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Abstract The occurrence of severe floods in recent years globally as well as in
many parts of Malaysia is an indication of both climate change and human inter-
ference in land use change. This requires for an integrated flood risk management
approach and a shift from conventional structural flood mitigation. Flood modelling
is an important part of flood risk management. In this study, development of one
dimensional (1D) hydrodynamic model for Pahang River was performed in
HEC-RAS 5.0 using combinations of surveyed data with spatial-extracted cross
sections and recorded stream flow. The study area had been hit by several extreme
floods that caused substantial property damages and loss of lives. This study
focusses on the recent 2007 and 2014 flood events. Analyses of water levels, stream
discharges and river cross sections were carried out based on the data gathered.
A set of flood levels were obtained as the outputs of the hydraulic model and the
accuracy of the simulated flood levels were validated. It was found that the model
predicts a good output agreement with R2 = 0.96 and R2 = 0.82 for the 2007 and
2014 flood events respectively.

Keywords Flood modelling � HEC-RAS 5.0 � 1D hydrodynamic model �
Pahang river

M. K. Zainalfikry (&) � A. Ab Ghani � N. A. Zakaria
River Engineering and Urban Drainage Research Centre (REDAC),
Universiti Sains Malaysia, Engineering Campus, 14300 Penang, Malaysia
e-mail: kashfy_zaf@yahoo.com

N. W. Chan
Geography Section, School of Humanities, Universiti Sains Malaysia,
11800 Penang, Malaysia

© Springer Nature Switzerland AG 2020
F. Mohamed Nazri (ed.), Proceedings of AICCE’19, Lecture Notes in Civil
Engineering 53, https://doi.org/10.1007/978-3-030-32816-0_83

1099

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-32816-0_83&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-32816-0_83&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-32816-0_83&amp;domain=pdf
mailto:kashfy_zaf@yahoo.com
https://doi.org/10.1007/978-3-030-32816-0_83


1 Introduction

Recent flood event in Japan (28 June 2018–9 July 2018) that claimed 225 lives [23]
illustrates the massive impact of this natural disaster even to a developed country. In
Malaysia, historical flood events such as those experienced across Peninsular
Malaysia in 1926 (entire Peninsular Malaysia), 1971 (Kuala Lumpur) [8], 2006,
2007 (Johor and Pahang River basin), major flood in December 2014 in East Coast
of Peninsular Malaysia and more recently 2017 flood events in the states of
Kelantan, Terengganu and Penang [10], highlighted the serious hazards posed by
flooding in this country. These large-scale events severely impacted public
infrastructures with the worst hit sectors being transportation and housing, espe-
cially those that encroached into the floodplain [19]. Moreover, the indirect impacts
of this natural disaster are far more damaging to the household [9]. More impor-
tantly, it should be noted that these flood damages tend to increase in the future as
floodplains become more densely built-up over time and climate change exacer-
bates the occurrence of the large floods. Flood loss is also expected to increase as
the result of uncontrolled urbanization, inadequate drainage and siltation due to land
clearing [6, 22].

It is estimated about 33 298 km2 of Malaysia is flood-prone, affecting 21% of the
population based on a report from Department of Irrigation and Drainage
(DID) Malaysia [15]. The damage by the floods caused the Government to spend on
average an annual flood damage at RM 915 million, estimated by National Register
of River Basin study [14] while more than RM 3 billion was spent on structural
measures to mitigate flooding since 1971 despite the fact that these structural
measures seem to fail to overcome the damage caused by the floods [18]. These
experiences indicate that structural flood control is only partially effective, and
integrated flood management involving not only structural but also non-structural
flood control planning is necessary [20]. Besides, non-structural measures are easier
to implement, less expensive and community friendly [9].

