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Abstract. Flooding is a recurring challenge across Malaysia, causing loss of life, extensive disruption and having a 
major impact on the economy. A new collaboration between Malaysia and UK, supported by the Newton-Ungku Omar 
Fund, aims to address a critical and neglected aspect of large-scale flood risk assessment: the representation of damage 
models, including exposure, vulnerability and inundation. In this paper we review flood risk and impact across Malaysia 
and present an approach to integrate multiple sources of information on the drivers of flood risk (hazard, exposure and 
vulnerability) at a range of scales (from household to national), with reference to past flood events. Recent infrastructure 
projects in Malaysia, such as Kuala Lumpur’s SMART Tunnel, aim to mitigate the effects of flooding both in the 
present and,  ideally, for the foreseeable future. Our collaborative project aims to develop and assess a new multi-scale 
model of flood risk in Malaysia for current and projected future scenarios, and to address climate adaptation questions 
of policy relevance for flood stakeholders. This approach will enable us to identify the preferred adaptation pathways 
given multiple scenarios of climate and socio-economic change in Malaysia, and, beyond the life of our project, 
internationally.

1 Introduction  
Catastrophic flooding poses an ongoing and increasing 

risk to communities worldwide (Munich Re., 2017). 
Flooding presents a recurring challenge across Malaysia, 
with major historical events including the widespread 
floods in Kuala Lumpur in 1971 which claimed 61 lives, 
and floods in Johor in 2006 causing $1 billion in damage 
(Shaari et al., 2016). The severity of the flood risk in 
Malaysia was demonstrated most recently in 2014 when 
21 people lost their lives in an event that caused extensive 
displacement and disruption. The economic damage was 
estimated in excess of $500m (Reuters, 2015), with 
significant disruption for the production of rubber and 
palm oil (USDA, 2015). Addressing flood risk in Malaysia 
has become a national priority and a recognised 
prerequisite for sustainable development in this region. 

Motivation is high, as organisational and personal 
memories of the 2014 floods are still evident (Ghazali, 
2019).  

Flood risk is typically defined and analysed in terms of 
three main factors: hazard, exposure and vulnerability 
(Crichton, 1999). The hazard is the probability and extent 
of a damaging event (in this case a flood). Exposure to a 
given flood consists of what can be damaged by it, for 
example, buildings, people, critical infrastructure and land. 
Finally, vulnerability refers to the susceptibility of the 
buildings, people, or land to flooding. Quantification of 
vulnerability can include the capacity of a population to 
cope with a flood (including preparedness and post-event 
recovery). The UN office for Disaster Risk Reduction 
report of Flood Hazard and Risk assessment (UNISDR, 
2017) noted that ‘Vulnerability represents a crucial step in 
properly evaluating flood impact and all quantitative 
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indicators that are the final product of probabilistic risk 
assessment. So far, in flood risk assessment, this is 
probably the weakest link.’ 

Historically, flood risk management has often 
developed through an iterative process in which flood 
events act as the catalyst for change (Sayers et al., 2015).  
This process has delivered important incremental changes, 
but is unlikely to enable the transformational change 
required to manage future risks in an effective and efficient 
way. Nonetheless flood events, such as those recently 
experienced in both Malaysia and in the UK, provide a 
window of opportunity to make more strategic decisions 
regarding investment in flood management infrastructure 
and land use planning choices. An international 
consortium led by Malaysian and UK researchers funded 
by the Newton-Ungku Omar Fund is currently developing 
a new multi-scale approach (‘Flood Impact Across Scales’, 
or ‘FIAS’) to flood risk for both present day and projected 
future scenarios, and to address climate adaptation 
questions of policy relevance for flood stakeholders. The 
development of an improved, ‘next-generation’ approach 
to flood impact assessment is timely for the contribution 
that can be made to developing revised flood risk strategies 
in Malaysia and internationally.  

Here we review present-day flood risk and impact 
across Malaysia and outline an approach to integrate 
multiple sources of information on the drivers of flood risk 
(hazard, exposure and vulnerability) at a range of scales 
from household to national, with reference to past flood 
events.  

