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?bstract

This paper reviewed the impacts of climate change on the management of the water sector in Malaysia discussing the cur-
rent status of water resources, water service, and water-related disasters. The implementation of engineering practices was
discussed to provide the detailed assessment of climate change impacts, risks, and adaptation for sustainable development.
The narrative methods of reviewing the literatures were used to get an understanding on the engineering practices of water
infrastructures, implication of the government policies, and several models as the main motivation behind the concept of
integrated water resource management to contribute as part of the sustainable development goals to achieve a better and more
sustainable future for all. The findings of this review highlighted the impacts of climate change on the rivers, sea, lakes, dams,
and groundwater affecting the availability of water for domestic and industrial water supplies, irrigation, hydropower, and
fisheries. The impacts of climate change on the water-related disasters have been indicated affecting drought-flood abrupt
alternation and water pollution. Challenges of water management practices facing climate change should be aware of the
updated intensity—duration—frequency curves, alternative sources of water, effective water demand management, efficiency
of irrigation water, inter-basin water transfer, and nonrevenue water. The transferability of this review findings contribute to
an engagement with the society and policy makers to mobilize for climate change adaptation in the water sector.

Keywords Climate change impact - Comprehensive water resource assessment - Integrated adaptation strategy - Water-
related disaster - Water service evaluation

Introduction

Recently, a considerable amount of the literatures has grown
up around the theme of climate change and its impact on
water resources. The global mean temperature as reported by
the Intergovernmental Panel on Climate Change (IPCC) is
predicted to increase by 4 "C in 2100 and is facing the major
global challenges of water resource management (Mimura
2013). The challenges of supply-side water management
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affected by climate change can alter the natural patterns of
drought, flood, melting glacier, sealevel, and storm intensify
often with severe consequences. The challenges of demand-
side water management affected by population growth and
economic development are related to an increased demand of
water for domestic, industrial, and agricultural sectors. The
widespread problems of water pollution caused by domestic,
industrial, and agricultural activities face an increased pres-
sure on the management of water resources and can jeopard-
ize human health and the environment.
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Malaysia as one of the highly vulnerable countries fac-
ing climatic change could be because the coastal zone of
Malaysia with around 60% of its population living near
the coast has a special socio-economic significance (Ehsan
et al. 2022). The management of water resources lies at
the epicenter of any viable solution projected into the cli-
mate change risk management matrix. It is very difficult
to maintain the integrity of balanced ecosystem caused by
the pattern alterations of drought and flood without coher-
ent overall policies and strategies on the management of
water resources. The direct consequences of climate change
include an increase in the maximum and minimum tem-
peratures, sea level rise, higher ocean temperature, and
an increased frequency of heavy precipitation events. The
indirect consequences of climate change may directly
affect humans and the environment. These consequences
are related to an increase in the hunger and water crises,
an increased spread of the pests and pathogens, a number
of different health risks caused by rising air temperatures
and heat waves, an excessive loss of biodiversity caused by
a limited adaptability, and adaptability speed of flora and
fauna. The consequences are also related to a new adapta-
tion in the areas of agriculture; acidification of ocean caused
by an increased HCOj; concentration in the water as a con-
sequence of increased CO, concentration, forestry, energy,
infrastructure, tourism, etc.; and economic implications of
dealing with secondary damage related to climate change
(Myers etal. 2013).

Anintegrated adaptation strategy of the Malaysia country
facing climate change challenges requires the implementa-
tion of structural and nonstructural measures in the manage-
ment of water resources. Structural measures to deal with
the challenges of climate change can be taken in implement-
ing an integrated water resource management (IWRM) at
all levels operating in the contexts of design, construction,
operation, and maintenance of the public water infrastruc-
tures. Land acquisition of public interest for construction of
water infrastructures facilitated by an appropriate land sup-
ply model allows achieving sustainable development, social
justice, and prosperity of society (Roestamy et al. 2022).
The implementation of nonstructural measures included the
government policies; numerous types of public awareness
campaigns regarding the IWRM and river care programs
can positively contribute to social, economic, and environ-
mental sustainability. Even though the ways of adapting to
climate change for the future management of water resources
have been identified to induce a change of opinion into the
decision-making process, the necessary basic conditions
for implementing an IWRM that has long been considered
essential for sustainable develol:nenl are not fully under-
stood. This paper aims to review the current status of water
resources, water services, and water-related disasters to get
better understanding of the implementation of IWRM in
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Malaysia. Reviewing the implementation of structural and
nonstructural measures will be important to point out that
the concern of water resources management would be taken
into account facing the challenges of climate change.

Methods

The narrative methods of reviewing the management of
water resources affected by climate change involve analyz-
ing a series from literature, policy, and standard documents.
This helps in identifying the reason of urgency to upgrade
the existing hydraulic infrastructures, to provide an appro-
priate design (or redesign) of the proposed new hydraulic
infrastructures, and to update the regulations, standards, and
other instruments associated with a particular change in a
variable causing by different patterns of water cycling and
rainfall. The target subjects of reviewing the management
of the Malaysian water sector include the policy, institu-
anal framework, structural and nonstructural aspects of
water resources, water services, and water-related disas-
ters. Figure 1 shows the conceptual diagram of logically
describing the adaptation needs for anticipating the risks
and impacts of climate change on the future management
of water resources.

Reviewing the management of water
affected by climate change

Water resources

Water resources as the natural resources of surface water
and groundwater are the important sources for humans used
as the sources of water for drinking water supply, industrial
nlle r, and irrigation. This subsection aims to briefly review
the impacts of climate change on the management of riv-
ers, coastal areas, reservoirs, and groundwater distributed
crossing Peninsula Malaysia and East Malaysia to learn
about considerations for the future management of water
resource sector. The discussion of climate change impacts
and structural and nonstructural measures is required to
understand the current management of rivers, coastal areas,
reservoirs, and groundwater for the targets of better future
water resource management options that encourage the most
sustainable sources of water supply to have an optimization
approach for multisectoral water supply.

