
October 2003

JABATAN PENGAIRAN DAN SALIRAN MALAYSIA

NATIONAL  REGISTER  OF  RIVER  BASINS

FINAL REPORT

Volume 2

Updating of Condition of Flooding in Malaysia

MAIN REPORT

KTA Tenaga sdn bhd
CONSULTING ENGINEERS * JURUTERA PERUNDING

Submitted by :



Vol. 1 : Register of River Basins

Vol. 2 : Updating of Condition of Flooding in Malaysia - Main Report

Vol. 2.1 : State Report for Perlis, Kedah & Pulau Pinang

Vol. 2.2 : State Report for Perak

Vol. 2.3 : State Report for Selangor & W.Persekutuan K.Lumpur

Vol. 2.4 : State Report for Negeri Sembilan & Melaka

Vol. 2.5 : State Report for Johor

Vol. 2.6 : State Report for Pahang

Vol. 2.7 : State Report for Terengganu

Vol. 2.8 : State Report for Kelantan

Vol. 2.9 : State Report for Sabah

Vol. 2.10 : State Report for Sarawak

NATIONAL REGISTER OF RIVER BASINS



NATIONAL REGISTER OF RIVER BASINS 
 

VOLUME 2: UPDATING OF CONDITION OF FLOODING IN MALAYSIA - 

MAIN REPORT 

 

Final Report 
____________________________________________________________________________________ 
 

 
TABLE OF CONTENTS 

 
 
  

1.0 INTRODUCTION        1-1 

  1.1 STUDY BACKGROUND     1-1 

  1.2 STUDY OBJECTIVES      1-2 

  1.3 STUDY AREA       1-2

  1.4 SCOPE OF WORK      1-2 

 

 2.0 ORGANISATION OF REPORT AND METHODOLOGY  2-1 

  2.1 ORGANISATION OF REPORT    2-1 

  2.2 METHODOLOGY      2-1 

  2.3 PROCEDURES AND ASSUMPTIONS USED TO UPDATE 

   THE CONDITIONS OF FLOODING    2-3 
 

 3.0 COMPILATION OF INFORMATION ON FLOOD EVENTS 3-1 

  3.1 INFORMATION ON FLOOD EVENTS    3-1 

  3.2 RIVER BASIN MANAGEMENT UNITS (RBMU) IN 

   MALAYSIA       3-2 

  3.3 NUMBER OF FLOOD EVENTS BY RBMU IN EACH  

   STATE        3-2 

  3.4 SUMMARY OF FLOOD EVENTS BY RIVERS IN EACH 

   STATE        3-2 

 

4.0 PROJECTS THAT HAVE IMPACTS ON FLOODS   4-1 

4.1 FLOOD MITIGATION AND DRAINAGE PROJECTS   

   BY JPS        4-1 

4.2 FLOOD MITIGATION AND DRAINAGE PROJECTS 

BY LOCAL AUTHORITIES     4-1 

i 



  4.3 WATER RESOURCES PROJECTS BY JKR AND TNB 4-2 

  

5.0 UPDATING OF CONDITIONS OF FLOODING   5-1 

 5.1 SELECTION OF WORST FLOOD EVENT IN EACH RBMU 5-1 

 5.2 UPDATED FLOOD MAPS FOR EACH RBMU   5-2 

 5.3 UPDATED FLOOD AREA STATISTICS AND ANNUAL  

   AVERAGE DAMAGE IN EACH RBMU AND STATE  5-2 

  5.4 DISCUSSION       5-3 

 

6.0 IMPACTS OF PROPOSED FLOOD MITIGATION PROJECTS IN 

 RANCANGAN MALAYSIA KE-8     6-1 

 

7.0 CONCLUSION AND RECOMMENDATION    7-1 

 7.1 CONCLUSION       7-1 

 7.2 RECOMMENDATION      7-3 

 

LIST OF REFERENCE 

 

APPENDICES 

 

APPENDIX 1 TERMS OF REFERENCE 
 
APPENDIX 2  SAMPLE CALCULATION OF ANNUAL AVERAGE DAMAGE 

AND FLOOD MAP FOR PERAI RBMU 
 
APPENDIX 3  BASIC DATA OF POPULATION AND HOUSEHOLDS  
 
APPENDIX 4  UNIT VALUES OF CROPS, BUILDINGS AND HOUSEHOLD 

ARTICLE 
 
APPENDIX 5  FLOOD FREQUENCY OF VARIOUS JPS STREAMFLOW 

STATIONS 
 
APPENDIX 6  NUMBER OF FLOOD EVENTS BY RBMU 
 
 
APPENDIX 7  LIST OF PROPOSED RM 8 FLOOD MITIGATION PROJECTS 

AND EXPECTED BENEFITS 
 
APPENDIX 8   STATE FLOOD MAPS 
 
APPENDIX 9 LOCATION MAPS FOR PROPOSED MAJOR FLOOD 

MITIGATION PROJECTS IN RM 8 
 
APPENDIX 10 CD-ROMs OF REPORT AND FLOOD MAPS 

ii 



LIST OF TABLES 
 
 

TABLE 2.1 :  UNIT VALUES OF PROPERTIES AND CROPS 
 
TABLE 2.2 :  FLOOD DAMAGE FACTORS 
 
TABLE 3.1 :  FLOOD EVENTS FROM 1980 TO 2000 FOR PERLIS  
  RBMU 
 
TABLE 3.2 :  LIST OF RIVER BASIN MANAGEMENT UNITS (RBMU) 
 
TABLE 3.3 :  SUMMARY OF FLOOD EVENTS  (1980 TO 2000) BY
   RIVERS FOR PULAU PINANG 

 
TABLE 4.1 :  MAJOR FLOOD MITIGATION PROJECTS  
   IMPLEMENTED BY JPS IN RM-4 TO RM-7 

 
 TABLE 4.2 :  MINOR FLOOD MITIGATION PROJECTS  
    IMPLEMENTED BY JPS IN RM-4 TO RM-7 

 
 TABLE 4.3(a)  :  LIST OF URBAN DRAINAGE PROJECTS IMPLEMENTED
    BY DBKL 
 
 TABLE 4.3(b) : LIST OF URBAN DRAINAGE PROJECTS IMPLEMENTED 
    BY MPMBB 
 
 TABLE 4.3(c) : LIST OF URBAN DRAINAGE PROJECTS IMPLEMENTED 
    BY MBJB 
 
 TABLE 4.3(d) : LIST OF URBAN DRAINAGE PROJECTS IMPLEMENTED 
    BY MPSP 
 
 TABLE 4.4 :  LIST OF WATER RESOURCES PROJECTS WITH FLOOD  
    MITIGATION COMPONENT IMPLEMENTED BY JKR  
    AND TNB FROM 1980 TO 2000  
 

  TABLE 5.1 :  LIST OF RBMU WITH PROJECTS THAT HAVE MAJOR  
     FLOOD MITIGATION IMPACTS IMPLEMENTED FROM  
     1980 TO 2000  

 
 TABLE 5.2 :  SELECTED WORST FLOOD EVENT, ACCORDING TO  
    RBMU 

 
 TABLE 5.3 :  LIST OF FLOOD MAPS 

 
 TABLE 5.4 :  COMPARISON OF FLOODED AREA AND AAD  
    BETWEEN KTAT 2002 STUDY AND JICA 1982 STUDY,
    ACCORDING TO RBMU 

 
 TABLE 5.5 :  COMPARISON OF FLOODED AREA BETWEEN KTAT  
    2002 STUDY AND JICA 1982 STUDY, ACCORDING TO  
    STATE 

 
 

iii 



 TABLE 6.1 :  SUMMARY OF EXPECTED BENEFITS FROM  
    PROPOSED RM8 FLOOD MITIGATION  
    PROJECTS, ACCORDING TO STATES 
 

   TABLE 6.2 :  LIST OF LOCATION MAPS FOR PROPOSED MAJOR  
      FLOOD MITIGATION PROJECTS IN RM8  
 
   TABLE 7.1 : SUMMARY OF FLOOD CONDITION IN MALAYSIA 
 
   TABLE 7.2 : SUMMARY OF FLOOD AREA STATISTICS 
 
   TABLE 7.3 : COMPARISON OF FLOOD AFFECTED AREAS  
      ACCORDING TO LANDUSE 
 
   TABLE 7.4 : ESTIMATED IMPACT OF MAJOR FLOOD MITIGATION  
      RELATED PROJECTS IMPLEMENTED IN SEVERAL  
      RBMUs 
 
 
 
 
 

LIST OF FIGURES 
 

 
FIGURE 2.1 :  FLOW CHART FOR DAMAGE COMPUTATION 

 
FIGURE 5.1 :  FLOW CHART TO SELECT THE WORST FLOOD EVENT 

 
FIGURE 5.2 :  PENINSULAR MALAYSIA FLOOD AFFECTED AREA  

      MAP 
 
 FIGURE 5.3 :  SABAH & SARAWAK FLOOD AFFECTED AREA MAP 
 

 

iv 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CHAPTER 1  
 

INTRODUCTION 



1.0 INTRODUCTION 
 
1.1 STUDY BACKGROUND 

 
The Japan International Co-operation Agency (JICA), on the request of the 
Malaysian Government, completed a National Water Resources Study 
(NWRS) for Malaysia in 1982. As part of the Study, a compilation and an 
assessment of the conditions of flooding up to 1979 for Peninsular Malaysia, 
and up to 1981 for Sabah and Sarawak, were carried out. The Study has 
provided the following information on floods in the affected river basins in 
the country. 
 

