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Abstract: Sea level rise could alter the boundary conditions of tidal rivers. This in turn would modify the
hydrodynamic behaviour of coastal rivers and consequently their backwater rise. This paper presents the effect
of modified boundary conditions on river peak stage and flow resulting from probable levels of sea level rise
on the west coast of Peninsular Malaysia. The study site is a tidal affected river in Penang, i.e. Rambai River
(main tributary of Juru River). Channel flows under different probable sea level rise projections compared to
1999 mean sea level are routed along Rambai River using complete one dimensional Saint Venant equations.
Catchment inflows into the river are computed using an enhanced Rational Method, i.e. transformed Rational
Method developed by the author. The effect of sea level rise on peak stage and flow for a set of scenarios that
combined different outlet boundary conditions affected by sea level rise and urbanization extent is compared.
On the whole, modeling results indicated that a 1.0m sea level rise combined with the impact of further
urbanization could cause the peak stage and flow to increase by 20% compared to initial conditions (1999 tidal
levels and urban extent) at the outlet of Rambai River. In consequence, the percentage of Rambai River
catchment area susceptible to flooding could increase by 21%. 

Key words: Backwater rise % Flood susceptibility % Sea level rise % Urbanization % Tidal intrusion % Rambai
River

INTRODUCTION Sea level rise would inundate wetlands and lowlands,

Presently, global warming and the resulting sea level resultant damages and increase the salinity of estuaries
rise which is closely linked to anthropogenic factors is and saline contamination of freshwater aquifers. These
evermore now an issue that demands the serious attention impacts becomes even more pronounced when
of coastal and drainage planners [1]. Sea level is projected considering the fact that approximately 140 to 200 million
to rise between 0.18 to 0.59 m relative to 1980 - 1990 level people live within 1 km of a coast depending on its
by the end of this century under different scenarios of resources and exposed to the hazards of sea level rise [2].
green house gaseous (GHG) and aerosols concentrations According to Nicholls (2002), rice production in Asian
with all radiative forcing agents held constant at year 2000 delta could drop considerably as a result of salinity
levels [1]. There is good evidence that the global mean changes [3]. 
sea level is rising at a greater rate between 1993 to 2003, Many of the urban centers in South East Asia
i.e. 3.1  (2.4  -  3.8)  mm/year,  compared  to 1961 to 2003, (including the study area described in this paper) are
i.e. 1.8 (1.3 - 2.3) mm/year. Even with stabilization of GHG located on low lying coastal areas susceptible to flooding
and aerosols emission at 2005 concentrations, sea level is [4]. A higher sea level could alter boundary conditions
expected to continue rising over several centuries as a that could lead to greater tidal range and elevated high
result of thermal expansion of seawater alone. Thermal water level which in turn could inundate economical and
expansion caused by an increase of global temperature of environmentally  sensitive    coastal    regions   [5-8].
2.0 to 2.4°C alone could induce a mean sea level increase Major coastal cities like Bangkok, Jakarta and Manila are
of 0.4 to 1.4 m above pre-industrial equilibrium [1]. socio-economically very sensitive areas. Typically,

erode shoreline, aggravate storm surge flooding and
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coastal cities in Southeast Asia are densely populated
and are the focus of industrial and commercial activities
[9]. 

Sea level rise coupled with changes in rainfall pattern
and urban expansion could contribute to more severe and
frequent flooding in these areas [9, 10]. Significant
decrease in flood return period will be a major concern to
coastal residents [10]. More severe and frequent floods in
coastal cities do not only disrupt socio-economic
activities but they could cause increased human
casualties. Studies conducted in South Holland indicated
that taking into account increasing probability of flooding
resulting from sea level rise and extreme river flows in Fig. 1: Simulation points 'a' to 'e' 
combination with population growth, human fatalities
could quadruple by 2040 [11]. this river basin is about 25 km long from its estuary to the