Rivers
The variation changes of annual and seasonal runoff of

catchment area monitored at the outlet station are com-
monly used as indicator to assess the impact of climate
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Fig.1 Conceptual diagram of
the future management of water
resources facing climate change

Challenges for the management of water in Malaysia facing climate change
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change on water resources. Effects of climate change on
river runoff patterns at the Klang River watershed of Sel-
angor state have been predicted using the Hadley Cen-
tre Third Generation — GCM model with the emission
scenarios A2 and B2 for the period 2001-2100. The sce-
narios A2 and B2 are referred to the storylines to describe
the development of different dimensions of social, eco-
nomic, environmental, and technological policy. The aim
of scenario A2 is to predict the future of differentiated
world with emphasis on human wealth including the major
underlying themes to strengthening the regional cultural
identities with an emphasis on high population growth,
family values, and local traditions, but less concerned
about fitting into a rapid economic development. The
scenario B2 emphasized on sustainability and equity can
help predict the local solutions facing the development of
economic, social, and environmental sustainability in the
world (IPCC, 2000). The results show that the mean annual
runoff over the whole of Klang River basin decreases by
9.4% and 4.9% and increases by 4.5% according to the sce-
nario A2 and decreases by 2.1%, 2.7%, and 3.3% according
to the scenario B2 for the periods of 2020s, 2050s, and
2080s, respectively (Kabiri et al. 2015). The impact of
climate change on water resources in the north-eastern
Peninsular Malaysia has been predicted for the watershed
of Kelantan River using the Soil and Water Assessment
Tool (SWAT) model under three representative concentra-
tion pathways of 2.6, 4.5, and 8.5 scenarios for the periods

of 2015-2044 and 2045-2074 to show an increase in the
annual rainfall from 1.2 to 8.7%, an increase in the maxi-
mum temperature from 0.6 to 2.1 °C, an increase in the
annual stream-flow from 14.6 to 27.2%, and evapotran-
spiration of Kelantan River basin increased from 0.3 to
2.7% (Tan et al. 2(3), as shown in Table 1. The sepa-
rate and combined impacts of the land-use and climate
variability on hydrological components were investigated
using the Mann-Kendall and Sen’s slope tests and SWAT
at the Johor River basin to show that a combined impact
of the climate and land-use changes leads to increase the
annual stream-flow by 4.4% and the rate of evaporation
by 1.2% (Tan et al. 2015). The impact of climate change
on water resources leading to an increased air tempera-
ture can affect the variability of rainfall and the pattern
of extreme high and low precipitation at certain months
of the year. The engineering practices of constructing the

Table 1 The impact of climate change on water resources in the
north-eastern Peninsular Malaysia predicted by SWAT

Indicator Unit Time period

2015-2044 20452074
Maximum temperature “C 0.6 21
Annual rainfall % 1.2
Annual stream-flow % 14.6 272
Evapotranspiration % 0.3 27
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new dams, upgrading capacity of the existing reservoirs,
adopting the water conservation techniques in agriculture,
and encouraging the wawaler treatment and reuse can
contribute to mitigating the impact of climate change on
water resource management.

The purposes of Love Our Rivers Campaign launched in
1993 by Department of Irrigation and Drainage (DID) are
to educate and inform the public on the importance of com-
munity networking to preserve local rivers, to promote water
conservation measures, and to increase knowledge of imple-
menting an effective river management. An initiative of the
Water Resource Council of Negeri Sembilan seeks to intro-
duce the water resource inventory and asseaue nt at state
level of the Malaysia country. The Minister of Water, Land
and Natural Resources (MWLNR) has promoted the pro-
gram of off-river water storage as one option to increase the
reliable water supply from rivers, to overcome the problem
of water scarcity during drought event, and to reduce the risk
of flooding during monsoon season. The implementation of
the integrated river basin management included an IWRM,
land resource management, ecosystems, and socio-economic
systems that have been formulated in Tenth Malaysia Plan
(TMP) 2011-2015 and National Physical Plan must adopt
a more comprehensive approach towards the formal frame-
work of vulnerability to climate change. The national water
resource policy has been launched in 2012 as a result of the

2011 National Water Resources Study and is one of the key
milestones towards a more sustainable and integrated man-
agement of water resources in the country.

Coastal areas

Sea level rise represents potentially one of the costliest
impacts of climate change on the sustainable develop-
ment of coastal areas. The rate of sea level rise at an aver-
age of 1.3 mm/yr to represent the coastal areas of Penin-
sular Malaysia has been recorded at Tanjung Piai in Johor
state of Malaysia from 1986 to 2006 (Ainee et al. 2014).
The increased rate of sea level rise for all coastal areas of
Malaysia has been predicted in 2017 ranging from 0.67 to
0.74 mm/yr (Rashidi et al. 2021). Rising sea levels have
the potential to increase coastal flooding, shoreline erosion,
and saline intrusion caused by storm surges leading to the
damage of fishery resources, land loss, and an increase in
the salinity of groundwater. Sea level rise for the coastal
areas of Painsular Malaysia, Sarawak, and Sabah predicted
using the tidal data collected from the gauge stations along
the Malaysian coastlines from 1984 to 2013 has increased
at a rate of 3.67 mm/yr (Hamid et al. 2018). The projection
of sea level change along the coastlines of Malaysian coun-
try using the Atmosphere-Ocean coupled Global Climate
Model/General Circulation Model simulations as shown in
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Fig.2 Projected sea level rise by 2040 and 2100 for Malaysia coastlines (Ercan et al. 2013)
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Fig. 2 has been predicted the range of sea level rise from
0.066 to 0.141 m in 2040 and from 0.253 to 0.517 m in 2100
for the coastal areas of Malay Peninsula and from 0.115 to
0.291 m in 2040 and from 0.432 to 1.064 m in 2100 for the
coastal areas of Sarawak and Sabah (Ercan et al. 2013).
There are many questions associated with seaevel rise
regarding the socioeconomic and environmental impacts of
climate change on the country of Malaysia which science
needs to answer. Malaysia as one country of Southeast Asia
that represents the 29th longest coastline in the world has the
total coastline of 4675 km with West Malaysia surrounded
by 2068 km and East Malaysia surrounded by 2607 km of
coastline. The coastline conditions of Peninsular Malay-
sia can be classified on the basis of erodible range of the
soils without regard to any other variables into 55.4 km of
critical erosion, 376.1 km of significant erosion, 916.5 km
of acceptable erosion, and 720 km of no erosion (Hashim
et al. 17), It seems that the rise of sea level is the major
effect of climate change on the coastal areas of Peninsular
Malaysia. This study suggests that short-, mid-, and long-
term strategies to anticipate the effects of climate change
on the management of coastal areas should be implemented
through a proper legal and management framework for the
effective protection of coastlines, infrastructure, and proper-
ties from the losive force of waves and tidal actions (Bakun
et al. 2015). Integrated coastal zone management has been
highlighted in the Seventh Malaysia Plan as an integrated
approach regarding all aspects of coastal zone management
to emphasize the concept of sustained economic growth and
social equity shared among the people. The various struc-
tural features of 208 selected coastal engineering projects

Table2 List of dams in Malaysia

2
have b.ecn implemented from 1985 to 2015 to protect from
beach erosion over 212 km of coastline (Rashidi et al. 2021).
The most important financial benefits of these engineering
projects are to avoid the disastrous effects of climate change
on the society and to protect the coastal environment and
buildings from damage. By maintaining the existing shore-
line of allowing the significant land use, infrastructures,
and socioeconomic activities within the coastal zone can be
focused on coastal erosion defense and sea level rise adapta-
tion in the management of coastal areas affected by climate
change. The reclamation of coastal land critically required
to move seaward as a strategy can cause the various adverse
impacts on the environment where the adjacent ecosystems
of wetlands, salt marshes, and mangroves are becoming
more vulnerable caused by the coastal squeeze effects. A
number of the coastal adaptation measures recommended
by experts for handling the critical erosion coastal areas
have been accommodated in the National Coastal Erosion
Study revised in 2016. An integrated shorﬂ]e management
plan conducted by DID for the states of Pahang, Melaka,
Negeri Sembilan, Pulau Pinang, Labuan, Sarawak (Miri),
Sabah, and Johor in 2017 taking into account the resource
exploitation and conservation of sensitive habitats could be
an important achievement in the synchronization and har-
monization of coastal development programs in the country.