Besides implementing sustainable urban drainage systems [11, 29], one of the
many non-structural flood management approaches is flood modelling. It involves
simulation of flood events in a computer to predict the peak water level and further
possible inundation area of the study area. It is the first step towards understanding
and managing flood behavior. Flood modelling is a major component in integrated
flood risk management providing information on flood water level forecast, guid-
ance for property-level responses, assessment of floodplain zone through flood
mapping and assesses the benefit of natural flood management options. This study
focusses on performing one dimensional (1D) hydrodynamic modelling of a
large-scale river of Pahang River for the extreme event of 2007 and 2014 flood.
These two events were the biggest flood events occurred in Pahang post-2000 [26].
The hydrological data of both events were well recorded by the Department of
Irrigation and Drainage (DID), hence, suitable to be analysed in a simulation. The
simulated flood event output is then validated with observed historical data and
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eventually to show the high flood level predicted by a hydraulic model software,
HEC-RAS, along the Pahang River that can be used for the preparation of flood risk
map.

2 Study Area

The Pahang River is located in the eastern part of Peninsular Malaysia (Fig. 1). This
river lies within Pahang state and is the longest river in Peninsular Malaysia with a
length of about 440 km and a catchment area of 29,000 km2. It originates from the
confluence of the Jelai and Tembeling rivers as the two major tributaries of this
river system. Flowing south from upstream of Kuala Tembeling, the river passes
major towns of Kuala Kerau and Temerloh. Then the river system turns almost
perpendicularly at Mengkarak and continue to flow eastward through Chenor,
Maran, and the royal town of Pekan before discharging into the South China Sea.
The basin has an annual rainfall of about 2170 mm and experienced heavy rainfall
during the North-East monsoon season from October to January. The mean dis-
charge of the river is 596 m3/s measured at Lubok Paku [2] which can be up to
5000 m3/s during the wet monsoon season with highest recorded discharge of
9300 m3/s during the massive 2014 flood.

Fig. 1 Pahang river basin
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Over the years, the Pahang River has recorded some extreme flood events.
Among them is the historical January 1971 flood event. This flood was a 100-year
annual recurrence interval (ARI) event that claimed 24 people lives and severely
damaged the state’s economy and communities with monetary losses estimated at
USD38 million [1]. In December 2007, another major flood event inundated Lubok
Paku, Temerloh and Pekan towns with a depth of up to 2 m [2]. This unfortunate
event also recorded 8 casualties with overall flood damage estimated at USD86
million or RM 263 at that time. A more recent flood event in December 2014 that
hit the North East of Peninsular Malaysia, particularly Pahang, recorded one of the
worst flood disasters in the history of the country. This event that occurred during
the Northeast monsoon season brings extreme heavy rainfall to the Pahang River
catchment reaching up to 500 mm in 24 h [12]. The major towns in Temerloh and
Pekan suffered significant property damage where 33,225 victims were evacuated
and 3 deaths recorded in Pahang [5]. Summary of recorded flood events near
Pahang River from the year 1926–2014 is presented in Table 1.

Table 1 Pahang river major historical flood

Date/year Place/incident Cause and flood losses Fatality

1924 Temerloh, Pekan • Monsoon
• Worst flood event recorded at
the time

• Loss of communication and
transport system from Pekan
with other districts

Not
available
(NA)

1971 Affecting most of
Peninsular Malaysia with
Pahang was severely
affected

• Monsoon
• Government declared national
emergency

• A 100-year ARI scale flood
• 3000 km2 of inundated area
forcing 150,000 people to
evacuate the flooded area

• USD38 million estimated flood
damage

24

November
2003

Pekan, Temerloh • Monsoon flood
• 38,210 flood victims evacuated
to 117 flood relief centres with
Kuantan was the worst affected

NA

5–15 December
2007

Temerloh, Pekan • Monsoon flood
• A flood scale as 1971-flood
• 21,699 people evacuated to 191
evacuation centres

• USD86 million estimated flood
damage

8

15 December
2014–3 January
2015

– Affecting East Coast of
Peninsular Malaysia

– Pahang severely
affected

• About 35,000 victims from
Temerloh, Pekan, Kuantan,
Maran, Jerantut, Lipis

• RM 338 million overall flood
damage with estimated
restoration cost of RM 1 billion

21 (3 deaths
in Pahang)
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3 Overview of HEC-RAS

