the measure can stabilize soil
through tree roots, reduce erosion and sedimentation,
and slow down surface run-off to increase water
infiltration and lower flood peaks (Santoro and others,
2022; Udawatta, 2021). Additionally, agroforestry
systems near rivers can act as natural buffer zones,
absorbing floodwaters while enhancing biodiversity
and soil health to improve landscape resilience (Ziana
and others, 2020; Anderson and others, 2006).

This measure has the capacity to address several
root causes relevant to all key flood impacts, such as
“climate change effects”, as it has better potential
to sequester carbon compared with monocultural
cultivation systems (Ramachandran Nair and others,
2010). The measure addresses the root cause
“ecosystem degradation and loss of ecosystem
services” through enhancement of soil quality,
improved water filtration, biodiversity conservation
and prevention of land degradation (Biswas and
others, 2022; Mbow and others, 2014; Janzen and
others, 2024). The root cause “lack of livelihood
opportunities” is also addressed, as these systems
provide many ecosystem services that can provide
people with food and income sources (Mbow and
others, 2014). In addition, the measure can address

Figure 13: Forest park next to river and riparian buffers

the root cause “lack of financial resources”, as
agroforestry systems - depending on the management
objectives - can be a source of income that improves
families’ financial resources (Desmiwati and others,
2021). This is relevant for addressing severe health
impacts, individual transportation disruptions and
agricultural livelihood disruptions. It also addresses
the root cause “unsustainable agricultural practices”,
as it is an integrated approach that promotes
sustainable land use (Wilson and Lovell, 2016), which
relates to agricultural livelihood disruptions and water
contamination.

Addressing the above-mentioned root causes
cascades into reducing vulnerability drivers. These
include “poor ecosystem health and susceptibility?,
which is relevant for all key flood impacts, and

“high dependency on agriculture as single livelihood
source”, which is relevant for reducing agricultural
livelihood disruptions as the measure can support
diversified agricultural livelihoods and strengthens
financial resilience (Quandt and others, 2017; Rivest
and others, 2013). As a result, it can reduce exposure
for the elements related to all the key flood impacts:
people and their well-being, livelihoods and economic
assets, buildings and infrastructure, and ecosystems
and their services.

Analysis Il: Development opportunities and
trade-offs

Agroforestry also provides many additional positive
contributions. Among the most relevant are carbon
sequestration and biodiversity enhancement, as

well as wind protection (Castle and others, 2021;
Fagerholm and others, 2016; Farinaccio and others,
2024). In some areas, it may also increase touristic
and aesthetic values of the landscape (Fagerholm and
others, 2016). However, there are also some negative
consequences that should be kept in mind, such as
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potential conflicts with existing land use practices and Conclusion of the evaluation
reduced land area for extensive agriculture (Taillandier

This measure addresses five root causes and one
and others, 2023).

vulnerability driver of all the key flood impacts, and
one additional vulnerability driver of agricultural
livelihood disruptions. Being ecosystem-based, this
measure has many additional benefits that enhance its
relevance.
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5.2.9 Sustainable forest management

Sustainable forest management in upstream regions of
river catchments involves managing forests to balance

ecological, social and economic objectives while
maintaining their ability to regulate water and reduce
flood risks (Bathurst and others, 2011). It is critical

to define clear objectives for implementation of this
measure - such as conservation, timber production or
ecosystem services protection - and to ensure they
are developed in collaboration with key stakeholders
and development plans (Judd and others, 2013;
Bhandari and Lamichhane, 2020; van Hensbergen
and others, 2023). A thorough understanding of the
forest’s current status and characteristics is also
crucial (Rackelmann and others, 2023). The process
should actively promote stakeholder engagement,
support the development of a management and
business plan (where applicable), establish effective
monitoring systems, ensure legal compliance and
incorporate adaptive management to respond to
changing conditions due to climate change and
disaster risk (Judd and others, 2013; Bhandari and

Lamichhane, 2020; van Hensbergen and others, 2023).