Reservoirs
Malaysia as a Southeast Asian country has 46 dams located

in Peninsular Malaysia and 9 dams located in East Malaysia
under the management of DID (see Table 2) with the total

West (Peninsular) Malaysia

East Malaysia

State Name of dam

State Name of dam

Johor

Bekok Dam, Juaseh Dam, Linggiu Dam, Machap Dam, Sem-

Sabah Babagon Dam, Kaiduan Dam, Tenom Pangi Dam

berong Dam, Layang Dam, Lebam Dam, Labong Dam, Sultan

Iskandar Reservoir
Beris Dam, Pedu Dam, Muda Dam, Ahning Dam
Pergau Dam

Kedah
Kelantan
Kuala Lumpur  Klang Gates Dam

Malacca Jus Dam, Durian Tunggal Reservoir

Negeri Sembilan Gemencheh Dam, Kelinchi Dam, Sungai Terip Dam

Sarawak Bakun Dam, Baram Dam, Batang Ai Dam, Ben-
goh Dam, Gerugu Dam, Murum Dam

Pahang Anak Endau Dam, Chematu Dam, Chereh Dam, Chini Dam,
Kelau Dam, Pontian Dam, Sultan Abu Bakar Dam

Penang Air Itam Dam, Mengkuang Dam, Teluk Bahang Dam

Perak Bersia Dam, Chenderoh Dam, Kenering Dam, Piah Dam,
Temenggor Dam, Gopeng Dam, Mahang Dam, Jor Dam

Perlis Timah Tasoh Dam

Selangor Batu Dam, Langat Dam, Selangor Dam, Semenyih Dam, Tasik
Subang Dam, Tinggi Dam

Terengganu Kenyir Dam
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surface area of 695 km? and total storage of 43,800 million
m® of water. Among 15 hydropower dams, 12 are located
in Peninsular Malaysia and 3 in Sarawak. Total storage of
water for hydropower dams is 79,142 million m* with the
largest hydropova dam is Bakun Dam in Sarawak. Reser-
voirs are greatly affected by climate change especially dur-
ing the extreme wet and dry seasons (Ehsani et al. 2017).
An increase in the intensity of extreme rainfall during wet
season resulting in the large amount of runoff volume can-
not be stored outside of the capacity of the reservoirs. An
increased temperature of air during dry season resulting in
higher evaporation rate can increase the loss of water stored
in the reservoirs. The coupling between agricultural land
expansion and high rainfall intensity can cause the increas-
ing of soil erosion rate and sediment yield of the watersheds
leading to the reduction of storage capacity cgje reser voirs.
An analysis of drought and reservoir storage based on the 15
climathangc scenarios conducted under the supervision
of the National Hydraulic Research Institute of Malaysia
(NAHRIM) predicted that the Bekok Dam in Johor state
will experience facing several critical periods from 2010
to 2100 leading to a decrease in the production of oil palm
(Sarkar et al,a)2()), The critical levels of water stored in
the dams of Padang Saga, Bukit Merah, Timah Tasoh,
Labong, Bukit Kwong, Gemencheh, Beris, Muda, and Pedu
have been experienced during the events of El Nifo from
2015 to 2016. The water shortage of the reservoirs has been
experienced at least three consecutive months for Labong
Dam and eight consecutive months for Bukit Kwong Dam
in 2016. Water shortages in the dams of Langat River, Sel-
angor River, and Tinggi River have been experienced at
least three consecutive months with the storage capacity
of these dams droaed below 50% and predicted will face
the experience of dry spells with a return period of more
than 10 years by 2040 (Hasan et al. 2021). The water levels
of Lebam and Layang dams in the South Johor have been
experienced lowering to 9.57 m and 19.19 m, which are far
below the critical levels of 12.27 m and 23.5 m, respectively,
during severe drought of the El Nifio years (Salimun et al.
2014). The Johor states of Malaysia and Singapore have suf-
fered the worst drought event according to the dataset of
Palmer Drought Severity Index recorded from the rainfall
data of more than 60 years. The analysis of reservoir stor-
age state using the 15 climate change scenarios can predict
several critical drought episodes occurred in Bekok Dam
of Johor state from 2010 to 2100 (Yaacob et al. 2022). The
impact of climate change on the availability of domestic
and industrial water supplies can affect changeability in the
occurrence of dry and wet periods, leading to pollute water
supply and to increase the water exploitation index. Most
of 93 dams built until 2013 in Malaysia are old structures
serving various purposes of domestic and industrial water
supplies, irrigation, flood mitigation, hydroelectric power,
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sediment control, and recreation. The primary purpose of
57 dams served as a vital water supply is for storage and
safe retention of water with sufficient quantity to meet the
needs of water for several states and federal territories of
Malaysia in support of socioeconomic resilience by provid-
ing the raw water sources of domestic and industrial water
purposes. Constructing the additional 40 water supply dams
to meet the future water demands has been planned by the
government facing combined effects of population growth
and climate change. The construction of 30, 7, and 3 dams
in Peninsular Malaysia, Sabah, and Sarawak, respectively,
has been planned to support the future needs of domestic and
industrial water supplies.

Because the frequency of water shortages is predicted to
increase under future climate change, the current practice
in the design of dam stored capacity of 3 months needs to
be reviewed to provide a balance between the flow brought
by a river and the volume of water required for different
usage purposes of the flow to more than 4 months of dry
season. The spillway capacity and maximum elevation of
the dam need to be redesigned to avert future flood chaos
across an area of the watershed. The Emergency Response
Plan (ERP) must be developed by every operator of dam
to reduce the probability of flooding and to minimize the
risk of dam failure. The ERP should include an integrated
public alert and warning system for local alerting that pro-
vides authenticated emergency and life-saving information
to the public when the water level at the elevation of spillway
crest has reached the flood danger level. The vulnerability
of water resource systems affected by climate change to the
extreme hydrological events must be studied particularly for
case of the old dams. The experimental studies of the dam-
break flow of old reservoirs impacted by climate change are
still a few at the present. The government of Malaysia has
taken anticipation by preparing the National Dam Safety
Management (NDSM) Guidelines and Draft of NDSM Act
while the Dam Technical Centre must be established accord-
ing to as the Act.