Flood is one of the major environmental hazards in furthest basin point. Almost 90% of its length is inside the
Malaysia. Nine percent of its land areas (mostly coastal lowlands. 
depositional lowlands) are flood prone, affecting 12% of The  occurrence  of floods in Rambai Valley has been
the country’s population annually [12]. Flood mitigation attributed to urbanization mainly [16]. However, no
has been a costly matter amounting to approximately USD studies have been done on its future flood susceptibility
106 millions annually from 2002 to 2006 [13]. The west resulting from probable sea level rise. 
coast of Peninsular Malaysia is particularly sensitive to This floodplain is a complex hydro-system. Three
the impacts of flooding as most of the urban centres and interacting  elements contribute to its complexity. They
economic activities of Malaysia are concentrated on the are  topography,  tidal  intrusion  and  human
coastal plains of that region. Flash floods in urban areas intervention. The topography of the lowlands, river
are common here and have been substantially studied pathway and proximity to the sea enable tidal water to
[14]. Aggravated river levels caused by sea level rise reach its mid-valley. As a result, a large part of Rambai
could increase flood frequency and severity which in turn River and its floodplains is susceptible to the effect of
not only harmful to the regional population and industries daily tidal oscillations in the Penang Straits. Statistical
but would also increase further the cost of mitigation. analysis of tidal-water level records (1999 to 2003)
However, the effects of sea level rise combined with indicated that tidal intrusions caused the river water level
increased peak flow on the hydrological system are not at the confluence of Juru and Rambai Rivers to rise
well studied here. approximately 51 to 65% of high tide levels during low

Thus, this paper examines the effect of modified flow periods and enhances peak stages during flood flows
boundary conditions on river peak stage and flow [17].
resulting from probable levels of sea level rise on this Prior to the agricultural development of mid 1960's
region. For this purpose, a tidal affected river in Penang, and urbanization that started in the 1980's, the Rambai
i.e. Rambai River is chosen as a study site. Valley was a large mangrove swamp (saline water

Study Area: Rambai River is located on the central coastal [18]. Naturally, it is a flood prone area due to its low-lying
floodplain of the Juru River basin, 5.325°N - 5.39°N and topography and tidal intrusions [19]. Over the last two
100.41°E - 100.51°E (Fig. 1). It is the main tributary of Juru decades (1980 - 2000), this largely agricultural region has
River. This river together with a  man-made  channel experienced rapid urbanization resulting in the loss of
(Canal 4) drained a 43.0 km  catchment. Rambai River paddy fields and  natural  wetlands  as  they  are2

services approximately 75% of the catchment area. The converted into residential, commercial and industrial
catchment’s floodplains also known as Rambai Valley are (small and medium scale) areas. The total percentage of
bordered by steep isolated hills (65 m to 545 m) succeeded urban areas in Rambai River catchment has increased from
almost abruptly by narrow depositional lowlands. Juru 2.7% to 22% between 1960 and 2001; low density built-up
River connects Rambai River and Canal 4 to the Penang areas (e.g. villages) increased from 18.1% to 24% whereas
Straits about 8.1 km away [15]. The trunk river length  of vegetated areas decreased significantly from 79.2% to

environment) that acted as a natural flood retention zone
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54% [20 and 21]. It is estimated that this area is currently Sea level change is computed in reference to the Land
42% urbanized, 24% rural setting and 34% vegetated Survey Datum 1912 or LSD 1912. The LSD was
based on satellite data analysis. established in 1912 based on Port Kelang (Peninsular

Most of the urban areas are located on the Malaysia) tidal observations. This is necessary because
floodplains. They are mainly residential and commercial all topographic and tidal data in this research uses this
areas with small and medium industrial zones as suburbs. datum. 
The population of Rambai River catchment is A time series analysis was conducted on 23 years of
approximately 140,000 people according to year 2000 monthly average tidal level (1984 - 2006). These monthly
census. Its population density is high, about 3300/km averages are taken from mean daily tidal levels. Linear2

and is concentrated on the floodplains [22]. Adversely, regression was applied on the non linear data set in order
these residents and their socio-economic activities are to obtain a single value for the rate of sea level change.
exposed to present and also future flood hazards resulting Although, higher order polynomial may fit the data set
from sea level rise. Presently, about 9% of these urban better, a linear approach is used for practical reasons of
areas are protected by levees as they on average are simplifying the model [27].
below the mean high water level (0.9 m Land Survey The results indicated that sea level is rising at the
Datum 1912 or LSD 1912) during relatively dry periods rate of 1.85 mm/year for the period of 1984 - 2006 (Fig. 2).
[17]. Boundary conditions at the estuarine of Juru River

