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Modelling urban river catchment: a case study in Malaysia

C. S. Leow BEng, R. Abdullah PhD, N. A. Zakaria PhD, A. Ab. Ghani PhD and C. K. Chang MSc

Generally, many rivers within urban catchments in
Malaysia are being altered from their natural states to
meet the demand of developments. Most of these rivers
have also become the receiving water body for urban
drainage systems. Therefore, it has become extremely
difficult to separate river from the rest of the drainage
system. Study of interaction between such river and urban
drainage is necessary for urban drainage planning and
design. Present study showcases how urban river
modelling using InfoWorks Collection System (CS) on
Berop River, Perak (Malaysia), can assist stormwater
system design. Calibrated using historical flood event, the
developed model was used for evaluation of various design
storms, possible scenarios as well as existing and future
landuse condition. The study found that within a data
scarcity condition, InfoWorks CS played a significant role
in providing good platform for stormwater system
modelling as well as satisfactory simulations and analyses
for complex combination of river and urban drainage
stormwater system. This is the much needed advantage
for practising engineers in time saving stormwater system
design.

1. INTRODUCTION
Study of floods requires extensive analysis of the actual world

situation. More often than not, flood is associated with a river

overflowing its banks. This is an inalienable truth, but many

have overlooked the need to study urban drainage, which is one

of the main causes of flash floods in Malaysia, and possibly

worldwide. In drafting a comprehensive stormwater

management and flood mitigation plan, therefore, it is vital to

analyse floods in a broader perspective compared with simply

modelling rivers. To achieve this, an integrated computer model

analysis is needed to consider river and urban drainage, as well

as the interaction between these two systems with respect to

hydrological and hydraulic aspects.1 In modelling a river, it is

often assumed that runoffs from subcatchments are able to

enter the river system without any difficulties (by way of

rainfall–runoff models), but this might not necessarily be true in

urban areas owing to the failure of drains or the use of various

sustainable urban drainage systems (suds) components. Unless

each subcatchment is gauged to obtain the respective rating

curve, the actual amount of runoff entering a river is always

questionable in urban areas. On the other hand, modelling

urban drainage with limited information on the receiving river/

stream is equally limiting to the credibility of the analysis. The

aim of the present study is to create a model to understand how

floods and flash floods occur in an urban river catchment by

establishing river and urban drainage in one modelling

environment.

In Malaysia generally, application of computer modelling for

drainage design is still very limited owing to the limitations in

data availability and technical competency, as well as financial

constraints. Most modelling exercises are focused on large-scale

river catchment studies or stormwater drainage master planning.

Drainage designs are often carried out by a manual calculation

method. Such practice is probably sufficient for areas with

minimal or no stormwater issues, but it is generally

inappropriate for such a simple method to evaluate drainage in

more complex situations such as tidal-influenced areas, flood-

prone areas, or even in existing development, where backwater

effects and overland flood flow are often associated. It is hoped

that the practical approach presented in the current study could

reveal the benefit of modelling practices in detail design and

indirectly promote better drainage design, particularly in

developing countries such as Malaysia.

2. STUDY AREA
Berop River is a 3.3 km long tributary of the Bernam River,

which forms the boundary of Perak and Selangor states in

Malaysia. The river flows past the outskirts of Tanjong Malim

town, which made the river a favourite receiving water body for

a large portion of the town’s urban drains (Figure 1). Tanjong

Malim is a small town with a relatively long history of

urbanisation. The town has a complex drainage system, which

has been modified throughout the course of its development.

The town collection system has evolved into a complicated

combination of Berop River, concrete drains, earth drains and

culverts (Figure 2). Thus, it is impossible to differentiate between

river and drainage system.

The urban catchment of Berop River covers an area of 510.6 ha

and is dominated by rubber plantations and residential areas.

The local authority plans to develop the area into a complete

developed area with 96% development, with only a mere 4% of

green area. Figure 3 shows the land use of current and future

conditions (based on planning by local authorities) of the

catchment. Berop River is facing frequent flash flooding,

whereby flood water rises and subsides in a matter of 3–4 h.