Area of flooding • 

• 

• 

Estimated annual average damage due to floods 
Number of people affected by the floods 

 
Since the completion of the study in 1982, the Government has implemented 
numerous flood mitigation and drainage projects. The implemented projects 
have resulted in a reduction in the extent of flooding in various places. Also, 
the implementation of a number of water resources projects with flood control 
measures, would also have reduced the magnitude and therefore the extent of 
flooding downstream of their related river systems. Thus, the overall flood-
affected areas in the country would have been reduced significantly. 

 
However, over the last two decades, as a result of economic growth, there has 
been a rapid growth in urban centres and expansion in the development of 
land, property and infrastructure in the suburban areas. This has resulted in the 
potential for greater flood damage as well as increased incidences of 
occurrence of flash flood, which result in a lot of disruption to socio-economic 
activities. 
 
In view of the above situation, there is a need to update the flood information, 
for all the flood-affected river basins in the country. The updated information 
on flooding will enable the Government, and its agencies, including the 
Jabatan Pengairan dan Saliran (JPS), which is responsible for flood 
mitigation, to prioritise and plan its flood mitigation works. 
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1.2 STUDY OBJECTIVES 
 

The objectives of the study are as follows: 
 
(a) to update information on the conditions of flooding in the country 

presented by JICA in the National Water Resources Study (1982) so as 
to present information on the conditions of flooding as at year 2000 

(b) to prepare updated flood maps by river basin as at year 2000 
(c) to derive information on the conditions of flooding if the flood 

mitigation projects proposed under Rancangan Malaysia Ke-8 are 
implemented 

 

1.3 STUDY AREA 
 

The study area encompasses the reported flood-affected areas in the whole 
country (i.e. Peninsular Malaysia, Sabah and Sarawak). 

 
The reported flood-affected areas are to be grouped under their respective 
river basins. 

 

1.4 SCOPE OF WORK 
 

The Terms of Reference for this Study is given in Appendix 1. The scope of 
work is as follows:  
 
1. Establish the baseline data and information on flood condition in 

Malaysia using the 1982 JICA Study. (NRWS) 
2. Obtain, compile, organize and document an up-to-date information on 

flood mitigation and drainage works undertaken by Jabatan Pengairan 
dan Saliran at the Federal, State, District and Project levels. 

3. Obtain, compile, organise and document an up-to-date information of 
urban drainage works undertaken by the Kuala Lumpur City Hall and 
other Local Authorities that undertake major urban drainage projects. 

4. Obtain, compile, organise and document an up-to-date information on 
water resources projects that have an effect on flood mitigation, such 
as hydropower and water supply dams. 
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5. Assess the impacts of the flood mitigation, urban drainage as well as of 
other relevant projects that have modified the extent of flooding. The 
assessment should result in: 
(i) Areas organised by river basin that are still prone to flooding, as 

at year 2000, for the reported flood events.  
(ii) Flood maps showing flood-affected areas, as at the year 2000, 

for the reported flood events. 
(iii) Assessment and update on the Annual average flood damage and 

number of people affected by floods 
(iv) Number of people and areas still prone to flooding, organised by 

river basins, if all flood mitigation projects proposed under the 
Eighth Malaysia Plan are implemented. 

 
Note:  On the request of the Government the Consultant has also included in 

this study the floods that occurred in the year 2001, in the East Coast 
States of Peninsular Malaysia and also Johor.  
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CHAPTER 2  
 

ORGANISATION OF REPORT AND METHODOLOGY 



2.0 ORGANISATION OF REPORT AND METHODOLOGY 
 
2.1  ORGANISATION OF REPORT 
 

The outputs from this Study are organised and presented in 11 separate 
Volumes and 10 sets of Drawings. The 11 Volumes comprises this Main 
Report and 10 State Reports. Each State Report will be accompanied by a set 
of Drawings showing the maps of the flood-prone areas in each State.  
 
The Main Report shall describe the details of the methodology used in the 
Study, the assumptions made and all pertinent outputs from the Study that are 
generic or national in nature.  
 
The State Report shall contain all outputs from the Study that are specific to 
each State. This will facilitate the use of the results from this Study by the 
respective State JPS Offices, as only two Reports (the Main and pertinent 
State reports) and one set of drawings, need to be given to each State.   
 

2.2 METHODOLOGY 
 

The methodology adopted by the Consultant to carry out the scope of works 
described in Section 1.4 for the updating of the conditions of flooding in the 
country are summarised as follows: 
 
1. Review of the JICA (1982) report to extract the pertinent baseline flood 

information. 
 
2. Compilation of pertinent information on all reported flood events that have 

occurred in the country, from 1980 to 2000. The information for each 
flood event is extracted from the annual flood reports prepared by JPS 
offices at Federal and State levels. The outputs from this step are tables 
with pertinent flood information for each flood event, organised according 
to location – by States, River Basin Management Units (RBMU) and 
Rivers. This is reported in Chapter 3.  

 
Note: The Consultant has adopted JICA’s definition of RBMU to ensure 
meaningful comparison of results from this study with JICA’s study  
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3. Compilation and listing of flood mitigation and drainage projects carried 
out by JPS at Federal, State and District levels. The outputs from this step 
are lists showing pertinent details on Federal or State funded flood 
mitigation and drainage projects. This is reported in Chapter 4.  

 
4. Compilation and listing of flood mitigation and drainage projects carried 

out by Local Authorities. The outputs from this step are lists showing the 
pertinent details on the significant flood mitigation and drainage projects 
carried out by Local Authorities, wherever provided to the Consultant. 
This is reported in Chapter 4. 

 
5. Compilation and listing of water resources projects, such as hydropower 

and water supply dams, that have flood mitigation component, 
implemented by the JKR and TNB. The output from this step is a list of 
pertinent hydropower and water supply dam projects carried out by the 
TNB and JKR. This is reported in Chapter 4. 

 
6. Based on the information compiled in Steps 2 to 5 above, and on the 

baseline flood information extracted from the JICA 1982 report, the 
conditions of flooding for each RBMU in the country are then updated to 
the year 2001. The details on the procedures and assumptions used to 
derive the updated conditions of flooding are given in Section 2.3 below. 
The outputs from this step are tables giving information on the conditions 
of flooding in each RBMU, as of the year 2001, compared to that reported 
by JICA in 1982. They are reported in Chapter 5.  

 
7. Systematic analysis of the tabulated results from step 6 are then carried out 

to identify the RBMUs, in each state, that have significant changes in the 
conditions of flooding in the year 2001 compared to those reported by 
JICA in 1982. Discussions on the reasons for the changes are then given. 
They are reported in Chapter 5.  

 
8. Finally, a list showing the flood mitigation projects proposed under the 

Eighth Malaysia Plan, and their reported expected benefits in terms of 
reduced flood-affected area and people affected by floods, is compiled in 
Chapter 6. 
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2.3 PROCEDURES AND ASSUMPTIONS USED TO UPDATE 
THE CONDITIONS OF FLOODING  

 
2.3.1 Clarifications 

The indicators for the conditions of flooding in a RBMU are: 
 
(a) River Basin Management Unit (RBMU) 

 
A “River Basin Management Unit (RBMU)” is the land area that has been 
delineated for the administrative purpose of defining a common global river 
basin management policy, planning and implementation of programs for the 
sustainable use of the land and the natural resources within it.  

 

        RBMU A 

    RBMU B 

 
It shall comprise of the following: 
 

A major river basin (Major River Basin of A or B), which can dominate 
the RBMU 

• 

• Minor river basin (Minor River Basin of A or B), which can be logically 
grouped together with the major river basin for administrative purposes, 
based on a consideration of their common institutional, cultural and 
physical characteristics, as shown above. 

KTA Tenaga Sdn Bhd/T0036  Final Report 2-3 



(b) Flood-Affected Areas in a RBMU 
 
There are some differences in the definition of flooded areas in this Study and 
those by JICA (1982), for RBMU where major flood mitigation projects have 
been implemented since 1979.  
 
The flood areas in the JICA report is associated with the flooded areas of the 
largest recorded or worst flood event in a RBMU, between the years 1963 to 
1979. However, in this Study the “flood-affected areas” can refer to either: 
 
(i) For RBMU, where no major flood mitigation projects have been 

implemented since 1979, the “flood-affected areas” will be those 
associated with the largest recorded or worst flood event in the river basin 
between 1963 and 2001. This, for almost all the pertinent RBMU, will be 
the flood event reported in the JICA report.  

(ii) For RBMU, where major flood mitigation projects have been 
implemented since 1979, the “flood-affected areas” will be defined by the 
envelope of flooded areas in the RBMU, associated with selected 
significant flood events that occurred after the implementation of the 
flood mitigation projects.  

 
(c) Annual Average Damage (AAD) due to flood in a RBMU 
 
The above definition for “flood-affected areas” in this Study has implications 
on the computation of the Annual Average Damage (AAD) due to flood in a 
RBMU, where major flood mitigation projects have been implemented since 
1979. Since the AAD can only be computed from a given flood event it is not 
possible to use the envelope of the flood-affected areas to compute the AAD. 
Thus, for RBMU, where major flood mitigation projects have been 
implemented since 1979, the flood event that will be used to compute the 
AAD will be the worst of the selected flood event that occurred after the 
implementation of the flood mitigation projects.  

 
2.3.2 Procedure for Delineating the Flood-Affected Areas in a RBMU 

The following are the procedural steps used to delineate the total flood-
affected areas in a RBMU. 
 
1. The pertinent details related to each reported flood event in the Annual 

Flood Reports, from 1980 to 2001, prepared by all the JPS State Offices 
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are extracted and organised in tables according to the major rivers where 
the flood events occurred. The tables are further grouped by RBMU and 
are then compiled and presented in the respective State Reports.  