Analysis I: Contribution to addressing key
flood impacts

The measure has a specific effect in influencing the
reduction of pluvial and fluvial floods. Sustainable
forest management helps control surface run-off,
enhance water infiltration and stabilize soils, reducing
erosion and sedimentation in downstream areas
(Himann and others, 2011; Peskett and others, 2021;
Bathurst and others, 2011). By maintaining vegetation
cover, it minimizes peak water flows during heavy
rainfall, decreasing the likelihood and severity of
floods (Bathurst and others, 2017; Cernohous and
others, 2017). Additionally, healthy forests support
biodiversity, improve water quality and provide
resources for local communities, contributing to both
environmental and socioeconomic resilience in flood-
prone regions (Nelson and others, 2020; Borma and
others, 2022).

This measure can address the root cause “climate
change effects” (Kauppi and others, 2022; Borma
and others, 2022), as forests have the capacity to
sequester and store carbon, therefore mitigating
climate change. It can also address “ecosystem
degradation and loss of ecosystem services” (Wei
and Blanco, 2014), which is relevant for all the key
flood impacts. This is because, compared with
monocultures, more mixed systems can increase the
diversity of ecosystem services provided by forests.
Additionally, the measure can address the root cause
“lack of livelihood opportunities”, which is relevant
to agricultural livelihood disruptions. It can also

Figure 14: A region of the Bach Ma protected forest

address the root cause “lack of financial resources”,
related to severe health impacts, agricultural
livelihood disruptions and individual transportation
disruptions, as forests can provide income sources
to local communities, offering additional livelihood
opportunities (Celinah and Olawuyi, 2018; de Zoysa
and Inoue, 2016).

In addressing the above-mentioned root causes, the
measure can also address related vulnerability drivers.
Sustainable forest management enhances human
health by decreasing air pollution and improving
water quality for nearby or downstream communities
(Borma and others, 2022; Quijas and others, 2019). It
also increases livelihood opportunities and financial
income by providing timber and non-timber forest
products (NTFPs) that can increase financial resources
for local communities and enhance their living
standards, which currently contribute to most of the
previously mentioned vulnerability drivers (Nelson
and others, 2020; Das and Mallick, 2023; Franca
Barros and others, 2020). Against this background, the
measure can address “high dependency on agriculture
as single livelihood source”, “limited access to health
services”, “unsafe WASH provision and practices” and
“limited individual transportation options™. Lastly,

the measure can improve “poor ecosystem health and
susceptibility”, as the sustainability aspect is central
to it (Bathurst and others, 2011). As a result, it can
reduce exposure for the elements related to all key
flood impacts: people and their well-being, livelihoods
and economic assets, buildings and infrastructure,
and ecosystems and their services.

Analysis II: Development opportunities and
trade-offs

Sustainable forest management can provide
additional positive contributions, such as increased
production of sustainable biomass energy and the
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opportunity for enhanced stakeholder participation
in land management and forest governance

(Franca Barros and others, 2020; Bauer and others,
2018). This measure can also show some positive
recreational contributions by enhancing touristic
values, particularly in upstream mountain areas
(Das and Mallick, 2023; Nelson and others, 2020).
Nonetheless, sustainable forest management may
also restrict access to land and resources, leading to
social and economic tensions or placing a burden on
local communities, which have limited capabilities to
enforce regulations on sustainable forest management
(FAO, 2015).

Conclusion of the evaluation

This measure addresses four root causes and five
vulnerability drivers, relevant for all the key flood
impacts. Furthermore, it offers broader additional
benefits in relation to ecosystem services that can be
provided as a result of the good health of the forest.
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5.2.10 Mangrove restoration

This measure involves rehabilitating degraded or lost
mangrove ecosystems, which are coastal wetlands that
thrive in brackish water and provide crucial environmental
services (Friess, 2016; Islam and others, 2024).

Analysis I: Contribution to addressing key flood impacts

Due to the location of mangroves, this measure mainly
has the capacity to address coastal floods. This is
because mangroves can act as a natural barrier to
storm surges and coastal flooding (Hilmi and others,
2022). Their dense root systems stabilize coastlines
and reduce erosion and sedimentation, while their
ability to store water and slow down waves helps
prevent floodwaters from reaching inland areas
(Menéndez and others, 2020). Restoring mangroves
can significantly increase coastal resilience to floods,
particularly in the face of climate change and rising
sea levels (Menéndez and others, 2020). As a result,
the measure can reduce the exposure of all elements
related to all the key flood impacts: people and their
well-being, livelihoods and economic assets, buildings
and infrastructure, and ecosystems and their services.