Flooding could be caused by lack of maintenance and

insufficient capacity of existing drainage.
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3. INFOWORKS CS MODEL
InfoWorks CS version 7.52 was used in this study. The model is

a one-dimensional hydrology and hydraulic model, which is

capable of including both river sections and urban drainage

components.3 In addition to this, the model is capable of

simulating the effect of hydraulic structures such as pumps and

outlet structures. SUDS components were also included in the

model, which provided an additional advantage in aiding the

preparation of a conceptual design of stormwater management

plan.

First, the physical layout of

the river and its related

drainage system was built in

InfoWorks CS based on

engineering survey and

drainage inventory work. The

subcatchments for each

component of river and drain

were delineated manually

based on available contour

lines and inventory data to

allow better engineering

judgement to be made on the

boundary of subcatchments.

Land use properties were

assigned to each subcatchment

using the ‘area take-off ’

method, which is a

geographical information

systems (GIS)-based tool

developed in InfoWorks CS.

The tool enables direct access

of data and information in

environmental systems

research institute (ESRI)

Shapefile (*.shp) format to determine the area of each land use

type in the subcatchments.2

The soil conservation service (SCS) curve number method4 was

chosen as the rainfall–runoff method used in the model. Curve

number was assigned to each land use type in the study area

under existing condition as well as in view of anticipated future

development. Calibrated curve numbers in a previous study

carried out in Malaysia5 were used for initial assignments.

Figure 1. Satellite image of the study area

Figure 2. Various forms of conveyance channel of the Berop River
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Table 1 gives the final curve number value for each land use

type after calibration on this model. The overland kinematic

wave is applied to route runoff volume into river or urban drain

channels. In a conduit, the model solves the St Venant

equations, which allows accurate computation of in-channel

hydraulics properties.

In a distributed model such as InfoWorks, flood is considered

for nodes in the drainage network. Each node can be assigned

to a flood compartment in the shape of an inverted cone. The

modeller can then adjust the shape of the flood cone to

resemble correctly the available flooding area on site. Figure 4

shows three-dimensional resemblance of flood cones with

adjustable stage and flood area relationship.

In hydrological modelling, a runoff hydrograph for each

subcatchment is generated using the rainfall–runoff model, which

in most cases is able to represent the hydrological process of a

small catchment. The hydrographs are then set as input to stream

nodes to represent the contribution of subcatchments to the

stream/river. Such models, however, may not correctly identify

flow conditions within the subcatchment, which might possibly be

affected by localised flooding. This is particularly important in

assessing drainage capacity for detail design, as well as master plan

study. In order to overcome this problem, several modifications

were made to the model of the Berop River, as follows.

(a) In rural areas with minimal man-made drainage, the

subcatchments are retained, whereby the generated

runoff hydrograph is directly used as input to the urban

stream.

(b) In flood-prone areas where the capacity of drains is to be

studied, the subcatchment is further broken down into smaller

fractions and the drainage system is included as part of the

urban stream network.

(c) In other less concerned areas, the part of the drain which

discharges into the stream or river is included in the network.

In other words, the runoff hydrograph from subcatchments

will not be transferred directly into the stream, but will be

routed through the drain that is connected to the stream.

Figure 5 shows the conceptual sketches of conventional stream/

river modelling, and the proposed model set up for a flood-

prone urban area and less concerned urban area. Now that the

drain is part of the stream network, hydraulic routing will also

include these drains. The interaction between drains and urban

stream or river is similar to that of river confluence. The

interaction and inter-influence of flow pattern between these

two systems can then be captured within a single modelling

environment. This is opposed to conventional practice, which

requires the establishment of boundary conditions (stream

hydrograph) before modelling of the drainage system. The

tedious work to establish different boundary conditions to

model various events on the drainage system would be

Land use ID Hydrological soil class

A B C D

Future land use:
Fruit farm 1 61 70 77 80
Rubber 2 64 73 88 90
Mangrove swamp 3 77 80 83 86
Road and railways 4 90 90 90 90
Cleared land 5 70 80 85 87
Urban land 6 83 90 93 96
Oil palm 7 60 66 80 87
Various plants 8 62 70 78 81
Mix farming 9 67 72 81 86
Rangeland 10 66 77 88 94
Shrubland 11 55 66 80 87
Pasture 12 61 77 85 91

Existing land use:
Commercial 1 89 92 94 95
Educational 2 57 72 81 86
Floodplain 3 39 61 74 80
Green area 4 39 61 74 80
Industrial 5 81 88 91 93
Residential 6 77 85 90 92