2 Flood risk in Malaysia  

2.1 Flood hazard  

Flooding, in particular monsoon flooding, is an ever-
present threat in Malaysia. Located within the equatorial 
zone, Malaysia’s weather is influenced by the alternating 
north-east and south-west monsoons. The north-east 
monsoon occurs from mid-November to March and causes 
heavy rain particularly on the east coast of Peninsular 
Malaysia. The west coast is protected from the south-west 
monsoon by Sumatra Island, and the highest intensity 
rainfall experienced by the west coast occurs during the 
inter-monsoon periods. Figure 1 shows the dominant 
weather patterns affecting Malaysia, including the 
monsoon seasons.  

During the inter-monsoon period severe flash flooding 
can occur, with devastating impacts in densely populated 
areas such as the Klang Valley, in the south-west of 
Peninsular Malaysia (highlighted in Figure 4). 

Malaysia has been subject to numerous major flood 
events over the last 100 years. The most recent flood of 
2014 devastated northern and eastern regions of Peninsular 
Malaysia and was thought to have a 1000-year return 
period (Mohamed et al., 2017). The flooding was caused 
by record breaking rainfall of 1295 mm in the northern 
state of Kelantan, exceeding the mean annual rainfall of 
900 mm, and which led to Kelantan river levels exceeding 
the danger level by 5 to 7 m (Baharuddin et al., 2015).  
 

 
Figure 1. Malaysia Weather Pattern (National Flood 

Forecasting and Warning Centre, 2019). 

Table 1 summarises the most significant flood events 
together with the estimated cost in Malaysian ringgits 
(MYR) or US dollars ($).  

 
Date 
Year  

Cost 
(millions) Victims Deaths Reference 

1926 - - 45 Noor 
Syamini et 
al., 2014 

1967 >60 MYR >250,000 - 
1971 >84.7 MYR 180,000 24 
1996 $300 39,687* 241 Chan, 2015 2000 - 100,000 15 

2001 $0.65 >10,000 14* Arturo et al., 
2017 

2003 - 31,046 5 DID, 2009 

2005 240 MYR 99,405 14 Shah et al., 
2017 

2007 $605 137,533 17 CFE-DM, 
2019 

2007 316 MYR 36,143 22 DID, 2009 
2008 $21 34,000* 28 Chan, 2015 

2010 $8 50,000 4 Arturo et al., 
2017 

2013 - 34,000* 3 Buslima et 
al., 2018 

2014  2900 MYR >500,000 25 Ghazali, 
2019 

* Water Related Disaster Resilience Approach: DID Way 
Forward’ presentation by the Dato’ Ir. Sabri bin Abdul Mulok; 
Deputy of Director General (Specialist Sector), DID. 

Table 1. Major Flood Events in Malaysia. 

Over a 20-year period from 1982 to 2003, the area of 
land in Malaysia considered flood-prone increased from 
29,021 km2 to 29,799 km2 (JICA, 1982; KTA, 2003) as 
shown in the national ‘Flood Prone Area’ map: 
(https://www.water.gov.my/index.php/pages/view/419?m
id=244). This is a trend that has continued, and by 2010 an 
estimated 33,298 km2 was considered to be flood-prone, 
representing 10.1% of the land area of Malaysia.  

2.2 Flood exposure  

Since the early settlement period, economic activities 
in Malaysia have been concentrated in the low-lying areas 
(Weng, 1996). Originally, these areas were valuable for 
agriculture and mining, and the river was used as 
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transportation for people to commute. Over time, people 
migrated to the low-lying area and it rapidly became a 
centre for economic activity. Kuala Lumpur, for example, 
used to be a tin-mining area and is now one of the largest 
cities in Malaysia. Weng (1996) noted that in Malaysia the 
majority of migrants from rural to urban areas ‘end up in 
low priority areas such as ex-mining land, hill slopes, and 
on squatter settlements below’. Thus migration to urban 
areas in Malaysia has tended to congregate in floodplains 
and other low-lying areas, making the population 
vulnerable to flooding, but also, by building in floodplains, 
potentially exacerbating the flood risk to others. 

