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ABSTR ACT: River flooding causes several human and financial casualties. It is necessary to perform research studies and implement subsequent actions 
consistent with the nature of the river. In order to reduce flood damage, floodplain zoning maps and river cross-sectional boundaries are important to 
nonstructural measures in planning and optimizing utilization of the areas around the river. Due to the complex behavior of the rivers during floods, 
computer modeling is the most efficient tool with the least possible cost to study and simulate the behavior of the rivers. In this study, one-dimensional 
model Hydrologic Engineering Centers—River Analysis System and two-dimensional model CCHE2D were used to simulate the flood zoning in the 
Sungai Maka district in Kelantan state, Malaysia. The results of these two models in most sections approximately match. Most differences in the results 
were in the shape of the river.
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Introduction
Necessity of flood zoning maps. Flood has always been 

considered as one of the natural catastrophes that accompa-
nies with huge losses and damages, which affect the lives of 
human beings. However, different methods of flood mitiga-
tion have been applied. Floodplain management and the use of 
science and knowledge can reduce flood damages. Management 
measures to reduce flood damage can be done in two parts: 
structural and nonstructural measures. Structural flood man-
agement application involves damming, trenches, the diversion 
of river flooding, and other physical flood mitigation structure 
constructions. The nonstructural flood management approach 
includes eliminating the destructive effects of flood without 
constructing physical structures. To optimize the surrounding 
lands, the most essential tool is to prevent the risks of flood in 
rivers and determine their boundaries. The river zoning maps 
are certainly one of the most basic and important information 
needed in civil engineering projects and should be taken into 
consideration before any investment or operational develop-
ment in the projects. As the river zoning maps give valuable 
information, such as the depth and area of flood prevention in 
flood zones, it is crucial to provide the maps in the first place. 
Numerical models are based on mathematics and have to deal 
with many physical parameters.1 One has to understand all 
these parameters and make sure that all are in the correct range.

Literature review.
Hydrologic Engineering Centers—River Analysis System as 

a one-dimensional model. Hydrologic Engineering Centers—
River Analysis System (HEC-RAS) is an integrated package 
of hydraulic analysis programs, in which the user interacts 
with the system through the use of a graphical user interface 
(GUI). The system is capable of performing steady flow water 
surface profile calculations and includes unsteady flow, sedi-
ment transport, and several hydraulic design calculations. The 
results of the model can be applied to floodplain management 
and flood insurance studies.2

More information about HEC-RAS model, floodplain zon-
ing simulation models through dimensional approach, the govern-
ing rules of models, and data requirements is provided in many 
manuals3–5 and studies.6,7 In many studies, HEC-RAS, a one-
dimensional (1D) software, is used to simulate floodplain,8–10 sedi-
ment11,12 and sediment transport,13 water quality,14 dam break,15–17 
blocking bridges,18 scour phenomenon,19 and ice-covered river.20

To resolve the weaknesses of the 1D model, such  
as HEC-RAS model, or to compare the results with the 
two-dimensional (2D) model, many studies have been done 
in combination. For example, Tate and Maidment9 and Kraus8 
used a combination of HEC-RAS and ArcView GIS for flood 
mapping. Some researchers used the combination of HEC-
RAS and HEC-HMS in order to precisely understand the 
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watershed modeling and riverine sediment processes,11 dam 
break modeling,16 hydrologic risk management,21 and regional-
scale flood modeling.22 Bennett et al23 by using HEC-RAS and 
MIKE 11 compared the unsteady flow results in the Tillamook 
Valley. Gee and Brunner15 and Zhou et al17 used the combina-
tion of HEC-RAS and Flood Wave Dynamic Models (NWS 
FLDWAV/FLDWAV) for dam break analysis. In addition, 
Moreda et al24 explained the major differences in their results 
between HEC-RAS and FLDWAV in Tar River and Colum-
bia River. Fan et al14 used the combination of QUAL2K and 
HEC-RAS models to assess the impact of tidal effect on river 
water quality simulation. Rodriguez et al25 used HEC-RAS 
with MODFLOW in a combined form to simulate stream–
aquifer interactions in a drainage basin.

CCHE2D as a 2D model. MIKE 21, InfoWorks 2D, 
JFLOW, and CCHE2D are the examples of 2D models of river 
flows and open channels.26 The benefits of these models are their 
ability to show the direction and magnitude of flow, riverbed, 
and floodplains. Similar simulations, such as floodplain,27,28 
sediment29 and sediment transport,30–34 flow simulation,35–38 
water quality,39,40 dam break,41 and scour phenomenon,29 were 
also carried out for 1D models using CCHE2D.

Purpose of this study. The purpose of this study is to 
focus on the analysis of HEC-RAS and CCHE2D in order to 
assess and predict the flood depth and spatial extent of flood 
in the Sungai Maka floodplain. This will help the decision-
makers, especially the involved government’s department, and 
developers make a proper plan for future development.