Table 1. Calibrated curve numbers for various land uses

Various vegetation
1·35%

Oil palm
0·16%

Urban area
23·03%

Cleared land
3·31%

Railway
and road

3·04%

Swamp
0·04%

(a)

Rubber
48·81%

Fruit farm
0·63%

Range land
0·71%

Mixed farming
18·94%

Commercial
13·42%

Green area
3·82%

Industrial
26·34%

Education
1·14%

Flood plain
0·04%

Residential
55·25%

(b)

Figure 3. Land use division for (a) existing condition and (b) future development plan
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eliminated as the boundary can now be simulated together with

the urban drainage system.

The model was then calibrated against the water level of a

selected historical flood event on 16 February 2006. The model

was calibrated to match simulated water level at selected points

to those recorded. Among parameters calibrated to obtain better

model performance were SCS curve number, catchment slope

and catchment width. Figure 6 shows the water level calibration

result at one of the observed culverts.

4. HYDROLOGICAL AND HYDRAULICS ANALYSES
The model was examined for different rainfall conditions. Ten,

50 and 100 years average recurrence interval (ARI) rainfall of

30, 60, 120 and 180min duration were induced to the model to

study the response. Results showed that for the catchment,

rainfall of 120min was critical as it generated the highest peak

discharge for all three tested ARI rainfall events. From the

model, it was also found that the current collection system is

not able to handle the amount of stormwater generated from its

catchments, even for the 10 year ARI event. Culvert choking

proved to be one of the major causes of flash floods in low-

lying areas of the catchment, especially at the middle span of

the Berop River. The low capacity of the culvert caused a

backwater effect as water collected at the inlet and to a certain

point, overflowed the bank and caused flooding.

Future development (according to plan) will see a rise in

average curve number of the Berop River catchment from 75

(existing) to about 84 (2010). The increase in runoff generation,

coupled with the lack of stormwater management planning,

could spell serious flood problems in the area by 2010. Table 2

shows the predicted flood level at two critical points along the

Berop River. Figure 7 shows the maximum flood effect for the

Berop River under future development for the 100 year ARI

event. Almost all observation points indicated occurrence of

flood. Unfortunately, no detailed ground information was

available for the Berop River and thus the actual extent of

flooding could not be mapped.

5. PROPOSED SOLUTIONS
Drainage retrofitting and river improvement works in

developing countries is especially difficult owing to lack of

early planning and study before development. The ad hoc

approach to solving stormwater-related issues has transformed

many urban rivers and drainage systems in developing

countries to a worsening state. Among the issues are river and

floodplain encroachments by development. This has led to less

space available for improvement works. Inevitably, relocation of

such development is required, which is significantly costly

owing to compensation and land acquisition. Hence, the

challenge of balancing stormwater requirements against

development needs persists in drainage design.

The long history of using an ad hoc approach has led to the

under-design of the majority of drainage systems, as well as

degradation of urban rivers and stream. The challenge of this

study was to solve the existing flood issue in a frequently

flooded urban river catchment. Increase of runoff owing to

development and a steep catchment slope have contributed to a

sharp rise and fall in flow over a short period of time. Detention

of such a massive amount of water is largely impractical, while

Figure 4. A three-dimensional example of the flood storage concept

(a)

(c)

(b)

Node

Catchment boundary

Drain/stream

Main river

Contribute to

Figure 5. Conceptual sketches of the proposed distributed model
for the urban drainage study: (a) conventional modelling
approach; (b) proposed model for less concerned catchment;
(c) proposed model for flood prone catchment
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releasing the same amount is equally unsound for the well-

being of the receiving water body. Hence the study aimed to

strike a balance in storage volume and discharge flow in terms

of technicality, economics and environment, as well as

practicality.

The final design of drainage upgrade adopted a more

environmental approach. The foremost concern was to solve

flood issue in the area. Hence, a diversion was designed to

convey excessive runoff from developments in steep terrain into

a 7.5 ha constructed regional pond system, away from flood-

prone flat areas in an adjacent catchment. The proposed pond

system consists of two ponds (1.5 ha and 6 ha respectively). The

first and smaller pond serves as a sedimentation pond with a

larger length-to-width ratio. Both ponds serve as detention

facilities with a proper outlet control structure at the end of the

larger pond. Figure 8 gives the layout of the designed structure.

