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EXECUTIVE SUMMARY

Mission Objective and Approach

In response to the extensive floodin in
December 2021 on the Malaysian Penin-
sula, the Malaysian government reques-
ted the Netherlands Embassy to deploy
a Disaster Risk Reduction (DRR) scoping
mission. Based on this, a DRR-Team was
deployed from 22 August until 2
September 2022. The objective of the
mission was to support the Malaysian
government in the further development
of a Flood Risk Management Strategy
and Investment Programme and to
assess how Nature-based Solutions
could be included in the Flood Risk
Management Strategy.

The DRR-team made an assessment of
the current governance, work-pro-
cesses, and strategies related to floo
risk management, the physical condi-
tions and socio-economic context
contributing to floo risk, through a
series of workshops with government
agencies, discussions, fiel observa-
tions, and additional information as well
as data analyses. The DRR-team
adopted a Nature-based Approach with
the aim to come to integral recommend-
ations including technical solutions
ranging from “grey” (i.e., engineering
solutions) to “green” (i.e., Nature-based
Solutions) but also including recom-
mendations on governance and socio-
economic aspects.

Main Findings

Physical Context

The DRR-team collected information on
the western part of the peninsula. Pluvi-
al/fluvia floodin occurs in all catchment
areas. Important parameters for a
sustainable functioning of a catchment
area are Delay (slow down run-off and
discharge at the source), Detain (store
excess water near the source), and
Discharge (allow for sufficien peak
discharge capacity down-stream).
Because of changes in land use, land
cover, and increased pressures (such as
population growth and economic devel-
opment) the capacity of these paramet-
ers has been reduced. In the upper
catchment, land use has often changed
from tropical forest towards plantation.
This reduces the delay in run-off. In the
middle and lower catchment areas,
urbanisation has decreased the size of
the available floo plain. This has
reduced the storage and discharge
capacity of the river and its surround-
ings.

In coastal areas, pluvial/fluvia floodin
often occurs in combination with coastal
floodin due to high (spring) tide or
storm surges. In recent history, three
important aspects have changed in the
coastal areas: Firstly, natural resilient
coastal systems have been replaced by
rigid engineered protections. Secondly,
as a result of agricultural development
and the pressures from urbanisation, the
unconsolidated soils have been drained
leading to irreversible land subsidence.
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Thirdly, the creation of coastal bunds
and river dikes has reduced the number
of flood in this area and made the way
for further urbanisation and develop-
ment of the area. The decrease in river
flood has also decreased the amount of
sediment that is delivered to the alluvial
plains. The combination of these aspects
has led to the current situation where
the land behind the coastal dikes is
often lower than the sea level and, in the
case of higher discharges in the river, the
river water levels are also higher than
the surrounding land behind the river
dikes. In this way, the creation of dikes
may have reduced the frequency of
coastal and/or fluvia flood but at the
same time it may have increased the
impact of these flood and increased
pluvial floo hazards.

Governance

The authority for land use planning is
with the state authorities under the
constitution. The Department of Irriga-
tion and Drainage (DID) can advise on
the land-use planning; however, this
advice is not imperative and certainly
not compulsory. As changes in land use
are one of the key factors of increased
floo hazard and floo exposure (and
thus floo risk), including an imperative
advice of the DID in the spatial planning
process can be a crucial step in reducing
floo risk.

Effective floo risk reduction
programmes require long-term planning
horizons at river basin or catchment

scale. Present procedures for obtaining
federal and/or state funding do not
seem to cater for these needs. As lives
and livelihoods depend on solid floo
risk reduction programmes (inclusive of
research and development, floo fore-
casting, and early warning systems),
present procedures could be recon-
sidered whereby long-term budgets are
reserved for floo risk reduction
programmes. At the same time, the
required operation and maintenance
costs should be taken into consideration
from the onset of the programme plan-
ning.

Delineation of responsibilities may lead
to “silos”, creating challenges for effect-
ive floo risk reduction. For example,
exchange of data, models, and informa-
tion can be further optimised as this is
done within different agencies under the
Ministry of Environment and Water
(KASA). Also, PLAN Malaysia could use
the existing floo hazard maps to show
the potential impacts on new develop-
ments.

Socio-economic Context

Malaysia has experienced a rapid popu-
lation growth and socio-economic
development that has been accompan-
ied by rapid urban expansion. In the
1980s, about 35% of the population
lived in urban centres, and that has
grown to almost 80% in 2020. Urban
expansion often took place without
taking floo hazards into consideration.
While significan green space (i.e.,



Executive Summary

public parks and unpaved gardens)
remain e.g. in Kuala Lumpur, there is
little blue space (i.e. open water) where
water can be detained and infiltrated

Recent economic development and
poverty reduction efforts have focused
on the development of rural areas. The
rural economy largely depends on rice
cultivation and palm-oil production.
Agricultural developments are driven by
private initiatives and maximise the use
of available land without regard for the
increase in floo risk and floo hazard.
The agricultural developments that were
observed along the coast in Selangor
are developed in low-lying flood-p one
areas at a short distance to coast,
making them vulnerable for coastal and
pluvial flooding Factors related to
poverty, behaviour, access to informa-
tion etc. also play a role in the Malaysian
floo risk context.

Flood Risk Resilience Profil

The current resilience profil shows that
the floo risk/resilience management
practice focuses at the moment mostly
on floo protection and early response,
and to a limited extent on early warning.
Current floo protection infrastructure is
mostly strengthened and improved
shortly after a floodin event. Flood risk
information is developed but is limited
in scope and not widely shared. The
information is not yet widely tailored to
specifi socio-economic (target) groups.
Prevention is in the current practice
under-utilised. Flood hazard maps are

developed, and the spatial planning
process is informed on current floo
hazards. However, this information is
only used to advise local governments,
while not being binding, and floo
hazard information is not publicly avail-
able. Furthermore, the impacts of spatial
and economic development plans on
floo hazards and risks and the effect on
floo resilience are currently not evalu-
ated systematically.

Towards Long-term Flood Risk
Management

The objective of the mission is to
support the Malaysian government in
the (further) development of a Flood
Risk Management Strategy and Invest-
ment Programme and to assess how
Nature-based Solutions can be included
in the Flood Risk Management (FRM)
strategy. The opinion of the DRR-team is
that the focus of the FRM strategy is on
sustainable FRM. Sustainable FRM
includes resiliency and needs a clear
vision of a desired future.

There are usually several pathways that
can be followed to reach a desired state,
in this case, sustainable FRM. Each
pathway has its pros and cons, and each
pathway also has a potential end point.
In one workshop the pathway thinking
was introduced, and the report gives a
few examples of traditional pathways,
relying on grey infrastructural measures
and alternative pathways based on
nature based solutions. All potential
pathways have their merits and limita-
tions. As the climate changes, the sea
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level rises, and the intensity and dura-
tion of storms and rainfall increases, the
hazards of coastal, fluvial and pluvial
floodin increase. It is therefore import-
ant to consider a layered set of measures
- targeting protection, prevention, and
resilience - which all can be improved
when needed in the future. A firs
prevention layer may reduce peak
discharges and maximum water levels
and designate floo zones. A second
protection layer may include mounds,
building codes, and protection for
extreme events. Lastly, a third resilience
layer may include early warning systems,
rapid response teams, and (private/pub-
lic) insurance schemes.

The path to sustainable floo risk
management starts with a vision and a
masterplan. A vision is merely an elabor-
ated version of the phrase ‘sustainable
floo risk management/resilience’.
There are several pathways to reach this
vision. Depending on the specifi focus
points in the vision (e.g., focus on safety,
on prosperity, on adaptability, on health)
a specifi pathway can be chosen. In all
cases, master planning is necessary as
long-term floo resilience eminently
needs a holistic approach that can only
be reached by master planning. In the
DRR-mission report, the steps to derive
at a masterplan are elaborated.

Recommendations

• A shift to a proactive approach is
recommended which includes
integrated and inclusive master
planning. This should lead to

informed decision making and a pro-
active approach. This report explains
the components of such an
approach, and it also provides some
examples.

• We recommend to the Malaysian
authorities to start this integrated
approach with a pilot, for a
dedicated area (such as Sabak
Bernam) or a catchment (such as
Sungai Langat). The pilot is a
showcase and enables decision
makers to commit to upscaling these
activities on the national level and to
drawing up guidelines for
implementation in Malaysia.

• Long term commitment for pilots,
master planning, implementation,
and Research & Development is
needed to ensure a successful
transition to a pro-active approach.

• In addition to this, we identifie the
following components that
strengthen the capacity of floo risk
managers in Malaysia:

Knowledge, Data, and Models

• An important step in strengthening
the capacity can be setting up
central data bases for the agencies.
A central data base can not only be
more efficient but it can also lead to
a situation where experts use the
same base data.

• In addition, we recommend sharing
modelling efforts between NAHRIM
and the JPS departments. This is not
only more efficient but it may also
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lead to better models as well and the
possibility for regular updating if
these activities are combined.

• Currently, model developments are
done in commercial software. It may
be worthwhile investigating if low-
cost or even license free software
would be beneficia in the long term.

• We recommend making floo hazard
maps available to the wider public.
For instance, in the online maps of
PLANMalaysia, through Infobanjir or
the MyCuaca app. This may be
sensitive, as it will impact the value
of private property. Please note,
however, that European legislation,
for example, mentions that Member
States have to make this information
publicly available.

Education, Guidelines, and Research

• We recommend setting up a
programme to inform the relevant
stakeholders (city councils, local
developers) on the DID guidelines,
the reasoning behind it, and on the
consequences of (not) following
them. This contributes to making
floo risk management a shared
responsibility.

• Besides that, making the results of
floo risk management related
research activities available to a
wider public, including local
stakeholders, underlines the
importance of the topic. The
roadshows from NAHRIM are one
way to do this. Another way can be

linking them to social media
accounts or apps such as Infobanjir
and MyCuaca.

Awareness

• Infobanjir and myCuacua are good
examples of practical tools that are
used to increase awareness among
citizens and authorities. We
recommend adding more easily
accessible information to these
sources. This can be the floo hazard
and risk maps as well as results from
research.

• NAHRIM's Roadshow appeared to
be an effective way to increase
awareness between the authorities
on federal and state level. We
recommend exploring to what
extent this initiative can be scaled up
and include other stakeholders as
well.

Socio-economic Aspect

• The socio-economic context and the
inclusion of vulnerable communities
in Flood Risk Management seem
underrepresented in the current
FRM practices. Quantitative research
combined with qualitative research
helps to understand people's
behaviour and vulnerabilities. Such
insights are crucial in efforts to make
floo risk reduction efforts more
inclusive and, consequently, to
improve floo resilience
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INTRODUCTION

Motive

Heavy unprecedented rainfall was
observed in the middle of December
2021 on the Malaysian Peninsula. This
resulted in extensive flooding especially
in the Klang Valley. Record rainfalls in the
Klang Valley were monitored on 17 and
18 December (Subang: 295 mm; Parli-
men: 147 mm, Mardi Klang: 367 mm).
The Meteorological department warned
the public from 12 December onwards
through their website, social media, and
TV. On 17 December, MetMalaysia
issued a code red.

The Department of Irrigation and Drain-
age (DID) issued warnings through
regular and social media. Based on the
forecast from MetMalaysia, DID used a
‘ICMLive’ warning system for three
basins (with other basins under develop-
ment). Nevertheless, the floodin had a
huge impact, with more than 50 casual-
ties reported. The Malaysian govern-
ment asked the Netherlands Embassy to
deploy a Disaster Risk Reduction (DRR)
scoping mission. Based on the scoping
mission, a DRR-Team was deployed from
22 August until 2 September 2022.

Objective

The objective of the mission was to
support the Malaysian government in
the further development of a Flood Risk
Management Strategy and Investment
Programme and to assess how Nature-
based Solutions can be included in the
Flood Risk Management Strategy.
Nature-based Solutions play an import-

ant role as the Malaysian government
seeks not only for a floo risk manage-
ment strategy but also hopes to adopt a
sustainable floo resilience approach.

Approach - Towards Sustainable Flood
Risk Management

Nature-based Solutions as part of a
Flood Risk Management Strategy take
the natural environment and natural
processes as a starting point for redu-
cing floo risk. This means findin solu-
tions that fi within the water and soil
systems, that do not deplete these
sources, and that do not harm them. In
this way, long-term sustainability can be
achieved, and resilient environments
and communities arise.

An important aspect of this approach is
“Systems Thinking”. Systems Thinking is
about taking all relevant elements in
your domain or system into account,
understanding the links and interactions
between these elements and findin
solutions that have a positive effect on
as many of these dynamics as possible.
Systems come in many sizes and shapes.
In our case, when discussing floodin
and floo risk reduction the system
typically is a catchment area. Elements in
such a system are typically the processes
and developments in the physical
system (e.g., river discharge, land-use,
groundwater extraction, urbanization,
rainfall, biodiversity), and their interac-
tions with the socio-economic and
governance context.