HEC-RAS is a hydraulic model designed by the US Corporation Engineers
Hydraulic Engineering Centre to model river flow [7]. It is a well-established and
well-tested model globally and sometimes used as benchmarked against the per-
formance of other hydrodynamic model simulation software [30]. HEC-RAS allows
users to estimate water surface profile along a river in a steady and unsteady flow
river hydraulic calculation including sediment transport modelling. Energy and
momentum equation (Eqs. 1 and 2) are used to derive 1D Saint Venant equation in
solving steady and unsteady state flow water surface profile simulation within
HEC-RAS using implicit finite different method [30].

dA
dt

þ dS
dt

þ dQ
dx

� q ¼ 0 ð1Þ

dQ
dt

þ d VQð Þ
dx

þ gA
dz
dx

þ Sf

� �
¼ 0 ð2Þ

where A is the cross-sectional area, t is the time, S is the ineffective flow area, Q is
the discharge, q is the inflow per unit area, x is the distance along the channel, V is
the velocity, z is the elevation, Sf is the friction slope and g is the gravitational
acceleration.

The unsteady flow simulation component in HEC-RAS modelling system is
capable of simulating 1D unsteady flow through a full network of open channels. In
this study, HEC-RAS version 5.0 is used to model two flood events of a large-scale
river. This current version of HEC-RAS gains new ability to perform 2D hydro-
dynamic modelling and an interesting flood inundation mapping tool directly within
HEC-RAS 5.0 through RAS Mapper which reduces the flood mapping dependency
on ArcGIS.

4 One-Dimensional Hydrodynamic Modelling

A good hydraulic model requires a good geometry and flow data input. However,
the goodness of the simulations are also affected by model type, i.e. one dimen-
sional (1D), two dimensional (2D) or combined (1D/2D) types. 1D model is widely
used to simulate flow in the main river channel and in certain cases very effective in
predicting flood extent [28]. 1D modelling also shows computational efficiency and
simple parameterization in dealing with flows in large and complex networks [4].
However, this simple model has some drawbacks when simulating two-dimensional
flow path in a large floodplain. In short, 1D model has limited application but is
economical, robust, provides valuable information on water profile properties and is
a popularly preferred alternative as long as the flow paths can be identified [4, 21].
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The advance ability of almost all current hydraulic model to perform 2D
hydrodynamic modelling is replacing 1D hydraulic models in many applications.
2D modelling approach describes a good floodplain flow performance but requires
a significant amount of data and not suitable for short timescale and lack of
floodplain geometry data condition [1]. However, with the advance of remote
sensing technology today, high-resolution topographic data can be generated to
represent accurate floodplain geometry data derived from satellite imagery, though,
the presence of this high-resolution data is still scarce in poor and developing
countries. The most current approach in flood modelling, however, is the combined
1D/2D model where a 1D treatment is applied to the main channel and a 2D
treatment of the floodplain. Integrating 1D/2D model in urban flood modelling was
found to be efficient but the application depends largely on high-resolution data
availability.

The performance of 1D modelling in the hydraulic simulation is tested by
numbers of studies such as Horritt and Bates [16] who concluded that 1D model is
capable of giving a good estimation of flood level and travel time, and can be used
for prediction of flood extent. In another study, Timbadiya et al. [27] studied the 1D
hydrodynamic model using MIKE 11 for two flood events and proposed that the
flood level predicted was computationally satisfactory from root mean square error
validation. Pramanik et al. [25] simulated 1D model of Brahmani river using
geometry from a combination of surveyed and digital elevation model
(DEM) extracted data using MIKE 11 model while Patel et al. [24] executed the 1D
model for an 11 km of lower part of Ambica River with 359 surveyed channel
cross-section inputs that both highlighted the importance of accurate geometry data
in 1D hydrodynamic model. These studies confirm the cost-effective, reduced
complexity and reliable prediction of water level along the river of the 1D model. In
this paper, 1D modelling approach was applied as a preliminary study to validate
the base model and ability of HEC-RAS 5.0 in simulating extreme event of the
large-scale river before advancing towards combined 1D/2D modelling as further
complex modelling.