Amongst Association of Southeast Asian Nations 
(ASEAN) member states, Malaysia is considered to have 
the highest percentage of the population that is exposed to 
flooding (CFE-DM, 2019). The most recent study on flood 
exposure in Malaysia at the national scale was carried out 
by the Department of Irrigation and Drainage (DID, 
2012b). The land-use categories in Malaysia most affected 
by floods are agriculture (41% of flood-prone areas), forest 
(35%) and open space (11%). The flood-affected land used 
for residential, and commercial/industry was 739 km2 and 
130 km2 respectively. In flood-prone agricultural areas, 
crops most affected were Oil Palm (5,718 km2) and Rubber 
(2,903 km2).  The DID (2012) report also estimated that 
the total number of people in Malaysia affected by floods 
increased from 4.8 to 5.7 million people between 2003 and 
2012. Floods were considered to have a greater impact on 
urban populations (3.8 million) than on those in more rural 
areas (1.9 million). However, the impact on rural 
populations has increased in recent years, rising from 1.4 
million people at risk in 2002 to 1.9 million in 2012.  

2.3 Flood vulnerability  

The majority of people who live in rural areas are 
economically lower and middle income families, and these 
groups often face the most severe effects of flooding 
(Hallegatte et al., 2015). A flood vulnerability assessment 
for Kuala Lumpur conducted by the Malaysian 
Department of Irrigation and Drainage (DID, 2003) found 
that social and physical vulnerability was higher than 
environmental and economic vulnerability (Nasiri et al., 
2019). The survey also highlighted the high population 
density in Kuala Lumpur, with nearly 1.6 million residents 
in an area of 243 km2, a population density of ~6500/km2. 
In the report (DID, 2003) several vulnerability indicators 
were considered to determine social, physical, economic 
and environmental vulnerability, but some of the 
indicators were found to be very context-specific, leading 
to problems with applying them to different regions. For 
example, the district flood vulnerability index (DFVI) 
could not easily be applied to other areas because locally-
significant variables such as rainfall amount and number 
of local rivers are not necessarily applicable to different 
geographic or climatic regions. However, using the 
normalised district flood vulnerability index, which ranges 
from 0 (low) to 1 (high), most of Kuala Lumpur scored 
above 0.5 (Nasiri et al., 2019).  
  

The DID (2012b) study also indicated that the flood-
vulnerable area of Malaysia contains approximately 5.7 
million people, or 21% of the population. The 
consequences of severe flooding can include long term 
impacts on health and education because of the economic 
cost of recovery from flooding (Azreen and Noy, 2011).  

2.4 The economic cost of floods in Malaysia 

Malaysia began to quantify economic losses from 
floods in the early 1980s. Three major reports contributed 
to the development of Malaysia’s approach to estimating 
economic flood damages. The first, the ‘National Water 
Resources Study’, was completed in 1982 and provided 
the first systematic estimates of flood damage across 
Malaysia and laid the foundations for subsequent 
improvements to national flood damage assessments. The 
second, the ‘Condition of Flooding in Malaysia’ project 
(DID, 2003), developed an improved set of maps of flood 
inundation and land use for use in the estimation of losses, 
together with updated unit values and damage factors for 
various land use types. The third project, which was 
completed in 2012, revised the estimated cost of flood 
damages in Malaysia, taking account of recent changes in 
land use and more recent flood evidence (DID, 2012b). 
Flood risk maps and associated damage functions are now 
an established deliverable for major flood mitigation 
projects. Economic losses are routinely estimated and 
integrated with available data on probable extreme flows. 

Between 2000 and 2010, economic losses from 
flooding for Malaysia, including Sabah and Sarawak, were 
estimated at MYR 1.15 billion or approximately $0.28 
billion (DID, 2012b). The expected annual damage (EAD) 
across the three Malaysian states most vulnerable to 
flooding (Kelantan, Johor and Kedah) was estimated to be 
MYR 8.3 million in total (~$2 million). Following the 
2014 floods, The Star newspaper 
(https://www.thestar.com.my/) reported that the total 
damage to the agriculture sector was approximately MYR 
299 million (~$74 million), with MYR 194 million of 
damage to agricultural produce, MYR 99.5 million  of 
infrastructure damage, and MYR 5.5 million losses to 
agricultural assets. However, immediately following the 
2014 flooding, the rebuilding of the agriculture sector was 
considered to have had a positive impact on economic 
growth (Shaari et al., 2017). 