Material and Methods
Study area. The town of Tanah Merah in the Kelantan 

state, Malaysia (Fig. 1), is particularly distressed with annual 
flooding due to Sungai Kelantan (Kelantan River) bank over-
flowing. This is an effect of a northeast monsoon climate expe-
rienced in the country that occurs between November and 
February and brings about heavy rainfall, as much as 600 mm 
during intensive precipitation.42 Sungai Maka River is one of the 
six catchments in Tanah Merah with the most affected areas by 
flooding due to its proximity to the river Sungai Kelantan. This 
catchment occupies an area of 940 hectares and covers the entire 
town center. The boundaries of the area are shown in Figure 2.

The Department of Irrigation and Drainage (DID) of 
Kelantan state reported the flooding occurrences in Tanah 
Merah in the years 2003, 2004, and 2005, which were all 
caused by backflow of flood water from Sungai Kelantan to 
the town areas. The highest number of flood damage recorded 
was in 2004, where it reached as many as 2,599 individuals. 
On the other hand, flooding condition in the catchment is 
documented in 2007, as shown in Figure 3.

Data collection. In this study, data are important and 
consist of two categories: spatial data and attribute data. 
Spatial data illustrate the river location with geographical 
characteristics, whereas attribute data describe and represent 
spatial data as numbers or phrases. The plan data, geometric 

data, flow data, and hydraulic design data are used for mod-
eling with HEC-RAS model. The basic input data require-
ments to run the CCHE2D model include gridded raster 
terrain data, river location coordinates, initial water surface 
elevation, and Manning’s roughness coefficient.

Methods.
Hydrologic Engineering Centers—River Analysis System. 

HEC-RAS program is one of the 1D dynamic models 
developed by U.S. Army Corps Hydrology Centre in 1995.43 
This model is capable of carrying out a steady flow modeling and 
dynamic routing of flood hydrograph, and it is completely com-
patible with Windows operating system.44 In this model, vari-
ous river features, such as storages, diversions, bridges, and any 
hydraulic structures in the river, could be defined. Simulating 
steady flow is one of the previous capabilities of the model, in 
which Manning’s roughness coefficient could be defined and 

Figure 1. Kelantan state in northern Malaysia.

Figure 2. Boundaries of Sungai Maka Catchment in Tanah Merah, 
Kelantan (DID, 2013).
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University of Mississippi, USA. This model is a 2D hydraulic 
model that is created for analyzing the simulation of flow, 
hydraulics, sediment transport, and morphology processes in 
open flows. The model uses the average equations of Reynolds 
for solving flow area in depth. This model is applicable for both 
steady and unsteady flows. The view of CCHE2D model is 
shown in Figure 5.

CCHE2D has two important categories: CCHE2D 
mesh generator and CCHE2D GUI. The mesh generator 
allows the user to introduce the geometric condition and 
structures of environment to the model and then proceeds to 
create the structure’s network. Then, using the GUI model, 
user can observe hydraulic parameters of flow, sediment, 
boundary condition, parameters needed for simulation, and 
the output results.45 In this model, 2D equations are inte-
grated with the depth parameter to be solved simultaneously.

Continuity equation:
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where u and v are the depth-integrated velocity components 
in the x and y directions, respectively; g is the gravitational 
acceleration; Z is the water surface elevation; ρ is water density; 
h is the local water depth; fcor is the Coriolis parameter; τyx, τxy, 
τxx, and τyy are the depth-integrated Reynolds stresses; and τbx 
and τby are shear stresses on the bed surface.

Model input data requirements. The basic input data 
requirements to run the CCHE2D model include gridded 
raster terrain data, river location coordinates, initial water sur-
face elevation, and Manning’s roughness coefficient.

Model output. The basic output of the model consists of 
grids representing flow depth and flow velocity at whatever 
time increment is desired by the user.

Result and Discussion
HEC-RAS. Figures 6–8 show the results of water 

elevation, perspective view, velocity, and rating curves in a 
sample cross section of Sungai Maka River by HEC-RAS. 
According to the survey conducted in this research, 
topographic maps, metropolitan area, and flood zoning maps 

Figure 3. Flooding in Sungai Maka catchment in 2007.

calibrated in various ways. HEC-RAS software could be used 
in the 1D hydraulic analysis of both the steady and unsteady 
flows in natural rivers or canals. Water surface profiles using a 
standard method to solve the energy equation are derived:

2 2
2 2 1 1

2 2 1 1  
2 2 e

v v
y z y z h

g g
+ + = + + +

α α

�
(1)

In this equation, y1 and y2 are water depth in two cross 
sections, z1 and z2 are the floor heights of the main channel,  
v1 and v2 are average velocities of discharge, α1 and α2 are 
coefficients of mass momentum speed, g is acceleration due to 
gravity, and he is the head loss of energy level. Figure 4 shows 
a geometric data and cross-sectional shape in a sample station 
of Sungai Maka as an input data.