 
2. The lists of flood mitigation, drainage and water resources projects 

compiled in Steps 2 to 5 in Section 2.2 above are then organised in tables, 
according to their river locations in each RBMU. 

 
3. The list of projects in the tables derived in Step 2 are then reviewed to 

identify and compile a list of RBMU, where major flood mitigation 
projects have been implemented since 1979.  

 
4. For the list of RBMU compiled in Step 3 above the significant flood 

events that occurred in each RBMU, after the implementation of the major 
flood mitigation projects after 1979, are then selected. The flood-affected 
area in the RBMU is then the envelope of the flooded areas associated 
with the selected significant flood events. 

 
5. For the RBMU, where no major flood mitigation projects have been 

implemented since 1979, the flood-affected area will be the flooded area 
associated with the worst reported flood event in the RBMU from 1963-
2001. The worst reported flood event, for almost all the pertinent RBMU, 
is the worst flood event reported in the JICA 1982 report. 

 
6. Based on the information in Steps 4 and 5 the flood maps, showing the 

total flood-affected areas in each RBMU are then updated to the year 
2001. 

 
2.3.3 Procedure for Updating the Annual Average Damage (AAD) 

The Annual Average Damage (AAD) due to flood in a RBMU is a 
statistically-averaged measure of the annual flood damage in a RBMU. It is 
the area under the Flood-damage – Frequency curve for a RBMU. The Flood 
damage – Frequency curve is the X-Y plot of the points, defined by the flood-
damage (Y) associated with each flood event in a RBMU and the return 
period (X) in years of the flood event.  

 
 
 
 

KTA Tenaga Sdn Bhd/T0036  Final Report 2-5 



The procedure to compute the AAD for each RBMU is as follows: 
 
1. The worst reported flood event in each RBMU is first identified, as 

described in Section 2.3.3.1 below. 
2. The flood-damage associated with the worst reported flood event is then 

computed, using the procedure described in Section 2.3.4 below. 
3. Estimates of the return periods of the river discharges, associated with 

zero flood-damage and for the worst reported flood event, are carried out 
as described in Section 2.3.5 below. 

4. The Flood damage – Frequency curve is then plotted and the AAD for the 
RBMU is then computed, as described in Section 2.3.3.2 below. 

 
2.3.3.1 Identification of the worst reported flood event in a RBMU 
The worst reported flood event in a RBMU is required to define the top-point 
of the Flood-damage – Frequency curve. It is identified as follows: 
  
(a) The worst reported flood event for the RBMU, where major flood 

mitigation projects have been implemented since 1979, will be the worst 
of the selected flood events after the implementation of the flood 
mitigation projects in the RBMU.  

(b) For the RBMU, where no major flood mitigation projects have been 
implemented since 1979, the worst reported flood event from 1963-2001 
is selected.  

 
2.3.3.2 Flood-damage – Frequency curve and AAD Computation  
The Flood-damage – Frequency curves in this study have been derived based 
on the following assumptions: 
 
(a) The Flood-damage – Frequency curves developed by JICA in 1982 are 

not used in this study. 
(b) In the absence of detailed documentation on flood damages and return 

periods, for each reported flood events in the JPS Annual Flood Reports, 
the Consultant has followed JICA in assuming a “linear relationship” for 
the Flood-damage – Frequency curves for all the RBMU. The linear 
relationship is defined by two points plotted on semi-logarithm paper. 

(c) The bottom point is associated with the river discharge where zero flood 
damage occurs. This river discharge is normally associated with the 
danger flood levels at various JPS flood-monitoring stations. Thus, based 
on the information on the danger flood levels at the stations and through 
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frequency analysis it is possible to estimate the return period for the zero 
flood damage point. For the RBMU in this study it was found that no 
flood damage occurs for river discharges associated with return periods of 
one to four years. 

(d) The top point is defined by the total flood damage of the worst reported 
flood event in a RBMU and its return period.  

(e) The area under the Flood-damage – Frequency curve between the bottom 
and top point represents the statistical annual average flood damage. The 
area under the curve can be computed by the equation: 

 
  AAD=SUM [(Di-1 + Di)/2 x (Pi-1 - Pi)] 
 
Where AAD  = Annual (Statistical) Average Flood-damage 

Di   = Probable flood damage value of i-year return period 
Pi   = Occurrence probability of i-year return period 

 
Appendix 2 gives an example on how the AAD for the Sungai Perai/ Sungai 
Juru RBMU in Pulau Pinang is computed for the worst reported flood event in 
the RBMU. 

 
2.3.4 Procedure for Estimating the Flood Damage of the Worst Flood Event 

Due to the limited available data on flood damages due to the worst reported 
flood events the Consultant has adopted the “proxy method” used by JICA in 
the 1982 study, to estimate the flood damages due to the worst reported flood 
events. The steps in the procedure are shown in Figure 2.1 and are described 
as follows: 

 
1. The worst reported flood event in a RBMU is first identified (see section 

2.3.3.1 above).  
2. The flood map associated with the worst reported flood event is then 

prepared. The delineation of the flooded areas in the flood map involves 
judgement, taking into account the information reported in the JPS Annual 
Flood Report for the flood event, the peak flood levels recorded at river 
gauging stations in the RBMU and interpolation of the contours on the 
flood maps.  

3. The flood map is then overlaid on the latest available land-use map. 
4. From the overlaid maps the flood area statistics due to the flood event are 

then derived. The flood area statistics comprises of 12 classified land-use 
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categories (see Section 2.3.4.1 below) and lengths of roads and railways 
that are flooded. Also, from the flood area statistics on urban and rural 
flooded areas the number of people and number of houses affected by the 
flood event can be estimated (see Section 2.3.4.2 below) from the 
population and housing data. 

5. An estimate of the monetary flood damage due to the flood event can be 
computed from the latest unit values of crops and properties for each land-
use category, inclusive of livestock (see Section 2.3.4.3 below), and 
appropriate choices of flood damage factors (see Section 2.3.4.4 below). 
The flood damage factors are weighting factors used to quantify the 
severity of flood damages for the various crops, live stocks and properties, 
due to the depth and duration of flooding of a flood event. 

6. The flood damage for each land-use category is then computed from the 
information derived in steps 4 and 5 above, and the total estimated flood 
damage (see Section 2.3.4.5 below) for the flood event can then be 
computed. The total flood damage can be divided into 3 categories – 
agricultural damage, structural and properties damage and indirect 
damages arising from disruption to economic activities.  

 
Appendix 2 gives an example on how the flood damage for the Sungai Perai/ 
Sungai Juru RBMU in Pulau Pinang is computed for the worst reported flood 
event in the RBMU. 

 
2.3.4.1 The 12 Classified Land-use Categories 
By overlaying the flood map on the Department of Agriculture (DOA) land-
use map, the flooded areas for 12 classified land-use categories can be 
derived. The 12 classified land-use categories are:  
 
1. Urban Area 
2. Mixed Horticulture 
3. Paddy 
4. Rubber 
5. Oil Palm 
6. Coconuts 
7. Other Tree Crops 
8. Forest 
9. Mining 
10. Swamp 
11. Pasture/Grassland 
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12. Unused Land 
 
 2.3.4.2 Estimating the number of People and Houses Affected by a Flood 

The number of people and houses affected by a flood event can be estimated 
from the flood statistics for the urban and rural flooded areas and the 
population and housing data. The population density in the urban and rural 
areas is obtained by applying the relevant population growth rate for each 
state/district to the figures given in the JICA 1982 Study. The number of 
people per family/household, can be derived from the year 2000 Population 
and Housing Census for Malaysia. The Census figures give the population 
density (people/ha) and average family size per household (people/house) for 
both the urban and rural areas. The number of houses affected by a flood event 
in the urban and rural areas are derived by dividing the number of people 
affected by the flood in the urban and rural areas by their respective family 
size data.  
 
Appendix 3 gives the pertinent population and housing census data used in 
this Study.  

 
2.3.4.3 Unit Values of Livestock, Crops and Properties 
(a) Livestock 
There are no reliable statistics on the value of the losses of livestock due to a 
flood. However, it is normally related to the number of rural households 
affected by a flood. Thus, in this study the value of the loss of livestock is 
assumed to be RM25 per rural household. 

 
(b) Crops and Properties 
To derive the unit values of crops and properties for this Study the Consultant 
has reviewed two pertinent recent studies conducted by JICA in Malaysia. 
They are: 
 
(a) Comprehensive Management Plan for Muda River Basin (Muda Study, 

1995) 
(b) Perak River Basin Information Systems Study (RBIS Study, 1999) 
 
In the Muda 1995 Study,  JICA conducted a survey to determine the values of 
damages to buildings and household effects due to floods.  
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In the RBIS 1999 Study JICA has estimated the average production value of 
paddy in Perak to be RM465 per ton. Also, JICA has estimated the crop 
values for rubber, oil palm, coconut, cocoa and other tree crops.  
 
Based on the latest information on unit crop and property values compiled by 
JICA in the two recent studies, and those in the 1982 study, the Consultant has 
derived or adopted the appropriate unit values for the crops and properties to 
be used in this study. They are given in Table 2.1. The following are 
descriptions on how they are derived.  
 
1. The unit values for the urban and rural house/household articles are 

adopted from the Muda 1995 Study. 
2. The unit values for the public buildings were derived from the JICA 1982 

Study, based on an inflation rate of 3.6% applied over an 18-year period.  
3. The unit values of paddy for each state were derived by pro-rating the 

average production value of paddy in Perak (RM465/ton derived from the 
RBIS 1999 Study) with the average paddy yield figures for each state 
published by the Department of Agriculture.  