3 Flood management in Malaysia 

3.1 Governance and responsibility 

The devastating floods of 1971 (Table 1) resulted in 
flood warning and management becoming a national 
priority in Malaysia. The Ministry responsible for flood 
management in Malaysia identified several effective ways 
to combat flood hazard and consequences in Malaysia 
(Hussaini, 2007): (a) Flood prevention by avoiding new 
development in flood-prone areas, (b) Flood protection by 
implementing structural and non-structural approaches, (c) 
Flood preparedness through information dissemination to 
public, and (d) Flood recovery. Flood warning systems 
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operating on major rivers were reviewed and national 
responsibility for ‘flood management’ was given to the 
Department of Irrigation and Drainage (DID). This led to 
the establishment of the Hydrological Division of DID 
which now acts as the national custodian for hydrological 
data (DID, 2009). Structural and engineering flood 
interventions were implemented in urban and rural areas, 
expanding the remit of DID from rural to both rural and 
urban areas (Ghazali, 2019).  

Whilst DID plays a major role in managing floods 
through flood protection projects, other supporting 
agencies were set up to improve flood mitigation. In 1993, 
the National Hydraulic Research Institute of Malaysia 
(NAHRIM) was established. One of the aims of the new 
organisation was to conduct applied research within the 
water sector, including research into river basin processes, 
water resources, floods and climate change. More recently, 
in 2015 the Natural Disaster Relief Committee (NADMA) 
was formed to co-ordinate the management of national 
disasters (Noor Syamimi et al., 2014). Its role extends to 
improving flood preparedness and recovery by 
coordinating agencies in Malaysia whose remit impacts on 
flooding, for example land developers and property 
lawyers.  

Following the 1971 floods, billions of ringgits were 
allocated by the Malaysian government to support flood 
mitigation projects, and this economic support has 
increased exponentially (ADRC, 2005). In the recent 2020 
budget, MYR 443.9 million were allocated to flood 
mitigation projects with the aim of providing integrated 
planning and development of sustainable flood risk 
management. The economic support also aims to enhance 
flood risk management through the implementation of 
hazard and risk assessments to facilitate decision-making 
(MEPU, 2015). 

3.2 Flood warning, monitoring and mitigation  

A national guidelines policy for flood mitigation 
measures in Malaysia was introduced in 2000 and made 
mandatory. The policies relating to flood mitigation and 
warning emphasise the need for both structural 
(engineering) and non-structural flood prevention 
measures, alongside continued improvement of flood 
forecasting and warning systems (ADRC, 2005).  

Structural flood mitigation measures require good 
quality estimates of storm return periods for guidance on 
the level of protection they should provide. These are 
provided in the DID Urban Stormwater Planning Manual 
(DID, 2012a), which provides mandatory national 
guidelines for project design and planning. Structural flood 
mitigation measures are required take account of socio-
economic and environmental impacts, and ideally include 
complementary nonstructural measures where applicable.  

Examples of structural flood mitigation measures 
operational in Malaysia are provided in Table 2a, based on 
information provided by Zarina (2014). One example of 
effective flood mitigation in Malaysia in an area of rapid 
urban growth is the construction of the SMART Tunnel 
(Stormwater Management And Road Tunnel) in the Klang 
River Basin (Figure 2). Since its completion in late 2006, 

the SMART tunnel has reduced flood events in the Klang 
Valley with great success (Abdullah, 2004). 

Where engineering solutions are not appropriate or 
available, alternative non-engineering measures are 
explored (Table 2b). In recent years there has been a 
greater emphasis on the use of Natural Flood Management 
schemes to provide an effective and sustainable approach 
to manage floods (Ghazali, 2019).  

 
 

(a) Structural Measures Example 
Upgrading the river and 
drainage system 

Perai River and Muda 
River 

Construction of dams and 
reservoirs 

Klang Gates Dam 
Batu Dam 

Bypass SMART Tunnel 
River diversions Keroh River, Gombak 

River (Klang River 
tributaries); Kedah 
River 

Embankment of river and the 
beach 

Embankment at 
Taman Sri Muda, 
Shah Alam 

Pump house Kg, Baru 
 

(b) Non-structural 
Measures 

Example 

Floodplain management  
Flood forecasting and 
warning 

 

Flood mapping Flood inundation map 
Flood hazard map 
Flood risk map 

Land use planning  
Education and awareness   
Development control, MSMA  
Table 2. DID Flood Resilience Approaches for (a) structural, 

and (b) non-structural flood measures (based on Zarina, 2014). 