In consequence to urbanization, surface runoffs have were determined using the 1.85 mm/year rising rate. It is
increased causing floods to occur almost every year since assumed that this linear rising trend would continue up to
1984 mostly between September and October when the 2100 and that present coastal topography, channel
inter-monsoon period brings heavier rainfalls on the morphology and bathymetry remain unchanged. Wolanski
north-western region of Peninsular Malaysia [23]. The and Chappell and Grabemann et al. made similar
steep isolated hills succeeded almost abruptly by assumption regarding geomorphic elements in their
lowlands and impervious urban surfaces create a studies [28 and 6]. The assumption was done in order to
relatively short lag time between maximum rainfall simplify modeling by neglecting the effect of
intensity and peak flow. This condition is further geomorphologic changes. A more complex modeling work
complicated by tidal intrusions and levees constructed would incorporate long term ground subsidence due to
along the river and Canal 4. Tidal intrusions elevate the tectonic   movement   and   sediment   compaction  [7].
peak stage while the levees trap flood waters within the The 23 to 30 October1999 tidal levels obtained from
urbanized floodplains. As a result, trapped storm runoffs Penang Island Station located about 15 km from the Juru
and channel overflows flood these urban areas [24]. This estuary were used as a reference boundary to coincide
situation could be worse in the future as sea level rise can with the initial simulation year (Table 1). Thus, the
modify downstream boundary conditions and hence simulation mean sea level for 2050 was set at 0.095 m
increases backwater rise along the main river. This would above the annual mean tidal level of 1999 with an addition
result in higher peak stages during flood flows. of +1 standard deviation of the data set, i.e. 0.04 m, making

MATERIALS AND METHODS simulation expediency, the value of 0.15 m rise was used.

Sea level rise is a spatial and temporally varied assumed for year 2050 and 2100 respectively based on
phenomenon. There are areas which actually experience published work [6, 7 and 8]. The high water and low water
drop in sea level [5 and 25]. Thus global mean level rise levels are assumed to rise accordingly to these mean
may not be represents local phenomenon. Local variations values. In other words, there are no changes to the tidal
of sea level rise are better represented by tide gauge range of 1999. 
records provided the tide gauge is located on geologically Another set of boundary conditions for the 0.15 m
stable area [26]. Thus, for this study tidal gauge records increment that takes into account the change of tidal
are used. The data were provided by the Survey and range was made also. The daily high water and low water
Mapping Department of Malaysia through the University records for 1984 - 2006 were analyzed. It was found that
of Hawaii Sea Level Center and Global Sea Level the high water level has been rising at an average rate of
Observing System or GLOSS. The tidal station, i.e. Penang 4.38 mm/year whereas the low water level, 5.25 mm/year.
Station is located 12km northwest from Juru River estuary. Taking these changes into account, the tidal range of 1999

the added boundary value 0.135 m. For the purpose of

Apart from that, a sea level rise of 0.5 m and 1.0 m is also
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Table 1: Boundary conditions

Tidal event Boundary 1: Boundary 2: Boundary 3: Boundary 4: Boundary 5:
date: 23-30 Reference 0.15 m rise 0.50 m rise 1.00 m rise 0.15 m rise
Oct. 1999 (1999) (2050) (2050) (2100) (2050)
Tidal range No modification 2.69 No modification 2.69 No modification 2.69 No modification 2.69 Modified 1.34