Using a Nature-based Approach, we aim
to fin an integral solution for the whole
system. Such a solution can consist of
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several components, technical solutions
ranging from “grey” (i.e., engineering
solutions) to “green” (i.e., Nature-based
Solutions) but also governance and
socio-economic aspects or investment
options. It is important to realise that
Nature-based Solutions (NBS) are only
part of the total array of solutions and
opportunities. In the following chapters,
we describe our finding and advise on
ways forward.

How this report can be read

The next chapter describes the current
flood risk management practices, in other
words, the system as it currently works,
including our observations and critical
challenges regarding the physical,
governance, and socio-economic context
and the dynamics between them. In
Chapter 2,weelaborate onpotential future

states, look at stressors such as climate
change but we also looking at possible
interventions to improve the functioning
of the system.This includeshands-onadvice
for relevant stakeholders. Both chapters
start with a visualisation of a system and
system change which helps to understand
how each part of the analysis fit into the
System-basedApproach. The terms based
on this approach and other relevant terms
such as “floo risk”, “resilience”, and
“governance” are explained in the
Appendix. The chapters conclude with a
summary of the key finding addressed
in the chapter. Chapter 3 “Recommend-
ations" rounds off the analysis by way of
concluding what the key finding mean
for the wider picture and what actions we
recommend tomove towards a Flood Risk
Management Strategy based on sustain-
able floo resilience.



Elements and
Interconnections

System Purpose StressorsResilience

UNDERSTANDING THE SYSTEM

Definitions in the Appendix
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1 CURRENT FLOOD RISK
MANAGEMENT PRACTICES

1.1 INTRODUCTION

This chapter describes current floo risk
management practices in Malaysia. It is
based on the team’s observations during
the workshops in August 2022, the fiel
visits, and the input we received during
the mission. The chapter addresses the
physical context, the governance, and
the socio-economic context. It also
provides a quick scan of the floo resili-
ence profil in Malaysia.

1.2 PHYSICAL CONTEXT

1.2.1 Physical Geography

Malaysia consists of two geographical
segments. Peninsula Malaysia, also

called West Malaysia, and part of the
island Borneo, called East Malaysia. In
our analysis, we focus on the Peninsula
Malaysia only. The peninsula consists of
two parallel large mountain ranges that
run north-south and as such separate the
east coast from the west coast. On
either side of the mountain ranges allu-
vial plains (formed by sediment from the
rivers) cover the stretch towards the sea.
The rivers that run from the mountains
towards the sea have been providing the
coastal plains with silt and as such with
fertile lands.

The east coast borders the South China
Sea. The coastal area is sandy, typical for
a high energetic environment as the
South China Sea. The alluvial and coastal
plain strip is relatively narrow. The rivers
that flo from the mountains towards

Malacca Strait South China Sea

PENINSULAR MALAYSIA
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the sea cause (flash flood on a regular
basis.

The west coast borders the Strait of
Malacca. This environment is less ener-
getic, and as such, the coastal area is
predominantly muddy. Large parts of
the west coast consist of broad low-lying
alluvial and coastal plains. Typical soils
on the land are clay and peat soils. Clay
soils have a low infiltratio capacity and
both peat and clay soils suffer strong
subsidence once drained.

Along the west coast, catchments are
generally small and rivers short. The
time it takes for rainfall to drain into the
Malacca Strait is therefore also short.
This means that typically, high intensity
rainfall in the catchments can lead to
flas flooding exacerbated by land-use/
land-cover (LULC) changes.

1.2.2 Floods in Catchment Areas

During our visit to Malaysia, we mainly
collected information on the western
part of the peninsula where we have
been focusing on pluvial, fluvial and
coastal flooding Pluvial/fluvia floodin
occurs in all catchment areas. Important
parameters for a sustainable functioning
of a catchment area are Delay (slow
down run-off and discharge at the
source), Detain (store excess water near
the source) and Discharge (allow for
sufficien peak discharge capacity down-
stream). We see that, because of
changes in land use, land cover, and
increased pressures (such as population
growth and economic development)
these important parameters have been
reduced. In the upper catchment, land
use has often changed from tropical

Urbanisation

PlantationForest

Run-off

UrbanRural

Agri-development
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forest towards plantation. This reduces
the delay in run-off. In the middle and
lower catchment areas, urbanisation has
decreased the size of the available floo
plain. This has reduced the storage and
discharge capacity of the river and its
surroundings.

1.2.3 Floods in Coastal Areas

In coastal areas, pluvial/fluvia floodin
often occurs in combination with coastal
floodin due to high (spring) tide or
storm surges. In the recent history, three
important aspects have changed in the
coastal areas:

• Firstly, wide natural resilient coastal
systems have been replaced by
narrow rigid engineered protections.
Decades ago, the west coast of
Peninsular Malaysia was fringed by
broad areas of mangroves. These
mangrove systems functioned as a
natural protection against coastal
flood as they dissipated wave
energy and collected sediments
which helped the coastal area to
grow and rise. These mangrove
systems have largely disappeared as
a result of wood harvesting,
conversion to agricultural land, and
as a result of erosion (for an
explanation about the reasons for
erosion, please refer to the
Appendix). The natural protection
has diminished, and the coast is
nowadays mainly protected by
earthen bunds, sometimes with rock
revetment. The bunds and dikes are

easily damaged by wave attack, and
they easily collapse given that they
are built on the soft muddy coastal
plains. This means that this kind of
coastal protection only functions
well if maintenance is well organised
and practised.

• Secondly, as a result of agricultural
development on the alluvial and
coastal plains (changing from natural
area towards rice paddy and
plantations) and the pressures from
urbanisation, the unconsolidated
soils have been drained. Draining of
unconsolidated soft clay and peat
soils leads to irreversible land
subsidence due to consolidation and
oxidation.

• Thirdly, the creation of coastal bunds
and river dikes has reduced the
number of flood in this area and
made the way for further
urbanisation and development of
the area. However, on the downside,
this decrease in river flood has also
decreased the amount of sediment
that is delivered to the alluvial plains.
In other words, the area does not
receive new sediments and the land
cannot rise anymore.

Prior to the construction of the bunds
and dikes, excess rainwater was drained
to the estuary under gravity (the land
was well above sea level). But after
construction of the bunds and dikes, the
terrain elevation has reduced (due to
consolidation of clay and oxidation of
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Development in Coastal Areas

2

3

4

5

1
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peat), significantl reducing the head
difference (difference between terrain
level and sea level) and thereby the
ability to drain excess rainwater. This
inadvertently increased pluvial floo
hazards, further exacerbated by higher
peak river water levels (due to upstream
LULC changes) and higher seawater
levels (due to global climate change).
Initially, this may be accommodated with
tidal gates. But over time, the window to
discharge reduces further until there is
no other option than to use (large)
pumps.

The combination of these aspects has
led to the current situation where the
land behind the coastal dikes is often
lower than the sea level and, in the case
of higher discharges in the river, the river
water levels are also higher than the
surrounding land behind the river dikes.
In this way, the creation of dikes may
have reduced the frequency of coastal
and/or fluvia flood but at the same
time it may have increased the impact of
these flood and increased pluvial floo
hazards.

1.3 GOVERNANCE

1.3.1 Observations

General Introduction

Malaysia consists of three federal territ-
ories and thirteen states. Legislative
power is divided between federal and
state governments. Each state is divided
into districts.

Governance of the states is divided
between the federal and the state
governments, with different powers
reserved for each. In the context of floo
risk reduction, it is important to under-
stand that water supply, sewerage, and
infrastructure fall under federal authority
while all natural resources (i.e., water,
land, and forest resources) fall under the
state authority.

Ministries and Governmental
Institutes

The Ministry of Environment and Water
(KASA) ensures a sustainable environ-
ment and water conservation through
policy formulation, legal compliance,
mitigation activities, adaptation, and
education, in line with international
standards and practices.

The Department for Irrigation and Drain-
age (DID or JPS) which falls under KASA
is responsible for:

• Development, implementation and
management of floo and drought
forecasting systems, management of
hydrological data and information

• Assessment and development of
National Water Resources and River
Basin management plans

• Enhancing the planning and
development of infrastructures as
well as the water management for
agricultural needs



Current Flood Risk Management Practices 9

• Development, planning and
management of Flood Mitigation
Programs

• Development and implementation
of Coastal Zone management plans
to reduce coastal erosion and
sedimentation problems at river
mouths

• Managing and regulating the
implementation of Stormwater in
Town Areas Management Programs

The Department functions on federal,
state, and district level. At federal level,
the main responsibilities include the
production of guidelines as well as the
planning, identification and implement-
ation of large projects. Responsibilities
at state level are similar to the ones at

federal level. At district level, the
responsibilities are much more opera-
tional, including the implementation,
operation, and maintenance of the infra-
structure.

Other departments under the Ministry
of Environment and Water (KASA) that
play an important role in floo risk
reduction are the National Water
Research Institute of Malaysia
(NAHRIM), responsible for conducting
research on water and providing support
and advisory services, and The Malay-
sian Meteorological Department (MET
Malaysia), responsible for monitoring
the onshore, sea, and air weather condi-
tions throughout the country.

Besides that, the Ministry of Housing
and Local Government, to be more
specifi the Department of Town and
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Country Planning (PLAN Malaysia) has
influenc on floo risk, through its advis-
ory role in all planning matters related to
the use and development of land at
federal, state level, and local level.

The National Disaster Management
Agency (NADMA) is the lead agency for
national disaster management and
preparedness. Its mission is to ensure
the safety of people and the well-being
of the country by getting various parties
to work together in building and improv-
ing capacity and preparedness in
disaster management. NADMA's scope
involves the coordination of all activities
before, during, and after a disaster,
including disaster risk prevention and
mitigation activities, disaster prepared-
ness, and response activities, as well as

rehabilitation and reconstruction activit-
ies.

Lastly, the city councils are responsible
for the storm water drainage systems.
These play an important role in prevent-
ing pluvial flooding The responsibility of
solid waste management also lies with
the city councils. Solid waste pollution is
often a cause of blocked drains and,
consequently, increased flooding

Land Acquisition and Land-Use
Planning

The Constitution states that land is a
state matter. Land can be categorised
into fiv groups: alienated land
(registered title), mining land (mining
leases), reserved land (land reserved for
public purpose), forest reserve, and
state land (all land in the state, other

State
DID

Information

Advice

State
PLAN

Information

Advice

SPC
Approval / Rejection

Development plans

State
Authority

Individual /
Corporation

Approval / Rejection

Land acquisition application

Land Acquisition and Land Use Planning

State DID
State Department of
Irrigation and Drainage

State PLAN
State Department of Town
and Country Planning

State Authority
Highest planning authority
in the State

SPC
State Planning
Committee
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than above mentioned). Any person or
corporation who wishes to acquire land
can apply to the State Authority for state
land. To this end, a formal application
has to be submitted (see figu e below).
After due consideration, the State
Authority may grant the land applied for,
to the applicant either as freehold or
leasehold. Restriction and conditions for
disposal of land apply under the
National Land Code.

PLAN Malaysia assists state govern-
ments, local authorities, and govern-
ment agencies in preparing Develop-
ment Plans. They further monitor,
update, and coordinate the national
land use database. The DID can advise
on the land use planning. At national
and state level, the development plans
are approved by the National Physical

Planning Council, chaired by the prime
minister, and State Planning Committees
(SPC) respectively.

Finance

The identificatio of projects related to
floo risk reduction takes place at all
levels within the DID. Requests for
funding are made from district to state
and from state to federal, whereby, in
general, projects with a budget of less
than 20 million RM (as well as Operation
and Maintenance) are finance by the
state and projects with a budget over 20
million RM are finance by the federal
government (see figu e below). The
budget requests at the federal level are
submitted to the Federal Economic
Planning Unit (Federal EPU), which is
part of the Prime Minister's office and

Application

Rejection/ approval
and budget release

DID Financing Structure

DID
Department of
Irrigation and Drainage

EPU
Economic
Planning Unit

Federal

DID

Federal

EPU

State

DID

State

EPU

Projects
> RM 20 million

Projects
< RM 20 million;
Operation and
Maintenance

District

DID
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budgets are approved for a maximum
period of three years. However, realloca-
tion of budgets takes place on a yearly
basis based on progress and needs. At
the state level, budgets are submitted to
and approved by the State Economic
Planning Unit (State EPU). Budgets for
Operation and Maintenance come out
of the state funds and are more or less
fixed Changes in required budgets
need to be submitted through DID at
state level.