Groundwater

The use of groundwater in Malaysia is predicted to increase
over time because the abstraction of surface water to meet
the demands of water for domestic, industrial, and agricul-
tural uses has been progressively increased with increas-
ing of the population growth and economic development.
The principal reason of groundwater use increased could
be due to an increased population growth while the pol-
luted rivers, lakes, and springs caused by the urbanization
and human activities are no longer viable sources of sur-
face water contributed to increase the use of groundwater.
The investigation of underground formations to understand
the hydrologic cycle and groundwater quality is required
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to identify the nature, number, and type of aquifers. It is
timely for Malaysia to explore the groundwater potentials to
avoid a possibility of water crisis during the prolonged dry
period. The effect of climate change reduced approximately
1% of groundwater recharge potential during the period of
the 2020s in Malay Peninsula could be due to the prediction
of decreased precipitation and increased evapotranspiration
(Mogaji et al. 2013). Comprehensive study of spatial analy-
sis required to investigate the impact of climate change on
groundwater is due the space—time variability of evapotran-
spiration and precipitation may be natural and inevitable dis-
asters hitting different regions of the Malaysia country. The
management of groundwater resources requires the respon-
sible actions of the related institutions for conjunctive use
of groundwater and surface water as a strategy for climate
change adaptation (Moraes-Santos et al. 2021).

It has become imperative that the innovative strategies
proposed by Department of Mineral and Geoscience for
developing and evaluating the interventions to increase the
use of evidence from research and for providilahe monitor-
ing services of groundwater quality have been put in place to
ensure the exploration and development of the groundwater
resources (van Rooyen et al. 2021). Providing the design
information of extraction safe rate of the groundwater by
the Minerals and Geoscience Department to every state gov-
emnl 1s required as the technical guidelines for issuing
the groundwater extraction licenses at the coastal areas to
avoaan intrusion of saltwater. Modeling studies focused on
the groundwater reserve determination and risk analysis of
saltwater intrusion have been accomplished for five major
basins of the Malaysia country. The use of the multivariate
statistical analysis techniques and analysis of variance to
evaluate the pollution of groundwater caused by the major
ions and heavy metals could be useful to provide policy-
makers and managers the current situation of groundwater
in the specific areas (Kura et al. 2018). By analyzing the
effects of the industrial, agricultural, and weathering activi-
ties contributed to groundwater contamination can help tech-
nically identify the priorities for sustainable groundwater
management to design a more efficient land development
(Zainol et al. 2021). The usage of groundwater in Malay-
sia except the state of Kelantan which has approximately
50% of water used coming from groundwater is still low
(Hussin et al. 2020). Nearly all groundwater withdrawals
are extracted by the individual users, predominalﬂ used for
domestic, industrial, and commercial purposes. The policy
initiated tcauprovc groundwater management in the Noti-
fication of Development of Wells and Excavations 2013 has
been cnforceao ensure no excessive extraction occurs. A
case—control study to determine the risk factors of saltwater
intrusion zones (Trabelsi et al. 2016) for the selected basins
has also been conducted under the Eleventh Malaysia Plan
(EMP) 2016-2020.

Water services
Domestic and industrial water supplies

The abundant water resources of Malaysia estimated at
around 580 km;f’yr can provide the available water of
more than 3000 m? per capita per year. The use of water in
Malaysia are around 76% for agriculture, 11% for munici-
pal water supply, and 13% for industries, whereas the use
of domestic water is significantly less compared to the
agricultural and industrial uses. There is only less than 1%
of the available water resources used for drinking water
supply (Rahman 2021). The main reason for the lack of
groundwater use in Malaysia could be due to easy avail-
ability of surface water resources. Approximately 97%
of water demand is extracted from surface water, pre-
dominantly from river systems. Clean and sufficient water
supply becoming a problem in the management of water
resources during lheamd event could be because the dete-
rioration of surface water quality associated with acceler-
ated so1l erosion, landshide, and river bank erosion in the
form of nonpoint source pollution can interfere with the
drinking water treatment process (See et al. 2017). Other
forms of nonpoint source pollution transported by overland
flow could be due to the overflow of wastewater treatment
ponds and the wash off of agricultural lands (Shields et al.
2008). An increase in the demand of freshwater as a conse-
quence of population growth and a decrease in the supply
of water as a consequence of pollution can cause the dis-
ruption of water supply leading to have a potential to stress
the existing water infrastructures (Raihan et al. 2023).
The government of Malaysia has shown a commitment in
the distribution of water to respond the demands of water for
multisectors by creating a sustainable funding mechanism
and to improve the customer orientation of service providers
by creating a modern institutional structure (Gomez et al.
2019). Role of the local, state, and federal governments to
ensure the suslaabilily of water supply affected by popula-
tion growth and climate change has been initiated by issuing
the appropriate water policies in the implementation of TMP
2011-2015. The endorsement of National Water Resources
Policy aimed to ensure the quantity and quality of water
supply for domestic and industrial purposes approved by the
albinel in 2012 provides the strategic directions of water
security, water resource sustainability, partnership, capacity
building, and awareness raising. Several states of Malaysia
such as Sabah, Penang, Kuala Lumpur, Kedah, Kelantan,
and Negeri Sembilan have embarked on the policy of pri-
vate sector participation in water and sanitation since 1990s
(Annual et al. 2020). The responsibility of sewerage man-
agement in several states of Peninsular Malaysia has been
transferred from the local governments to Indah Water Kon-
sortium Sdn Bhd (IWK) since 1994 because an investment
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in the management of sewerage does not keep pace with an
investment in the management of water supply.

Irrigation

Climate change has created challenges for the agricultural
sector leading to disrupt food availability, reducing access
to food and affect food quality. Adapting the irrigation sys-
tems to climate change is the priority for future planning of
agricultural water uses. An analysis of the agricultural water
using the RegHCM-PM model has been performed in 2009
by NAHRIM to identify the vulnerability in three granary
areas of Muda Agriculture Development Authority (MADA),
Kemubu Agriculture Development Authority (KADA), and
Barat Laut Selangor. The areas of Barat Laut Selangor and
KADA projected to experience a water deficit can poten-
tially affect the sustainability of rice farming while the area
of MADA was predicted to experience an excessive water up
to 76%. It is noted that the most important aspect of reservoir
management is to ensure an appropriate quantity of water
released to agricultural uses at appropriate times. The effects
of agricultural subsidies on cotton production can influence
the amount of irrigation water used to irrigate the cultivation
area in Harran Plains of Turkey (Cullu et al. 2022).