Figure 15: Mangrove forest along the Thua Thien
Hue coast

This measure can address root causes related to

all key flood impacts. “Climate change effects” are
addressed as healthy mangroves are key ecosystems
that support climate change mitigation due to

their exceptional carbon storage and sequestration
capacity (Song and others, 2023). “Ecosystem
degradation and loss of ecosystem services” are
directly addressed through the restoration of
degraded areas, and mangroves are at the same time
very important habitats for many species (Su and
Gasparatos, 2023). The measure can also address the
specific root cause “lack of livelihood opportunities”
in relation to agricultural livelihood disruptions, as
the measure can support biodiversity and provides
resources for local communities to improve their

livelihoods (Gargaran and others, 2024; Rahman and
others, 2024; Pham, 2021). Lastly, this measure also
addresses “lack of financial resources”, which is a root
cause of agricultural livelihood disruptions, as the
multiple ecosystem services provided enhance the
economy for families in the surrounding areas (Karanja
and Saito, 2018; Munji and others, 2013).

Through addressing these root causes, the measure
also contributes to addressing related vulnerability
drivers such as “poor ecosystem health”, through
promoting the restoration of a large area of mangrove
forest (Islam and others, 2024). It also addresses
more socioeconomic vulnerability drivers, such as
“limited access to health”, “unsafe WASH provision
and practices”, “limited individual transportation
options” and “high dependency on agriculture as
single livelihood source”, as the measure can provide
economic income (Gargaran and others, 2024;
Rahman and others, 2024; Pham, 2021; Karanja and
Saito, 2018; Munji and others, 2013).

Despite not having a particular effect on the key flood
risk of water contamination, it is worth mentioning
that mangroves also provide protection against
saltwater intrusion (Wang and others, 2010).

Analysis II: Development opportunities and trade-offs

Evaluation beyond the key flood impacts shows that
mangrove restoration can support long-term climate
change adaptation through additional benefits to those
mentioned in the analysis above. Mangroves can help to
reduce the impacts of other hazards related to climate
change, such as sea level rise, through vertical accretion
- where mangroves accumulate sediments and organic
matter to maintain their elevation relative to sea level
rise (Krauss and others, 2014). Furthermore, mangroves
can improve water quality in coastal areas, by filtering
pollutants and sediments (Hilmi and others, 2022).
Additionally, evidence shows that they could be a cost-
effective alternative to engineered solutions for disaster
risk reduction and climate adaptation, aligning with global
efforts to promote nature-based solutions (Menéndez
and others, 2020). However, in order to provide these
long-term benefits, it is crucial to reduce anthropogenic
threats to mangroves and to promote their conservation
and restoration (Boateng, 2018). In terms of negative
consequences, there could be potential trade-offs such
as land use conflicts and lack of interest from private
investors (Lovelock and others, 2022).

Conclusion of the evaluation

This measure addresses four root causes and five
vulnerability drivers, relevant for all the key flood
impacts. Beyond flood risk reduction, mangroves
offer broader resilience benefits, including protection
against other coastal hazards.
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5.2.11 Restoration and conservation of
urban waterbodies

The restoration of natural urban waterbodies and
waterways involves rehabilitating rivers, lakes,
wetlands and streams within a city to improve their
ability to manage run-off and enhance water retention
(Gao and others, 2020; Rojas and others, 2022).

Analysis I: Contribution to addressing key
flood impacts

Restoring natural urban waterbodies and waterways
could help to reduce hazard and exposure for all
types of floods that affect Hue. This process helps to
reduce flood risks by restoring the natural functions of
these ecosystems, including increasing water storage,
slowing down stormwater flows and improving
infiltration (Gao and others, 2020; Rojas and others,
2022). By reintroducing native vegetation, removing
barriers and enhancing the connectivity of water
systems, restoration increases the capacity of urban
waterbodies to absorb excess water during heavy
rainfall, reducing surface run-off and lowering the

risk of flooding (Wang and others, 2022; Li and Wang,
2019; Gao and others, 2020). As a result, this measure
can reduce the exposure of the elements related

to all the key flood impacts: people and their well-
being, livelihoods and economic assets, buildings and
infrastructure, and ecosystems and their services.

The measure influences two root causes that affect
all the key flood impacts. These are “limited drainage
capacity” - as restoration of these waterbodies

can improve this and allow the water to flow to

less inundated areas (Gao and others, 2020; Wang
and others, 2010; Rojas and others, 2022) - and
“ecosystem degradation”, as the measure involves
restoration and rehabilitation techniques that can
enhance ecosystem conditions (Gao and others, 2020;
Rojas and others, 2022).