1.3.2 Challenges

Planning and implementation of water
resources, including floo risk reduction
is organized through the Ministry of
Environment and Water (KASA) and the
Department of Irrigation and Drainage
(DID), while the authority for land use
planning is with the state authorities
under the constitution. Practically, this
means that the Department of Irrigation
and Drainage (DID) prepares guidelines
on land development but is not involved
in the land-use planning. The DID can
advise on the land-use planning,
however, this advice is not imperative
and certainly not compulsory. As
changes in land use are one of the key
factors of increased floo hazard and
floo exposure (and thus floo risk),
including an imperative advice of the
DID in the spatial planning process can
be a crucial step in reducing floo risk.

Another challenge is securing long-term
commitment for floo risk reduction
programmes. Effective floo risk reduc-
tion programmes require long-term

planning horizons at river basin or catch-
ment scale. Present procedures for
obtaining federal and/or state funding
do not seem to cater for these needs. As
lives and livelihoods depend on solid
floo risk reduction programmes (inclus-
ive of research and development, floo
forecasting, and early warning systems),
present procedures might want to be
reconsidered whereby long-term
budgets are reserved for floo risk
reduction programmes. At the same
time, the required operation and main-
tenance costs should be taken into
consideration from the onset of the
programme planning.

A third challenge is the alignment and
delineation of responsibilities and
improving the cooperation between the
various governmental institutes involved
in floo risk reduction efforts. Delin-
eation of responsibilities may lead to
“silos”, creating challenges for effective
floo risk reduction. For example,
exchange of data, models, and informa-
tion can be further optimized as this is
done within different agencies under
KASA. Also, PLAN Malaysia could use
the existing floo hazard maps to show
the potential impacts on new develop-
ments.

1.4 SOCIO-ECONOMIC CONTEXT

1.4.1 Urban Expansion and Urban
Economy

Malaysia has experienced a rapid socio-
economic development (increase of
GDP from about 1800 US$ in 1980 to
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more than 10.000 US$ in 2020, see
Figure below) that has been accompan-
ied by rapid urban expansion. In the
1980s, about 35% of the population
lived in urban centres, and that has
grown to almost 80% in 2020. Urban
expansion often took place without
taking floo hazards into consideration.
However, the population density in the
main urban centres is low in comparison
to Asian standards and there is still
space for water retention.

In main urban areas, the economy
consists of a combination of services and
factories. The urban sprawl of Kuala
Lumpur shows many ongoing construc-
tion sites for high-rises and road infra-
structure. While significan green space
(i.e., public parks and unpaved gardens)
remains, there is little blue space (i.e.,

open water) where water can be
detained and infiltrate

1.4.2 Rural Development

Recent economic development and
poverty reduction efforts have focused
on the development of rural areas. The
rural economy largely depends on rice
cultivation and palm-oil production.
Agricultural developments are driven by
private initiatives and maximize the use
of available land. The agricultural devel-
opments we have seen along the coast
in Selangor seem to belong to small
holders and are developed in low-lying
flood-p one areas at a short distance to
coast, making them vulnerable for
coastal and pluvial flooding
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1.4.3 Population Growth

Population growth increases both the
likelihood and the impact of flooding In
1980, Malaysia’s population was a little
under 14 million people, and it is estim-
ated that in 2022 the total population
was 32.7 million. The population growth
rate is currently estimated at 1.3 %. It
requires conscious planning and consid-
eration to minimize floo risk in an
expanding population.

1.4.4 Socio-economic Development
and Poverty

Generally, it is well-known that flood
have a stronger impact on marginalized
communities, thereby contributing to
the poverty gap. The DRR team did not
focus on marginalized communities

during the mission, so we are not in the
position to report on the relative impact
of flood to different population groups
and communities with special needs. We
do, however, recommend paying urgent
attention to these vulnerabilities.

While the economy rapidly increased
since the Asian financia crisis
(1997-1998), poverty remains high. The
World Bank reports that income growth
for the bottom 40% outpaced the top
60%, although the absolute gap has
increased. Recently, the government has
developed support policies to target the
poor and vulnerable. This may contrib-
ute to poverty reduction

A press release from the Prime Minis-
ter's department of Statistics Malaysia
mentioned that the cost of losses of the
Flood in 2021 reach RM6.1 billion for the

Sources:
https://themalaysianreserve.com/2021/12/21/floods-omicron-risks-dampen-investor-sentiment

https://themalaysianreserve.com/2021/12/27/flood-not-omicron-likely-to-derail-economic-recovery

Wednesday, 12 October 2022

Thursday, 1 September 2022
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whole Malaysian territory. Selangor
State alone had a loss of RM 3.1 billion.
This only concerns the direct damage,
indirect or intangible damage is not
included in this figu e. This shows that
floodin causes significan disruption to
the economic development of Malaysia
and that much can be gained through
investments to significantl reduce floo
risk.

Newspaper articles also mention the
impact of the flood on the economy.
Economic recovery is slower than expec-
ted and investors are more hesitant to
step into the Malaysian economy.

1.4.5 People's Behaviour

There are several factors that were high-
lighted by various stakeholders during
the mission that influenc people's
responses to (the risk of) floods

• (In)experience with Floods:
People often associate floo events
with nuisance flooding based on
previous experience. Nuisance
floodin is limited both in magnitude
(depth and extent) and duration. As
the warning system in Malaysia does
not distinguish between nuisance
floodin (which may cause some
disruptions and minor damage at
most) and hazardous floodin (which
may endanger lives and may cause
significan damage), people are
reluctant to evacuate when a floo
warning is issued. People with no or
very little experience with flooding

such as refugees or migrants, may
also be reluctant to evacuate in time.

• Another concern that was
mentioned during the mission is that
some people (e.g., migrants and
refugees) decide not to evacuate to
shelters during floo events as they
fear the officia documentation
procedures involved in the
evacuation.

• Language and Communication
Lines: Warnings and evacuations
protocols may not always be
understood well by people from
various backgrounds.

• Awareness campaigns and early
warning systems are not yet
universally available. Significan
challenges remain to reach the
vulnerable, e.g., lower educated and
elderly people, children, and people
with physical (e.g., blind or hearing
impaired) or mental (e.g., anxiety
disorders, PTS, psychotic disorders)
health issues. This may be due to
data and information gaps, not
taking all the needs into account,
and/or the absence of a shared
platform to exchange data and
information within the government
and with the public.

• Trust in Protection: During the
mission, we observed that many
people seem to prefer building
houses on the ground and abandon
the old practice of building houses
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on stilts (which are less vulnerable to
flooding) This is a direct result of the
improved safety due to dike building
and water management. However, it
has decreased the adaptation
capacity of people.

While it seems that the factors named in
this section play a role in the Malaysian
floo risk context, it should be noted
that this is not an in-depth analysis and
we recommend further (qualitative and
quantitative) research in order to identify
ways to improve floo risk reduction and
increase resilience in a just and sustain-
able manner that is inclusive of the situ-
ation of all groups of society.

1.5 EXISTING FLOOD RESILIENCE
PROFILE

This section provides a quick scan of the
current floo risk and floo resilience
profil of Peninsular Malaysia.

1.5.1 Prevention

Spatial Development and Planning

The urban areas develop rapidly, and in
the rural areas, new settlements and
new agricultural developments emerge.
These developments seem to be the
result of individual initiatives and are
often in floo prone areas. Along the
Selangor coastline, a strip of new urban
developments has developed since the
1990’s. The Kuala Lumpur Metropolitan
area has also rapidly expanded and
much of the Klang River Valley is now

Kuala Lumpur

<10m + MSL

1990
1995
2000
2005
2010
2015
2020

Urbanisation

Low-lying Areas
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urbanized resulting in a significan
increase in paved area.

The recent urban developments have
concentrated around the larger Kuala
Lumpur metropolitan area (KL, Shah
Alam, Klang) and the cities of Geor-
getown, Ipoh, Kuala Tengganu, Kuantan,
Johor Baru, Melacca and Serembah.
Most of these cities have recently seen a
rapid increase in floodin events. Except
for Ipoh and Serembah, all these cities
are located along the coast and are low
lying and along the rivers.

While climate change certainly has an
impact on rainfall in general as well as on
peak rainfall intensities, the significan
increase in recent floodin events is
likely mostly a result of the additional
run-off. As such, it is an effect of the
increased urbanisation and land cover
changes.

1.5.2 Protection

Coastal Protection

The coastline of Peninsular Malaysia
varies from sandy beaches and bays
flanke by rock outcrops on the east
coast to mud coasts with mangroves on
the west coast. Most coastal protections
are built along the west coast where
earthen bunds and small dikes protect
the low-lying hinterland. The construc-
tion of bunds already started decades
ago. This development made it possible
to drain the coastal forests and peat
lands and develop large agricultural
areas. The bunds provided floo safety
leading to development of the coastal

area (for agricultural purposes and for
urbanisation). Currently, most earthen
bunds and small dikes need major main-
tenance, heightening and improvement
in order to maintain floo safety levels.

Dikes and Diversion Channels/Tunnels

Along the rivers, dikes are being
constructed and/or heightened. Along
the Sg Langat, a plan was drafted to
improve the dikes near the recently
floode residential area, and in Shah
Alam, the major 2021 floo event led to
dike improvement projects where the
crest of the existing dikes was raised
with about 1m.

The construction of the SMART tunnel
has alleviated flood in the city of Kuala
Lumpur, but it may also have increased
peak discharges further downstream
towards Shah Alam. The 2021 floo
event in Shah Alam may have been
exacerbated as a consequence.

Engineering designs for protection
works are often prepared by consultants
with results from specificall developed
hydraulic models. These models are
developed for the sole purpose of
designing the protection works only.
Planned upstream developments that
may affect the water levels at the loca-
tion are likely not included. Therefore,
protection works are not designed to
accommodate future peak discharges
and may be, over the course of their life-
time, under-designed.

In addition, downstream effects of
protection works are likely not evalu-
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ated. This may result in changes in a
change in floo risk downstream.

The Government has developed their
own set of hydraulic models which could
provide these insights. However, at the
moment, these models cannot be used
by the consultants.

Urban Drainage and Detention Ponds

Within the urban areas, urban drainage
systems are available. In some areas,
detention ponds are available near tidal
gates or pumping facilities.

Kuala Lumpur has quite some green
space (i.e., public parks) compared to
other South-East Asian cities. However,
compared to cities that have a high level
of floo resilience the amount of green
space is small. In addition, there is very
little blue space (i.e., open water) to
detain storm water in Kuala Lumpur.
Combined, this results in a significan
run-off from urban areas that has likely
caused a major increase in peak
discharges downstream for similar peak
rainfall. This may partly explain the rapid
rise in floodin events.

Unfortunately, there are no long-term
discharge timeseries available for
various parts of the (urban) drainage and
riverine systems to correlate these. The
Early Warning department from JPS,
however, has run regular model simula-
tions with updated spatial land-use data-
sets from PLAN Malaysia. These may
hold evidence of the increased floo
hazards due to land use and land cover

changes resulting from socio-economic
developments.

1.5.3 Response and Recovery

Early Warning (JPS)

The early warning centre has developed
its own models to forecast floodin for
the main rivers. They regularly obtain
new land use maps from PLAN Malaysia
to update their models. Early warnings
are provided to The National Disaster
Management Agency (NADMA) and the
affected communities (through push
notifications)

Emergency Response (NADMA)

The National Disaster Management
Agency (NADMA) coordinates the emer-
gency efforts during and after a floo
event. They have a wide range of tools
at their disposal which also include cash
handouts. NADMA also has a good
insight in the needs of affected people.
The agency has developed their own
floo hazard maps and gets early floo
information from the floo forecasting
centre.

While NADMA sees the benefi of shift-
ing the focus from reactive to proactive,
the agency indicated that they are
stretched in their capacity to effectively
do so.

JPS hosts an online system, Infobanjir
(https://publicinfobanjir.water.gov.my).
This shows actual water levels for all
gauging stations in Malaysia, including
an indication if a threshold is exceeded.
Early warnings are currently available for
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Kelantan, Terengganu and Pahang river
basin. Infobanjir is also available as an
app. MyCuaca ('MyWeather') is an app
developed by MetMalaysia with updates
on the weather, rainfall radar images and
also warnings on earthquakes, thunder-
stoms and strong winds.

1.5.4 Conclusion

The current resilience profil shows that
the floo risk/resilience management
practice focusses at the moment mostly
on floo protection and early response,
and to a limited extent on early warning.
Protections are mostly strengthened and
improved shortly after a floodin event.

Flood risk information is developed but
is limited in scope and not widely
shared. The information is not yet widely
tailored to specifi socio-economic
(target) groups.

Prevention is in the current practice
under-utilized. Flood hazard maps are
developed, and the spatial planning
process is informed on current floo
hazards. However, this information is
only used to advise local governments,
while not being binding, and floo
hazard information is not publicly avail-
able.

Furthermore, the impacts of spatial and
economic development plans on floo
hazards and risks and the effect on floo
resilience are currently not evaluated
systematically.