Other non-structural approaches to flood adaptation 
such as relocation, public awareness campaigns and 
education are promoted and encouraged. For example, 
public awareness campaigns organised by DID include 
‘Love our River’, ‘One State One River’ and ‘River for 
Life’. 

Regular monitoring of rainfall and river flows in 
Malaysia began in 1878 and 1910 respectively, and grew 
rapidly in response to the establishment of DID in 1932 to 
support water resources and agricultural management. 
Currently, daily flow observations are available for 154 
gauging stations, and rainfall is monitored through a 
network of 1016 gauges. This is supplemented by a 
network of 42 principal weather stations and 380 auxiliary 
stations in addition to radar and satellite observations 
under the responsibility of the Department of Meteorology 
Malaysia (DMM). 
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Figure 2. The Entrance of SMART Tunnel (The Star, 2019). 

Continuous monitoring of water levels at stations 
across the country is essential for real-time management of 
flood risk and for longer term studies of trends and 
environmental change. Monitoring of flood extent and 
depth is undertaken by DID, and provides a valuable initial 
condition for pathway assessment of areal flood hazard 
(e.g. Abdullah et al., 2012), as well as real-time flood 
warning, such as the National Flood Forecasting and 
Warning System (NaFFWS) implemented in several major 
river basins as a collaborative initiative between DMM and 
DID (DMM, 2017).   

4 Towards a multi-scale approach to 
flood risk  

4.1 Background: flood modelling in Malaysia 

Flood hazard assessments can be undertaken at a range 
of scales – global, continental, national, regional, 
catchment, and local scale of interest. The determination 
of the appropriate scale to use can be based on the size of 
the area, the required level of detailing, and the use and 
purpose of the modelling. The criteria for selection of the 
correct scale are subjective (de Moel et al., 2015). For 
example, local-scale modelling of inundation typically 
requires the use of a hydraulic model, but a stage-discharge 
function may suffice for a regional scale inundation model 
given the number of locations and catchments that will be 
covered, unless a sufficiently high performing computer is 
available. Large rivers and catchments that transverse 
national boundaries, e.g. River Niger in West Africa, more 
typically require the use of a regional-scale model, 
encompassing sub-catchment variability, to take account 
of international cooperation from member countries and 
different water management regimes in neighbouring 
countries. Several such rivers also abound in Europe.  

In Peninsular Malaysia, there are no trans-national 
rivers except the Golok River, which serves as the border 
between Kelantan state and Thailand, and the largest 
catchment is the Pahang, which has an area of 
approximately 25,600 km2. With exception of a national 
scale study by the NAHRIM in 2010 (updated in 2014), 
most observation-based modelling of river flow variability 
and fluvial flooding is undertaken at a catchment scale 
(e.g. Tan et al., 2015, 2019; Wong et al., 2018; Cheah et 
al., 2019; Fu et al., 2020), with availability (or lack thereof) 

of long-term historical flow and water level records being 
a major factor in choice of modelling approach.  

At the more local (river reach) scale, models are 
generally developed and calibrated for event-based flood 
analyses and/or hydraulic design application (e.g. Toriman 
et al., 2009). Catchment and reach-scale flood hazard 
models, which are typically calibrated to local 
observations, are able to provide flood simulations with a 
higher level of detail often lacking in regional-scale 
models, for which underpinning datasets of soils and 
anthropogenic influences are less readily available. 
Models such as the Soil and Water Assessment Tool 
(SWAT) and US Army Corp of Engineers HEC-HMS, 
which uses the Soil Conservation Survey Curve Number 
method to estimate effective rainfall, are commonly used, 
in addition to land surface models and Artificial 
Intelligence methods. For hydraulic modelling, common 
hydraulic models used by DID are HEC-RAS, MIKE 11 
(developed by Danish Hydraulic Institute), and InfoWorks 
(developed by Wallingford Software) (DID, 2009).  