The development of Climate-Smart Rice Irrigation Man-
agement Information System (CSRIMIS) has been proposed
as a nonstructural measure to provide better understanding
of the government’s roles involved in instituting the water
policy and implementing the allocation framework of
water irrigation (Rowshon et al. 2019). The implementa-
tion of nonstructural measures is committed to ensure the
knowledge-based decision-making supported by an intensive
climate-related research and development, capacity building
of adaptation, and mitigation measures. Development of the
new strategies adapted to the predicted impacts of climate
change as one of the nonstructural approaches to cope with
the crop water stress index is the application of CSRIMIS.
An appropriate regulation of such as the Sabah Second
Agriculture Policy for the new major rice granary areas and
agriculture zoning in Sabah state is necessary to support the
implementation of nonstructural measures. It is encouraged
to include the needs for the improvement of irrigation area
in the policy by considering two major rice-cropping seasons
of dry and wet seasons in Malaysia.

Hydropower

Hydropower is sensitive to climate change because the
sources of energy available to operate the existing hydro-
electric power plants depend on the volume of water flow.
Five main hydropower dams of Kenyir (Sultan Mahmud)
hydroelectric power station with an installed capacity of
400 MW, Pergau hydroelectric power station of 600 MW,
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Temenggor hydroelectric power station of 348 MW, Bakun
hydroelectric power station of 2400 MW, and Murum
hydroelectric power station of 944 MW have been oper-
ated to generate approximately 11% of the total Malay-
sian electricity generation. The analysis of dry spell trend
in Malaysia predicts that the future of local water stress
affected the operation of four hydropower plants caused
by climate change (Adib et al. 2022; Payus et al. 2020).
The operation of Kenyir and Pergau hydropower dams
in Terengganu state and Kelantan state, respectively, is
concerned there would be a risk of the high possibility
of the limiting water flow. The preliminary analysis of
long-term model projection indicated that the operation of
hydropower dams in Sarawak state would not be affected
by climate change due to the large reservoir capacities
of Bakun and Murum hydroelectric power stations. The
change of river runoff caused by climate change affects
the production of hydroelectric power. High intensity of
rainfall resulted in an increased rate of soil erosion flowing
into the river and reservoir can lead to reduce the storage
capacity of dam.

The development of dam failure concept and modeling
as a nonstructural measure aimed to predict outflow hydro-
graph of the reservoirs can even help improve the perfor-
mance of hydropower under climate uncertainty. Numerous
simulation models of dam failure caused by flow overtopping
have been recommended to build community resilience to
disasters, which can be used to ensure the proper disaster
preparedness, disaster risk reduction, and the formulation of
disaster management policy and procedure. Using the simula-
tion model of Malaysia Dams Safety Management Guideline
(MyDAMS) can help ensuring the protection of dam and
the community in the areas of surrounding a dam (Toh et al.
2020). The development of ERP has been proposed to inform
when once the dam safety threshold is in force, an alert of
dam safety message can trigger an immediate inspection of
the dam, and its surrounding during a flood event to detect
early signs of potential dam failmaDne of the objectives for
energy policy of Malaysia aimed to ensure adequate, secure,
and cost-effective energy supply by developing and utiliz-
ing alternative sources of the nonrenewable and renewable
energy resources using the latest cost options and diversifica-
tion of supply sources from both inside and outside the coun-
try (Sharviael al. 2018). The promotion of renewable energy
detailed in the National Renewable Energy Policy and Action
Plan has been approved in June 2010 by the Cabinet with the
vision of enhancing the utilization of indigenous renewable
energy resources to contribute towards national electricity
supply security and sustainable socioeconomic development.
The adoption of renewable energy technology supported by
the National Green Technology Policy 2009 and the Renew-
able Energy Act 2011 provides the schemes of enhancing the
use of sustainable energy resources.
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Fisheries

The impacts of rising atmospheric CO, and climate change
on the marine ecosystems are associated with concurrent
shifts in temperature, oxygen content, nutrient input, strati-
fication, circulation, and ocean acidification with potentially
wide-ranging biological effects (Rose 2005). An increase in
the water temperature may lead to a decreased maximum
body size of the marine fishes (Cheung et al. 2013). The
change of species composition caused by climate change
may lead to extend the large-scale redistribution of maxi-
mum fisheries catch potential with increasing in the high lat-
itudinal regions but decreasing in the tropic regions (Cheung
et al. 2010). The effect of climate change on fish landings
in the west and east coasts of Sabah state was investigated
from the raw annual data of local fish landings affected by
climatic parameters with highly correlation of rainfall, tem-
perature, wind, and the Southern Oscillation Index with 20%
fish catch dropped during the northeast monsoon (Jafar-Sidik
etal. 2010). The impacts of climate change on fisheries com-
munities include (1) the direct effects of change in reproduc-
tion, distribution, and population dynamics of fisheries stock
and (2) the indirect effects of change in productivity and
composition of ecosystems on which fishes depend for food,
shelter, and reproduction (Pértner and Peck 2010).

Ale present, one of the adaptation measures devel-
oped capacity building for fishermen is to utilize the Fish-
ing Site Bntiﬁcation System (FSIS). The ability of FSIS
provided information on fishing ground location is based on
the satellite image analysis of sea surface temperature and
chlorophyll-a concentration and helps fishermen to identify
the fishing areas with a high catch potential within a short
time. The use of FSIS could be useful to enhance the fishery
resource potentials of rising se&mperalure that caused high
fish mobility. The Malaysian Department of Fisheries has
implcmcn the conservation zone of -1 nm from coast-
line while the use of trawlers in Zone B has been banned for
the west coast of Peninsular Malaysia. The implementation
of high-impact projects in the Aquaculture Industrial Zone
has been carried out as an effort to reinfbrcahe sustain-
ability of aquaculture practices by launching the Malaysian
Good Agricultural Practices (MyGAP) in 2013.