5 Methodology

In general, one-dimensional flood modelling involves three main phases beginning
with hydrological modelling, hydraulic modelling and eventually flood level and
flood inundation analysis as describes in Fig. 2. Hydrological model is required to
convert historical storm event to runoff and eventually determine the input stream
inflow for hydraulic modelling. However, for a gauged catchment, recorded stream
flow can be used directly as inflow input and upstream boundary condition to
perform hydraulic modelling. The hydraulic simulation will eventually provide a
predicted water level based on input flow data and this result can be used further for
flood level and flood inundation analysis.

1104 M. K. Zainalfikry et al.



This study begins with the determination of the study area and data acquisition.
Geometrical and hydrological information were mostly obtained from existing
available data from government agencies and historical flood reports and is
explained in detail in the next subsection. Data processing work phases within
HEC-RAS 5.0 model is described in this paper including the base model prepa-
ration and input parameter for hydraulic modelling. The model outputs are then
analysed and validated with observed flood event data. Results are provided in
figures and tables followed by relevant discussions to better explain the findings of
this study.

5.1 Data Collection

The required data are obtained through field survey, previous research report,
remote sensing, digitalized vector data and departmental agencies. Table 2 provides
the most critical data and information required for the analysis. River cross sections,
structures and part of floodplain areas were obtained from survey works done by
Department of Irrigation and Drainage (DID). The survey work produced 99 cross
sections along the Pahang River. As a large river, the obtained cross sections are not
sufficient to run an efficient hydraulic modelling as a 1D model strongly depends on
geometric data as the main parameter and a key to reliable simulation. Therefore,
additional cross sections were extracted from DEM and combined together with the
surveyed cross sections as a linked river network. The DEM used is freely available
from United States Geological Survey (USGS) website. Final work of DEM

Fig. 2 Flood modelling
phase structure
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extraction geometry together with DID geometry results in 450 cross sections along
Pahang River altogether to be simulated in HEC-RAS.

The recorded stream flow of the extreme events was obtained from the DID
hydrological gauge stations as unsteady flow input in HEC-RAS. A total of four
DID gauge stations discharge and water level at Kuala Tembeling, Temerloh,
Lubok Paku and Pekan were obtained for the year 2007 and 2014. The stations and
locations of the flow data are listed in Table 3. In compensation of data scarcity,
missing data for corresponding periods were generated through correlation. Other
data such as actual flood level observation, inundation area, and damage loss and
were acquired through flood reports and related research articles.

Table 2 Type and source of
data acquisition

Type Source

Hydrological and hydraulic data

Rainfall data DID

Water level data DID

Stream flow data DID

Land use data DOA

Geometrical data

River cross section Survey, DID

River alignment Survey, DID

Structure facility DID

DEM MRSA, USGS

Notes
DID Department of irrigation and drainage
DOA Department of agriculture
JUPEM Department of land survey
MRSA Malaysia remote sensing agency
USGS United States geological survey

Table 3 List of stream gauging stations along River Pahang

Station Name Code Latitude Longitude Data periods

Kuala Tembeling,
Jerantut

4023412 04° 01′ 55′ N 102° 19′
30″ W

2007 and
2014

Temerloh 3424411 03° 26′
40″ N

102° 25′
45″ W

2007 and
2014

Lubok Paku, Maran 3527410 03° 30′
45″ N

102° 45′
30″ W

2007 and
2014

Pekan 3434401 03° 29′
24″ N

103° 24′
36″ W

2007 and
2014

1106 M. K. Zainalfikry et al.



5.2 Hydrodynamic Modelling in HEC-RAS

The hydraulic modelling in HEC-RAS starts with data management. In this phase,
geographic features in the real world are represented as through GIS operations of
spatial registration and georeferencing. This process optimizes the information
calibration and collation processes and also preserve the intrinsic properties of the
studied geographic feature in the real world [17]. The GIS processes were com-
pleted within RAS Mapper in HEC-RAS 5.0. Next is the data input phase. Spatial
geometrical inputs of the river network were first added to the model. The spatial
input data includes a DEM of the watershed, cross-section river geometry, channel
and floodplain surface roughness in terms of Manning’s roughness coefficient.