A highly detailed (local-scale) flood assessment for a 
catchment is not only computationally demanding but 
more importantly data intensive, where relevant details 
must be obtained from ground observation, e.g. physical 
assessment of impervious surface, use of LIDAR-based 
DEM at high resolution, exact determination of water 
abstraction, areal determination of time to peak, and use of 
field surveyed soil information: land use, land cover, 
hydro-climatic, and hydraulic profile along the river 
network. If these data are readily available, a regional-
scale flood model can be used for a small catchment, with 
a local-scale model more appropriate for smaller tributary 
catchments. Inevitably, the choice of a suitable scale, or 
use of different scale for hazard assessment, is application-
specific. To date, no observed study has been completed in 
Malaysia using a multi-scale approach to flood modelling. 

4.2 A multi-scale approach to flood analysis  

Understanding flood risks, and the effectiveness of 
alternative management strategies that are credible at both 
a peninsular and the more local scale, relies upon a multi-
scale approach. This requires the development of an 
assessment framework that incorporates a common risk-
based framing (hazards, exposure and vulnerability) and 
how these may change in time (due to climate, 
demographic or adaptation), to be developed in way that 
can be applied consistently at different scales. In this 
context, ‘consistent’ does not imply a uniform approach 
(using the same data and process models at all locations) 
but refers to the framework of the analysis, how climate 
change and adaptations are characterised, and how 
hazards, exposure and vulnerability are understood and 
characterised in the assessment of risk. The basic 
framework to be used in the FIAS project is shown in 
Figure 3. 
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Figure 3. A common framework of flood analysis across scales 

(Sayers et al., 2015). 

A key element of this approach is multi-scale 
modelling. This includes developing peninsular-scale 
modelling capability (using data and models capable of 
running at peninsular scales) and local-scale models within 
the same modelling framework but using more highly 
resolved input data or physical process representation 
where required. The process understanding gained at the 
local scale is being used to condition the representations in 
the peninsular-scale model, e.g. improving the 
representation of the relationship between a flood hazard 
and the economic impact. At a local scale, it is possible to 
represent the agricultural or building impacts taking 
account of the multiple influences (the season, the type of 
building, etc.). These are difficult to include in the 
peninsular-scale model, but it is possible to condition (not 
calibrate) the representation in the large-scale model. For 
example, modifying the JRC Global Depth Damage 
relationships (Huizinga et al., 2017) or estimating the 
standard of protection provided in areas where there are 
limited (to-no) direct data available on flood defence 
information.  

The multi-scale approach also enables the peninsular-
scale model to influence local models. This is particularly 
the case in providing plausible boundary conditions in 
response to climate change, development or large-scale 
adaptation measures (such as dams or afforestation) that 
are beyond the boundaries of the local model but have an 
influence on local flood risks.  

To be a true multi-scale assessment, and not simply an 
assessment of risk undertaken at different scales, this 
consistency of modelling framework is required, as well as 
an embedded ability to use added-value information 
established at one scale in the analysis at another scale.  

4.3 Multi-scale datasets for multi-scale modelling 

The development of environmental modelling 
frameworks is inevitably dependent on the existence and 
availability of underpinning datasets, and this is even more 
important for the development of models intended for 
applications at multiple scales. The rapid growth and 
availability of global environmental datasets provided by 
national and international organisations such as NASA, 
ESA, USGS, FAO, and by international climate modelling 
projects such as IPCC and CMIP, provide freely available 
and spatially consistent datasets to support hydrological 
and hazard modelling at global and regional scales.  

For example, for the FIAS project, the regional-scale 
(peninsular) modelling will be applied at a 0.0083° × 

0.0083° grid resolution (equivalent to an approximate grid 
of 1.0 × 1.0 km) and will require spatial data for elevation, 
flow directions, soils information, water bodies (lakes and 
reservoirs) and land use. These data can be obtained from 
multiple global sources including elevation and flow 
directions from the HydroSHEDS database (Lehner et al., 
2008), soil hydraulic parameters from ISRIC - World Soil 
Information (Ribeiro, 2018), delineation of water bodies 
from the HydroLAKES database (Messager et al., 2016) 
and land cover from ESA CCI Land Cover (ESA, 2017). 