Water-related disasters
Flood

In spite of the high rainfall during the Northeast Monsoon
season can be seen as the cause of repeated flooding in Pen-
insular Malaysia, the impact of climate change predicted
would be the major cause of flooding in the future. The Cli-
mate Change Factor (CCF) developed based on the selected
models of statistical downscaling for Segamat River basin

in Johor state showing the CCF value of 1.47 predicted
for 2060 under the scenario of 270-year average recurrent
interval (ARI) is more extended than under the scenario of
200-year ARI with its CCF value of 1.42 and then is more
extended than under the scenario of 100-year ARI with its
CCF value of 1.33 (Liew and Teo 2013). An increase in
the CCF value of the location affected by climate change
can cause an increased depth of flood (Holguin et al. 2021).
Severe flooding occurred in Kota Tinggi of Johor state
affected by the rainfall of 366 mm during the first wave of
December 2006 and by the rainfall of 416 mm during the
second wave of January 2007 filling all natural hydrologic
storage has caused the majority of precipitation becoming
runoff (Abdullah et al. 2018). The extraordinary amount of
continuous rainfall in Penang state and parts of Kedah state
occurred on 4 and 5 November 2017 has caused massive
floods in many areas — the worst in the history of Penang
— where the rise of water surface level reached 2.7 m (Safi-
zadeh et al. 2022). The drainage capacity of Penang state
designed without considering the impacts of climate change
did not work optimally and required to open 46 evacuation
centers to house 1731 families and around 5000 victims.
The publicinfobanjir website created in 2011 by DID as
an extension to website of infobanjir focused on flood early
warning dissemination (Acosta-Coll et al. 2018) to public is
a simplified method for providing detailed information on
the website that interactively displays the evacuation cent-
ers, flood status, current rainfall, and real-time water level
as well as discharge data recorded from approximately 500
hydrological stations (Tam et al. 2019). The role of National
Flood Fofkast and Warning Centre under the DID adminis-
tration is to provide accurate and timely warning of impend-
ing floods for reducing public safety risks and property dam-
age. The structural measure of Stormwater Management and
Road Tunnel (SMART) as an innovative project of compre-
hensive flood prevention strategy in place has been made to
prevent flooding in the City Centre of Kuala Lumpur and
around the vicinity of Masjid Jamek caused by Klang River
overflowing. SMART with its diameter of 13.2 m has a dis-
tance of 9.7 km from near the Kampung Pandan to Kuala
Lumpur-Seremban highway and has a double-deck motor-
way of 3 km in the middle section of the 9.7-km stormwater
tunnel. The structural measure of Flood Barrier Design con-
structed floodwall and levee for both sides of Golok River
in 2018 by MWLNR aims to prevent major flooding in the
Kelantan sla of Malaysia. The practice of rainwater har-
vesting that has been included in the Street, Drainage and
Building Act 1974 Uniform Building By-Laws (Amendment
2012) is mandatory to reduce flood peak during a heavy
rain as pzaof supplemental nonpotable water supply in the
states of Johor, Kelantan, Malacca, Perak, Perlis, Pahang,
Negeri Sembilan, and Selangor. Strategic directions and
actions established in the National Physical Plan-3 (NPP-3)
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containing of 15 strategies and 44 actions can identify the
roles of the implementing and monitoring agencies for
managing a vulnerable area characterized according to the
natural hazards by implementing an integrated water cycle
management strategy whether directly or in a supporting role
(Yamashita 2022).

Drought

Several records of hydrological drought occurred across
the Malay Peninsula have been analyzed using statistical
downscaling procedure to estimate dry conditions persist
amid the predictions of increased future drought driven by
climate change (Hazir et al. 2020). The length of dry period
increased by 2.5% from 2018 to 2039 and by 3.3% from
2040 to 2069 was predicted for the Pahang state of Malaysia
(Tukimat et al. 2017). The occurrence of drought in Selangor
as one of the states with fast-growing economies in Malay-
sia has been identified for the future to show that rainfall in
Langat River basin falls highly during December but lowly
during October (Hasan et al. 2021). Approximately 49.5%
of the 2016 Malaysia’s water supply issues was reported in
the Selangor state and the numta rose to 62.4% in 2017
(Rahman 2021). An implication of climate change related
to the availability of water in the northern Malay Peninsula
(Kedah) during the period of 30 years analyzed by compar-
ing the data of water level collected for the period of 3 years
from 1978 to 1980 to those collected from 2011 to 2013 can
decrease the maximum water table by 2.1% from 31.02 to
30.37 m (Suri et al. 2014). A decrease in the water table will
contribute to a water crisis in the near future and is predicted
to decrease the flow of water in a river during the prolonged
dry weather and to increase drought risk in Malaysia.

The establishment of Drought Information Website
(Infol(emala) in early 2001 initiated by DID following an
incident of the 1998 drought that affected a large number
of residents in the Klang Valley of Malaysia was based on
the nonstructural approaches of drought risk area mapping,
adaptation and resilience to drought, awareness raising/
capacity building, and drought warning system. The objec-
tives ofeslablishinga: InfoKemarau system are to dis-
seminate the status of water resources via online, to provide
early warning on potential drought, and to treat as technical
advisory on drought status. The operation of InfoKemarau
used the Standardized Precipitation Index to characterize
the meteorological drought on the range of timescales can
provide the monthly report of drought conditions over l
Peninsular and East Malaysia. The structural measures of
57 water supply dams, bunded storages of water in Mel-
aka, Sungai Labu Off River Storage located in Sepang of
Selangor state, and Pahang Selangor Raw Water Transfer
Tunnel have been built with orders hoped to ensure continu-
ous water supply during dry season. Collection of field data
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regarding rainfall, water levels of gzae sites supported by
21 water level stations at dams, 22 water level stations at
rivers, and 48 rainfall stations is aimed to the delivery of
continuously updated information with real-time stream-
ing. The role of DID is to disseminate information about
the space—time relationships of water resource availability
and provides accurate, timely, and integrated information
on drought conditions at the relevant spatial scale via the
web portal liaising with relevant agencies and the public
for facilitating public involvement for making early prepa-
ration facing a drought event. Standard operating procedure
of drought disaster management formulated by all relevant
agencies leading by the Malaysian National Security Council
as federal agency under the Department of the Prime Min-
ister provides guideline related to classification of drought,
agencies responsible for drought monitoring, severity of
drought, lines of communication in drought disaster man-
agement, and relevant agencies with drought responsibilities.