In terms of vulnerability, the measure can address
the common driver “poor ecosystem health”, as
restoration of natural waterways has been shown

to improve the condition of these lakes (Rojas and
others, 2022; Gao and others, 2020). Additionally,

it can address “limited individual transportation
options”, as a vulnerability driver of individual
transportation disruption, as these waterways are
used as a common means of transport in Hue (Li and
Wang, 2019). In relation to water contamination, this
measure can address the vulnerability driver “low
sewage system capacity”, as clearer waterways can
reduce stress in water sewage systems (Vidal-Abarca
Gutiérrez and others, 2023; Basak and others, 2021).

Figure 16: Huong River in Hue city

Analysis II: Development opportunities and
trade-offs

Restoration of natural urban waterbodies and
waterways can provide many additional positive
contributions through the ecosystem services

that natural waterbodies provide. These include
provisioning services such as food and fuel (stemming
from woody vegetation) (Langan and others, 2018;
Kaiser and others, 2020), regulating services such as
soil fertility and soil quality (Sheergojri and others,
2024), supporting services such as habitat creation
(Basak and others, 2021) for species endemic to urban
areas, and cultural services such as recreation and
tourism (Agaton and Guila, 2023; Kaiser and others,
2020) as a result of the expansion of urban green
spaces. Additionally, this measure contributes to
improving water quality, enhancing biodiversity and
creating recreational spaces, ultimately fostering
more resilient and sustainable urban environments
(Acreman and others, 2011; Sheergojri and others,
2024; Kaiser and others, 2020). However, there

are also possible negative consequences in terms

of reduced cost-effectiveness compared with
conservation of existing waterbodies and waterways,
particularly when restoration entails removal of
existing hard infrastructure, reduced space for urban
expansion, and land use conflict (river restoration
versus dam construction) (Christopher and others,
2024; Cuenca-Cambronero and others, 2023).

Conclusion of the evaluation

This measure addresses two root causes and three
vulnerability drivers, relevant for all the key flood
impacts. Additionally, it provides valuable ecosystem
services, including resource provisioning, habitat
creation and recreational opportunities.
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5.2.12 Climate-smart agriculture

Climate-smart agriculture is an approach to farming
that aims to increase agricultural productivity,
enhance resilience to climate change, and reduce
greenhouse gas emissions where possible (FAO, 2025).

Analysis I: Contribution to addressing key
flood impacts

The establishment of climate-smart agricultural
practices can influence pluvial floods. This measure
provides crop diversification schemes that can reduce
run-off and the velocity of pluvial floods compared
with large-scale monocultures (Lipper and others,
2014). As a result, it can reduce the exposure of the
elements related to all the key flood impacts: people
and their well-being, livelihoods and economic assets,
buildings and infrastructure, and ecosystems and
their services.

In relation to root causes, the measure addresses
“unsustainable agricultural practices” that cause
agricultural livelihood disruptions and water
contamination, as it promotes practices such as
improved water management, agroforestry and soil
conservation, which enhance water infiltration, reduce
surface run-off and prevent soil erosion (Basnayake
and others, 2019). Climate-smart agriculture also
includes adopting resilient crop varieties and farming
techniques that withstand flooding and other climate
impacts (Pegoraro and others, 2019). Additionally,
the measure can address “ecosystem degradation”
through enhancing soil fertility and improving water
management (Eleblu and others, 2020), as well as
“climate change effects” through promoting the use
of low-emission techniques (Bhanuwanti and others,
2024), both of which are root causes of all the key
flood impacts.
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Figure 17: Aerial picture of agricultural systems in Hue
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However, the establishment of climate-smart
agriculture is a strategy that offers greater and more
notable benefits in terms of vulnerability drivers.

In relation to severe health impacts and water
contamination, this measure can have an effect on
the vulnerability driver “high application of fertilizers
and pesticides”, as it promotes integrated pest
management procedures, which are better for human
health conditions and reduce contaminants that could
get into the soil and water (Lipper and others, 2014).
Additionally, this measure addresses “poor ecosystem
health”, which is a vulnerability driver of many of the
key flood impacts, as its application has proven to be
more environmentally sustainable and less depleting
than common monocultural practices (Lipper and
others, 2014). Lastly, the measure reduces the
vulnerability driver “use of sensitive, high-yield crops”,
as it aims to introduce more flood-resilient crops

and smart cropping rotations that can potentially
increase a system’s resilience to floods (Pegoraro and
others, 2019).