Although freely available and generally of good 
quality, some of these global datasets (e.g. soils) have been 
assembled from a ‘jigsaw’ of local datasets available from 
individual countries. While many countries (e.g. USA, 
UK) require government-funded research projects to make 
their datasets available to other researchers to support 
long-term science development, not all do, resulting in a 
patchwork of data quality. In a recent study of 
uncertainties in crop models, Folberth et al. (2016) 
identified soil data as one of the primary causes of global 
crop model uncertainty. 

Local country data (e.g. for soils, elevation and land 
cover) are often of higher quality than global datasets and 
more tailored to local conditions, but are sometimes less 
readily available than global datasets, and may require 
payment of licence fees for research use. Thus in order to 
develop flood risk modelling approaches at multiple 
scales, there is a parallel requirement to develop spatial 
datasets that are consistent across multiple scales. 

The trade-off between high quality local data and 
readily available global data is less acute with the weather 
and climate data needed to drive flood models. Although 
for modelling small catchments, where local rainfall and 
potential evaporation observations from a weather station 
located in the catchment are highly desirable, for national 
or large catchment applications, the loss in model 
performance from using regional or global weather 
datasets can be modest. 

For the FIAS project, weather and climate data to drive 
the flood models consists of daily or sub-daily rainfall data 
and near-surface air temperature data for the estimation of 
potential evaporation (PE). The 0.05° × 0.05° gridded 
hydro-meteorological dataset for Peninsular Malaysia 
from Wong et al. (2011) will be used, and supplemented 
by global datasets as required. For analyses of the impact 
of projected climate change on flood risk, the observed 
rainfall and PE used by the flood risk models will be 
replaced by an ensemble of regional climate model 
simulations for South-East Asia (Ngo-Duc et al., 2017). 
These weather and climate driving datasets are freely 
available to download and use with appropriate 
acknowledgements and will be used by models at both 
local and national scales. 

4.4 Role of case studies 

The FIAS project will use local case studies in 
Malaysia to help test, compare and improve understanding 
of flood drivers and impacts at multiple scales. Targeted 
surveys and interviews in selected case studies in Kelantan 
and the Klang Valley (shown in Figure 4), complemented 
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by data from local authorities, newspaper reports and NGO 
sources, will provide information on the socio-economic 
impact profiles of previous flood events of different 
magnitudes and durations. Tangible impacts will be 
estimated and intangible impacts qualitatively assessed. 
This information will be used to define a typology of 
linkages between floods, impacts and damages, and 
thereby identify critical flood depth thresholds leading to 
impacts. It will also provide new knowledge of community 
response to floods events and factors that influence 
mitigation behaviour and contribute to the evidence base 
for social learning. Upscaling from case-study scale to 
national scale will take place through innovative coupling 
of local information about flood exposure and 
vulnerability, and associated damages, with national-scale 
geophysical and socio-economic datasets.  

 
 

 
  

Figure 4. Map of Peninsula Malaysia showing federal states 
(delineated by black lines) and a 1km resolution river network 
(blue line). FIAS case study areas are highlighted in pink, and 

the city of Kuala Lumpur is shaded in grey. 

5 The challenges ahead  

5.1 Developing a multi-scale model 

The challenge posed in translating site-specific 
information to generalised models has been considered 
elsewhere in hydrology and environmental science, 
including groundwater modelling, climate modelling, 
precipitation infilling and water resource studies (Blöschl 
et al., 1995). Such ‘upscaling’ approaches are used to 
condition larger scale models using point data. Upscaling 
broadly take one of two approaches (Beven et al., 1996). 
The first of these uses a conceptual understanding of an 

environmental system to develop a model structure which 
is then calibrated. The second uses both the physical 
structure identified from local scale observations and the 
associated inferred parameter values. Recent efforts have 
been made to integrate such conceptual and physical 
models to construct models which are both physically 
plausible and flexible (Fraser et al., 2013). Such 
‘multiscale’ models (e.g. Samaniego et al., 2010) have 
been identified as a research priority for the improvement 
of large-scale hydrological models (Bierkens, 2015). 