To conclude, the current approach with
regards to floo risk management and

floo resilience can be described as
reactive.

1.6 KEY FINDINGS

Throughout the mission, during work-
shops, fiel visits and information meet-
ings we noticed the high level of expert-
ise and commitment of the people who
are working within the Malaysian insti-
tutes. There were open discussions and
information and was actively shared.
Also, the DRR team was impressed with
the professional facilities that were avail-
able in the floo forecasting centre and
the operation centre of NADMA.

Flood risk management practices in
Malaysia can be characterized as
reactive.

Mitigating measures are taken shortly
after a floo event has occurred and
damages have been inflicted
Consequently, floo mitigation meas-
ures taken are often structural and
protective in nature. After the Decem-
ber 2021 floo events, dikes were
strengthened, and additional pumping
capacity was installed. Malaysian author-
ities were able to build floo protection
works in a short time after the event.

The impact of the floodin on the
Malaysian economy is significant

While the exact impact of the December
2021 floo event is hard to pin down, it
is suggested that the floo event had a
similar impact on the economy as the
COVID-19 pandemic has had.
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The DID has an implementing role for
floo protection but an advisory role
in floo prevention.

Especially when related to spatial plan-
ning this may lead to conflictin interest.
DID's guidelines for example indicate
that no developments should take place
within 60 meters of the coastline.
However, the fina decision for this is
with the city council of the state govern-
ments. Also, the space around rivers is
limited, and often owned by private
parties. This has led to situations where
houses or hotels were constructed which
are now regularly under threat of flood
ing. This autonomous increase in floo
risk is to be avoided.

Funding for floo protection is available
in Malaysia. However, it needs to
compete for funding with other projects
and ministries.

Flood protection programmes however
need a long-term horizon as well as
long-term commitment. While the
Malaysian authorities have been able to
invest in floo protection, long-term
commitment is not ensured.

Parallel efforts

Experts within the floo management
division of DID, the floo forecasting
division of DID and NAHRIM are each
developing hydrological and hydraulic
models and create their own floo
hazard maps, either for planning
purposes, or to be used for floo fore-
casting.

Socio economics

The socio-economic context and the
inclusion of vulnerable communities
seem underrepresented in the current
FRM practices.
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2 TOWARDS LONG-TERM FLOOD
RISK MANAGEMENT

2.1 INTRODUCTION

The previous paragraphs addressed the
current state of floo risk management
in Malaysia. An important findin is that
current floo risk management practice
is rather reactive. After an event, meas-
ures are taken. This is similar to what was
the case in the Netherlands until several
years ago. Recently, however, in both
the Netherlands and Malaysia, a shift to
a proactive approach is noticed, in other
words, to rather prevent a disaster than
to react upon it. In the Netherlands, this
included a change in perception on how
to deal with threats related to water:
from living with water, towards protect-
ing ourselves against water, towards

safely living with water. This is now form-
alised in the Delta Law. In Malaysia, the
desire to move towards a proactive
approach was expressed in several
meetings and workshops during the
DRR mission. A proactive approach
needs integrated and inclusive master
planning, based on a vision. This chapter
describes what is needed to get that
process started.

2.2 USING A NATURE-BASED
APPROACH

Nature-Based Solutions are being more
and more recognised as one of the most
important principles to build societies
resilient to natural hazards. By utilising
forces of nature, we can mitigate natural
risks, providing safety to people while
enhancing the environment around
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them. This has been widely recognised
(e.g., UN World Water Development
Report 2018). Green solutions have
been embraced in many countries under
different names: Building with Nature,
Engineering with Nature, Building in
Harmony with Nature, Green
Infrastructure, etc. The importance of
this development has also been
recognised by the International
Financing Institutions. The World Bank
and Asian Development Bank strongly
support this principle of enhancing
resilience of societies.

Typically, Nature-based Solutions are a
possible end product of a Nature-based
Approach. A Nature-based Approach
means taking the larger natural system
as the starting point and focusing on
long-term sustainability. The approach

can be used for any size of project (small
scale developments, landscape scale
visions) and any type of project (river
basin/catchment area management,
coastal zone management, urban devel-
opment etc.). An overview of scales and
types is provided on the next page.
Incorporating natural processes into
masterplanning, design, and construc-
tion leads to resilient and sustainable
solutions that can adapt to changes in
the environment, provide for nature, and
above all take the natural system as a
starting point.

System understanding is key in a Nature-
based Approach and in the successful
implementation of Nature-based Solu-
tions in projects (also see “Design and
Implementation Considerations for
Nature-based Solutions” in the

Source:
https://www.iucn.org/sites/default/files/fig2_with_copyright_0.jpg
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Source: Worldbank 2021

Nature-based Solutions - Overview of Scales and Types
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Appendix). In-depth knowledge about
the physical system (biotic and a-biotic)
as well as the socio-economic system
and governance context are essential to
identifying potential win-win situations.
Once these win-win situations are identi-
fied a multidisciplinary team can work in
close collaboration with stakeholders on
a design which benefit society, biod-
iversity, and economy.

A Nature-based Approach always has a
specifi focus. This is clearly depicted in
the figu e by IUCN. The Nature-based
Approach (or Ecosystem-based
approach in this case) can focus on
restoration, can be issue-specific or it
can focus on infrastructure, manage-
ment, or protection.

Using a Nature-based Approach can
lead to solutions that are grey, hybrid or

green. The hybrid and green solutions
are called Nature-based Solutions. By
using a Nature-based Approach, the
solutions are define that create the
best win-win situation. In specifi cases,
this can be a grey solution, but in most
cases, the solution is a mixture of green
and grey. Typically, when working on a
landscape scale, for instance a catch-
ment area, a solution towards floo resi-
lience can consist of an array of meas-
ures from structural (dikes, sluices etc)
up to green (natural floo defences and
wetlands).

Source:
https://oppla.eu/sites/default/files/styles/flexslider_enhanced/public/images/products/continuum-from-grey-to-green-UK-color.png?itok=DW331Uly
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2.3 PATHWAYS: EXPLORING
POSSIBLE FUTURE SYSTEM
STATES

The objective of the mission was to
support the Malaysian government in
the (further) development of a Flood
Risk Management Strategy and Invest-
ment Programme and to assess how
Nature-based Solutions can be included
in the Flood Risk Management Strategy.
The focus for the FRM strategy is on
sustainable FRM. Sustainable FRM
includes resiliency and needs a clear
vision of a desired future. In the follow-
ing, we will discuss both traditional
strategies and alternative strategies in
order to understand the differences
between them as well as the impact of
choices.

There are usually several pathways that
can be followed to reach a desired state,
in this case, sustainable FRM. Each
pathway has its pros and cons, and each
pathway also has a potential end point.
In this section, we discuss possible path-
ways for both the western coastal zone
of Peninsula Malaysia as well as the river
catchment areas. We discuss a tradi-
tional pathway (i.e., business as usual,
grey infrastructure) and an alternative
pathway (i.e., changes in protection
methods, namely green infrastructure).
It should be noted that these are not the
only pathways. More pathways should
be explored in the light of accelerated
climate change, rapid population and
economic growth, and subsequent
urbanization
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2.3.1 Nature-based Solutions in the
Western Coastal Area

The west-coast of Peninsula Malaysia is
a natural environment of mangroves.
Although the natural mangrove areas
have largely disappeared, it can be
useful to support the redevelopment of
mangrove coasts as their benefit are
eminent (among other things, growth
with sea level rise, carbon sequestration,
nursery ground for fish/shrimp biod-
iversity and floo protection by wave
dissemination). There are several
important aspects to consider in the
case of mangrove restoration:

• Coastal squeeze

• Wave reflectio

• To plant or not to plant

• Education, awareness, and
protection

We elaborate here on the coastal
squeeze and wave reflection Our fiel
observations are included afterwards.
More information on the other two
aspects is provided in the Appendix
(“Nature-based Solutions in the Western
Coastal Zone of Peninsula Malaysia”).

Coastal Squeeze

Coastal squeeze is define as the loss of
natural coastal habitat as a result of a
combination of sea level rise and the
construction of structures. In the Malay-
sian context, this relates to the loss of
natural mangroves as a result of the
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construction of bunds. Typically, coastal
foreshores, such as mangroves, grow
with sea level rise due to sedimentation
but also transgress landward with rising
water levels. In the case of the construc-
tion of a bund, dike or seawall, the land-
ward transgression is made impossible.
This results in a narrow mangrove fringe
that, at some stage, is so narrow that it
can no longer be sustained, and it disap-
pears altogether.

Wave Reflectio

Mangrove shores need a minimum width
in order to be sustainable (enough space
for succession, erosion and sedimenta-
tion) and a minimum width in order to be
able to dissipate enough wave energy.
The minimum width of a mangrove
fringed coast lies at 50 – 250 m depend-

ing on the coastal profil and the wave
characteristics. Often, seawalls or
coastal bunds are built within this
minimum area in order to use as much
land as possible for urban development
or agriculture. Waves are then not able
to dissipate enough energy, and there is
a strong wave reflectio on the coastal
bund. This leads to erosion of the
mangrove area from the landward side.
This, in combination with the erosion on
the seaward side, leads to the collapse
of the natural coastal protection alto-
gether.

During our fiel visits, this phenomenon
was clearly observed. At the locations
with the strongest bunds (which where
extra protected with rock revetments),
the mangroves had almost fully disap-
peared due to strong wave reflection
The locations with earthen bunds alone

wave damping45 %

wave reflection100 %50 - 250 m

Source: Winterwerp et al. 2020
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Field Observations

Sabak Bernam District, 24 August 2022

Here, the revetment caused the breakdown of
mangroves. Extra protection with concrete tubes on
the sea side causes new sedimentation. Mangroves
will hesitate to grow there as there is still strong
reflection of waves on the revetment. Further away,
there are still some mangroves. Breakdown of
mangroves goes less fast there because there is no
stone revetment and only an earthen bund (less
reflection of waves).

This picture shows mangroves that are expected to
disappear in due time. Most of the mangrove belt is
already gone.

This picture shows in the back an area without
revetment in which mangroves are still present.

This picture shows an area with a revetment and the
loss of mangroves.



Towards Long-Term Flood Risk Management 30

still had a few mangroves as the reflec
tion on these bunds is less strong. In due
time, these areas are, however, expec-
ted to lose their mangroves as well. At
all locations, it was clearly visible that the
minimum width of the mangrove belt
was not present as the dikes and bunds
had been built too far towards the sea.

2.3.2 Pathways for the Western
Coastal Area

Traditional Pathway

A typical method for coastal protection
in low lying coastal areas consists of
constructing dikes and raising dikes.
This is often combined with drainage
and pumping of water out of the low
lying former coastal and river floo
plains. This paves the way for agricul-
tural and urban developments. The
drainage of the plains leads to subsid-
ence. Subsidence affects both the agri-
cultural land and developments as well
as the dikes. The dikes may lose stability
on the soft sinking ground and there is a
need to improve the dikes and increase
their height.

Dikes create a feeling of safety. This
attracts people and businesses to this
environment. At the same time, the
presence of people and businesses
demands drainage and, thus, creates
subsidence. The floo risk of people in
the area then increases which again
leads to the necessity of raising dikes.

This pathway is certainly an option, and
it is, in fact, similar to the pathway that
The Netherlands has followed for

centuries. High, well maintained, and
well-built dikes do provide safety,
decrease floo risk, and, at the same
time, they are a driver for economic
development.

Important things to consider are that:

• Sufficien funds are needed for long-
term maintenance of the coastal
floo defence infrastructure.
Economic development can make
this possible. However, long-term
commitment is required, even during
economic recessions.

• Long-term sustainability is
questionable. At some stage, dikes
technically cannot be increased in
height anymore, or it becomes too
costly.

• With sea level rise, drainage through
tidal gates under gravity becomes
difficult At some stage, pumps are
needed to discharge rain and river
water into the sea. Relying on pumps
is costly. Furthermore, sufficien
storage space is required to
temporally store excess river and
rainwater as pumps have limited
capacity.

At a given time, this pathway may end as
a result of one of the considerations
above. Change towards a different
pathway is then needed.
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Alternative pathway

Another route can be to not only
depend on infrastructure but to also
make use of natural processes. For the
coastal zone, this would mean to
combine dikes with natural foreshores,
such as mangroves, and to make use of
river sedimentation processes for long-
term sustainability.

The development or protection of
mangroves creates a natural floo
protection. Often, a combination with
small dikes (far enough inland) is made
to reduce the occurrence of flood as
coastal flood (salt water) are preferably
avoided. However, minor flood do
happen now and then. The mangroves
increase sedimentation rates on the
foreshore. As a result, the shoreface
grows with sea level rise.