Cross section from the survey and extracted DEM used as main geometric data
for executing the hydraulic model. In the geometric window, a river network was
created from a total of 450 added cross section geometries linked to each other from
upstream to downstream (Fig. 3). The river profiles were assigned with specific
Manning’s roughness coefficient (n). The n value describes the resistance to flow
and was assigned based on standard reference suggested by Chow [13]. Manning’s
n for 1D HEC-RAS model was limited to one value for channel and two values for
floodplain.

Unsteady flow data is then imported into HEC-RAS as a boundary condition for
the HEC-RAS in order to model the real historical event. In this study, recorded
upstream stream flow data at Kuala Tembeling for 2007 and 2014 flood event were
assigned as the upstream boundary condition to the river model and normal depth
was set as the downstream boundary condition. Simulation time in HEC-RAS must
be synchronized with the flow data. At this stage, HEC-RAS had acquired every-
thing the model needed to perform the hydrodynamic modelling. The final simu-
lation process was to compute the unsteady flow model in the ‘Run’ windows.
During the computation, 1D model HEC-RAS characterized the flow as unsteady,
with the flow moving in a downstream direction (1D) and the provided cross
section as the whole characterization of the river environment [30].

Fig. 3 a HEC-RAS geometry schematic for Pahang river network scheme from CH 205000–CH
108000; b cross section profile near Pekan station (CH 9000) in HEC-RAS
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Two extreme high discharge event simulations were performed in this study and
the outputs were analysed. Calculated flow discharge at the downstream boundary
for both events was fitted to the observed discharge to validate the simulation. High
discrepancy result would suggest that the base model parameter should be fixed
using sensitivity analysis where the simulated discharge is fitted to the observed
discharge by optimization of Manning’s n. In this study, the calibration values of n
that gave the best agreement between observed and simulated result were equal to
0.05 for the main channel and 0.06 for the floodplain confirming the results from
the previous study by Ab. Ghani et al. [3]. General procedure of 1D hydrodynamic
modelling in HEC-RAS is simplified in Fig. 4.

6 Results and Discussions

The 2007 and 2014 event simulations were validated with actual data. Goodness of
agreement between the two data sets was determined. Eventually, the flood level
analysis is presented.

Fig. 4 Hydrodynamic
modelling in HEC-RAS

1108 M. K. Zainalfikry et al.



6.1 Simulated and Observed Flow Discharge Validation

The 1D HEC-RAS model was calibrated according to Manning’s n values for both
the channel and the floodplain. Validations took place against the flow discharge in
the downstream end of the study river segment. The simulated and actual stream
discharge for the 2007 and 2014 flood events can be observed in Fig. 5. From the
figure, the simulated downstream peak discharge of the 2007 flood event was
4980 m3/s occurring on 15th December while the 2014 flood event simulation
predicted flood peak discharge of 8925 m3/s on 31st December. The agreement of
the model with observed downstream discharge data at Pekan DID station (ID
3434401) was then analysed.

Fig. 5 Validation of downstream flow discharge for a 2007 flood event and b 2014 flood event
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The good agreement between the observed water level and model simulation
result was determined by the coefficient of determination (R2). A value of 1 indi-
cates a good simulation representation of the actual event discharge (Eq. 3).

R2 ¼ 1�
Pn

i¼1ðyi � ŷiÞ2Pn
i¼1ðyi � �yiÞ2

ð3Þ

where yi = actual data at ith value, ŷi = simulated result at ith value, n = total
number of data, �y = mean value of n data. The 2007 extreme event validation give
the coefficient of determination (R2) values of 0.96 and for 2014 validation event,
the R2 estimated is at 0.82. The validation performance of the 1D model was
sufficiently adequate. The comparison of simulated and observed discharge at DID
Pekan station performance analysis is summarised in Table 4.