4. The unit values for rubber, oil palm, coconut and other crops were derived 
from the mortality rate and production loss figures from the JICA 1982 
Study and the unit cost figures in the RBIS 1999 Study.  

 
Table A4.1 in Appendix 4 shows the comparison of the Unit Values of Crops 
and Properties used in the JICA 1982 Study and the KTAT 2002 Study.   
 

 2.3.4.4 Flood Damage Factors 
Since the amount of flood damage is also dependent on the depth and duration 
of a flood event there is a need to define flood damage factors to quantify the 
severity of flood damages for the various crops, live stocks and properties, due 
to the depth and duration of flooding. If the depth and duration of flooding is 
very severe the flood damage factor can be 100%, which implies total loss for 
a given category of flood damage. For each category of flood damage, the 
amount of damage sustained is estimated by multiplying the unit value of the 
damageable assets (houses and crops) by an appropriate damage factor.  

 
The flood damage factors adopted for this study were derived from the 2000 
JICA Study on the Integrated Urban Drainage Improvement for Melaka & Sg 
Petani, and also from the 1999 JICA Study. They are given in Table 2.2 and 
the descriptions on how they are derived are given below. 
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1. The flood damage factors for crops were adopted from the 1999 JICA 

Study. They were derived by JICA from consultation with the Department 
of Agriculture as well as MARDI, and thus can be considered reliable.  

2. The flood damage factors for properties were adopted from the 2000 JICA 
Study. This is because JICA conducted a survey in the Study to derive the 
latest flood damage factors to be used for properties. The Study also 
categorises the damage factors for buildings and household effects.  

  
Table A4.2 in Appendix 4 shows the comparison of the flood damage factors 
and unit damage values for the buildings and household articles used in the 
JICA 1982 Study and the KTAT 2002 Study.  

 
2.3.4.5  Total Estimated Flood Damage for a Flood Event 
The total estimated flood damage for a flood event in a RBMU is the total of 
the following items: 
 
1. Crop Damage: Unit value of production loss x Damage factor x  

 Flooded area  
2. Livestock Loss: RM25 x No. of rural households affected 
3. Damage to houses: Unit value x  Damage factor x No. of houses affected 
4. Damage to Public Buildings: Unit value x No. of people affected per 

10,000 x Damage factor 
5. Public Utilities: 30% of damages to Houses and Public Buildings 
6. Industrial Facilities: 10% of damages to Urban Houses 
7. Indirect Damages: 30% of total direct damages (total of items 1 to 6) 

 
To facilitate comparison of the assumptions used to derive the total estimated 
flood damage for a flood event, between the JICA 1982 and KTAT 2002 
Study, Table A4.3 in Appendix 4 gives the assumptions used in the two 
studies.   
 

2.3.5 Estimating the Return Period of the Worst Reported Flood Event 
Two methods were used to estimate the return period or average recurrence 

interval (ARI) of the worst reported flood event, depending on the availability 

of data. They are: 
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(a) Frequency analysis of observed peak flood discharges (see Section 2.3.5.1 

below) 

(b) Comparison of Intensity Duration Frequency (IDF) curve of the rainstorm 

associated with the worst reported flood event, against published IDF 

curves (see Section 2.3.5.2 below) 

 

Where flood discharge data are available, flood frequency analysis were 

carried out to determine the ARI of the worst reported flood event.  However, 

in the absence of flood discharge data the method of plotting and comparison 

of the IDF curve of the rainstorm associated with the worst reported flood 

event, with published IDF curves is used. However, in situations where no 

flood or rainfall data are available, or the computed ARI is too low, then the 

ARIs of the worst reported flood event will be assigned according to the 

ranking of the severity of the flood event based on the judgement of the 

pertinent JPS state officers.  

 

For example, if a selected flood event is considered by the JPS officer to be 

the worst ever experienced in the last 20 years, then it will be assigned a 20-

year ARI.  If it is considered to be the second most severe flood over the last 

20 years than it can be considered to be a 20/2 = 10-year ARI flood. 

 

2.3.5.1 Flood Frequency Analysis 

The JPS Hydrology Branch at Ampang maintains a network of principal river 

stations where stage and discharge data are collected, processed and stored in 

its Hydrological Database.  For Peninsular Malaysia flood frequency analysis 

have been carried out by the JPS, for each of the stations, using Hydrological 

Procedure No. 4 (1987). The frequency analysis has also been carried out and 

reported in the recently completed National Water Resources Study (SMHB 

et. al. 2000).  

 

Appendix 5 gives the results of the flood frequency analysis for the various 

JPS Streamflow stations in Peninsular Malaysia. The results were used to 

determine the ARI of the worst reported flood events in the RBMU in 

Peninsular Malaysia.   
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For the worst reported flood events in the RBMU in Sabah and Sarawak the 

Consultant has obtained the flood discharge data, where available, from the 

JPS database and has conducted the necessary frequency analysis. For 

overbank flow floods located near to the hydrological gauging station the peak 

flood discharge can be obtained from either the JPS’s hydrological 

publications or through direct retrieval from the JPS hydrological database.  

 

The results of some of the frequency analysis indicated that some values of 

the ARI obtained from the flood records at JPS river gauging stations are very 

low, even though the flood event (after consulting JPS state officers) is 

considered a major flood over a 20-year period.  The reason for the above are 

discussed below.   

 

Flood flow data are usually available at major river gauging stations, which 

may not cover all the flooded areas and thus the data at the gauging station 

may not be representative of the situation in the other areas.  For some flood 

events, the flooding may not be from the river in which the JPS river gauging 

station is located.  It may be localised flooding from a small tributary, drain or 

it may be a localised flash flood.   

 

For example in Kelantan for the year 2000, as far as basin-wide flood for the 

Kelantan River basin is concerned, the computed ARI is very low.  However, 

if we consider localised flooding then the ARI is high.  The same situation 

was also observed in the Besut River basin, where the maximum peak flow 

recorded in the year 2000 at the river gauging station (Jambatan Jerteh) shows 

that the river flows are normal and the selected flood event has a low ARI.  In 

some cases the flood discharge at the river gauging station is not 

representative due to overflow from upstream of the river, which bypass the 

river gauging station - for example, Sg. Kurau at Selama for the 1999 flood. 

 

 2.3.5.2 Rainfall IDF Curve Analysis 

Many floods occur in smaller ungauged rivers, where flash floods often occur. 

For these floods, rainfall data were used to estimate the ARI of the flood.  In 
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this case, the temporal rainfall pattern attributed to the flood event was 

compared with those shown in the Intensity-Duration-Frequency (IDF) curves 

derived by JPS for the major towns in the country to determine the flood ARI.  

 

For most cases the rainfall data recorded in the flood reports are insufficient. 

Thus, the rainfall data for the date or period of the flood event was retrieved 

from the JPS’s hydrological database for analysis. 

 

In determining the ARI of a rainstorm, the duration of a rainfall has also been 

considered.  Thus, the ARI of the rainstorms were also analyzed to determine 

whether they are short or long duration rainfall. Where there are enough rain 

gauge records in a RBMU the basin aerial rainfall was computed and used to 

determine the ARI of the flood event.  Where there are not enough recording 

rain gauges in a river sub-basin, the nearest rain gauge within the vicinity of 

the sub-basin was used for the analysis.  
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Figure 2.1: Flow Chart for Flood Damage Computation 



TABLE 2.1  :  UNIT VALUES OF PROPERTIES AND CROPS 
 

Property/crop Unit Value 
(RM) 

Remarks 

Urban house  household 22,000 
Household articles household 18,000 
Rural houses household 15,500 
Household articles household 16,600 

Adopted from JICA 1995 study 

Public buildings per 10,000 
population 3,780,000 

Derived from JICA 1982 study 
figure with inflation rate of 
3.6% applied over 20 years 

Paddy (Average production and 
replacement loss)   

State Yield* (ton/ha)   
Perlis 4.029 ha 1872 
Kedah 3.997 ha 1857 
Pinang 3.165 ha 1471 
Perak 3.228 ha 1500 
Selangor 4.113 ha 1911 
N. Sembilan 2.924 ha 1359 
Melaka 3.038 ha 1412 
Johor 2.575 ha 1197 
Pahang 2.081 ha 967 
Trengganu 3.537 ha 1644 
Kelantan 3.268 ha 1519 
Sabah 3.033 ha 1409 
Sarawak 1.74 ha 809 

i. *Source : Paddy Statistics of 
Malaysia 1995, Department 
of Agriculture Peninsular 
Malaysia 

 
ii. Production cost of 

RM465.00/ton in Perak is 
adopted.  
Source : RBIS, 1999. 

Rubber (mortality of young trees) 
–assume young trees account for 
9% of all the trees 

ha 5,200 

Rubber trees –production loss 
= production loss x flood duration 
production loss = 4.7kg/ha/day x 
RM 5/kg 

/ha/day 23.5 

Oil palm (mortality of young trees) 
– assume young trees account for 
9% of all the trees 

ha 3,500 

Coconut tree (mortality of young 
trees) – assume young trees 
account for 9% of all the trees 

ha 6,200 

Other tree crops (mortality of 
young trees). E.g. cocoa - assume 
10% of area with young trees 
which are susceptible to flooding 

ha 6,400 

Mixed horticulture ha 4,700 

The per hectare mortality rate 
and production loss figures (for 
rubber, oil palm, coconut and 
other crops) were obtained from 
JICA’s 1982 study.  
 