Agriculture is preferably transformed
from regular production (e.g., palm oil
and traditional rice production) to flood
based agriculture (e.g., lotus farming,
floatin rice, rice/aquaculture), in this
case, river floo agriculture based on
fresh water. Regular, controlled river
flood help the coastal area inland from
the mangroves and small dikes to grow
in height as a result of river floo sedi-
mentation. This reduces the risk of
coastal floodin (salt water), and it
reduces the risk of long-term river flood
ing.

In this pathway, sustainable floo risk
reduction is achieved through the pres-
ence of mangroves and flood-base
agriculture that have the ability to let the

foreshore and the hinterland grow with
sea level rise. Secondly, sustainable
floo risk reduction is a result of the
increased awareness of people. There is
a strong awareness of living in a flood
prone area. When people know there is
a risk of mild flooding they adapt, for
example, by building houses and infra-
structure on elevated areas and adapt-
ing their economic activities. The altern-
ative pathway may sound unfavourable
as floodin takes place on a regular
basis. However, it is a feasible pathway
as long as the following things are
considered:

• Proper development of the area is
needed, especially with regard to
the planning of investments and
infrastructure.

• Proper planning of flood-base
agriculture is needed.

• Mangrove development and
protection are key in this approach.

Taking these factors into consideration,
this pathway can certainly lead to a pros-
perous area which is capable of growing
with sea level rise for quite some time.
Same as for the traditional pathway, this
pathway does have an end date,
depending strongly on the rate of sea
level rise and the sediment availability in
the rivers (which is needed for increasing
height of land).
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2.3.3 Nature-based Solutions for in
the River Catchment Areas

Generally, measures at a catchment
scale are needed in order to improve
floo resilience in urban areas. Taking
measures in only the urban area often
results in issues at other locations or
does not resolve the problem at all.
Within a catchment, measures at various
scales are possible. We refer to the Cata-
logue of Nature-Based Solutions for
urban resilience (Worldbank, 2021) for
specifi information.

All measures are part of the resist, store,
delay, and discharge strategy. This is a
strategy that can and should be used at
all spatial scales. A combination of
measures with different functions (resist,
store, delay, discharge) fit well within a

catchment scale masterplan for floo
resilience.

During our fiel trips, we visited the
Putrajaya wetland. Urban wetlands are a
well-known Nature-based Solutions. In
the case of Putrajaya, the main function
of the wetland is water filtering
However, this kind of wetland can also
be designed for storage and, as such,
play a role in floo mitigation (see figu e
on the next page). Creating new
wetland is, however, not easy. Important
aspects to consider are the availability of
space, the time needed for a mature
wetland to develop, and the fact that
monitoring and maintenance are key in
keeping the wetland functioning in the
best way.
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Source: https://www.wetlands.org/wp-content/uploads/2019/06/Poster_wetlands_final-global-nw1-480x692.jpg

Urban Wetlands
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2.3.4 Pathways for the River
Catchment Areas

Traditional pathway

This path consists of proceeding with
business as usual, or, in other words,
constructing river dikes and raising the
dikes, combined with drainage canals,
pumping stations, sluices, and gates to
control both fluvia and pluvial flooding
The construction of dikes and the
created artificia drainage system
provide a feeling of safety. This results in
developments in (once) flood-p one,
areas along the river. Although the level
of safety may have increased, the risk
also increases as the economic value
around the river areas rises strongly.
Large investments are needed to main-
tain the dikes and the drainage infra-
structure to such an extent that floodin
almost never occurs.

Special attention needs to be paid to
developments in former wetland areas
(clay and peat areas). These locations
can subside strongly due to dewatering
and the weight of buildings, increasing
the risk of floodin in these areas.

When following the traditional pathway,
the following needs to be considered:

• Dikes need to be designed properly.

• Maintenance of dikes is crucial.

• The whole catchment area needs to
be considered. This means that the
focus needs to be on understanding
the effect of changes in one part of

the system (e.g., dike building, river
narrowing, pump locations,
interaction with pluvial flooding on
the other parts of the system and
respond to that with structural
measures.

Alternative pathway

An alternative pathway can consist of a
series of and combination of grey infra-
structure and Nature-based Solutions. It
follows the adagio of adapt, mitigate
where possible, and protect only where
required.

• Adaptation is about changing the
way people interact with (flood
water, in other words, to live with
water instead of trying to force water
to behave in a certain way.

• Mitigation is about Delay (slow down
the run-off and discharge at the
source), Detain (store excess water
near the source) and Discharge
(allow for sufficien peak discharge
capacity downstream).

• Protection is about building dikes
and floo protection structures and
should be done only in those places
where no adaptation or mitigation is
possible.

In other words, an alternative to the
traditional pathway can be adapting as
much as possible, mitigating by using
the natural system or landscape to
reduce the peak floo discharge and
only provide hard protections where
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absolutely required. Such an approach
requires long-term catchment scale
planning for both spatial developments
and economic development and land-
use.

Adaptation measures include:

• Construction of floo resilient
buildings and infrastructure in
exposed areas, such as:
neighbourhoods on mounds or
houses on stilts, moving most
valuable assets in houses to floor
above the maximum floo level,
elevated artery roads, etc.

• Introduction of floo tolerant crops
in exposed agricultural areas

• Protection of natural retention and
infiltratio areas (i.e., refraining from
developing hill tops and leaving
shrubs, trees, and forests adjacent to
rivers)

Mitigation measures include the follow-
ing steps:

• Delay

Change land use practices in
upstream catchment areas in order
to reduce run-off and increase
infiltratio (e.g., reforestation of
upstream areas, terracing, deploying
gully-plugs in small drains).

• Detain

Create an array of storage areas
throughout the catchment area.
Start with the easiest location (space

available) and the locations with the
largest impact on floo reduction
but also start with planning for future
storage areas. Type of storage areas
can differ. Examples are natural
wetlands, urban wetlands, ponds,
sedimentation basins and water
reservoirs. The action of detaining
water requires a combination of
green and grey measures. Especially
in urban areas, management of floo
water through sluices and pumps is
necessary in combination with the
urban wetlands or other storage
areas.

• Discharge

Make sure that, next to delaying and
detaining water, there is also enough
emergency discharge capacity.
Making space for “green” rivers,
thus creating larger floodplains is
one of the measures to take.
Another measure consists of proper,
well-maintained, and well-designed
water infrastructure in urban areas.

Implementing such a pathway increases
the feeling of safety but, if done prop-
erly, it also connects people with their
natural environment and, thus, also
increases their floo awareness. This
may have a number of beneficia side
effects such as improved (mental) health
and reduced criminality. Developments
may occur in (former) floo prone areas
but preferably these developments are
adapted to potential floodin (e.g.,
houses with several floors houses built
on constructed mounds or stilts).
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The following needs to be considered:

• Long-term integrated and inclusive
planning is needed for spatial
development, economic
development, land-use planning,
etc.

• Implementation of Nature-based
Solutions where possible and with
proper monitoring and maintenance

• Awareness raising and education on
living with water

2.3.5 Considerations

All potential pathways have their merits
and limitations. As the climate changes,
the sea level rises, and the intensity and
duration of storms and rainfall increases,
the hazards of coastal, fluvial and pluvial
floodin increase. It is therefore import-
ant to consider a layered set of measures
- targeting protection, prevention, and
resilience - which all can be improved
when needed in the future. A firs
prevention layer may reduce peak
discharges and maximum water levels
and designate floo zones. A second
protection layer may include mounds,
building codes, and protection for
extreme events. Lastly, a third resilience
layer may include early warning systems,
rapid response teams, and (private/pub-
lic) insurance schemes.
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A useful tool to conceptually analyse and
visualize dynamic systems in a holistic
manner is by means of Causal Loop
Diagrams. They consist of:

• Elements

• The links or causal relationship
between them (indicated by arrows)

• Signs to these relationships which
show how the elements are
interconnected (indicated by + or - )

• If applicable, the sign of a loop
showing what type of behaviour the
system produces (indicated by an R or
a B )

The causal relationships between elements
(represented by arrows) can have either
positive or negative polarity. Positive polar-
ity (exhibited by a + ) indicates that the
causally related elements change in the
same direction, in other words, if the first
element grows, the second does as well;
and if the first element decreases, so does
the second one. For example, the hungrier
I am, the more I may eat, and the less
hungry I am, the less I may eat (see Figure).
Negative polarity (exhibited by a - ) works
in opposite directions, in other words, if the

first element decreases, the second one
increases, and if the first one increases, the
second one decreases. For example, the
more I eat, the less hungry I am, and the
less I eat, the hungrier I am. Loops arise
when an output of the system is directly or
indirectly circled back and used as one or
more inputs. Such loops can be either rein-
forcing or balancing or reinforcing. A
balancing loop (labelled with B ) indicates
that change in one direction is countered
with change in the opposite direction. For
example, when I am hungry, I may decide
to eat, which appeases the hunger. A rein-
forcing loop (labelled with an R ), in
contrast, means that change in one direc-
tion is compounded by more change in the
same direction. For example, more eggs
lead to more chickens which again lay more
eggs. Both exemplary systems may also be
linked: For example, the more I eat eggs
and chickens, the less there are. On the
following page, we use this analysis tool to
present core issues as explained in the text
and how they interact with one another.

Causal Loop Diagrams

Eating

Chicken

Hunger

Eggs

B

R

+

+

+
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2.4 TOWARDS VISIONS AND
MASTERPLANS

2.4.1 Pilot

The path to sustainable floo risk
management starts with a vision and a
masterplan. A vision is merely an elabor-
ated version of the phrase ‘sustainable
floo risk management/resilience’, and
as discussed, there are several pathways
to reach this vision. Depending on the
specifi focus points in the vision (e.g.,
focus on safety, on prosperity, on adapt-
ability, on health) a specifi pathway can
be chosen. In all cases, master planning
is necessary as long-term floo resili-
ence eminently needs a holistic
approach that can only be reached by
master planning.

It is advised to start with a pilot to obtain
the required support, not least from
political and financia stakeholders. The
shift from a reactive practice to a proact-
ive approach requires strong political
commitment and long-term financia
security to implement the various
aspects of the masterplan. To obtain the
political and financia support, the
decision-makers need to be convinced
of the benefit of this change. It takes
time to obtain this support, and a pilot
may help to convince the most import-
ant stakeholders.

A pilot could be initiated in a relatively
small and straightforward catchment.
Especially in catchments where conflict
ing political interests are expected,
obtaining widespread political support

can be difficult These should therefore
be avoided for a pilot. One party should
be assigned to lead the process.

A pilot could follow this stepped
approach:

1. Identify key stakeholders
After a catchment is chosen, a
firs step is to identify the key
stakeholders within the
catchment.

Stakeholders may include relevant
departments from KASA (not least
JPS), PLAN Malaysia, EDU, Ministry
of Forestry, Agriculture as well as
state and local government repres-
entatives. During the process, new
key-stakeholders may be identifie
and could be included.In addition,
it is advised to invite representat-
ives of the Ministry of Home Affairs,
the Ministry of Finance, and the
political leaders to observe the
process. These stakeholders may
not hold a direct stake in floo resi-
lience in the catchments but are
necessary to obtain support for the
shift.

2. Understand the current state of
floo hazards, risks, and
resilience (Where do we stand?
What is the current floo
resilience profile?

Following the identificatio of the
key stakeholders, an overview of
the existing floo hazard, risk, and
resilience profil is needed as a
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starting point. The existing floo
hazards may be quantifie using
existing hydrological/hydraulic
models. This analysis should include
an understanding of the wider
system. What are main causes and
drivers? Has the risk increased in
the last 20 – 30 years and what were
the main drivers for that increase?
To quantify the risks, several data
sets (e.g., indicating the value of
buildings and infrastructure and
describing the type of crops grown)
need to be obtained from various
stakeholders and combined with
damage functions. In addition,
socio-economic data sets (e.g., on
poverty, gender, disability) are
needed to provide insight in the
relative risks for different
communities and vulnerable popu-
lation groups. This data may be
initially found at the bureaus of stat-
istics. More in depth qualitative
assessments are needed to gain
further insight in the resilience of
various exposed communities for
which collaboration, for example,
with the ministry of social affairs
may be required.

3. Understand the historic context
of floo hazards, risks, and
resilience (How did we get here?)

To prepare for future floo risk situ-
ations, understanding the historic
context of floo hazards, risks, and
resilience is crucial. Downstream,
discharges may have increased so

much that they now lead to over-
topping. Often changes in land use
and land cover (LULC) have led to
higher run-off upstream that causes
an increased floo pressure down-
stream. The drivers for these LULC
changes may be found in the socio-
economic landscape; for instance,
the increasing demand for palm oil
may have led to a boom in oil-palm
plantations. Understanding these
causal relations helps in identifying
effective measures that can either
mitigate the hazard itself or address
the underlying drivers.