Highest high water level 1.765 1.915 2.265 2.765 1.995
Lowest low water level -0.925 -0.775 -0.425 0.075 -0.655
Mean level 0.411 0.561 0.911 1.411 0.563
Standard deviation 0.725 0.725 0.725 0.725 0.724

Note: All levels are in m LSD or Land Survey Datum 1912

Fig. 2: Monthly tidal levels of Penang Station, (2)
1984-2006

Source: Survey and Mapping Department of Malaysia,
UHSLC and GLOSS, 2008 C - runoff coefficient; C  - composite runoff

Note: All tidal levels are in mm above the Tide Gauge coefficient; C , C and C - runoff coefficient of sub-cell
Zero or TGZ (TGZ is at -2.535m LSD) land cover taken from published values; X, Y and Z - land

was modified. Its hourly tidal values were proportionately The dynamic wave model coupled with the
adjusted so that the high water and low water levels transformed Rational Method has been previously
reflect a rise of 0.23 and 0.27 m for 2050 without altering calibrated, validated and verified according to actual flood
the overall mean increment which is 0.15 m. The events that occurred in 1999 and 2000. Modeled stage
description of these boundary conditions is shown in hydrographs were close to measured stage hydrographs
Table 1.  taken from a water leveling station located at the outlet of

Based on these boundary conditions set at Juru River Rambai River. Further discussion can be found in
estuary,  channel  flows  were  simulated    using XP-Storm Sathiamurthy [16]. 
(1-d St. Venant) coupled with a semi-lumped Rational Simulation  points  along   Rambai   River  starting
Method developed by the author. The dynamic wave from the upstream section, i.e. Points ‘a’ and ‘b’, to the
model was used to simulate channel hydrodynamics of outlet  connecting  with  Juru  River,  i.e.  Point  ‘d’,  are
Rambai River while the transformed Rational Method was shown in Fig. 1. Starting from Point ‘a’, ‘b’, ‘c’, ‘d’, ‘d/e’
used to generate inflow hydrographs representing to ‘e’ their respective distance from the outlet was set at
participating   catchments   flows.    The    semi-lumped 5.8, 5.8, 5.3, 5.05, 2.55 and 0 km. Peak stage, flow and
Rational  Method uses  spatial  and  temporal  varied velocity under different boundary conditions and land
rainfalls and spatially  varied  composite  runoff cover change scenarios are simulated for each of these
coefficients (Eqs. 1 and 2). points. 

The rational formula is given as Q = C I A, where I = Land cover data of 2001 and 2010 were used. The 2010
P/ t and C = R / P. In the semi-lumped Rational Method, data are based on government land use plan and Google
for t = t -t  as an example, Q = C I A of a drainage cell can Earth data whereas the 2001 data was extracted from a1 0

be represented as: SPOT XP satellite image [29]. Rainfall data were taken from

(1)

Q - peak discharge in m /s; P - rainfall in mm (convert3

to meter); A - area size or cell size in m ; R- surface runoff2

in mm (convert to meter) dependent on the runoff
coefficient; C - composite runoff coefficient; I- rainfall
intensity; t -time. 

c

1  2  3 

cover size for sub-cell area; A - cell area.
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the same time period as the reference tidal levels, i.e. 23 to C Scenario 10 (S10) - Juru River is assumed to be a free
30  October  1999.  This date was chosen because it was
a flood event. Moreover, hourly tidal, river water levels
and rainfall data essential for model simulation purpose
are readily available. Catchments inflows into Rambai
River were computed using the land cover and rainfall
data. 

The simulated peak stages, flows and velocities are
compared between scenarios in order to determine the
change in hydrodynamic behaviour of Rambai River
resulting from conditions as stated below. The total
percentage urban area for 2001 is 19% whereas for 2010,
42%.

C Scenario 1 (S1) - No changes to 1999 boundary
conditions and 2001 land cover. This represents the
initial scenario. 

C Scenario 2 (S2) - Sea level rise of 0.15 m in 2050 but
land cover remains the same as 2001. This scenario
examines the impact of sea level rise without the
combined impact of 2010 urbanization.