Water pollution

The application of water quality evaluation system based on
the assessment of water quality index and water quality apti-
tude has been recognized for the Selangor River (Fulazzaky
et al. 2010; Fulazzaky 2013) to anticipate the effect of cli-
mate change on the quality of stream water demanded serious
preventive and corrective measures (Nazari-Sharabian and
Taheriyoun 2022). Part of Selangor River highly polluted
could be due to the high concentrations of microorganisms
and suspended particles (Fulazzaky et al. 2010). Aptitude of
the Selangor River water is still suitable for aquatic biota,
aquaculture use, drinking water production, irrigation use,
leisure and aquatic sport, and livestock watering (Fulazzaky
2013). The pollution of Langat River in the Selangor state
caused by the floods has yielded an increased organic pol-
lutant content in the values of biochemical oxygen demand
(BOD) and chemical oxygen demand (COD) (Chan 2015).
The pollution of Kuala Krai River water affected by severe
flooding in 2014 has caused the increased values of sus-
pended solids (S5) affecting an unpleasant odor in the river
water and a decreased dissolved oxygen (DO) level lowering
growth rate of aerobic microorganisms within deoxygenated
waters (Kamarudin et al. 2019). The event of flood eroded
the terrain alongside the banks of river causing an increase
in the value of SS with its highest value of 74.5 mg/L and
its lowest value of 3 mg/L and resulting a change in the pH
value has been reported for the Kuala Krai River (Kamarudin
et al. 2019). The level of pollution affected by flood event has
been indicated by a decreased value of DO from 5.46 mg/L in
November 2006 to 5.24 mg/L in December 2006 and then to
5.03 mg/L in January 2007 caused by the loading of nutrients
and organic matter charged the Muar River water during the
floods (Ching et al. 2015). The value of SS decreased from
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84.2 mg/L in December 2006 to 130 mg/L in January 2007
with pH 3.2 has been observed for Muar River water (Ching
et al. 2015). The pollution of water in the Chini Lake of
Pahang state caused by the October 2004 floods has yielded
an increase in the concentrations of sulfate and nitrate and
an increased turbidity of higher than 30 NTU (Shuhaimi-
Othman et al. 2007). The condition of several river waters
in Malaysia affected by climate change of making flooding
worse containing mud can lead to decrease the physical,
chemical, and biological qualities of the aquatic ecosystems
(Jury and Vaux Jr., 2005).

The implementation of River of Life by the govern-
ment to transform the Klang River that has high economic
value into a vibrant and livable water front was divided
into three main components of river cleaning, river mas-
ter planning and beautification, and river development to
bring this river from its current status of water quality
aptitude (WQA) not suitable for body contact activities
to a new WQA status suitable for full water-body contact
recreation (Fulazzaky 2013). The initiation and propa-
gation of the integrated lake basin management in 2005
aimed to maintain and restore the environmental integrity
of the lake and reservoir ecosystems have been divided
into three phases of implementation from 2005 to 2010,
from 2011 to 2015, and from 2016 to 2018 to prepare the
action plan and policy instruments and to implement stra-
tegic planning focusing on the management of lake and
reservoir basins for sustainable use. The national stand-
ard of lake water quality was developed in 2015 and then
approved in August 2017 by NWRC for prospecting the
implementation of assessment for the status of lake water
quality in Malaysia. The design of the wastewater treat-
ment plants aimed to eliminate the excessive amounts of
BOD, COD, S8, and floatable materials has been oper-
ated to meet regulatory requirements before discharging
into the environment. The different legal frameworks of
achieving universal access to water and sanitation for all
between West (or Peninsular) and East Malaysia could be
because the water reform of Malay Peninsula has been
enacted since 2006 while East Malaysia maintains the pre-
a)us legal and institutional frameworks. The enactment of
Water Services Industry Act 2006 (Act 655) was followed
by establishing the national water asset holding company
as a wholly owned company under the Ministry of Finance
and by creating a water forum to give voice to hitherto
under-represented stakeholders of such as consumers. The
separate functions of policymaker (Government), regula-
tor (National Water Services Commission abbreviated by
NWSC), asset ownership (Water Asset Management Com-
pany), and water service provision (State Water Compa-
nies) from each other has been regulated by the enactment
of Act 655 after 2 years of extensive consultations.

Current practices of water resource
management

Intensity-duration-frequency curve

The impacts of climate change on the hydrological systems
leading to increase the intensity and frequency of extreme
rainfall can further increase flood disasters, human casual-
ties, and economic losses. The application of intensity—dura-
tion—frequency (IDF) curve derived from long-term obser-
vation of good quality rainfall data needs to be updated to
possibly select the optimal mitigation strategies for flood
disaster hazards. The IDF curves play an essential role in
dcsig]g, operating, and maintaining hydraulic infrastruc-
tures such as urban drainage systems, culverts, and bridges
and in managing hydraulic structures to deal with droughts
and floods. Flash floods driven by extreme rainfall have
been projected to increase under climate change scenarios.
Designed storm events for urban drainage based on the his-
torical rainfall data are no longer valid today without consid-
ering uncertainty of climate change for designing hydraulic
infrastructures especially for estimation of the return periods
of maximum rainfall and floods. A change in the intensity
of rainfall caused by climate change making severe flooding
events is expected to alter the level of protection currently
afforded within the management of hydraulic infrastruc-
tures. The possible failure of the hydraulic infrastructures
caused by an inadequate capacity to cope with the future
extreme rainfall is a consequence of climate change. Chang-
ing climate by global warming causing an alteration of the
rainfall patterns is likely to have a vulnerability of current
urban stormwater infrastructure management. Design of the
existing urban infrastructures that fully take the effects of
climate change into account needs to be revised and updated
to reduce the risks of extreme weather events and disasters.
A strategic initiative for updating the current IDF curves has
been performed to evaluate an uncertainty of climate change
impact on the hydrological systems in accordance with the
climate change projections. The Hydrological Procedure No.
1 of 2020 has been updated and revised in 2015 by DID in
cooperation with NAHRIM to design the IDF curves for the
return periods of 2 to 200 years.

Alternative sources of water

The consumption of water in Malaysia was estimated to be
around 13,200 million liters per day (MLD) in 2010 and
to be around 16,500 MLD in 2020. The alternative water
sources of groundwater and rainwater harvesting need to
be explored to help solve the problems of future water
shortage during the prolonged dry period of uncertain
rainfall patterns caused by climate change. The estimation
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of groundwater used for domestic (60%), industry (35%),
and agriculture (5%) is approximately 450 MLD (3.4%) of
the total water use. The estimation of groundwater stored
approximately 5000 billion cubic meters (BCM) with annual
recharge of 64-120 BCM is of important consideration for
an integrated water resource management (Karim et al.
2014). Groundwater as a source of drinking water in the
Kelantan state of Malaysia has been used at around 40% of
total water supply for domestic and nondomestic purposes
(Samad et al. 2017). The groundwater project of Sime Darby
Water Resources Perak Sdn Bhd in the Batang Padang of
Perak state has drilled 136 tube wells that have an average
discharge rate of 343 m® per well per day for industrial water
supply purposes (Sapari et al. 2012). Alternative source of
water promoted rainwater with an average annual rainfall of
2400 mm for potable and nonpotable purposes (Lee et al.
2016). An uncertainty with uneven distribution of the rain-
fall over time and space causing by climate change has led to
some areas suffering from dry spells while others affected by
major flooding. The use of rainwater as an alternative water
source is crucial in the era of climate crisis. The experi-
ence of severe drought affected several states in 1998 has
triggered the government of Malaysia to propose rainwater
harvesting as an alternative source of water for domestic and
industrial water uses. The Ministry of Housing and Local
Government have encouraged houses since 1999 to install a
rainwater collector by issuing guideline on the installation
of the rainwater collection and utilization systems. The vari-
ous forms of initiatives in policies and guidelines have been
formulated by the federal and state governments to facili-
tate the implementation of RWHS for residential and public
buildings. IWK playing a significant role for the recovery of
wastewater has explored several dedicated models for sell-
ing the product of recycled water for industrial applications
as one of the effective ways to save water while providing a
new revenue stream (Bauer and Wagner 2022).