4. Set a long-term goal, defin a
common vision for the long-term
future (Where do we want to be
in, for example, 100 years from
now?)

Once a clear understanding of the
whole floo context is created, a
common vision for the future can be
developed. Visions are initially often
influence by the political land-
scape, although the public may also
have ideas.

5. Identify existing trends for
aspects that cannot be influence
(e.g., climate change) and
develop scenarios for the future
development of these aspects
(What may the future
environmental conditions be?)

For aspects and trends that cannot
be (effectively) influence by the
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key stakeholders or are dependent
on external pressures, such as
global climate change, population
growth, and economic develop-
ment, scenarios need to be define
that explore the likely range for
these developments including the
likely lower and upper limits. These
scenarios can be used to identify
tipping points and aspects that
influenc or determine decisions.

6. Defin potential pathways
consisting of sets of measures to
reach this vision (How do we get
there?) considering the scenarios
(What are the alternatives to
realise the common vision?)

Given the vision and the future
boundary conditions for the identi-
fie scenarios, alternative pathways
can be drafted to reach the vision.
The pathways consist of sets of indi-
vidual measures that mitigate floo
hazards, risks, and/or resilience.

7. Identify common, and conflictin
measures of the different
pathways and development
constraints to allow future
implementation of alternative
pathways (What are the no-
regret measures and where are
development limitations
required?)

Measures that are the same in all
pathways can be implemented and
will not limit future decisions. Some

measures that may be needed in
the future as part of the chosen
pathways may require space that
needs to be reserved now.

8. Determine which measures need
to be implemented on the short-
term, which should be
postponed, and/or which require
additional knowledge to take
informed decisions (What do we
need to do now?)

9. Draft a masterplan in which
short-term measures
(engineering, non-structural,
governance, etc.) are define
which need to be implemented
and in which critical knowledge
gaps are identifie that need to
be addressed through research.

10. Design a governance plan for
implementation (of a pilot)
including identifying and
assigning roles and
responsibilities of the various
actors involved, decision-making
processes, monitoring and
evaluation, and financia planning
(implementation as well as
operation and maintenance).

11. After securing (political)
commitment, the implementation
phase can commence.

12. Implement short-term measures
and monitor developments
within the area.
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13. Update the masterplan based on
new insights.

After a masterplan has been
agreed, it needs to be reviewed
regularly (e.g., every 5 years) and
when required, updated based on
the latest insights. It is likely that
there will be new knowledge
developed and unforeseen external
changes may affect the floo
hazards, risks, and resilience or the
vision. When developments are well
monitored, it will be relatively easy
to indicate when changes are so
significan that a revision of the
masterplan is required.

2.4.2 Up-scaling

Upon completion of the pilot, Malaysian
stakeholders can decide how to further
upscale this approach. Following the
results, guidelines for master planning
should be prepared, considering the
lessons learned during the pilots. The
guidelines should describe templates for
the different steps to be taken, but some
initial thoughts are described below.

At first for each state the current floo
risk profil should be assessed and prior-
itized. Based on the floo risk profil we
recommend selecting 1 or 2 systems in
each state for master planning.

Ideally, each state develops the master
plan himself, supported by an expert
team from federal level. The expert
team can support with best practices on
modelling activities, data availability,

procurement, reporting and should
ensure consistency.

As this is a new and continuing activity,
we recommend to organize a yearly
event where all organizations involved in
the master planning meet up, discuss
progress, share their planning, present
and discuss finding identify research
needs in order to learn from each other
and encourage progress in the develop-
ment.

An important condition to make this
approach successful is long term
commitment from all authorities
involved:

• Long-term budget (order of millions)
should be available for the pilot and
for the master planning

• Long-term budget (order of billions)
should be available for
implementation of the masterplans
and for monitoring, operation and
maintenance of the implemented
measures and activities

• Long-term research and
development commitment should
be guaranteed to support the
master planning activities with
updated scenario's, boundary
conditions and research where
knowledge gaps are identified
Long-term commitment is key, as
this is not an activity that will be
done once but is a continuous
action.
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3 RECOMMENDATIONS

The DRR Team was impressed by the
enthusiastic participation of the Malay-
sian experts during the file visits and
workshop. The presentations during the
workshops showed a high level of
expertise and a strong commitment to
contribute to the floo risk challenges
Malaysia faces.It was also a pleasure to
see the facilities within the organisations
and the infrastructure available at
NADMA and the PRABN.

Our recommendations are based on the
need to plan for the future. Until now,
the approach in floo risk management
was often reactive and focused on struc-
tural measures. However, after the
unprecedented impact of the floodin in
December 2021, it has become appar-
ent that planning for (future) risk is
needed.

Against this background, our recom-
mendation is to shift to a proactive
approach. This approach includes to
integrated and inclusive master plan-
ning. We recommend setting up this
approach by

• Using System-based thinking

• Using adaptive Pathways &
Scenario’s

• Having long-term commitment

This should lead to informed decision
making and a proactive approach.

This report explains the components of
such an approach and it also provides
some examples. We recommend to the
Malaysian authorities to start this integ-
rated approach with a pilot, for a dedic-
ated area (such as Sebak Bernam) or a
catchment (such as Sungai Langat). The
pilot is a showcase and enables decision
makers to commit to upscaling these
activities on the national level and to
drawing up guidelines for implementa-
tion in Malaysia. Long term commitment
for pilots, masterplanning, implementa-
tion and Research & Development is
needed to ensure a successful transition
to a proactive approach.

In addition to this, we identifie the
following components that strengthen
the capacity of floo risk managers in
Malaysia:

Knowledge: Towards a Shared
Knowledge Platform - Data and
Models

• An important step in strengthening
the capacity can be setting up
central data bases for the agencies.
We noted that similar data is stored
and used within different
departments and agencies. A central
data base can not only be more
efficien (no redundancy in data
storing) but it can also lead to a
situation where the experts use the
same base data.

• In addition to the above, we
recommend sharing modelling
efforts between NAHRIM and the
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JPS departments. We noted that at
three divisions (floo management,
forecasting, and NAHRIM) models
are developed. This is not only more
efficient but it may also lead to
better models as well and the
possibility for regular updating if
these activities are combined.

• Currently, model developments are
done in commercial software. It may
be worthwhile investigating if low-
cost of even license free software
would be beneficia in the long term.

• Flood hazard maps are not easily
available yet. We recommend
making this data available to the
wider public. For instance, in the
online maps of PLAN Malaysia,
through Infobanjir or the MyCuaca
app. This may be sensitive, as it will
impact the value of private property.
Please note, however, that European
legislation, for example, mentions
that Member States have to make
this information publicly available.

Education: Towards a Joint Effort of
Federal and State – Guidelines and
Research

• Guidelines from DID are not always
being adopted on local or state
level. Especially when it comes to
land use and floo zonation local
interest prevails. We recommend
setting up a programme to inform
the relevant stakeholders (city
councils, local developers) about the
guidelines, the reasoning behind it

them, and on the consequences of
(not) following them. This
contributes to making floo risk
management a shared responsibility.

• Besides that, makinge the results of
floo risk management related
research activities available to a
wider public, including local
stakeholders, underlines the
importance of the topic. The
roadshows from NAHRIM are one
way to do this. Another way can be
linking them to social media
accounts or apps such as infobanjir
and MyCuaca.

Awareness: Citizens and Official

• Infobanjir and myCuacua are good
examples of practical tools that are
used to increase awareness among
citizens and authorities. We
recommend adding more easily
accessible inforomation to these
sources. This can be the floo hazard
and risk maps as well as results from
research.

• NAHRIM's Roadshow appeared to
be an effective way to increase
awareness between the authorities
on federal and state level. We
recommend exploring to what
extent this initiative can be scaled up
and include other stakeholders as
well.
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Socio-Economic Aspect

The socio-economic context and the
inclusion of vulnerable communities in
Flood Risk Management of floodin
seems underrepresented in the current
FRM practices. Quantitative research
(e.g., on the level of education and
income in floo prone areas) combined
with qualitative research (e.g., How are
people affected by floods What are
their coping strategies?) help to under-
stand people's behaviours and vulnerab-
ilities. Such insights are crucial in efforts
to make floo risk reduction efforts
more inclusive and, consequently, to
improve floo resilience.

Malaysian experts have the capacity,
knowledge, and drive to shift towards a
proactive approach. A key condition is
long term commitment from all the
authorities and stakeholders involved.
When this proactive approach is imple-
mented, it can be a great showcase for
other countries in the region that face
similar challenges.
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APPENDIX

I DEFINITIONS

System Purpose

“A system is a set of things […]
interconnected in such a way that
they produce their own pattern of behavior
over time” (Meadows 2008). Every system
has a purpose or function which describes
what the system achieves or aims to achieve.

For this analysis, we defin the purpose
of the system as follows: “Reducing
floo risk while promoting sustainable
development to let future generations
meet their floo risk management
needs”.

Flood Risk

Risk is the possibility of something bad
happening. In the context of flooding
risk is define as the combination of a
floo hazard and the associated
consequences, in other words the
impact. The impact is a combination of
exposure and vulnerability.

Hazard

A hazard is a source of potential
damage. In the context of flooding a
hazard is define by the magnitude
(extent and depth) of a potential floo
event and the associated probability
(chance) of that hypothetical event
happening.

Impact

In the context of flooding the impact is
define as the potential damages of a
floo event. The impact is determined
by the exposed elements (exposure) and
the damaging effects (vulnerability) of
the floo event to those elements.

Exposure

Exposure refers to elements (people,
properties, systems, or other elements)
present in a hazard zone that are thereby
subject to potential damages or losses.

Vulnerability

Vulnerability refers to the characteristics
and circumstances of elements that
make them susceptible to the damaging
effects of a hazard.

Flood Risk Hazard Exposure Vulnerability

= X X
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Coastal Flooding

Coastal floodin refers to inundation of
(often low-lying) land by seawater. It
occurs when seawater levels are higher
than (coastal) protections (natural or
manmade) and overtop or break. This
mostly happens during storm surges and
often occur in combination with high
(spring) tide.

Note that river water levels near the
coast are affected by both seawater
levels and river discharges. When water
levels in the estuaries (= salt water) are
overflowin existing protections due to
storm surges, it is considered coastal
flooding

Fluvial Flooding

Fluvial floodin refers to inundation of
land by overflowin rivers. It occurs
when water levels in rivers rise due to
excessive rainfall upstream and when
the river water levels exceed the protec-
tion level of natural/man-made protec-
tions.

River water levels near the coast are
affected by tides (and wind set- up) on

the sea and, hence, river water levels are
often higher during high (spring) tide or
storm events, which can results into
fluvia flooding

Flash flood are a specifi type of fluvia
floodin that refers to a sudden floo
caused by extreme rainfall on hills. Flash
flood are often accompanied by heavy
debris flow (trees, branches, waste,
building materials, etc.) flows

Pluvial Flooding

Pluvial floodin refers to inundation of
land due to the accumulation of excess
rainfall independent of overflowin
rivers or seas. Often pluvial floodin
occurs during or is aggravated by high
water levels in the adjacent river or sea
during high discharges or high (spring)
tide. These flood are still considered
pluvial flooding

Within the urban context, pluvial flood
ing is sometimes referred to as urban
flooding It is a result of a local rainfall
event in which the total rainfall exceeds
the capacity of the urban drainage
system.

Coastal Pluvial

Fluvial

Drainage
River

Sea
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Run-off

When precipitation falls on a surface, it
can a) evaporate, b) seep into the soil
(shallow and deep infiltration) or c) flo
over land to the nearest waterway. The
latter is called run-off and is influence
by land cover. Run-off is lowest in a
natural forest where as little as 10% of
rainfall may flo directly to a stream, and
highest in a fully paved (often highly
urbanised) area where as much as 55%
or more may flo towards a waterway
(often a drain).

Discharge

The discharge is the volume of water
that flow through a waterway (a stream,
river, or drain). The discharge is a result
of the rainwater that runs off from land.
The discharge is affected by the land
cover upstream.

Flood Risk Reduction

Flood risk reduction can be achieved
through a range of potential measures
from “grey” to “green”, and from phys-
ical (e.g., dikes, retention ponds, etc.) to
non-physical (e.g., governance, aware-
ness, insurance, etc.).

Traditional measures focus on protection
by mitigating the hazard, mostly the
extent of inundation, by erecting barri-
ers for floodwater (e.g., dikes). To avoid
the future requirement of heightening
floo barriers, preventive measures that
mitigate (future) exposure (e.g., spatial
planning) are often considered. These
measures often extend the lifetime of

protective measures. To reduce the
potential damages, measures that
reduce the vulnerability can be
considered (e.g., building codes or
awareness campaigns).