The unit costs of rubber, oil 
palm, coconut, cocoa and others 
are adopted from figures 
presented in the River Basin 
Information System (RBIS) 
report, carried out by JICA in 
1999. The values are current 
and are therefore applicable 
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3.0 COMPILATION OF INFORMATION ON FLOOD EVENTS 
 
3.1 INFORMATION ON FLOOD EVENTS 

Information on flood events in the country can be found in the flood reports 
prepared by the JPS State offices, Bahagian Keselamatan Offices and some 
local government agencies. However, as the government agency responsible 
for river management and flood mitigation the JPS has implemented a system 
of annual flood reporting by the various JPS State Offices. As a result of this 
the JPS State Annual Flood Reports are the most comprehensive and was thus 
systematically reviewed by the Consultant to extract the pertinent flood event 
information for this Study.  
 
For each reported flood event that occurs in the country from 1980 to 2000/01, 
the following information have been extracted and organised in a table under 
the river where it occurs.  
 
(a) Date of flood event 
(b) Location of flood event 
(c) Area, Depth, Duration of flood event 
(d) Level at flood warning station, where pertinent 
(e) Rainfall or Flood Discharge ARI, where available 
(f) Number of family and people evacuated 
(g) Number of deaths 
(h) Reported flood damages, where available 
(i) Length of roads and railways flooded 
(j) Flood maps, where available 
(k) Pertinent Remarks 
 
Table 3.1 shows an example of a river-based flood-event table for Sg. Perlis in 
Perlis RBMU. 
 
Each of the river-based, flood-event tables is grouped under the RBMU of the 
respective rivers, where the rivers are located. The tables in the RBMU are 
then grouped under their respective State Reports. In this way, information on 
any flood event can be made easily accessible to any reader. For details on the 
flood events compiled in this Study please refer to the respective State Reports 
of this Study.  
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3.2  RIVER BASIN MANAGEMENT UNITS (RBMU) IN MALAYSIA 
JICA has organised the flood event information in its 1982 Study according to 
River Basin Management Units (RBMU). For that purpose it has grouped the 
Peninsular river systems into 41 RBMU, while the river systems in Sabah and 
Sarawak in East Malaysia are grouped into 26 and 21 RBMU, respectively. 
Each of JICA’s RBMU usually consists of a major river system and one or 
more smaller adjacent river systems.  
 
Table 3.2 gives the details of the eighty eight RBMU in the country, together 
with the RBMU name and number, the major river/s within the RBMU, the 
RBMU total area and the state/s where a RBMU is located.  
 

3.3  NUMBER OF FLOOD EVENTS BY RBMU IN EACH STATE 
Tables in Appendix 6 provide an overview of the number of flood events that 
occur in each RBMU, for each year between 1980 and 2000/01, and for each 
state.  

 
3.4  SUMMARY OF FLOOD EVENTS BY RIVERS IN EACH STATE 

To provide an overview of the number of flood events that occur in a river 
within an RBMU, for each year between 1980 and 2000/01, summary tables 
giving the dates of the flood events that occur in each river within an RBMU 
for each state have been compiled. 
 
Table 3.3 shows an example of such a summary table for the state of Pulau 
Pinang. 
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TABLE 3.1: FLOOD EVENTS FROM 1980 TO 2000
RBMU 1: PERLIS, STATE: PERLIS  (SHEET 1/1)

Ar
ea

 (h
a)

D
ep

th
 (m

)

D
ur

at
io

n 
(d

ay
) Level at Flood 

Warning Station (m) Family People

Sg. Perlis Aug. 91 -Batu Pahat 173.2 0.3-0.8 1/2-3 Y
-Kurung Batang

16,17, -Bintong 190 0.3-0.8 1-3 110.0mm at -Jln Bintong Batu 1.5 Y
19-09-91 -Kubang Badak Kaki Bukit on 2 days

-Padang Melangit 17/9/91 0.2m
-Repoh & -Jln Padang Melangit Bt 5

150.0mm at 1.5 days
Ulu Pauh on 0.3m

19/9/91

08-10-92 - Titi Tinggi Hilir - 0.5-1.0 1 - Jln Sahabat Y
- Tasoh 1/2 day

0.3 - 0.4 m

12-11-92 -Titi Tinggi Hilir 7430 0.25-1.0 1-6 34.0m at 137 Rm 0.58 mil -Jln Padang Besar Y
-Tasoh Wang Mu on 1 day
-Kubang Badak 12-11-92 0.3m
-Kg Belukar & -Jln Sahabat
-Padang Malau 31.40m at 1.5 days
-Kg Darat Titi Jln Sahabat on 0.4m
-Padang Melangit 12-11-92 -Jln Guar Jentik

1 day
0.1m

22-08-97 -Kg Titi Tinggi 1-2 27.36m at 171.0mm at 152 Y
to -Lembah Biak Arau (Felda) on Pdg Besar on

23-08-97 -Kg Rambai 25/8/97 23/8/97
-Kuala Tunggang & &
-Alor Melaka 38.13m at 220.0mm at
-Banggol Sena Sg Pelarit on Kaki Bukit on

24/8/97 22/8/97
&

230.0mm at
Arau (Felda) on

23/8/97

01-10-98 -Kg Paya Burma 38.64mm at 147.5mm at 37 Y
-Kg Banggol Sena Sg Pelarit on Arau (Felda) on
-Kg Rambai 2-11-98 27/10/98
-Kg Padang Siding & &
-Simpang Klinik Gial 26.92m at 90.0mm at 
-Sekitar SMDA Arau Arau (Felda) on Ulu Pauh on

1-11-98 27/10/98

22/11/00 -Kg Lembah Biak 5200 0.4-1.7 2-4 29.985m at 170mm at 199 -Jln Panggas (Kg Panggas) Y
to -Kg Pdg Malau Epgn T.Tasoh Pdg Besar on 0.2m

25/11/00 -Kg Paya 0n 23/11/00 22/11/00 2 days
-Padang Pauh & -Jln Padang Besar
-Kg Gial 126.5mm at (Jambatan Sg Jarum)
-Kg Rambai Wang Kelian on 0.5m
-Kg Perawah 22/11/00 4 days

& -Jln Pauh (Spg Tiga Arau)

Flood
Rainfall/ Flood 

Recurrence Interval 
(yrs)

Evacuees

RemarksDeath
Damages 
Reported 

(RM)
Road / Railway Flooded (km)

Fl
oo

d 
M

ap
s 

 
(Y

/N
)

River Flood LocationDate of 
Flood



BASIN AREA
NO. NAME (km2)

01 Perlis Perlis 790 Perlis / Kedah
02 P. Langkawi Small River 475 Kedah
03 Kedah Kedah, etc. 3,695 Kedah / Perlis
04 Merbok Merbok, etc 520 Kedah

Muda
Tembus
Perai
Juru
Jawi

07 P.Pinang Pinang, etc 300 P.Pinang
08 Kerian Kerian 1,420 Kedah / P.Pinang / Perak

Kurau
Beruas, etc

10 Perak Perak 15,180 Perak
11 Bernam Bernam, etc 3,335 Perak / Selangor
12 Tengi Tengi, etc 565 Selangor
13 Selangor Selangor 1,820 Selangor
14 Buloh Buloh, etc 560 Selangor
15 Klang Klang 1,425 Selangor
16 Langat Langat 1,815 Selangor / N. Sembilan
17 Sepang Sepang, etc 640 Selangor /N. Sembilan

Linggi N. Sembilan/Melaka
Bharu, etc
Melaka Melaka /
Duyong, etc N. Sembilan

20 Kesang Kesang 705 Melaka /N. Sembilan / Johor
Johor /N. Sembilan/
Melaka / Pahang

Batu Pahat
Senggarang

23 South-West Benut, etc 2,660 Johor
Johor Rivers Pulai

Scudai
Tebrau

24 Johor Johor, etc 3,250 Johor
Sedili Besar
Sedili Kechil, etc
Mersing
Teriang Besar
Tenglu, etc

27 Endau Endau 4,740 Johor / Pahang
Rompin
Pontian
Merchong
Bebar

29 Bebar 1,895 Pahang

28 Rompin 4,285 Pahang / Johor

26 Mersing 880 Johor

25 Sedili Besar 1,820 Johor

22 Batu Pahat 2,600 Johor

21 Muar Muar, etc 6,595

18 Linggi 1,420

19 Melaka 1,010

09 Kurau 3,255 Perak

06 Perai 895 P.Pinang / Kedah

A.  PENINSULAR MALAYSIA 

05 Muda 4,300 Kedah / P.Pinang

TABLE 3.2 :  LIST OF RIVER BASIN MANAGEMENT UNITS (RBMU) (Sheet 1/3)

RIVER(S) STATE (S)RBMU



BASIN AREA
NO. NAME (km2)
30 Pahang Pahang 29,300 Pahang /N. Sembilan
31 Kuantan Kuantan, etc 2,025 Pahang