C Scenario 3 (S3) - Sea level rise of 0.5 m in 2050 but
land cover remains the same as 2001. This scenario
examines the impact of sea level rise without the
combined impact of 2010 urbanization.

C Scenario 4 (S4) - Sea level rise of 1.0 m in 2100 but
land cover remains the same as 2001. This scenario
examines the impact of sea level rise without the
combined impact of 2010 urbanization.

C Scenario 5 (S5) - Sea level rise of 0.15 m with changes
to tidal range. Land cover is as same as 2001. This
scenario examines the impact of sea level rise with
changes to high and low water levels without the
combined impact of 2010 urbanization.

C Scenario 6 (S6) - No changes to 1999 boundary
conditions but land cover is as same as 2010. This
scenario examines the impact of 2010 urbanization
alone.

C Scenario 7 (S7) - Sea level rise of 0.5 m in 2050 and
land cover is as same as 2010. This scenario examines
the impact of sea level rise with the combined impact
of 2010 urbanization.

C Scenario 8 (S8) - Sea level rise of 1.0 m in 2100 and
land cover is as same as 2010. This scenario examines
the impact of sea level rise with the combined impact
of 2010 urbanization.

C Scenario 9 (S9) - Juru River is assumed to be a free
flowing river using 2001 land cover data. This
scenario examines the river outflows without tidal
effect and 2010 urbanization.

flowing river using 2010 land cover. This scenario
examines the river outflows without tidal effect but
with the impact of 2010 urbanization.

The scenarios that include land cover change with
and without boundary conditions alteration are for the
purpose of examining whether urbanization has greater
effect to the changes of hydrodynamic behaviour of
Rambai Valley compared to sea level rise. 
 Greater flood susceptibility is associated with river water
level or peak stage rise. Based on a digital terrain model or
DTM of Rambai Valley, the effect of higher peak stages
on the flood susceptibility of this valley was studied [30].
The size of areas susceptible to flooding due to peak
stage rise was related by using a stage-area curve
developed from the DTM. An average stage level was
used for this purpose since peak stages are not same for
each simulation point. The stage-area curve is represented
by the Eq. 3. 

A  = 666042(S ) - 78076S + 2E + 06 (3)s
2

A  - Surface area in m ; S - stage level s
2

RESULTS AND DISCUSSION

The simulation results for each scenario are shown in
Table 2. There are considerable differences in peak stage,
flow and velocity between scenarios for each simulation
point as indicated by their percentage of change (Table 3).
This implies that changes in boundary conditions and
land cover have an impact on the hydrodynamics of
Rambai River. 

With reference to Table 3, the percentages of changes
in peak stage, flow and velocity were compared to the
initial scenario, i.e. Scenario 1. In general, Scenarios 6 to
8 which take into account land cover change showed very
significant increase in peak stages, 5.7% to 20.5%
coinciding with a general decrease of flow and velocity
except for downstream points. Downstream points, ‘d/e’
and ‘e’, for Scenario 8 which assumed a 1.0 m sea level
rise combined with 20% increase of urban area in Rambai
Valley, showed the highest change in peak stage and
flow. 

In contrast, Scenarios 2 to 5, which assumed a sea
level rise of 0.15, 0.5, 1.0 m and 0.15 m rise with changes to
tidal range, basically indicated a considerably lower
percentage of change. Thus, this implies that sea level rise
alone would not cause significant change to peak stages,
flows  and  velocities  of  Rambai River. Urbanization that
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Table 2: Simulation results

Point S1 S2 S3 S4 S5 S6 S7 S8 S9 S10

Peak stage (m LSD)

a 4.013 4.017 4.033 4.129 4.017 4.272 4.295 4.390 3.999 4.251
b 4.096 4.099 4.115 4.206 4.100 4.329 4.352 4.444 4.083 4.308
c 4.012 4.016 4.032 4.126 4.016 4.271 4.294 4.388 3.998 4.249
d 2.463 2.466 2.484 2.576 2.466 2.748 2.776 2.877 2.415 2.701
d/e 2.067 2.069 2.086 2.169 2.070 2.371 2.393 2.490 2.013 2.317
e 2.044 2.047 2.063 2.142 2.047 2.346 2.367 2.459 2.000 2.250

