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Abstract

River hydraulic models have successfully identified the weaknesses and areas for improvement with respect to flooding in
the Sarawak River system, and can also be used to support decisions on flood management measures. Often, the big ques-
tion is ‘how’. This paper demonstrates a theoretical flood management framework inferred from Sarawak River modelling
outputs. The river model simulates the movement of flood waters through river reaches. Information on flood levels and
overtopping of embankments is used to guide a flood early warning system. The above-mentioned elements were combined
in a logical framework that showed logic sequences and impact indicators for improved flood relief activities in the city of

Kuching, Malaysia.
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Background

The Sarawak River system has been the sub-
ject of numerous studies, due to the location of
Kuching, the capital of Sarawak State, Malaysia,
within the basin. The state government has
invested huge amounts of resources and time

in researching the river. Two very important
outputs of those funded projects have been the
topographical and hydrological data essential to
river modelling (Dyhouse et al., 2003). Without
these data, investigations aimed at understand-
ing the hydrological behaviour of the Sarawak
River would be futile. Earth surface data repre-
sented the elevation, profile curvature, flow path
length, upslope area and conveyance capacity

of the river. Hydrological data represented the
meteorological and rainfall-runoff mechanism
(Yu et al., 1999). However, as it is difficult to
imagine the effects of these factors, a river
computer model is useful in enabling visualisa-
tion of the system (Liang and Molkenthin, 2001;
Sinnakaudan et al., 2003). The modelling outputs support deci-
sion making (Hédmaéldinen et al., 2004; Oxley et al., 2004) and
can be used, as in this study, to formulate a flood management
framework.

The Sarawak River (see Fig. 1) rises in the Bungoh Ranges
to the south of Kuching city, at the border with Indonesia,
meanders across a wide coastal floodplain and through the
capital city before discharging into the South China Sea. The
river basin has an area of approximately 1 430 km? and a
stream length of about 120 km, which consists of 2 principal
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Sarawak River Basin

tributaries, namely, Sarawak Kanan River and Sarawak Kiri
River. The 2 tributaries meet near Batu Kitang, some 34 km
upstream of Kuching. Kuching city is very flat and low-lying.
Parts of the city are susceptible to flooding from fluvial and
tidal events. The average annual rainfall in the catchment is
about 3 800 mm (Memon and Murtedza, 1999).

On the eastern edge of the city, the Sarawak River divides,
and prior to 1998 2 exits to the sea to the sea existed, on the
Sarawak River and Santubong River. In order to protect the
city, the Sarawak State Government blocked the 2 rivers and
allowed only 1 outlet to the sea, via the Kuching Barrage,
aimed at controlling the river and tidal flows (KTA Consulting
Engineers, 1994). The river flow was modified from the natural
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tidal regime to a regulated flow, by means of a system of gates
constructed along a land isthmus just downstream of Kuching
city (Sharp and Lim, 2000). However, the opening and clos-
ing of barrage gates for flushing, de-siltation and navigation,
was operated in such a way as to allow a certain degree of
tidal influx into the Sarawak River system. Tidal effects were
significant till the river confluence at Batu Kitang.

After the completion of the barrage, and with the down-
stream flow regime altered, major floods took place in February
2003, January 2004 and January 2009. To further mitigate
the flooding problems, the state government announced the
construction of an 8 km flood bypass channel from Kpg Paroh
to Salak River (Jurutera Jasa Consulting Engineers, 2006).
Sarawak River would be cut off by a second barrage. These
facilities are expected to be in full operation by 2015, at which
time the Sarawak River will be separated into lower and upper
rivers.

River modelling

A MWH Soft model, InfoWorks River Simulation (RS) was uti-
lised for modelling the Sarawak River. InfoWorks RS involves
tight coupling of GIS functionality and full dynamic flow
simulation. Such a model relies profoundly on the accuracy of
topographical data (Benito et al., 2004; Sinnakaudan, 2009).
The basin-wide digital terrain model (DTM) was derived

from 3 sources: a 1:25000 topographical map of urban areas, a
1:50000 topographical map of rural areas and a river corridor
survey exercise that produced river cross-sectional profiles at
intervals of 1 km in urban areas and 5 km in rural areas. The
survey exercise was carried out in 2000 in conjunction with

the Sarawak River Mitigation Options Study (Jurutera Jasa
Consulting Engineers, 2003). In the absence of more advanced
earth-surface observation datasets, the available topographical
data was the best available at the time. These were adequate for
1-dimensional (1-D) modelling, as previously indicated by the
reports of Jenny et al. (2007) and Salim et al. (2009) on model-
ling Sarawak River systems.