Identification of techniques to integrate information on 
flood hazard, vulnerability and damages at local and 
national scales is one of the key challenges of the FIAS 
project. For example, detailed information from case study 
surveys and interviews on impacts of flooding on 
agricultural or particular types of domestic properties may 
need to be generalised for inclusion in the peninsular-scale 
model, but could be used to support case study analyses of 
flood damages. The availability of suitably scaled and 
typologically linked spatial datasets for land cover and 
anthropogenic changes to the hydrological regime, at both 
local and national scales, will also be key to developing 
new methods for representing flood risk at multiple scales. 

5.2 Future scenarios of flood risk 

The FIAS project aims to provide the first multi-scale 
approach to assessing the impact of projected climate 
change on flood risk across Malaysia. To date, such studies 
have typically only been completed in more developed 
economies, such as the study by Sayers et al. (2015) on 
future flood risk assessment in the UK, using relevant 
inputs of population growth, climate change, and different 
adaptation measures. Across Malaysia there has instead 
been a greater emphasis on managing post-disaster 
situations, such as the physical needs and health of the 
population. Baharuddin et al. (2015) showed that over 200 
victims were being admitted to hospital emergency units 
every day during the 2014 flood. One factor influencing 
the high impact of flooding on local populations may be 
the low uptake of flood insurance policies in Malaysia, as 
awareness of such products is still low (Aliagha et al., 
2014). 

Globally, environmental changes indicative of a 
warming climate have already been observed. These 
include: global land and ocean temperature rises of 0.8 °C 
above pre-industrial levels of the 18th century; sea level 
rise of 0.8 mm/year from 1971 to 2010; and global glaciers 
have been retracting at a likely rate of 226 Gt/year from 
1971 to 2009 and 301 Gt/year between 2005 and 2009 
(IPCC, 2013; World Bank, 2013). There is no reason to 
believe Malaysia will avoid the impact of these long-term 
shifts in the climate. A catchment based study on the 
impact of climate change on drought in the Johor river 
basin using downscaled products from the archives of 
CORDEX SEA and Representative Concentration 
Pathways (RCPs) of 4.5 and 8.5 (Tan et al., 2019) showed 
significant increase in hydro-meteorological droughts (in 
the range of 24%) for most ensemble members. Another 
climate change impact study undertaken by NAHRIM 
(2004) for Peninsular Malaysia found considerable spatial 
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variation in the impact of climate change on river flows for 
different catchments across the region. 

A 2016 publication by the Malaysian Department of 
Statistics (https://www.dosm.gov.my/v1/) indicated that 
by 2040, the population is expected to increase by 45% 
from 28.6 million in 2010 to 41.5 million in 2040, despite 
a decrease in the population growth rate from 1.8 to 0.8%. 
Over the same period, the proportion of the population 
aged over 65 years is expected to increase from 5% to 
14.5%, potentially tripling the size of the population who 
may be vulnerable to natural hazards such as flooding. 
With floods in Malaysia considered to have a greater 
impact on urban populations than those in more rural areas, 
careful choice in planning the locations of new housing 
developments will be vital to safeguarding future society. 

6. Concluding remarks 
The Flood Impact Across Scales (FIAS) project is a 

collaboration between Malaysian and UK researchers 
addressing flood hazard impacts, hydrology, hydro-
climatology, flood inundation, economics and adaptation 
within a coherent multi-scale framework. This 
interdisciplinary research group was been formed through 
connections developed at networking events hosted by the 
Natural Environment Research Council (NERC) and the 
British Council in 2017 and scholarships to the UK funded 
by the Malaysian Government.  

The multi-scale approach to flood risk developed by 
the FIAS consortium for both present-day and projected 
future scenarios aims to provide new data, science and 
understanding to support the development of robust future 
flood adaptation scenarios and planning in Malaysia. The 
FIAS project started in 2019 and will run for three years. 
The project team will provide research outputs relevant for 
flood stakeholders at both local and peninsular scales, and 
will increase understanding of flood risk through training 
PhD students and early career researchers in both Malaysia 
and the UK. Datasets, publications and products derived 
from this research will also be made available to 
stakeholders and other researchers to support long-term 
science development. 
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