CCHE2D. CCHE2D is an aggregated software package 
created in 2005 by Wang et al in the National Centre of Calcu-
lation and Hydraulic Engineering under the supervision of the 
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Figure 5. A view of CCHE2D model.

Figure 4. A view of a cross section (in station 3600).

for a return period of 10 years were obtained. Changes in the 
depth, velocity, and flow area, and Froude number were also 
calculated for different return periods (Table 1).

The result shows that the difference in expanding flood 
retention zone is primarily stemmed from the route topo-
graphical features. Every width of the stream bed is increased, 
width of the floodplain is also increased, and water is spread 
over a larger surface. The steep topography along the sidelines 
of the main river is the reason for the little difference on the 
level of flood retention on many parts.

CCHE2D. CCHE2D supplies a visualization tool to 
select and plot flow changes. Due to velocity distribution, 

the plotter and modeler can make a best decision to solve the 
problems, eg, the location and the length of bank protection 
structure.46

Figure 9 shows the physical data input for a 2D model. 
The ground topology in the 2D model is more accurate 
than that in the 1D model. However, this can be reached 
by making the required mesh. Making a mesh by obtain-
ing a correct representation of bed topology is the most criti-
cal, difficult, and time-consuming part of 2D hydrodynamic 
modeling.47

Sungai Maka River with XY plot view simulated by 
using CCHE2D is shown in Figure 10.
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Figure 8. A view of general profile plot—velocities.

Figure 7. Perspective view by HEC-RAS model.

Figure 6. A view of a cross section (in station 1900).
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Conclusion and Recommendations
Conclusion. The results show that the maximum differ-

ence between the 1D and 2D models is 6% in the meander’s 
part of the river. The main differences between the 1D and 2D 
flood zoning models are shown in Table 2.

Recommendations. The following pointed factors would 
considerably improve the accuracy of results:

1.	 One of the most important hydraulic parameters for 
calibration of the model is the roughness coefficient. The 
roughness coefficient depends on the length, density, 
distribution, vegetable species, and also the riverbed’s 
material and sizes. The engineering experience and the 

use of riverbed’s material tables give a clear criterion to 
choose the best roughness coefficient.

2.	 To estimate the flow characteristics of a particular inter-
val on a river, the adaptation of boundary condition is 
required. Boundary conditions are used to determine the 
input and output streams in the given upstream inter-
vals. Obviously, the exact specifications bring up bet-
ter results. The number of intervals also increases the 
accuracy.

3.	 Geometry of rivers is also important, as they are used 
for hydraulic calculations and studies on riverbeds. Topo-
graphic maps are used to show natural and man-made 
features of rivers in detail and accurate graphical repre-

Table 1. Sungai Maka river modeling by HEC-RAS model.

ELEMENT LEFT OB CHANNEL RIGHT OB

E.G. Elev (m) 14.3 Wt. n-Val. 0.03 0.03

Vel Head (m) 0.02 Reach Len. (m) 100 100 100

W.S. Elev (m) 14.28 Flow Area (m2) 23.41 158.25

Crit W.S. (m) 10.64 Area (m2) 23.41 158.25

E.G. Slope (m/m) 0.000053 Flow (m3/s) 8.4 91.6

Q Total (m3/s) 100 Top Width (m) 10.83 40.84

Top Width (m) 51.66 Avg. Vel. (m/s) 0.36 0.58

Vel Total (m/s) 0.55 Hydr. Depth (m) 2.16 3.87

Max Chl Dpth (m) 5.6 Conv. (m3/s) 1156.8 12614.6

Conv. Total (m3/s) 13771.4 Wetted Per. (m) 12.96 42.79

Length Wtd. (m) 100 Shear (N/m2) 0.93 1.91

Min Ch El (m) 8.69 Stream Power (N/m s) 1256.22 0 0

Alpha 1.05 Cum Volume (1000 m3) 22.02 353.56 42.27

Frctn Loss (m) 0 Cum SA (1000 m2) 11.14 105.07 18.15

C & E Loss (m) 0
 

Figure 9. Sungai Maka river in 2D view.
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sentation. Hence, the sampling should be done for the 
main parts and also flood plains surrounding the sides 
of the river. This consideration would be usually between 
100 and 400 m.

4.	 Basic and professional studies, frequent visits to the field, 
paying adequate attention to the necessary interactions in 
the river, software simulations, and ultimately the engi-
neering experiences are significantly effective for the best 
water flow limitation results in a particular river interval.

5.	 Another factor in floodplain zoning maps is to choose a 
suitable return period to match the proposed design and 
area. The most significant factors that can affect any area 
of flood return periods are volume and surface runoff to 
the upstream of the river or flood conditions and its phys-
ical characteristics (such as surface morphology).
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