There are 24 hydrological stations along the Sarawak
River, which record hourly rainfall and water level data.
However, there is no direct measurement of flow data. Rating
curves are available for 2 upstream stations, Buan Bidi and
Kpg Git, which have been calibrated from time to time (Mah
et al., 2007). The 2 upstream ends were treated as Flow-Time
Boundaries. The downstream end, at the estuary, was treated
as a tidal Stage-Time Boundary. Barrage gates were modelled
as radial gates. With these hydrological data, a base river model
simulating the existing conditions was calibrated, using chan-
nel and floodplain friction as free parameters, against recorded
and modelled hydrographs of Sarawak River. A detailed
description of the modelling steps can be found in Putuhena et
al. (2005-2006) and Mah et al. (2010). As demonstrated in
Fig. 2, the matching of the recorded and modelled hydrographs
during the February 2003 flood event (DID, 2003) is accept-
able, with a correlation coefficient of over 0.80. The calibrated
model had been able to mimic the real river behaviours at
80% confidence before any of the intended investigations were
begun (MWH Soft, 2008).

The base model, carefully calibrated against discharge
for one event, can be utilised to predict discharge, using inde-
pendent data for the second event, and including the flood
bypass channel, a new barrage and tide levels. The bypass was
modelled as an extended river channel to Salak River. A tidal
Stage-Time Boundary was imposed at the outlet of the bypass.
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Figure 2
Model calibration of February 2003 flood event at locations
(a) Batu Kawa Bridge, (b) Satok Bridge and (c) Ship Lock
(at Muara Tebas)

No gauges were available at Salak River at present. However, a
tide table was accessible from the marine department.

The January 2004 flood event was generally quoted as a
100-year flood event (DID, 2004). The event flood flows were
run through the developed model. The Sarawak River basin
did not have a any documented flood management framework,
but has 2 mitigation structures, i.e. the Kuching Barrage and
the upcoming flood bypass channel. Model 1 was derived for
existing mitigation conditions (Fig. 3), where the Kuching
Barrage was included. Model 2 incorporated the flood bypass
channel (Fig. 4). Both models enabled the exploration of many
engineering solutions.

For purposes of demonstration, Model 2 was utilised
to produce an inundation analysis along the river corridor.
The river model computed the floodwater level and flood
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Figure 3
Model 1 (simulating existing conditions for
January 2004 flood event)
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Figure 4
Model 2 (simulating Flood Bypass Channel for
January 2004 flood event)

Table 1
Estimation of rise and spread of floodwaters from Sarawak River
January 2004 flood event simulation results
Flood levels from bankfull
1:0.5m | 2 0.5m | 390.5m | 4" 0.5m
Remarks
LA t L/t* L t L/t L t L/t L t L/t

Lower Sarawak River

Pending 1816 | 0.40 | 4.541 | 1.830 | 0.45 | 4.068 Rank 2
Kuala Maong 2.005| 0.40 | 5.012 | 2.032 | 0.35 | 5.806 | 2.069 | 0.40 | 5174 | 2.091 | 0.50 | 4.183 | Rank 1
Upper Sarawak River

Batu Kawa 4636 | 240 | 1932 | 4689 | 4.05 | 1.155 | 4.689 | 6.30 | 0.744 | 4785 | 3.10 | 1.542
Sarawak Kanan River

Tondong 1929 | 7.00 | 0.275 | 1.903 | 4.20 | 0.451

Siniawan 2186 | 1.20 | 1822 | 2.212 | 155 | 1.427 | 2.240 | 3.05 | 0.737 | 2.240 | 4.40 | 0.507
Sarawak Kiri River

Kpg Landeh 1531 | 1.20 | 1.276 | 1.613 | 5.25 | 0.307

maps at different time steps. It was proposed to extract those Notes:
data resulting in a rate of floodplain submergence from river
bankfull level to a depth of 2 m. Based on the assumption * Rate of floodplain submergence =
that a normal adult Asian has a height of about 1.6 m, human Length of land submerged in 0.5 m of floodwater [L in km]
settlements were known to be close to the river, and most of Time of floodwater reaching 0.5 m [t in hours]

the village houses outside Kuching were single-storey houses,
a flood depth of 2 m was taken as a reference point, beyond
which flooding would inflict drowning. Some localities, for
example Batu Kawa had recorded a flood level up to 6 m.
This rate would be a reflection of the river flooding
severity (see Table 1). The higher the value of this rate, the
more vulnerable the location will be to rapidly rising and
widespread floodwater. Table 1 presents floodwaters rising
from bankfull level to 0.5 m, progressively to 1, 1.5 and
2 m, together with the associated time and affected length.
The analysis shows that the Lower Sarawak River is the
most vulnerable to flood risk. Kuala Maong and Pending,
due to their low elevations, had the fastest time for a 0.5 m
water level rise, i.e. less than an hour. Both locations would
submerge at a rate of 4-5.8 km/h. The risk along the Upper
Sarawak River was ranked as ‘moderate’ but Batu Kawa
demonstrated the widest floodwater spread. Batu Kawa
would submerge at a rate of 0.7-1.9 km/h. The upstream
tributaries floodplain had a rate of submergence of 0.2-1.8
km/h. These data were fed into a flood management frame-
work to enable decision support.
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Flood management framework