To improve floo resilience (see defini
tion below), measures are required that
address the immediate response and
recovery phase. These types of meas-
ures include, for instance, the establish-
ment of rapid disaster response teams,
(social) insurance schemes, and ware-
houses. These measures do not alter the
floo risk itself but they tend to reduce
the time it takes for communities or indi-
viduals to recover from a floo event or
to repair affected assets.

Elements and
Interconnections

Elements are the individual
things in the system. Interconnections
describe how the elements are related with
one another.

In this analysis, we are focusing on the
following elements: physical context,
governance context, and socio-eco-
nomic context (including their respective
subelements). In the following, we
describe what we mean when using
these terms. It should be noted that
depending on the scale, we zoom in and
look at subsystems within these
elements.

Governance

There is no unique definitio of
governance, but most definition recog-
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nise that it is "closely linked to the exer-
cise of power and related decision-mak-
ing processes involving different state
and non-state actors in the provision of
public goods and services. State actors
comprise public administration at
central and local levels, the legislature,
the judiciary, and public security bodies
while non-state actors can include non-
governmental and religious organisa-
tions, traditional structures, community-
based groups and the private sector”
(UNDP, https://www.undp.org/sites/g/
files/zskgke326/files/publications/PDN-
A_Governance_FINAL.pdf). In our
analysis, we focus on public administra-
tion at federal, state, and district level
bodies involved in or influencin
decision-making processes related to
floo risk reduction, including the alloca-
tion of funding for floo risk reduction.

Physical Context

The physical context under considera-
tion consists of the physical elements
that influenc the floo risk related to
coastal, fluvial and pluvial flooding It
includes, among other things, the
geology, soils, hydrology, topography,
climate, and weather. Also, land –use
and (flood- elated) infrastructure are
part of the physical context as they influ
ence the floo risk.

Socio-economic Context

Although this DRR-mission did not focus
on the socio-economic aspects of floo
risk, it is important to recognise that the
system under consideration functions in

a socio-economic environment. The
socio-economic status of affected
communities influence their vulnerabil-
ity and resilience to flood as their
means to react to and recover from a
floodin event varies between
communities and sub-groups within a
community. To understand vulnerability,
information on education, occupation,
and income but also level of organisa-
tion, collaboration, existence of social
safety nets, and trust in public organisa-
tions need to be considered.

Stressor

We use the term stressor to
describe an element that is
outside of, but linked to the system
under consideration. The system itself
does not have control over a stressor
whereas the stressor changes the way
the system works. It puts the system
under stress, potentially compromising
its functioning. Typical examples of
physical stressors are climate change,
sea level rise, and land subsidence.
Socio-economic stressors consist, for
example, of demographic and economic
developments such as urbanization,
increase in poverty, and income inequal-
ity. Sometimes, there are stressors on a
system that can be influence by the
system if changes to system boundaries
are made (i.e., stressor becoming a
system element).
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Resilience

“The ability to bounce or spring
back into shape [...] after being
pressed or stretched” (Meadows 2008)

Resilience refers to the capacity of
affected elements (e.g., communities,
people, houses, infrastructure, nature,
ecosystems) to cope with risks and
shocks. It is the ability of an element or
system to quickly return to the state it
was in prior to the (flood event that
caused damage to the element.

Vision

The desire to change a
system results from a discrep-
ancy between current state of the
system and its ideal functioning – the
vision. The vision that underlies this
report is that the system aims to “reduce
the floo risk while promoting sustain-
able development to let future genera-
tions meet their floo risk management
needs”, and that this will be achieved in
future. Given the uncertainty of the
future, it helps to explore different scen-
arios.

Scenarios

Scenarios describe possible
future developments in
stressors on the system. In floo risk
reduction efforts, changes in climate,
sea level rise, as well as demographic
and socio-economic developments are
key stressors. As future developments in
these stressors are uncertain more than
one scenario should be used. The scen-

arios for individual stressors can be
combined in possible futures for
geographical entities for example a
country. Scenarios can be used explore
the impact on adaptation pathways,
design, and decision making or robust-
ness testing.

Measures

Mitigating measures are indi-
vidual means, actions, or
solutions to address different elements
of risk (protect, prevent, or control
floods and/or floo resilience.

Measures can be of various natures,
from hard engineering solutions (so
called “grey” solutions) to Nature-based
(“green”) Solutions, and from physical
measures (e.g., dikes and forests) to
non-physical measures (e.g., awareness
raising, education, collaboration, know-
ledge development). To reduce floo
hazards and risks and to improve floo
resilience on the long run, a set of meas-
ures and actions throughout a catch-
ment is required. There may be protect-
ive measures needed in the downstream
reach and preventive actions required in
the upstream reach. Some measures and
actions require little planning or
resources, while others need significan
time or resources to implement them.

Masterplan and Pathways

A masterplan is a compre-
hensive plan consisting of
well-informed decisions based on adapt-
ation pathways consisting of measures
that need to be implemented by
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involved stakeholders to realize a
common vision. A masterplan is typically
a result of a process involving a wide
range of stakeholders. It starts with the
definitio of an identifie shared
(current and uncertain future) problem
followed by the definitio of a common
vision for a future state in which the
problem is mitigated. Multiple adapta-
tion pathways (with different sets of
measures) to realize the common vision
can be defined

In a masterplan, informed decisions are
taken on viable adaptation pathways
and on timely implementation of indi-
vidual measures to assure the common
vision is reached. To cope with the
uncertainty of the future state, scenarios
are used to explore timing and condi-
tions to make informed decisions on

adaptation pathways and implementa-
tion of individual measures. New
insights from monitoring of external
stressors and from research, aid the
actual decision-making process and are
the basis for cyclic updates of the
masterplan.

Adaptation pathways describe a
sequence of possible actions and meas-
ures, which can be implemented
progressively, depending on how the
future unfolds based on scenarios,
monitoring and knowledge develop-
ment. It can be used to explore alternat-
ive sequences of actions and measures
to realise a vision.
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II NATURE-BASED SOLUTIONS IN
THE WESTERN COASTAL ZONE
OF PENINSULA MALAYSIA

In this Appendix, we elaborate on
important aspects to consider in the
case of magrove restoration.

Bringing back mangroves

Mangrove coasts can be restored.
However, this takes time and space:

• Retreat and progress: A new earthen
dike can be constructed landward of
the present bunds and dikes. The
space in between is low lying land.
Sea water is allowed to enter this
area and the land is raised as a result
of the sedimentation of mud. Once
the land is high enough, mangroves
are expected to develop by
themselves (or sometimes
supported by planting). The present
small coastal dike or bund is merely
left in place as it protects the
mangroves from wave energy. Once
a mangrove forest has developed,
this earthen dike may be removed,
and the mangrove system is allowed
to progress towards the sea.

• Forward: A new dike/reef or
(brushwood) groyne system can be
constructed offshore. Mangroves
can start to grow behind these
structures. Strongly degraded coasts
with a convex profil may need a lot
of time to develop into mangroves.
An option can be to nourish the area

and kick start mangrove
development.

• To plant or not to plant: Mangrove
restoration often involves planting of
shrubs. However, we also see a low
survival rate in planted mangroves.
Therefore, focus preferably lies on
creating the right hydrodynamic
conditions (low wave energy, right
tidal elevation, convex coastal
profile and let mangroves develop
by themselves.

• Education, awareness, and
protection: Remaining mangrove
areas and future mangrove areas can
only survive with proper monitoring
and maintenance. Important aspects
in this regard are education and
awareness raising, not only for
professionals but also within local
communities.
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III DESIGN AND IMPLEMENTATION
CONSIDERATIONS FOR
NATURE-BASED SOLUTIONS

• Site specificit – By nature, Nature-
based Solutions (NBS) are site
specifi and need to be designed to
fi within the local context. Because
of this, there are almost no detailed
design guidelines. However, there
are general rules of thumb, for
instance, with regard to the
minimum width of a mangrove belt
in order to dissipate waves (min. 50
– 250 m).

• Space – Apart from specifi urban
NBS as green roofs and vertical
green walls, NBS need space. This is
especially true for NBS that use
natural processes in order to grow
and sustain, such as wetlands and
mangroves.

• Time – Natural development and
succession is generally a slow
process. Healthy ecosystems arise if
landscapes have had enough time to
mature and grow into resilient
landscapes. A resilient landscape is a
landscape large enough and with the
right properties to bounce back from
events. Natural succession is an
important factor in this respect. In
landscapes like forests, marshes, and
mangrove coasts, it takes time to
grow such a landscape. In the
meantime, extra protection
measures may be needed.

• Uncertainty – Uncertainty is an
important aspect when working with
and in nature. Uncertainty is also a
factor in engineered solutions,
however, then the amount of
uncertainty can often be calculated.
In NBS, natural elements play an
important role and their uncertainty
is incorporated in the NBS. For
example, uncertainties in weather
and uncertainties in how plants (that
may be part of it) can recuperate
after an event. This does not only
depend on the magnitude of the
event but also, among other things,
on the history of events, occurrence
of droughts and other stresses, time
to recover etc. It does not have to be
a problem that NBS are subject to
uncertainty but it is important to be
conscious and clear about it in the
design and development.
Awareness of uncertainty is an
important factor in dealing with
uncertainty.

• Monitoring and Maintenance – As
in all projects, developments,
constructions, and maintenance are
important factors. In NBS, both
maintenance and monitoring are
crucial elements. Generally, they are
part of the NBS (and not separately
addressed) as flexibilit and
adaptivity play a larger role than in
traditional solutions. In order to be
able to be flexibl and adaptable,
monitoring needs to take place on a
regular basis. Results from
monitoring show whether
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maintenance or changes are
needed. Because monitoring and
maintenance are generally included
in the NBS design, these solutions
often seem more expensive.
However, this strongly depends on
how the costs are calculated (e.g., Is
maintenance also incorporated in
the traditional design?, How
adaptive is the traditional design?,
What are the costs on the long run?).

Further reading on NBS

• A catalogue of Nature-Based
Solutions for urban resilience,
Worldbank 2021,

• www.ecoshape.org

• Technical guidelines on various
subjects, wetland international

(Building with Nature approach,
sustainable aquaculture etc.)

• To plant or not to plant, Wetlands
Intgernational

• Managing mud coasts with
permeable dams: Lessons learned.
Winterwerp et al., 2020.

• Planning nature-based solutions:
principles, steps, and insights. Albert
et al., 2020.

• Associated mangrove aquaculture
farms. Ecoshape

• Mangrove rehabilitation training
manual. Primavera et al.
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IV DRR-TEAM MISSION

Dutch Risk Reduction Team: Reducing
the Risk of Water-related Disasters

Many countries around the world face
severe water threats. Often, these coun-
tries are in urgent need of expert advice
on how to prevent a disaster or how to
recover from a calamity. For instance,
when a country has been struck by
severe flooding and the firs emergency
relief workers have gone, the need for
advice on how to build a sustainable and
safer water future arises. To meet these
needs with a swift response, the Dutch
government has initiated the Dutch Risk
Reduction Team (DRR Team). This team
of experts advises governments on how
to resolve urgent water issues related to
floo risks, water pollution and water
supply, to prevent disasters or to rebuild
after water related disasters. With
climate change and a fast growing world
population, water issues are becoming
more urgent. As a country renowned for
its’ expertise on water and delta
management, the Netherlands feels a
responsibility to share its’ knowledge
worldwide. That is just what the DRR
team does; sharing expertise with
governments to come up with the best
possible approach/solutions for tackling
urgent water issues. Because of the
unique cooperation between govern-
ment and sector, the best experts can be
fielde quickly. The Dutch government
offers a specifi number of advisory
missions each year.

Advice for all water issues

The Netherlands has brought its best
water experts together in the Dutch Risk

Reduction Team. It consists of high level
advisors supported by a broad base of
technical experts who can provide top
quality and tailor made expertise to
governments that are confronted with
severe and urgent water challenges. The
Dutch are experts in adapting to water
in a changing world; from delta manage-
ment to water technology, from urban
planning to governance, public private
partnerships and financia engineering.

How does the DRR team work?

Governments that have to deal with an
urgent water issue are encouraged to
contact the Dutch embassy in their
region. The embassy will liaise quickly
with the Dutch government. Interven-
tions will only take place after a request
from a central government has been
received by the Dutch government, and
after a recent calamity or to prevent a
threatening disaster. The DRR team
does not focus on emergency relief, but
on sustainable solutions. If the decision
to respond to the request is made, relev-
ant Dutch experts will be rapidly fielde
to the area that is under pressure.
Together with the government and local
experts, the situation will be assessed
and analysed after which the team will
come up with a set of recommendations.
For example advice on technical inter-
ventions including immediate measures
and long term sustainable solutions,
advice on governance and advice on
financin options. The DRR team
enables a foreign government to take
action on the basis of sound advice and
expertise.
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V TERMS OF REFERENCE

Dutch Disaster Risk Reduction Team
Malasia, August 2022 v1.3

1. Introduction

Request

The Malaysian government asked the NL
embassy to deploy a DRR-Team scoping
mission following this disaster. The
scoping mission was done through on-
line meetings in March, April and May
2022. As result of the online scoping-
mission, an on-site DRR-Team mission is
recommended.