6.2 Simulated Water Surface Elevation Analysis

The hydrodynamic flood modelling for the Pahang River in the present study was
performed using the HEC-RAS version 5.0.3 for one-dimensional steady flow
analysis. The energy equation, using the standard step method, solved the steady
flow, while Manning’s equation and the contraction and expansion coefficients
determined head losses. Eventually, analysis of river cross sections’ behaviour
under various flood discharges and water surface profiles for Pahang River was
carried out.

The integrative water surface profile simulation output for 2007 and 2014 events
indicated that there is an irregularity in the flow behaviour of the river as can be
seen in Fig. 6. This figure plotted the simulated longitudinal water surface elevation
profiles for 2007 and 2014 with the observation of the danger level at DID stations.
The danger level is an indicator when the water level in the river is as high as the
riverbank and water may burst the bank and flooding will likely to occur. When the
water level exceeds the danger level, flooding occurs. The simulated water surface
elevation in Fig. 6 was plotted using output during the occurrence of peak discharge
which was on 16th December for 2007 event and on 31st December for 2014 event.

From the HEC-RAS 1D modelling, a set of flood levels were obtained at
respective cross sections as the output of the hydraulic model. Further details of
simulated maximum water level at four DID gauge stations namely, Kuala

Table 4 Observed and simulated peak discharges with coefficient of determination

Event Peak discharge (m3/s) R2

Observed Date Simulated Date

2007 5247 16th December 4980 15th December 0.96

2014 9749 30th December 8925 31st December 0.82
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Tembeling, Temerloh, Lubok Paku and Pekan for 2007 and 2014 flood events are
shown in Fig. 7 with a comparison of DID danger level. From this figure, it can be
seen that the water level of simulated 2007 and 2014 flood events exceeded the
danger level and riverbank elevations indicating the occurrence of the flood at the
Temerloh, Lubok Paku and Pekan stations complying with Fig. 6. For the 2007
flood event, the water level exceeded the danger level at Temerloh, Lubok Paku and
Pekan stations by 0.6 m, 1.3 m and 3.2 m respectively. The 2014 event simulation
shows higher water surface elevation with water level also exceeding the danger
level at Temerloh, Lubok Paku and Pekan stations where the average flood level
was from 2 to 8.3 m.

Table 5 summarises the output water level at each DID station along Pahang
River for both flood events. It should be noted that the model predicts higher water
surface elevation compared to an actual flood event for both scenarios. For instance,
at chainage 28,500 (Kuala Tembeling station), the simulated flood level seems to be
higher than observed water level. The value contradiction with the actual obser-
vation may be due to simulation error by HEC-RAS when initial condition input is
not sufficient to stabilize the simulation at upstream reach. It could also indicate the
limitation of 1D hydrodynamic modelling in predicting water level with significant
floodplain role in the event. However, with good agreement obtained from Table 4,
the model was sufficient to illustrate flood condition along Pahang River for the
2007 and 2014 flood events. The model accuracies could be improved such as
modelling in 2D or combined 1D/2D and considering the debris in flood water.

Fig. 6 Pahang river maximum longitudinal water surface elevation profile
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Fig. 7 Water surface elevation of simulated flood event at DID stations a Kuala Tembeling (CH
285000), b Temerloh (CH 189000), c Lubok Paku (CH 105000), d Pekan (CH 9000)
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7 Conclusion

The model developed predicts water levels along the river reach from Jerantut
through Pekan district and eventually to the river mouth which the total length of
the reach is almost 450 km illustrating the ability of HEC-RAS 5.0 to simulate 1D
hydrodynamic of a large scale river. Flood studies of the year 2007 and 2014 were
used to validate the results obtained from the simulation. The comparison of the
simulation output with actual observed data leads to a satisfactory result as analysed
and shown in Table 4. Further improvement can be made by considering channel
and floodplain morphological changes.

By considering the past flood events, it is strongly recommended to improve the
carrying capacity of Pahang River which will help to minimise the flood risk. Based
on the above study and analysis, it is recommended that the sections which overtop
over the existing embankment to be protected by bund along the river bank. Details
of the proposed bund would require further study.
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