Kemaman
Kemasik
Kerteh

33 Paka Paka 850 Terengganu
34 Dungun Dungun 1,875 Terengganu

Merchang
Marang
Terengganu
Ibai, etc
Setiu
Merang, etc

38 Besut Besut 1,230 Terengganu / Kelantan
Kemasin
Semerak, etc

40 Kelantan Kelantan 13,100 Kelantan
41 Golok Golok, 895 Kelantan / (Thailand)

Total : 132,160

201 Pensiangan Pensiangan, Talankai, 
Sabutan, etc.

5,971 Sabah

202 Serudong Serudong 1,308 Sabah
203 Kalabakan Kalabakan, etc. 1,371 Sabah
204 Brantian Brantian 741 Sabah
205 Umas Umas Umas-umas 553 Sabah
206 Merutai Besar Merutai Besar, etc. 558 Sabah
207 Tawau Tawau, etc. 888 Sabah
208 Kalumpang Salumpang, Tingkayu, etc. 2,792 Sabah
209 Silibukan Sahabat, Matamba, etc. 2,714 Sabah
210 Segama Segama 5,558 Sabah
211 Kinabatangan Kinabatangan, etc. 16,581 Sabah
212 Segalid Segalid 2,335 Sabah
213 Labuk Labuk, Sepagaya, etc. 6,829 Sabah
214 Sugut Sugut, etc. 3,094 Sabah
215 Paitan Paitan, etc. 1,474 Sabah
216 Bengkoka Bengkoka, Kanibonggan 1,943 Sabah
217 Bongan Bongan, etc. 2,191 Sabah
218 Kadamaian Kedamaian, Wariul, etc. 1,386 Sabah
219 Tuaran Turan, Mulay 1,219 Sabah
220 Putatan Putatan, Moyog 629 Sabah
221 Papar Papar 805 Sabah
222 Kimanis Kimanis, Puas 572 Sabah
223 Membakut Membakut 736 Sabah
224 Padas Padas, Sook, etc. 9,180 Sabah
225 Labuan Labuan 91 Sabah
226 Lakutan Lakutan, Mengalong 1,291 Sabah

Total : 72,810

TABLE 3.2 :  LIST OF RIVER BASIN MANAGEMENT UNITS (RBMU) (Sheet 2/3)

RBMU RIVER(S) STATE (S)

B. SABAH

39 Kemasin / 
Semerak

1,020 Kelantan / Terengganu

Terengganu

36 Terengganu 4,650 Terengganu

37 Setiu 1,035

35 Merchang 760 Terengganu

32 Kemaman 2,570 Terengganu



BASIN AREA
NO. NAME (km2)

227 Lawas Lawas 1,050 Sarawak
228 Trusan Trusan 2,615 Sarawak
229 Limbang Limbang 3,950 Sarawak
230 Baram Baram, Miri 22,930 Sarawak
231 Sibuti Sibuti 1020 Sarawak
232 Niah Niah 1,280 Sarawak
233 Suai Suai 1,540 Sarawak
234 Similajau Similajau 660 Sarawak
235 Kemena Kemena 6,100 Sarawak
236 Tatau Tatau 5,260 Sarawak
237 Balingian Balingian 2,510 Sarawak
238 Mukah Mukah 2,275 Sarawak
239 Oya Oya 2,195 Sarawak
240 Rajang Rajang 47,880 Sarawak
241 Krian Krian 1,500 Sarawak
242 Saribas Saribas 2,200 Sarawak
243 Lupar Lupar 6,510 Sarawak
244 Sadong Sadong 3,550 Sarawak
245 Samarahan Samarahan 1,090 Sarawak
246 Sarawak Sarawak 2,375 Sarawak
247 Kayan Kayan 1,645 Sarawak

Total: 124,448
GRAND TOTAL : 329,418

C.  SARAWAK

TABLE 3.2 :  LIST OF RIVER BASIN MANAGEMENT UNITS (RBMU) (Sheet 3/3)

RBMU RIVER(S) STATE (S)



   TABLE 3.3 : SUMMARY OF FLOOD EVENTS (1980 - 2000) BY RIVERS (SHEET 1 OF 1)

STATE : 
Year of River Date of Flood
Flood Event
1990 Perai 2 Sg Macang Bubuk 30-10-90

Sg Junjung 22-09-90
Sg Junjung 30-10-90

Pulau Pinang 1 Sg Pinang/Air Hitam 23-09-90
1991 Perai 1 Sg Jarak 06-04-91

Sg Kulim 06-04-91
Pulau Pinang 1 Sg Pinang/Air Hitam 06-02-91

1992 Perai 1 Sg Mengkuang 29-10-92
Sg Pertama/Kubang Semang 29-10-92
Sg Derhaka 29-10-92
Sg Rambai 29-10-92
Sg Kelang Ubi 28-10-92
Sg Permatang Rawa 29-10-92
Parit No 5 28-10-92

Pulau Pinang 1 Sg Pinang/Air Hitam 04-10-92
1993 Perai 4 Sg Jarak 24-07-93

Sg Kulim 24-07-93
Sg Rambai 26-07-93
Sg Kelang Ubi 26-07-93
Sg Junjung 11-02-93
Parit No 5 11-06-93
Sg Bakap 11-02-93

Pulau Pinang 1 Sg Pinang/Air Hitam 21-11-93
1995 Perai 1 Sg Kereh 20-09-95

Sg Logan/Orang Puteh/Dua 20-09-95
Sg Jarak 20-09-95
Sg Kulim 20-09-95

Pulau Pinang 1 Sg Pinang/Air Hitam 17-09-95
1996 Perai 4 Sg Kulim 12-05-96

Sg Kulim 19-11-96
Sg Rambai 21-10-96
Sg Junjung 21-10-96
Sg Jejawi/Tengah 21-10-96
Sg Kerian 21-10-96

Pulau Pinang 1 Sg Pinang/Air Hitam 10-11-96
1997 Perai 4 Sg Permatang Rawa 09-06-97

Sg Macang Bubuk 20-07-97
Sg Macang Bubuk 23-08-97
Sg Macang Bubuk 21-11-97

Pulau Pinang 1 Sg Pinang/Air Hitam 03-09-97
1998 Perai 1 Sg Kereh 16-11-98

Sg Logan/Orang Puteh/Dua 16-11-98
Sg Jarak 16-11-98
Sg Kulim 16-11-98
Sg Pertama/Kubang Semang 16-11-98
Sg Juru 15-11-98
Sg Rambai 15-11-98
Sg Kelang Ubi 15-11-98
Sg Junjung 16-11-98
Sg Jejawi/Tengah 15-11-98
Sg Kerian 15-11-98
Sg Kecil 15-11-98

PULAU PINANG
RBMU No. of Flood 

Events
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4.0 PROJECTS THAT HAVE IMPACTS ON FLOODS 
 
4.1 FLOOD MITIGATION AND DRAINAGE PROJECTS BY JPS 
 

The Federal and State JPS have implemented numerous flood mitigation and 
drainage projects since 1979, under Rancangan Malaysia Ke-4 to Ke-7. The 
projects can be classified into major and minor projects based on their cost. 
For the purpose of this study, major projects are those that cost more than 5 
million ringgit. 
 
Tables 4.1 and 4.2 show the lists of major and minor flood mitigation and 
drainage projects, respectively, implemented by the JPS under Rancangan 
Malaysia Ke-4 to Ke-7. The projects are grouped under their respective river, 
which in turn are grouped under their respective RBMU and States. For each 
project the type of mitigation works carried out is also given.  
 
In addition to the above, for the major projects given in Table 4.1, the year of 
project completion and nature of the flooding mitigated are also given.  

 
4.2  FLOOD MITIGATION AND DRAINAGE PROJECTS BY LOCAL 

AUTHORITIES 
 
Since 1979 a number of local authorities have also implemented flood 
mitigation and drainage projects in their respective areas. Table 4.3 (a), 4.3 
(b), 4.3 (c) and 4.3 (d) gives the list of flood mitigation and drainage projects 
implemented by the following local authorities, respectively. 
 
(a) Dewan Bandaraya Kuala Lumpur 
(b) Majlis Perbandaran Melaka 
(c) Majlis Bandaraya Johor Bahru 
(d) Majlis Perbandaran Seberang Perai 
 
The tables also give information on the cost of each project, their date of 
commencement and completion.  
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4.3  WATER RESOURCES PROJECTS BY JKR AND TNB 
 
Since 1979, the JKR and TNB have also implemented a number of water 
resources projects that have flood mitigation components. Table 4.4 gives the 
list of projects with flood mitigation components implemented by the JKR and 
TNB. The projects are grouped under their respective river system and RBMU 
and the year of project completion is also given.  
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CHAPTER 5 
 

UPDATING OF CONDITIONS OF FLOODING 



5.0 UPDATING OF CONDITIONS OF FLOODING 
 
5.1  SELECTION OF WORST FLOOD EVENT IN EACH RBMU 

 
The conditions of flooding in each RBMU in the JICA 1982 Report were 
derived from information associated with the worst flood event in each 
RBMU, between 1963 to 1979. Since then, some RBMU may have projects 
with major flood mitigation impacts implemented within it. This will mitigate 
the worst flood event reported by JICA for the pertinent RBMU. Thus, there is 
a need to select the worst flood event that occurred in the pertinent RBMU, 
between the year of completion of the project to 2001, for the purpose of 
updating the conditions of flooding in the pertinent RBMU.  
 
Also, for the RBMU without any major flood mitigation projects implemented 
within it there may be flood events, during the period 1980 to 2001, that 
maybe worst than the ones reported by JICA. Thus, there is also a need to 
select the worst flood event between 1963 to 2001, for the purpose of updating 
the conditions of flooding in the RBMU.  
 
Figure 5.1 shows a flow chart describing how the worst flood event in each 
RBMU is selected, depending on whether there are any major flood mitigation 
projects completed within it. If there is a major projects implemented within a 
RBMU then the worst flood event that occurred after the completion of the 
project will be selected. If there are no major projects then a comparison is 
made between the flooded areas associated with the worst reported flood 
event between 1980 to 2001, with that reported by JICA for the period 1963 to 
1979. If the flooded area associated with the worst flood event between 1980 
and 2001 is larger than that reported by JICA, then the worst flood event 
between 1980 to 2001 will be selected for updating the conditions of flooding 
in the RBMU. Otherwise, the worst flood event reported by JICA in the 1982 
Study will be selected.  