The pond system, designed with aquatic bench and gentle slope,

will have the potential to be converted into a recreational park,

an added value for a stormwater system in a town likely to be

deprived of green areas in the future. The pond system will

receive water only from events of more than 1 year ARI. In

lower flow, the Berop River will remain the main conveyance

for its catchment.

Apart from this, three sloping boulder drop structures were

introduced in the river section upstream to reprofile the bed

gradient and to encourage flow attenuation. The structures

designed separately were placed about 500m apart to achieve

an overall cascading effect. An example of the design is given

in Figure 9. The sloping boulder drop structure was chosen

ahead of other grade control structures mainly owing to its

‘soft’ appearance, which encourages urban wildlife revival by

providing habitats that mimic nature. The third component of

the flow control measures is the introduction of a channel

design with floodplains (Figure 10). The channel consists of a

dry weather flow section, a main channel section (catering for

10 year ARI events) and confined flood plains (catering for 100

year ARI events). This channel design covers 250m of the most

downstream part of the Berop River prior to discharging into the

Mode

1·13+
0·43787

1·25+
0·62109

49 53 86

1·193+
0·32779

15 February 2007

Ground level

Water level

Invert level

41·0
40·8
40·6
40·4
40·2
40·0
39·8
39·6
39·4
39·2
39·0
38·8
38·6
38·4
38·2
38·0

m
 A

D

Observed level:
39·670 m

Predicted level:
39·744 m

16 February 2006

Link
ds_depth (m)
ds_flow (m3s)

m

Figure 6. Calibration of the model based on flood water level

Design average recurrence interval (ARI) Existing condition Future condition

10 year 50 year 100 year 10 year 50 year 100 year

Max. flood depth at Taman Sri Tanjong (upstream): m 1.841 2.344 2.381 2.516 2.751 2.872
Max. flood depth at Kampong Berop (middle span): m 1.562 1.818 1.858 1.952 2.056 2.119

Table 2. Maximum flood level at two check points under a 100 year ARI event
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main river. The flood plain is designed to contain basic

recreational facilities such as footpaths so that it might become

a public attraction in the future.

On the aspect of water quality, the common domestic waste and

grey water issues persist. Trash screens were proposed for gross

pollutant removal at all major discharge points along the Berop

River. A serious sedimentation issue is mainly contributed by

active construction works in the upstream areas. The sloping

boulder drop structures were designed to capture most sediment

with a raised spill crest, creating an impoundment effect to

settle particles. The channel of the Berop River was designed

such that nature could take its course of growing hydrophytes

or aquatic plants along the river bed, which is gently sloped. It

is expected that, over time, the river could establish low flow

sections flanked by occasionally submerged aquatic benches.

Flooded

Flood free

Tanjong
Malim

ID ber.ch1000
Flood depth: m 2·119

ID ber.ch1400
Flood depth: m 2·872

ID ber.cross.kber.in
Flood depth: m 0·115

ID ber.ch3300
Flood depth: m 0·477

Figure 7. Flood indication in the Berop River catchment under 100 year ARI event

Pond 1
(1·5 ha)

Permanent pool
(0·8 ha)

Permanent pool
(4·6 ha)

Arch culvert to provide
crossing for existing road

Intake from diversion
engineered waterway

Aquatic bench stretching
3 m into permanent pool

Discharge to
Bernam River

Outlet
structure

Flow

Bank slope of
slope 1:6

Pond 2
(6·0 ha)

Figure 8. Layout for pond design
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The vegetation would help in improving water quality by

nutrient uptake and filtration processes during frequent events.

Conceptually, all these measures could potentially revive the

water quality of the Berop River. The realisation of this

potential, however, would very much depend on the persistence

of the local authority in maintenance as well as a collective

effort from the local community.

All these proposals were applied to the model and the changes

of catchment response were examined. It was found that the

methods were successful in controlling floods up to 100 year

ARI events. The subsequent rise of peak discharge from the

network is inevitable, however, owing to the large amount of

runoff volume, which is impossible to store. Figure 11 shows the

plan view of the water level at observation points after

introduction of flood mitigation facilities and upgrades. Table 3

sums up the results for this modelling exercise.