Analysis II: Development opportunities and
trade-offs

Overall, climate-smart agriculture can make positive
contributions such as reduced crop loss due to
diversification and improved storage techniques

that reduce spoilage by pests in the aftermath of
flooding or reduce excessive humidity in storage
(Singh and Singh, 2017). By integrating sustainability,
adaptation and mitigation, climate-smart agriculture
contributes to food security and reduces the
vulnerability of farming communities to crop-related
impacts (Zougmoré and others, 2018). In addition,
this approach often integrates traditional farming
methods (e.g. agroecological practices) and promotes
locally adapted seed varieties (Mizik, 2021). However,
climate-smart agriculture techniques may demand
more human, technological and financial resources,
and the usage of biopesticides could introduce new
contaminants into water systems (Mizik, 2021).

Conclusion of the evaluation

This measure addresses two root causes and three
vulnerability drivers, relevant for all the key flood
impacts. Additionally, it supports food security and
long-term agricultural resilience through improved
storage techniques and the integration of traditional
farming methods.
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5.3 Towards a bundle of options fo
future flood risks

The evaluation of the 12 measures gives an idea of
the diversity of options suitable to address the four
key flood impacts that were identified as critical

by local stakeholders. In Figure 18, it can be seen
that in summary, all the measures together have

the capacity to address all root causes, with the
exception of a hazard-specific root cause, as “weather
and climate conditions” are intrinsic to the location
of Hue. Since root causes give rise to drivers of
vulnerability and exposure, which together define
the risk context, addressing these root causes offers
significant potential for effective risk reduction.

For example, the measure of structural housing
modification addresses two specific root causes -
“non-risk-informed urban planning” and “insufficient
risk management and adaptation” - which directly

r addressing current and

relate to multiple exposed elements and vulnerability
drivers. While the specific measure of structural
housing modification only relates to exposed elements
and vulnerability drivers in relation to severe health
impacts, this measure addresses root causes that

are shared among all key risks, which inspires a more
systematic planning and evaluation approach. Thus,
addressing the root causes in flood risk management
is an effective way to reduce disaster risk in a more
systematic way and supports the transformation

to long-term climate resilience (Blaikie and others,
2014; Filho and others, 2022; Schipper, 2020). As
established during the evaluation, the expected
influence of each measure is greater than represented
in Figure 18; for easier interpretation, only the key
entry points are shown here.
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Figure 18: Overall impact web presenting the four key flood

impacts and showing (through coloured frames of the

respective component boxes) the influence that the different categories of measures can have over some drivers of

flood risk in Hue. Source: adapted from Sett and others (20

Note: the colour coding of the frames builds on Table 2 and
address flood risk, in line with IPCC AR5 (Noble and others,

24).

represents the diversity of categories of measures to
2014). Green represents ecosystem-based measures;

yellow represents economic measures; dark blue represents technological measures; light blue represents
government policies and programmes; red represents educational measures; purple represents engineered and

built environment measures; orange represents laws and re
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Figure 19: Example of a combination of two different types of measures to address the different components of
current and future flood risks in Hue. Source: adapted from Sett and others (2025).

The evaluation of individual measures has also shown
that one measure can address different root causes
and vulnerability drivers. At the same time, the variety
of types of measures addresses the risk components
in different ways. Only a combination of different
options that complement each other can address
the complexity of flood risk in Hue. Encompassing
flood exposure, hazard and vulnerability requires

an integrated approach that combines structural,
social, institutional and ecosystem-based measures
across upstream, midstream and downstream areas.
As a graphic representation, Figure 19 shows the
example of two different types of measures and how
they work together and complement each other to
address current and future flood risks in Hue. The
technological measure impact-based early warning
(EW) mainly addresses components of exposure

and vulnerability (Figure 19). However, it is also
relevant to mention that EW can contribute to better
reservoir management, in which case it can influence
fluvial floods (Lellyett and others, 2022). While EW
can only indirectly influence the flood hazard itself
(e.g. through targeted reservoir management), the
ecosystem-based measure of agroforestry in riparian

buffers (AR) can complement this. Besides affecting
vulnerability, it addresses the origin of floods, as it
directly influences water regulation and infiltration,
reduces flow velocity of discharge and promotes soil
stability. This has an overall effect on the intensity and
frequency of floods, and consequently also reduces
exposure (Santoro and others, 2022). Furthermore,
these two measures when used together can help to
address different root causes (Figure 19).