Peak flow (m /s)3

a -11.195 -11.188 -11.158 -10.586 -11.187 -8.503 -8.325 -8.007 -11.094 -
b 20.214 20.183 20.047 19.315 20.181 17.213 16.850 15.125 20.328 17.52
c 12.238 12.263 12.310 12.421 12.258 11.936 11.882 11.841 12.370 12.07
d 30.677 31.418 28.253 14.531 27.126 30.913 26.360 13.606 31.717 31.73
d/e 21.488 21.274 22.039 22.770 21.559 22.133 22.767 23.340 20.769 21.36
e 54.549 54.643 55.306 57.562 54.664 62.533 63.129 65.493 49.498 64.31

Peak velocity (m/s)

a -1.190 -1.190 -1.180 -1.120 -1.190 -0.900 -0.880 -0.850 -1.180 -
b 1.440 1.440 1.430 1.380 1.440 1.260 1.210 1.080 1.450 1.290
c 2.700 2.710 2.720 2.740 2.710 2.640 2.620 2.610 2.730 2.670
d 3.200 3.290 3.140 1.270 3.030 3.300 2.990 1.150 3.290 3.360
d/e 0.250 0.250 0.250 0.260 0.250 0.250 0.260 0.270 0.240 0.250
e 0.150 0.150 0.150 0.150 0.150 0.170 0.150 0.160 0.300 0.340

Note: S1 to S10 - Scenarios 1 to 10; Point - simulation points located along Rambai River, ‘a’ and ‘b’ are upstream points followed by ‘c’, ‘d’, ‘d/e’
downstream points and ‘e’, the Rambai River outlet point. 

Table 3: Percentage of changes in Scenarios 2 to 10 compared to Scenario 1

Point S1 S2 S3 S4 S5 S6 S7 S8 S9 S10

Peak stage

a 0.00 0.10 0.50 2.89 0.10 6.45 7.03 9.39 -0.35 5.93
b 0.00 0.07 0.46 2.69 0.10 5.69 6.25 8.50 -0.32 5.18
c 0.00 0.10 0.50 2.84 0.10 6.46 7.03 9.37 -0.35 5.91
d 0.00 0.12 0.85 4.59 0.12 11.57 12.71 16.81 -1.95 9.66
d/e 0.00 0.10 0.92 4.93 0.15 14.71 15.77 20.46 -2.61 12.09
e 0.00 0.15 0.93 4.79 0.15 14.77 15.80 20.30 -2.15 10.08

Peak flow

a 0.00 -0.07 -0.34 -5.45 -0.07 -24.05 -25.64 -28.48 -0.90 -
b 0.00 -0.15 -0.82 -4.44 -0.16 -14.85 -16.64 -25.18 0.57 -
c 0.00 0.21 0.59 1.50 0.17 -2.47 -2.91 -3.25 1.08 -1.33
d 0.00 2.42 -7.90 -52.63 -11.57 0.77 -14.07 -55.65 3.39 3.44
d/e 0.00 -0.99 2.56 5.97 0.33 3.00 5.95 8.62 -3.35 -0.60
e 0.00 0.17 1.39 5.52 0.21 14.64 15.73 20.06 -9.26 17.90

Peak velocity

a 0.00 0.00 -0.84 -5.88 0.00 -24.37 -26.05 -28.57 -0.84 -
b 0.00 0.00 -0.69 -4.17 0.00 -12.50 -15.97 -25.00 0.69 -
c 0.00 0.37 0.74 1.48 0.37 -2.22 -2.96 -3.33 1.11 -1.11
d 0.00 2.81 -1.88 -60.31 -5.31 3.12 -6.56 -64.06 2.81 5.00
d/e 0.00 0.00 0.00 4.00 0.00 0.00 4.00 8.00 -4.00 0.00
e 0.00 0.00 0.00 0.00 0.00 13.33 0.00 6.67 100.00 126.67