 
The lists of flood mitigation and drainage projects, and water resources 
projects with flood mitigation components, have been compiled and tabulated 
in Chapter 4. They are used to derive Table 5.1, which shows the list of 
RBMU in the country that have projects with major flood mitigation impacts 
implemented within them. From the information compiled in Table 5.1 and 
the process described in Figure 5.1 below, the worst flood event in each of the 
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flood affected RBMU in the country have been selected and tabulated in Table 
5.2.  
 
Table 5.2 gives the list of the selected worst flood events, organised by rivers, 
RBMU and State. For each selected worst flood event the ARI for the event 
together with the non-flooding ARI are also given. The Table also highlights 
the RBMU where major flood mitigation impact projects have been 
implemented and also those that have reported flood events larger than those 
reported by JICA in the 1982 Study.  

 
5.2  UPDATED FLOOD MAPS FOR EACH RBMU 

 
From the reported flood information associated with the selected worst flood 
event in each RBMU the updated flood maps for each pertinent RBMU are 
produced. Appendix 2 gives an example of the drawing showing the flood 
map produced for the Perai RBMU. The updated flood maps that have been 
produced are compiled and presented in the respective accompanying State 
Flood Reports. A total of 216 number of drawings of the detail flood maps 
have been produced. These flood maps are drawn by using the  1 in 50,000  
scale topographic maps as base maps.  
 
Figures 5.2 and 5.3 show the indicative locations of the flood affected areas in 
Peninsular Malaysia, Sabah and Sarawak. Table 5.3 list the state flood maps 
produced for all the states in Malaysia. The A3 size of these maps are given in 
Appendix 8.   
 

5.3 UPDATED FLOOD AREA STATISTICS AND ANNUAL AVERAGE 
DAMAGE IN EACH RBMU AND STATE 

 
Using the procedure described in detail in Section 2.3 and the information 
derived from the updated flood maps for each RBMU, the flood area statistics, 
number of people and houses affected, and the Annual Average Damage 
(AAD) associated with the worst flood event were computed. Also, for the 
RBMU, where projects with major flood mitigation impacts have been 
implemented, the envelope of flood affected areas, as at year 2001, were 
delineated on the flood maps and the flood-affected area statistics were also 
computed.  
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The details on the flood area statistics and AAD for each RBMU are compiled 
and presented in the respective accompanying State Flood Reports. A 
summary comparison of the results computed above in the KTA Tenaga 
(KTAT) 2002 Study, with the results reported in the JICA 1982 Study, for 
each RBMU, is presented in Table 5.4.  

 
To facilitate comparison of the study results, by state, 14 Tables comparing 
the total flood area statistics, number of people affected by floods and the 
AAD, have also been compiled and presented in the respective accompanying 
State Reports. The pertinent information from the 14 Tables has been 
extracted and compiled in Table 5.5 to facilitate comparison of the results 
between states.  Table 5.5 also gives the total flooded area, number of people 
affected, annual average damage and flood-affected areas for the whole 
country.  

 
5.4 DISCUSSIONS 
 
5.4.1 Comparison by RBMU 

Table 5.4 presents the 2002 Study results together with the 1982 Study 
results, by RBMU. Most of the RBMUs throughout the country have 
experienced an increase in the flooded area. 20 RBMUs have ‘selected worst 
flood event’ which is more severe compared to JICA.  Flooded areas for 22% 
of RBMUs in Peninsular Malaysia, 38% in Sabah and 26% in Sarawak have 
increased since JICA’s study. Several RBMUs like Perlis, Perak, Melaka and 
Terengganu shows a reduction in flooded areas mainly due to the successful 
implementation of flood mitigation projects. The number of people affected 
by floods has also increased for majority of the RBMUs throughout the 
country due to the corresponding increase in population. Almost all RBMUs 
has an increased Annual Average Damage compared to JICA’s study which is 
contributed by the change in landuse categories, higher damage values for 
properties and crops and an increase in the number of households being 
flooded. 

 
5.4.2 Comparison by State       

Table 5.5 presents the 2002 Study results together with the 1982 Study 
results, by state. Most of the states flood affected area has reduced except for 
Kedah, Pulau Pinang, Terengganu and Sabah, which is due to flood events 
selected for several RBMUs being more severe than events reported in JICA. 
There has been a significant increase in the number of people affected for 
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most of the states except for Perlis, Perak, Negeri Sembilan, Melaka and 
Johor. And as for the Annual Average Damage, every state’s damage has 
increased respectively compared to JICA except for Melaka. States 
undergoing rapid development such as Pulau Pinang, Selangor and Wilayah 
Persekutuan constitutes almost 37% of the total AAD for Peninsular 
Malaysia.  
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IMPACTS OF PROPOSED FLOOD MITIGATION 
PROJECTS IN RANCANGAN MALAYSIA KE-8  



6.0 IMPACTS OF PROPOSED FLOOD MITIGATION 
PROJECTS IN RANCANGAN MALAYSIA KE-8 

 
Tables in Appendix 7 give the list of proposed flood mitigation projects in 
Rancangan Malaysia Ke-8 (RM8). They are compiled from information 
obtained from JPS Malaysia and also the respective state offices of JPS. 
 
The proposed projects are organised under their respective RBMU, which are 
in turn grouped under their respective states. The nature of the flood 
mitigation works for each project and the type of flood mitigated are also 
given. The expected benefits (in terms of reduction in flood area and number 
of people affected) that will result from the implementation of each of the 
projects are also given. The expected benefits are obtained from information 
provided by JPS and also from project briefs in the RM8 reports. If the 
expected benefits are not available the Consultant has attempted to estimate 
them from flood maps, wherever possible.  
 
The total expected benefits from implementation of the flood mitigation 
projects for each state are also compiled and presented in Table 6.1.  
 
Table 6.1 is a compilation of the total expected benefits from implementation 
of the flood mitigation projects in each state. The table also gives the total 
expected benefits for the whole country. 
 
Table 6.2 gives the list of location maps for the proposed major flood 
mitigation projects in Rancangan Malaysia ke8, according to states. These 
location maps, in A3 size, are available in Appendix 9 of this report.  
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7.0 CONCLUSION AND RECOMMENDATION 

 
7.1 CONCLUSION 

 
The total flood affected area in Malaysia is 29,799 sq.km, which is about 9% 

of the total 328,938 sq.km in the country. The total flooded area reported in 

JICA 1982 Study was 29021 sq. km. Major flood mitigation related projects 

have reduced the flooded areas in  the following RBMUs - Perlis, Perak, 

Melaka, Kesang, Batu Pahat, South West Johor, Terengganu and 

Kemasin/Semerak. However, the reduction was off-set by an increase of 2683 

sq. km of flooded areas due to the larger flood events reported after the JICA 

Study. 

 

The total number of people living in the flood affected areas is                        

estimated to be 4.819 million, which is about 22 % of the total population of 

22.2 million in Malaysia as at year 2000. This is an increase of 76% compared 

to the flood affected population reported in the JICA 1982 Study, which was 

2.736 million, representing 20% of the population at that time. This increase is 

in tandem with the increase in the country’s population since 1980. The 

Statistics Department reported that the increase in population from 1980 to 

2000 is 69% in its latest Population and Housing Census report. 
 

The estimated total Annual Average Flood Damage for Malaysia is             

RM 915 million (at year 2000 prices), compared to RM100 million (at 1980 

prices) reported in the JICA 1982 Study. Table 7.1 provides a summary of the 

flood condition in Malaysia as at year 2000. 

 

Table 7.2 summarises the flood area statistics for each state and the 

accumulated figures for the Peninsular and the whole country. Also, Table 7.3 

gives the statistics on the landuse flooded for the Peninsular, Sabah, Sarawak 

and the accumulated figures for the whole country.  It can be seen from Table 

7.3 that the flooded urban areas increased almost five-folds co mpared to the 

values reported in the 1982 JICA study.  It should also be noted that the flood 
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damage due to the urban landuse category has contributed significantly to the 

overall increase in the total flood damage reported for year 2000. Also, it can 

be seen that the flooded area for the mix-horticulture and palm oil landuse 

category has also increased significantly.  

 

An attempt has also been made in this report to determine the impacts of the 

major flood mitigation related projects implemented since 1980. Several 

RBMUs were identified to have benefited significantly from the implemented 

projects in Chapter 5, and the results of the analysis are shown in Table 7.4. 

From the Table it can be seen that if the major flood mitigation projects were 

not implemented the estimated AAD would have been RM 1356 million, 

compared to the RM 915 million reported for year 2000. Thus, the projects 

have helped to reduce the AAD by RM 441 million. However, it must be 

noted here that the reduction in the flooded areas and number of people 

affected, as shown in Table 7.4, are indicative only. This is because the flood 

events selected for comparison were of different ARIs in both scenarios.  
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7.2  RECOMMENDATION 

 

The Consultant recommends that the information compiled and derived for all 

the flood events, including the flood event maps, in this study should be 

archived in the “Flood Events Information Database” of the River Basin 

Information Management System (RBIMS) developed by JPS. In this way 

information on the number of flood events in a RBMU and also all pertinent 

details for any of the archived flood events can be easily retrieved for decision-

making.  

 

The Consultant also recommends that the JPS adopts the spreadsheet templates 

and methodology developed in this study to compile all future flood events 

information. The compiled information should then be entered into the “Flood 

Events Information Database” of the River Basin Information Management 

System (RBIMS) by all the districts. In this way, there will be a continuous 

updating of the flooding condition database for the whole country. This will 

allow decision-makers, at the district, state and national levels, to have easy 

and quick access to the latest updated flood events and statistics.  