Background

Heavy unprecedented rainfall was
observed in the middle of December
2021 on the Malaysian peninsula. This
resulted in extensive flooding especially
in the Klang Valley. Record rainfalls in
Klang Valley were monitored on the 17th
and 18th of December (Subang: 295
mm; Parlimen 147 mm and Mardi Klang
recorded 367 mm on the 17th). The
Meteorological department warned the
public from the 12th of December
onwards through their website, social
media and TV. On the 17th MetMalaysia
issued a code red.

2. Overall Mission specification

a. Scope and objectives

The objective of this mission is to collect
data about floodin issues in the
affected areas, and structure this data
into a workable action plan for develop-

ing floo protection strategies for the
affected areas. These strategies can be
used by the Malaysian government to
make informed decisions about sustain-
able investments in floo mitigation
measures. A DRR-Team mission of fiv
experts is proposed to give advice on
different aspects of floo mitigation.
Specifi attention should be given to
governance issues and the way funds
could be effectively used by the govern-
ment. Additionally, the approach to
floo mitigation should be “soft where
possible, hard where necessary”, and
make careful considerations about using
Nature Based Solutions. For these
purposes, the expertise of the Nether-
lands Delta Programme and experience
with Nature Based Solutions in The
Netherlands should be brought into the
Investment Program in two ways:

1. Support in the (further) development
of a floo risk management strategy /
Investment Program

The DRR-Team mission will support the
Malaysian government in the (further)
development of a floo risk manage-
ment strategy for fluvia as well as
coastal flooding The strategy supports
evidence-based decision making in
Flood Risk management and in the plan-
ning of the needed interventions and
(non-structural) measures.

2. Assessment of the potential for
Nature Based Solutions as part of this
floo risk management strategy

Assessment of how Nature Based Solu-
tions for floodin issues can be included
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in the floo protection management
strategy and Investment Program. A
workshop for NAHRIM and KASA to
enhance their capacity with regards to
NBS has to be included in the mission.

b. Activities

The Team will attend meetings and
workshops with the relevant stakehold-
ers in Malaysia to discuss:

• Flooding issues in Malaysia

• Governance related to floo
management

• Ongoing activities on floo hazard
and risk assessment

• Existence of resilience programs and
type of interventions currently
proposed

• The potential for the deployment of
Nature Based Solutions.

In addition to the workshops, the team
will attend fiel visits with the support of
the Malaysian counterpart and The
Netherlands Embassy in Kuala Lumpur
to areas that suffer from pluvial, fluvia
and coastal flooding

Where possible, visits to other organiza-
tions, such as NGO’s, World Bank, EU
Delegation will be organized.

c. Deliverables

A clear, concise, visually attractive and
well-written report detailing the follow-
ing content:

• A comprehensive overview of
observed issues related to the floo
problems in Malaysia;

• A broad overview of the governance
of floo management in Malaysia;

• A geographic and technical (coastal,
fluvial etc.) structuring of observed
floo problems, outlining potential
areas of intervention, including
pictures from the fiel visits;

• A preliminary assessment of the
potential for Nature Based Solutions
for the observed floo problems;

• A preliminary overview of other
types of (soft and hard) solutions that
may be considered;

• The necessary steps to develop a full
floo risk management strategy (or
multiple strategies) to mitigate
floodin issues in the affected areas,
including recommendations for
developing an effective investment
program.

• Final versions of these deliverables
will be shared in digital format to
RVO and the Netherlands Embassy
in Kuala Lumpur. Data (such as
reports, pictures, minutes, numerical
data etc.) collected for this mission
should be stored such that they can
be easily retrieved at a later
moment.
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External communication about the
project

• A project summary (of this
assignment), including references to
key deliverables (if applicable), an
overview of project partners and
impact on the SDGs to RVO.nl and
EKN at the end of this assignment.
The project summary (max. ½ page,
in English) will be used for the IATI-
initiative on http://aiddata.rvo.nl.
Deliverables that are part of the
assignment, such as reports and
other media, are (in principle, unless
agreed otherwise) public
information and will be made
available through the IATI-website
and/or the Partners for Water
website.

• A set of licence-free high-resolution
images (photos and/or other visuals)
related to the project, which are
available for use in any project-
and/or programme-related
outreach, online and offline

• At least two social media messages
related to key activities or
communication messages/
outcomes, including media materials
such as photos or videos.

• Short one-pager (suitable for
external, standalone, non-
professional communication) or
interview, which can be used for
DRR-Team related outreach through
www.drrteam.nl and embassy

communication. This output
preferably includes quotes from local
counterparts and the consortium
member(s) about the process and
local impact.

• Note: any project or project scope
related communication initiated by
the contractor or subcontractors
needs to include a reference to the
support by the Government of the
Netherlands through the Partners for
Water programme.
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VI OPPORTUNITIES DOCUMENT

During the mission no specifi opportun-
ities were identified However, the
following is worth mentioning:

Malaysian Government

The Malaysian government invests an
additional 15 billion Ringgit in Flood
protection. Selection of projects is still
ongoing, so the scale, location and type
of activities is not sure yet. However,
from what we observed during the fiel
visits, it is likely that these projects will
focus on restoration of damaged infra-
structure such as strengthening and
heightening of dikes.

World Bank

The World Banks involvement in Malay-
sia is relatively small. The Malaysian
authorities use World Banks ‘Reimburs-
able Advisory Services’ (RAS). This
allows Malaysia to receive dedicated
expertise in a sector upon request of the
Malaysian authorities. Interaction is
mostly between the ministry of Finance
and the World Bank. The WB would like
to support Malaysia with their Climate
Agenda, and is looking forward to our
report as well.

United Nations

The United Nations presence in Malaysia
is considerable with especially with
centers that support global UN divisions
with administration, HRM and finance
UN’s involvement related to floodin in
Malaysia is mainly through Disaster

management and cooperation with
NADMA. An example is a joint project
on ‘child centered disaster risk reduc-
tion’ with UNICEF and NADMA.

European Commission

The EU’s involvement in the regions is to
support and link activities with a focus
on carbon emission, National Carbon
strategy, ecosystems development.
They would welcome an initiative
related to Flood Risk Management and
would be willing to support these activ-
ities.
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VII PROGRAMME

Monday, 22 August 2022

Introduction meeting at RNE

Introduction Meeting with KASA
and Malaysian government stake-
holders

Tuesday, 23 August 2022

Workshop on Governance in Flood
Risk Management

Field visit to Sungai Langat

Wednesday, 24 August 2022

Whole day site visit to Sebak
Bernam, focus on coastal processes

Thursday, 25 August 2022

Workshop on Flood Risk and Resili-
ence

Visit to NADMA operation Centre

Friday 26th of August

Visit to PRABN – Flood forecasting
center of JPS

Field visit to the Putrajaya wetlands

Monday 29 August 2022

Workshop on Coastal Flooding and
Coastal Erosion

Meeting with EC delegation in
Malaysia

Tuesday, 30 August 2022

Site visit to Taman Sri Muda

Thursday, 1 September 2022

Meeting with UN Delegation

Informal meeting with Mercy Malay-
sia

Friday, 2 September 2022

Final meeting to present prelimin-
ary results at KASA

Thursday, 29 September 2022

Online meeting with the World
Bank
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VIII DRR TEAM

Team Leader
Marco Harman

• M.Sc. Civil Engineering, Delft
University of Technology (1996)

• Experienced in implementation and
management of Flood Risk
Management studies, in the
Netherlands as well as abroad

• Worked on Flood Risk Management
Studies in Malaysia, Indonesia,
Cambodia, Romania, Ukraine,
Bulgaria, Albania, Myanmar, Ghana,
Togo, Malawi, Poland, Vietnam

• Since 1998 working with HKV

• Some project examples:

◦ Development of floo damage
assessment methodology for
Romania

◦ DRR mission to Myanmar,
analyse causes of recurring
floodin in several states

◦ DRR mission to Penang, Malaysia

◦ Horizon2020 project to support
innovations for climate
adaptation

• Head of Water and Climate division
and international business developer
for HKV

Strategic Advisor on Climate
Adaptation
Neeltje Kielen

• M.Sc. in Irrigation and soil and water
conservation, Wageningen
University (1995)

• 25 years work experience in
(inter)national organisations - IWMI,
UN-FAO, British Environment
Agency and the Dutch government -
both in an advisory as well as in
project/programme management
roles.
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• Since 2007 working for the Dutch
Ministry of Infrastructure and Water,
Rijkswaterstaat – the executive
agency of the ministry – as senior
advisor on water management.

• Since March 2022 working as
strategic advisor on institutionalizing
climate adaptation within
Rijkswaterstaat.

• Example projects/programmes:

◦ Delta programme of Fresh Water
Management in the Netherlands

◦ Research programme on long-
term Sea Level Rise and its
influenc on short-term decision
making

◦ Soil and water systems as a basis
for spatial planning throughout
the Netherlands

• Key areas of expertise:

◦ Strategic planning and adaptive
management of climate adaption
programmes

◦ Organizational and intuitional
aspects of programme
management

◦ Stakeholder participation

◦ Decision-making in deep
uncertainty

Senior Nature-based Solutions Expert
Petra Dankers

• PhD in cohesive sediments, flui
mechanics, TU Delft (2006)

• 20 years experience in coastal and
river morphology projects related to
climate adaptation and floo risk
reduction, worldwide

• Since 2006 working for Royal
HaskoningDHV on coastal
morphology. Since 2022 appointed
as leading professional Nature-
based solutions at RHDHV.

• Since 2008 working on behalf of
Ecoshape, the foundation for
Building with Nature

• Some project examples:

◦ Expert on NBS for Adaptation
pathways Singapore coast

◦ Expert on Nature Based
Solutions for river and coastal
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erosion as part of the Mekong
Delta Plan Vietnam (RVO);

◦ Expert on Nature Based
Solutions to reduce floo risk
and strengthen resilience in the
city of Kigali Rwanda;

◦ Expert on Nature Based
Solutions and long term
adaptation strategies (sea level
rise) for various projects and
areas in the Netherlands, e.g. the
Wadden Sea (UNESCO World
Heritage area), the Ems estuary
and the Scheldt estuary;

• Reviewer of “Implementing Nature
Based Flood Protection”, The World
Bank (2017) and “Creating,
implementing and upscaling Nature-
based solutions” (Ecoshape, 2020);

• Committee member of various
research initiatives: a.o. Mangrove
Rescue, Soft foreshores, Living dikes.

Senior Flood Risk Expert
Bastien van Veen

• M.Sc. Civil Engineering &
Management, Twente University
(2001)

• Experienced in implementation and
management of Flood Risk and
Flood Resilience studies, in

• 20 years work experience on Flood
Risk/Flood Resilience in Indonesia,
Timor Leste, Thailand, Malaysia,
Bolivia, The Netherlands

• Since 2007 residing and working in
the South-East Asia/Pacifi region

• Since 2017 with Deltares as Senior
Flood Risk & Resilience Researcher
and Advisor

• Some examples of recent projects/
programmes:

◦ Urban Flood Resilience projects
for the World Bank (Indonesia
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and Timor Leste, 2018-2023) and
RVO (Indonesia 2020-2021)

◦ Resilient Indonesian Slums
Envisioned, a joint research
project on urban floo resilience
between leading Indonesian and
Dutch universities and research
institutes (Indonesia, 2021-2024)

◦ World Bank funded studies to
establish (national) baselines for
plastic waste discharges into the
marine environment from land-
based sources (Indonesia and
Thailand, 2019-2021)

Visual Design Expert
Michelle Rudolph

• Environmental engineer, social
scientist, and visual designer
specialized in the fiel of water
management and governance, floo
risk, sustainable development, social
justice, and communication

• M.Sc. Environmental Engineering
(Water Resources Management),
RWTH Aachen University (2018)

• M.A. Development Studies,
International Institute of Social
Studies (ISS), Erasmus University
(2019)

• Since 2020 working with HKV (Dep.
Rivers, Coasts, and Deltas)

• Project examples:

◦ Tailor-Made-Training on
Engineering and Flood Risk
through a Gender Lens in
Bangladesh (NUFFIC)

◦ Preparation of Flood Hazard and
Flood Risk Maps (FHRM) for
Romania (The World Bank
Group)

◦ Living with Floods Challenge -
“Our Flood Mural” to improve
location-specifi floo awareness
in Mozambique through a
combination of traditional and
modern communication
techniques (Dutch Coalition for
Humanitarian Innovation and
Netherlands Red Cross)

• Expertise in (graphic and motion)
visual design, effective and
responsible communication, and
participatory methods
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