Table 4: Percentage of Rambai sub-basin area susceptible to flooding

S1 S2 S3 S4 S5 S6 S7 S8

Average peak stage (m LSD) 3.12 3.12 3.14 3.22 3.12 3.39 3.41 3.51
Flooded area (km ) 8.22 8.24 8.30 8.67 8.24 9.39 9.49 9.922

Increment % - 0.16 0.98 5.49 0.17 14.16 15.42 20.6
Rambai sub-basin % 19.12 19.15 19.31 20.17 19.16 21.83 22.07 23.08

Note: Increment % - percentage of change compared to Scenario 1 
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causes increased surface runoffs seems to be a greater It   should   be   noted   that   most   of   the   urban  areas
contributing factor. This can be further supported by the of Rambai Valley are located within these susceptible
results of Scenario 10. areas. At present  these  areas  are   experiencing  rapid

Scenario 9, which assumed a free flow condition (no urbanization which will create a combined urban area that
outlet boundary and sea level rise), showed that for the exceeds the 42% value used in this research hence making
same land cover, the peak stage along Rambai River is this area even more susceptible to flooding in the future
lower than Scenario 1. Its peak flows and velocities [31]. 
basically indicated a mixed low percentage of change
except for its peak velocity at Point ‘e’. Hence, based on CONCLUSION
the higher peak stages of Scenario 1 which included an
outlet boundary condition, it is implied that tidal inflow This paper presents the results of a research into the
could elevate water levels in Rambai River. impact of sea level rise to the hydrodynamic behaviour of

This implication can be supported by an analysis on tidal rivers in Malaysia. The initial results imply that sea
the relation between tidal and water levels during dry and level rise could modify the hydrodynamic behaviour of
wet periods. Dry period analysis results indicated that tidal rivers in terms of their peak stage, flow and velocity.
tidal intrusion during high tide caused river water levels Sea level rise generally can increase the peak stage levels.
to increase approximately 65% of the high tide levels. On the contrary, its effect on peak flow and velocity
Previous study pointed out that tidal intrusion during wet varies according to location of simulation points. 
periods enhanced the peak stages of flood flows [17]. There are considerable differences when each

Scenario 10, which assumed a free flow condition simulation point is compared between scenarios. The
also but with 20% increase of urban area, produced a pattern of response to boundary and land cover change
significantly greater percentage of change compared to between points showed no significance difference
Scenario 1. Its peak stages increment are higher than indicating a similar hydrodynamic behaviour pattern along
Scenarios 2 to 5 and 9. Particularly, it is higher than Rambai River for each scenario. This could be caused by
Scenario 4 which assumed a 1.00 m sea level rise. This the application of the same modeling factors, i.e. rainfall
suggests that a 20% increase in urban surfaces alone events, channel geometry and gradient and topography
without the elevating effect of tidal intrusion on river for each scenario. Hence, the author suggests that the
water level could have a greater effect on peak stage model could be improved to include scenarios with varied
compared to a 1.0 m rise in sea level without the combined hydro-geomorphologic factors so that simulation could
impact of urbanization. represent a more realistic condition. 

Scenarios 2 to 8 demonstrated that sea level rise The results also indicated that change in boundary
could induce a higher peak stage especially at the lower conditions alone do not immediately imply increased
section of Rambai River. Backwater rise from the lower susceptibility to flooding in coastal floodplains. It was
section could cause a significant reduction in flow found that combined with impact of urbanization, the
velocities at the upper section of Rambai River resulting effect of sea level rise is enhanced. Comparatively,
in lower peak flows but raised stage levels. On the urbanization seems to have a greater impact on altering
contrary, peak flows and peak velocities generally showed the hydrodynamic behaviour of the river. 
a tendency to increase at the lower section of Rambai
River especially for scenarios that included land cover ACKNOWLEDGEMENT
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