 

The database will enable JPS to carry out the following electronically: 

 

a) Access the history of flooding condition, including details for each 

reported flood events in a RBMU, from 1980 to 2001, for any RBMU or 

rivers in Malaysia via on-line facilities. 

b) Update the flood condition for any future flood events in any RBMU or 

rivers in Malaysia. 

 

The basic templates for the recommended system are available in the digital 

copy of this report and are stored in the attached CD-ROM.  
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APPENDIX 2 
 

SAMPLE CALCULATION OF ANNUAL AVERAGE 
DAMAGE AND FLOOD MAP FOR PERAI RBMU  

 
 

 
 

 
 
 
 
 
 













 
 
 
 
 
 

APPENDIX 3 
 

BASIC DATA OF POPULATION AND HOUSEHOLDS 
 

 
A 3.1 Population and Average Annual Growth Rate of Urban and 

Rural Areas (1980-2000) for : 
a) Peninsular Malaysia 
b) Sabah 
c) Sarawak 

 
A 3.2:  Population Density for : 

a) Peninsular Malaysia 
b) Sabah 
c) Sarawak 

 
A 3.3 : Household Density (2000) for : 

a) Peninsular Malaysia 
b) Sabah 
c) Sarawak 

 













APPENDIX  3.3

(A) 2000 Household Density for Peninsular Malaysia (Persons/household)

State
Urban Rural Urban Rural Urban Rural

Perlis 67080 131255 15498 29389 4.3 4.5
Kedah 608696 963411 137153 205010 4.4 4.7
P. Pinang 974779 250722 231949 53020 4.2 4.7
Perak 1207948 822434 287629 184086 4.2 4.5
Selangor 3483765 463762 827267 102604 4.2 4.5
KL 1297526 0 310508 0 4.2 0.0
N.9 456535 373545 102681 84163 4.4 4.4
Melaka 405917 196950 92347 43243 4.4 4.6
Johor 1638772 926929 383165 197258 4.3 4.7
Pahang 518176 713000 121590 154559 4.3 4.6
Trengganu 434270 445421 87455 87624 5.0 5.1
Kelantan 431861 857338 88193 168721 4.9 5.1

Average household density (Persons/household) urban = 4.4 
rural   = 4.7

(B) 2000 Household Density  for Sabah (Persons/household)

District
Urban Rural Urban Rural Urban Rural

Tawau 213903 90985 40321 19381 5.3 4.7
Lahad Datu 74601 81458 13581 16838 5.5 4.8
Sempona 43311 64925 6460 11229 6.7 5.8
Sandakan 275375 71959 50925 14320 5.4 5.0
Kinabatangan 0 86783 0 20714 0.0 4.2
Beluran 0 70900 0 14955 0.0 4.7
K. Kinabalu 305382 48771 60917 8864 5.0 5.5
Ranau 15648 55001 2759 9892 5.7 5.6
Kota Belud 10114 62223 1928 12097 5.2 5.1
Tuaran 0 82212 0 15931 0.0 5.2
Penampang 118237 12572 24754 2460 4.8 5.1
Papar 27597 59052 5162 11483 5.3 5.1
Kudat 26746 41496 5045 8095 5.3 5.1
Kota Marudu 0 58841 0 11158 0.0 5.3
Pitas 0 30854 0 6341 0.0 4.9
Beaufort 12504 49194 2499 9491 5.0 5.2
Kuala Penyu 0 16511 0 3495 0.0 4.7
Sipitang 0 29311 0 5913 0.0 5.0
Tenom 0 46202 0 8871 0.0 5.2
Nabawan 0 23890 0 4776 0.0 5.0
Keningau 43870 101892 8539 19666 5.1 5.2
Tambunan 0 27852 0 5142 0.0 5.4
Kunak 15602 32969 2561 6858 6.1 4.8
Tongod 0 20646 0 5687 0.0 3.6

Average household density (Persons/household) urban = 5.2 
rural   = 5.0

Population Number of household Household density

Population Number of household Household density 
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(C) 2000 Household Density  for Sarawak (Persons/household)

District
Urban Rural Urban Rural Urban Rural

Kuching 423873 72123 87213 13381 4.9 5.4
Bau 0 42132 0 7996 0.0 5.3
Lundu 0 27376 0 5528 0.0 5.0
Samarahan 23329 23872 0 8514 0.0 2.8
Serian 0 80061 0 15996 0.0 5.0
Simunjan 0 37561 0 7725 0.0 4.9
Sri Aman 21842 41113 4739 9710 4.6 4.2
Lubok Antu 0 23266 0 5191 0.0 4.5
Betong 0 51463 0 10033 0.0 5.1
Saratok 0 42999 0 8738 0.0 4.9
Sarikei 25038 31954 5378 7434 4.7 4.3
Maradong 0 28932 0 6186 0.0 4.7
Daro 0 14847 0 3083 0.0 4.8
Julau 0 31913 0 6739 0.0 4.7
Sibu 166322 42690 34553 9869 4.8 4.3
Dalat 0 23402 0 4988 0.0 4.7
Mukah 0 45224 0 9712 0.0 4.7
Kanowit 0 27205 0 6084 0.0 4.5
Bintulu 102761 35508 22675 9142 4.5 3.9
Tatau 0 22865 0 5651 0.0 4.0
Kapit 13541 44299 2766 9780 4.9 4.5
Song 0 19129 0 3910 0.0 4.9
Belaga 0 22864 0 5542 0.0 4.1
Miri 167535 52036 35866 12319 4.7 4.2
Marudi 0 71412 0 15301 0.0 4.7
Limbang 18991 20750 3989 4076 4.8 5.1
Lawas 0 32669 0 6469 0.0 5.1
Matu 0 11179 0 2418 0.0 4.6
Asajaya 0 28540 0 5280 0.0 5.4

Average household density (Person/household) urban = 4.9
rural   = 4.6

Source: a) Preliminary Count Report For Urban and Rural Areas.
                 (Population and Housing Census of Malaysia 2000)

Population Number of household Household density 



 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX 4 
 

UNIT VALUES OF CROPS, BUILDINGS AND 
HOUSEHOLD ARTICLE  







Table A4.3: Parameters and Assumptions used in KTAT 2002 Study and JICA 1982 Study

Peninsular Malaysia Sabah Sarawak Peninsular Malaysia Sabah Sarawak
Maps
1. Flood Map

2. Topographic Map 

3. Landuse Map
GIS Format From 1:25000 1:250000
DOA Hardcopy from

respective states

Unit Values (RM) *
1. Crops RBIS, JICA 1999 Study Same for Peninsular Malaysia, Sabah & Sarawak
2. Paddy RBIS, JICA 1999 Study Use 1980 prices

Paddy Statistics of M'sia 1995, DOA 
3. Urban & Rural Houses JICA 1995 Study
4. Households effects JICA 1995 Study
5. Public Buildings JICA 1982  Study Figure with inflation rate 

of 3.6% applied over 18 years

Population Category Urban Urban Urban Urban 
Rural Mix Horticulture Rural Mix Horticulture

Tree crop Tree crop
Crop land Crop land

Household Density  Census Report 2000 Census Report 2000 Census Report 1970 Census Report 1980
(person / household)

Urban 4.4 5.2 4.9 5.5 5.31 5.6
Rural 4.7 5 4.6 5.5 5.31 5.6

Flood Damage Factor
1. Crops JICA's 1999 Study JICA's 1999 Study JICA's 1982 Study JICA's 1982 Study
2. Paddy JICA's 1999 Study JICA's 1999 Study JICA's 1982 Study JICA's 1982 Study
3. Urban & Rural Houses # JICA's 2000 Study JICA's 2000 Study JICA's 1982 Study JICA's 1982 Study
4. Households Articles # JICA's 2000 Study JICA's 2000 Study Not consider Not consider
5. Utilities & Facilities 30 % of damages to Public Buildings and 30 % damage to buildings

Private Houses
6. Industrial Facilities 10 % damage to urban houses 10 % damage to urban houses
7. Indirect losses 30 % of direct losses 30 % of direct losses
8. Mining, Forest, Minor damages and not estimated Minor damages and not estimated
Grassland and Swamp

Notes:
1. JICA's 1982 Study : National Water Resources Study, Malaysia. 
2. JICA's 1991 Study : The Study on Flood Mitigation and Drainage in Pulau Pinang.
3. JICA's 1995 Study : Comprehensive Management Plan of Muda River Basin Study.
4. JICA's 1999 Study : Sg. Perak River Basin Information Systems.
5. JICA's 2000 Study:  The Study on Integrated Urban Drainage Improvement for Melaka and Sg. Petani in Malaysia.

Remarks:
* Refer also Table A4.1 : Comparison of Unit Values used in KTAT 2002 Study and JICA 1982 Study
# Refer also Table A4.2  : Comparison of  Flood Damage Factors and Damage Values for Buildings and Household Articles.

1980-2001/02

1974 19701997

JICA 1982 StudyKTAT 2002 Study

1991-2000

1960-19791960-1979

1:63360 1:500001:50000 1:50000

1980-2001/02
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FLOOD FREQUENCY OF VARIOUS JPS 
STREAMFLOW STATIONS 
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NUMBER OF FLOOD EVENTS BY RBMU 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 













































 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX 7 
 

LIST OF PROPOSED RM8 FLOOD MITIGATION 
PROJECTS AND EXPECTED BENEFITS 

 
 
 
 
 
 
 











































































 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX 8 
 

STATE FLOOD MAPS 































 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX 9 
 

LOCATION MAPS FOR PROPOSED MAJOR FLOOD 
MITIGATION PROJECTS IN RM 8  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
