6. LIMITATIONS AND POTENTIAL IMPROVEMENT
6.1. Model limitations and uncertainties
One of the major limitations in this study is the lack of

calibration and validation. The computer model requires a

reasonable amount of calibration and solid results in validation

to be considered stable and able to represent the real situation.

The current model is simply calibrated by comparing flood level

at one selected point for a single event. Comparison on flood

inundation time and flow hydrograph could not be made owing

to lack of data. Almost all ungauged catchment modelling faces

the same concern of model credibility, because calibration

cannot be carried out properly.6 To minimise uncertainties, the

model was kept as simple as possible by applying the classical

SCS curve number value method, which is well tested and

proven in general runoff prediction of small urban catchments.7

Werner and Lambert8 mentioned that a simple model should be

preferred if application of a more complex model could not be

Approach

(a)

(b)

Drop

S
ide slope 1:2

S
id

e 
sl

op
e 

1:
2

Flow

Flow
Flow

FlowDrop slope
1(V) : 8(H)

Drop basin

Approach Drop Drop basin

End sillClosed turf

RIP RAP

RIP RAP
Grouted boulder

Grouted boulder
Grouted boulder Grouted boulder

Grout level

Cut-off trench
Grouted boulder

Spill crest

Figure 9. Layout for drop structure design: (a) plan view; (b) long section view

Flood plain Main channel

Potential zone for
recreational activities

Flood plain

1%

1%1%

1% 1
2

1
33

11

1

2
1

55

Closed
turfing

Potential zone for
recreational activities

Potential zone for
hydrophyte growth

Potential zone for
hydrophyte growth

Dry weather
flow

Major event
100 year ARI

Minor event
10 year ARI

Figure 10. Cross-sectional view of major waterway design
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justified on the basis of data availability. Thus by calibrating

the curve number value, it was assumed that the number

represents the lumped effect of hydrological losses. In addition

to this, the current model also utilised parameters from another

calibrated model of similar hydrology characteristics. Curve

number values from the other study under the same Malaysian

conditions, namely Hassan,5 were adopted to provide a

benchmark for calibration.

The other limitation of this study is the uncertainty in

simulation of an urban flood. The current study adopts a

common approach of modelling urban flood with flood cone

storages. Although the cones’ stage–storage relations can be

roughly estimated, they do not represent the inundation

capacity of the catchment precisely. The flow pattern during

flood could not be correctly determined, which limited the

information on the severity and the extent of flood. A study by

Mark et al.9 found that a conventional urban flood model

without proper establishment of flood compartments and

overland flow path could seriously overestimate flood levels.

The same study, however, also conceded that the data

availability on detail topography, that is digital elevation model

(DEM), is essential and directly influences the performance of

the urban flood modelling. The same remark was also found in

most urban modelling studies such as Hunter et al.,10 Orbele and

Merkel,11 Pasche12 and Gourbesville and Savioli,13 to name just

a few. Whereas such detailed or extensive acquisition of

topographical data would have benefited the study with respect

to the research aspect, the cost of it would be a major

consideration in most urban drainage study and design.

Perhaps it would be

interesting to see how a simple

model such as the one

currently described would

have performed if flood

compartments and overland

flow paths were included

based on estimation of

commonly available

topographic data (i.e.

topographical maps and

survey drawings).

Tanjong
Malim

Sg. Bernam

Sg. Bernam

Flood level: m

<0

0–0·2

0·2–0·4

0·4–0·6

0·6–0·8

>0·8

ID L4.ch0000
Max. flood depth: m 0·352

ID ber.ch2050
Max. flood depth: m 0·870

ID ber.cross.01.in
Max. flood depth: m 1·096

Figure 11. Simulated result for proposed system under 100 year ARI event

Properties Catchment conditions

Existing
development

Future
development

Proposed
system

Max. flow: m3/s 30.45 31.21 51.41
Total runoff: m3/s 401 234.50 462 598.30 462 598.30
Total flood volume: m3 100 340.80 178 079.30 0.00