We argue that it is necessary to adopt bundles of
measures that complement each other and address
the overall complexity of flood risk and climate
change. To achieve this, decision makers need to
reflect on their specific objectives to decide on the
most suitable combination of measures to address
the prevalent challenges and their aims and priorities.
The measures presented in this report offer decision
makers opportunities to develop comprehensive
strategies through the use of bundles of measures.
Unlike single-solution approaches, these can
effectively tackle diverse flood risk drivers while
maximizing risk reduction benefits, creating synergies
and enhancing overall performance in achieving flood
risk management and adaptation goals.

Opportunities for improved flood risk management and adaptation in Hue, Central Viet Nam 47



e Mg

BT s arpe Beco dee

t (and ada

k managemen




6. Conclusion,

recommendations and

next steps

The report identifies multiple entry points for enhancing flood risk
management and climate change adaptation in Hue, emphasizing
that ecosystem-based measures can be strategically tailored to

the region’s diverse geographical zones such as mountainous, peri-
urban, urban and coastal areas. Each measure offers specific benefits
by targeting distinct root causes of flood risk, and together they
complement one another while also providing additional development
co-benefits, as well as potential trade-offs. The integration of diverse
types of measures - including structural, social and institutional
options - is essential to address the complex nature of flood risk and

climate impacts.

An in-depth and dynamic understanding of flood risk,
starting with the assessment of root causes as well

as hazard characteristics, exposure patterns and
vulnerability drivers, is fundamental to improving
flood risk management and adaptation planning

in Hue. This detailed risk understanding, although
currently limited by the availability of spatially explicit
data, is necessary to design strategies that integrate
a diversity of types of measure across the entire
catchment. It is recommended to move beyond single-
solution approaches and to adopt comprehensive
bundles or packages of measures that combine
structural, social, institutional and ecosystem-based
options across upstream, midstream and downstream
areas. These bundled approaches complement one
another by addressing multiple root causes and

risk drivers, therefore addressing the complexity of
flood risk in Hue. Additionally, the broader benefits
of certain measures (particularly ecosystem-based
ones) should be recognized, as they can support
biodiversity, water quality, local economies and
community resilience. A comprehensive prioritization
of measures should consider these co-benefits
alongside their risk reduction potential. Lastly, it is
critical to consider socioecological interactions and
the dynamics of regional landscapes, in order to
identify appropriate and context-specific measures

that strengthen resilience and reduce both current
and future flood risks throughout Hue’s diverse
geographical areas.

To advance flood risk reduction and adaptation
in Hue, the following next steps are envisioned
for the upcoming implementation phase of the
FloodAdaptVN project:

. The FloodAdaptVN team will derive bundles
of adaptation measures, which focus on
sequencing and complementing multifunctional
solutions that reflect stakeholder priorities for a
more resilient Hue.

. We plan to integrate a comprehensive cost-
benefit analysis into the evaluation of nine of
the selected measures, providing stakeholders
and decision makers with the financial insights
needed to assess economic viability and
support evidence-based prioritization.

. To advance from planning to action, we will
initiate “implementation dialogue” with key
decision makers, using the results of this report
as a foundation to co-develop a roadmap that
outlines priority measures, responsible actors
and necessary resources.
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By further integrating risk information and
climate scenarios, the project will support
transparent, data-driven and evidence-based
planning.

As part of our implementation strategy, we aim
to identify suitable funding opportunities and
innovative financing mechanisms. This includes
developing project proposals or business
models to support the concrete realization of
bundled adaptation measures.

A key future priority is strengthening
institutional and individual capacities to

identify, plan and monitor adaptation and risk
reduction measures using a broad spectrum

of methods. This includes the use of Earth
observation, web-based tools such as FRAME,
participatory planning instruments, and in-situ
evaluation methods to foster locally adapted,
knowledge-based solutions.

By addressing these next steps, Hue can move
towards a more resilient and adaptive flood risk
management framework, ensuring long-term
sustainability and protection for its communities and
ecosystems.
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