A theoretical framework for flood management for Sarawak
River system was developed using a systemic approach
(Bell and Morse, 1999) known as the Logical Framework

or Logframe. Logframe is a management and planning tool
which links cause and effect through a hierarchy of objec-
tives (Putuhena and Kusmulyono, 2007). The Logframe
comprises of a 4 x 4 matrix. Column 1 provides a narra-
tive summary of activities and objectives. Reading from

the bottom, these steps are Activity, Output, Objectives

and Ultimate Goal. Each of these has a specific definition
and role. Column 2 contains the Objectively Verifiable
Indicators (OVI) that provide evidence of the statements in
Column 1 of the same row that have been achieved. Column
3 provides the Means of Verification (MOV) by which the
OVI are measured, and is equivalent to the monitoring and
evaluation system. Column 4 lists the major assumptions,
which influence the progression from a lower to a higher row
in the framework.

The flow of logic through the framework starts in the
bottom left-hand corner at the level of activity and follows a
sequence of [F — AND — THEN statements, as illustrated in
Fig. 5. IF the Activities are completed AND the Assumptions
hold, THEN the Outputs will be achieved, IF the Outputs are
completed, AND the Assumptions hold, THEN the Objectives
will be achieved, and so on.

The Ultimate Goal refers to the sectoral objective to which
the project is designed to contribute. For this exercise, the
Ultimate Goal was to reduce the excessive flood loses along the
Sarawak River system. There were 4 strategies identified that
needed attention, i.e.:

* New flood map

* Flood early warning system
* Flood relief programme

«  Community education.

The Goal, Purpose, Outputs and Activities are 4 systemic
approaches that are set out (Table 2) in 1 frame, taking into
account the necessity of a ‘Flood Early Warning System’.
For purposes of demonstration, we applied the Logframe to
the above-mentioned elements (Goal, Purpose, Outputs and
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Activities of a flood warning system) in the first column.
Reliable detection of flood conditions was a critical component
of an effective local flood warning programme (Pappenberger
et al., 2008). In order to assist with this, modelling outputs were
included in the second column as indicators.

This had contributed substantially (as exhibited in Table
2) to identifying the priority areas most likely to need emer-
gency notification, critical time for evacuation, and the most
effective route for relief. For example, Kuala Maong was
predicted, based on a 100-year flood, to be submerged to the
critical 2 m level of floodwater in 1 hour 25 min, with, on
average, less than half an hour for each water rise of
0.5 m. This is a short duration of time which should war-
rant greater attention from the authorities. The map showing
the extent of flooding per 0.5 m level rise can identify the
affected households and thus separate them into zones and
plan an appropriate evacuation strategy. Questions which
need to be answered include: who is in the most critical zone
if floodwaters were to rise continuously for the first 30 min,
where should they go, how much time do they have, which
agency is responsible, etc. These questions were provided
with guidance. These were the data offered to support deci-
sion making, and dissemination of such information would
enable its use in formulating action plans, thus allowing the
responsible parties to take rapid action.

Concluding remarks

As flooding continues to affect a greater portion of the grow-
ing population in Kuching city, communities with persistent
flood problems or with risk of great losses when flooding does
occur, are continually seeking methods to mitigate flood losses.
In this paper, a river model was developed to identify flood
conditions. This information was fed into a Logical Framework
for addressing issues of emergency response and flood informa-
tion coordination. A clear flood framework would enable many
agencies to work closely together to rectify the flood situa-

tion in the quickest and safest manner. Often there is invest-
ment into the development of river hydro-informatics systems
without sufficient dissemination of data or execution of action
plans. It is important that this expensively-acquired informa-
tion is propagated and used in an effective way, and how it is
used to influence decision making processes.
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Theoretical logframe of Sarawak River flood management framework

Table 2

Goal

This would relate to the dedication to
flood disaster risk reduction and
emergency response at the Sarawak
River basin level
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1.8
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Kuala Maong
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Siniwan
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