Water demand management

The majority of Malaysian used more than 210 L per capita
per day (LCD) could be related to the social consequences of
tariffs for water supply (Rahman 2021). The effect of tariff
on water demand management needs to be analyzed by the
national and regional tariff systems as a tool to recover water
supply costs and to secure equity and affordability for all
people. The consumption of water per capita promoted by
the World Health Organization as high as 165 LCD should
be considered as the long-term water demand management
plans for Malaysia (Hussien et al. 2016). The water con-
sumption of 180 LCD over a short-term measure for 2020
targeted by NWSC could be one of the most effective meas-
ures to save the water consumptions of 2337 million lit-
ers per day (MLD) for Malay Peninsula and 267 MLD for
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Sarawak and 208 MLD for Sabah. Challenges of managing
the optimal future demand of water need to implement an
integrated approach of water resource management related
to technical issues, institutional frameworks, and regulatory
instruments and to involve the participation of stakeholders
(Roestamy and Fulazzaky 2022).

Irrigation efficiency

The water demands of domestic and industrial uses expected
to continue increasing at certain rates have put the demand
of irrigation water under greater scrutiny that probably caus-
ing a threatened food security (Hanjra and Qureshi 2010).
Strategies for ensuring sustainable use of the limited water
resources are of absolute necessity for supporting the safety
and health of the environment to provide sufficient agricul-
tural production to feed a growing Malaysian population
sustainably. The traditional system of ditch irrigation is
popular for small-scale paddy farmers. The ditch irrigation
systems of Malaysia have been improved by the responsi-
ble agencies such as Muda Irrigation Scheme in Kedah and
Perlis, Kemubu Irrigation Scheme in Kelantan, and Trans
Perak Irrigation Scheme in Perak. Major sources of water are
gathered from the major rivers by managing the river diver-
sion schemes and by regulating the reservoirs located in the
upstream part of river basin. Currently, agriculture account-
ing for approximately 68% of all freshwater withdrawals has
the irrigation water use efficiencies of 50% at the large-scale
irrigation schemes and less than 40% at the small-scale ones
mainly caused by the current agricultural practices of no
recycling irrigation water (Ungureanu et al. 2020). Chal-
lenges facing sustainable irrigation water management are
technical, socioeconomic, and institutional (Fulazzaky 2014,
2017; Young and Lipton 2006). Using the irrigation water
saving control systems of both drip irrigation and sprinkler
irrigation can help increase the efficiency of agricultural
water use reflecting the ratio of optimal input water quan-
tity to the actual one in the process of producing food. The
implementation of water-saving irrigation technologies in
Zambia has been suggested to mitigate the negative impact
of climate change on the availability of water resources to
agriculture (Hamududu and Ngoma 2020).

Inter-basin water transfer

The inter-basin water transfer aimed to increase water sup-
ply is carried out by transferring an excess water of 1890
MLD from the Kelau Dam located in the Bentong and Raub
districts of Pahang state to Kampung Kuala Pangsun located
in Hulu Langat district of Selangor passing approximately
44.6 km of Pahang-Selangor raw water delivery tunnel. The
fact that the water supply system of Seremban is failing to
cope with the increasing demands of portable water even
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supported by the intra- and inter-basin water transfers and
faces an uncomfortable future of the water demand manage-
ment. The volumetric flow rate of surface water transferred
from Tiram River to the Layang River Dam ranged from 10
to 12 MLD passing through 15.3-km total network length of
pipes can help meet growing demand for water in the Johor
state of Malaysia. The water levels of Layang River and
Lebam River dams remain critically low even when water
transfers from Tiram River and Papan River, respectively,
which are the temporary measures to increase the water lev-
els of these two dams, provide flexibility in the allocation
and use of water in the Johor state. Another 15 MLD of
surface water transferred through 5-km total network length
of pipes from Tiram River to the Layang River Dam aims
to increase supply of fresh water for 580,000 consumers in
Pasir Gudang, Masai, and several parts of Johor Baru city
including industrial water users.

Reducing nonrevenue water

One of the major challenges for reducing nonrevenue water
(NRW) facing climate change is the high level of water loss
in Malaysia. The rate of NRW ranged from 18.2 to 62.4%
with an average rate of 36.6% is mainly caused by the old
fragile and leaky asbestos cement pipes of distribution
networks, which are still available at distribution network
length of 41,560 km (27%) across the country (Lai et al.
2017). The government of Malaysia fully committed to
reduce the NRW rate from 36.2% in 2008 to 33.4% in 2017
has planned to reach the target approximately 25% of the
NRW rate by 2025. NWSC plays a role to monitor the pro-
gress of national water pipeline and provides an overview of
Key Performance Indicators related to the implementation of
the National NRW Reduction Program. Future directions for
the essentials of action research adapted to climate change
supporting the right policy design and best management
practices of the water sector require the review of current
practices of water resource management. Table 3 sum-
marizes the general gaps and recommended actions based
on the assessment of three domains of learning under six
broadly defined discussion topics for the management of
the water sector under climate change scenarios in Malaysia.

Conclusions
1]

This paper reviewed the current status of water resources,
water services, and water-related disasters showing that the
government of Malaysia represented by DID in cooperation
with NAHRIM has performed the update of IDF curves con-
sidering climate change to possibly select the optimal miti-
gation strategies for flood disaster hazards. The alternative
water resources of groundwater and rainwater harvesting have
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been promoted to anticipate the impacts of population growth
and climate change on the management of the water sector.
The long-term management programs of water demand are
expected to reach the average rate of water consumption at 165
LCD for domestic and public purposes. Applying the water-
saving control systems of both drip irrigation and sprinkler
irrigation can increase the efficiency of agricultural water use
in the future. The inter-basin water transfer program designed
to secure access by conveying water to locations where people
need it is required to anticipating water shortage by linking
two related river basins. The government of Malaysia has suc-
cessfully reduced the NRW rate from 36.2% in 2008 to 33.4%
in 2017 and has targeted the NRW rate of 25% in 2025. The
findings of this review will provide a greater understanding
of drivers of public confidence in the government programs
for ensuring the sustainability of water resource management
affected by the population growth and climate change.
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