Table 3. Summary of simulation under existing condition, future development and proposed river
upgrades
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6.2. One-dimensional
hydraulic modelling for
urban drainage study
Mathematical models for

hydrology and hydraulic

studies have seen considerable

development since the

1930s.12 The potential and

limitations of one-dimensional

modelling in urban flooding

have been explored.9 The

current study serves as a

testimonial to most of the

common findings on one-

dimensional urban drainage

modelling. The model fails to

address the effect of bends, piers and overland flow or flood

(normally associated with two-dimensional or three-dimensional

flow). Admittedly, some of this hydraulic effect has to be

examined manually. Nevertheless, the model has been proven

sufficient for the modelling of urban rivers in this study. The

one-dimensional model has limited applications, but it provides

valuable information on water profile and properties, while

floodwater is still contained within the channel. Similarfindings

were recorded by Ali and Goodwin.14

To overcome the limitations of one-dimensional modelling and

to model urban floods accurately, various two-dimensional and

three-dimensional models have been developed and explored.

Hunter et al.10 presented an extensive study on two-

dimensional urban flood modelling. Two-dimensional models

have proved successful in capturing the more complex overland

flow and flood extent.13,15 More recent development of

integrating one-dimensional and two-dimensional modelling to

reduce complexity was found to be equally efficient in urban

flood modelling.16,17 With the increasing detail of two-

dimensional modelling, however, the available data in terrain

description, flow measurements and data management have

become a challenge for the modeller. It is undeniable that the

advancement in two-dimensional modelling has led to better

urban flood simulations, but the application of it would largely

depend on the availability of data.

6.3. Interaction of urban drainage with the receiving
stream/river
Boundary conditions are very important in hydraulic studies

and have been proven to have an impact on flood inundation

predictions. Ironically, common perception and practise in

determining boundary conditions contains limitation and

uncertainties.18 Apart from showcasing a simple but sufficient

one-dimensional modelling of drainage design, this study also

draws attention to the often neglected interaction between

drainage and receiving stream in an urban catchment study. The

evaluation of this interaction was done simply by detailing the

conveyance system to include drains, apart from the stream/

river, in a distributed hydrological and hydraulic model. Ideally,

the whole model should include the modelling of the major river

basin to eliminate interactive boundary conditions (as major

river discharge has a less significant impact on tidal

fluctuation). This, however, would require extensive work and

might not be achievable under the current level of technology

advancement.

A practical suggestion would be a chained modelling, which

promotes revision as shown in Figure 12. A common river basin

modelling (catchment B) is carried out to provide boundary

conditions for drainage modelling (subcatchment X) at point A.

The drainage modelling, which promotes interaction between

urban drainage and natural conveyance within the catchment,

will produce a new discharge hydrograph at point A. The same

hydrograph will be used as inflow for catchment B river

modelling to establish a new set of boundary conditions for

subcatchment X. The process will be repeated until a stage

where there would be no significant difference between

subsequent sets of boundary conditions and inflow

hydrographs. The same method should be carried out

simultaneously on other highly urbanised subcatchments. This

will hopefully see positive result in modelling of an urban

drainage system, as well as river modelling, owing to the

refined interaction captured using this hypothesis. It would be

expected that such modelling practise could potentially improve

the simulation in highly urban catchments with obvious

backwater effects.

7. CONCLUSIONS
Rivers are not the only contributing factor to the occurrence

of flood. With the increased availability of technologies,

studies on flooding can extend to a broader perspective and

take into account the urban drainage system and its

interaction with the natural river system. Over the years, many

river catchments have been invaded by aggressive human

developments. It is almost impossible to analyse flooding in

these urban catchments without relating it to river and urban

drainage systems, as both are part of the stormwater collection

system in this area. The current study showcased an effort to

model an urban catchment with InfoWorks CS. The model

created allowed better simulation of the interaction between

river and urban drainage. This model also highlighted the

challenges of one-dimensional modelling and issues on

ungauged catchments, which are the major concern of most

small-scale urban catchment models. The current effort in

addressing these challenges could benefit practicing engineers

in modelling applications for better stormwater drainage

design. Despite advancements, urban drainage and flood

modelling is still filled with many uncertainties, especially

with respect to scarcity of data. The modeller’s ability to

estimate, assume and justify their model to accommodate data

limitation would be the pivotal part of any modelling

practices.

Catchment B

Subcatchment X

Point A

Urban catchment
modelling:

subcatchment X

River modelling:
catchment B

Provide
boundary
condition

Provide
input

hydrograph

Point A

River mouth

Figure 12. Proposed refinement process of urban catchment modelling
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