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ABSTRACT

Climate change is taking a toll on governments around the world as it is a 
challenge	to	determine	the	most	effective	environmental	policies	to	promote	
eco-innovation.	This	paper	investigates	the	environmental	developments	that	
have	taken	place	in	Malaysia	to	address	the	challenges	and	opportunities	
to	promote	eco-innovation.	Past	and	present	literature	was	qualitatively	
analyzed	to	prepare	the	environmental	review	for	this	study.	The	results	
suggest	that	Malaysia	is	implementing	more	superior	environmental	policies	
to	promote	eco-innovation.	Command	and	control-based	approach	is	slowly	
being	replaced	with	guided	self-regulation	approach	and	cradle-to-cradle	
principle.	 The	 evidence	 suggests	 several	 shortcomings	where	 the	 large	
industries are not given adequate focus under the environmental agenda 
and a holistic eco-innovation framework is yet to emerge. 
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1.0 INTRODUCTION

In the 21st century, climate change is a great challenge faced by 
governments around the world (Gerstlberger, Praest Knudsen, & Stampe, 
2014) and they have to smartly tackle this problem with various policies 
and incentives (Fernando & Wah, 2017). Malaysia is not spared from this 
global phenomenon as according to the past and present climate data, 
the average surface temperature in Malaysia is on the rise (IPCC, 2007; 
NAHRIM, 2006). Considering the intensity of emissions, environmental 
policies and initiatives have always favored the energy sector. In contrast, 
the manufacturing industry that is responsible for substantial emissions of 
the energy and industrial process sector (NRE, 2015) is not emphasized. 
Major regulations under the Environmental Quality Act 1974 assisted 
the enforcement of pollution prevention, abatement and control in the 
manufacturing industries. The regulation is command and control in nature, 
which provides limited flexibility for firms to develop Eco-Innovation (EI). 
Furthermore, initiatives and actions to cultivate EI are focused on SMEs. In 
fact, large organizations have greater potential to effectively develop green 
technology and drive the government’s agenda to promote green economic 
growth. This is because these organizations have established technology 
capabilities and framework (De Marchi, 2012; Przychodzen & Przychodzen, 
2015; Zhu, Dou, & Sarkis, 2010). Manufacturing sector is the second largest 
sector that contributes to the Malaysian GDP. By exploring the technology 
framework of large manufacturing industries and infusing the framework 
with the EI policies this can effectively contribute to EI, reduce emission 
and foster green economic growth.

Malaysia needs to look into effective long-term environmental policies 
to solve environmental problems (Rasiah et al., 2017). Understanding the 
shortcomings related to the environmental policies, in the future, command 
and control enforcement approach (i.e. the Environmental Quality Act, 
1974) will be changed to a more guided self-regulation approach, which also 
includes the promotion on green industry and the cradle-to-cradle principle 
(Ismail & Julaidi, 2015). The Green Technology Master Plan (GTMP) will 
advocate a sector specific integrated eco-system for EI, which encompasses 
firm EI determinants and life cycle thinking approach. EI is touted to have 
a positive impact on environmental performance (Fernando & Wah, 2017). 
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This paper explores the environmental development in Malaysia by 
specifically looking into the energy and industrial processes sector. The study 
has three objectives. The first is to trace the environmental development 
that has taken place in Malaysia. The second is to explain the types of 
policies and incentives that are implemented by the government to solve 
environmental issues in Malaysia. Lastly the study highlights the challenges 
and opportunities in Malaysia in the arena of climate change. 

This study is the first of its kind to provide a holistic view on the 
environmental development that is taking place in Malaysia. The findings 
of this study will be significant to policy makers to address the gaps that will 
proliferate eco-innovation initiatives among industries. Additionally, this 
study fills the knowledge gap in the academia that is lacking especially in 
terms of challenges and opportunities to promote EI. A qualitative approach 
was used for this study. Both printed and online resources were thoroughly 
analyzed to structure this review paper. The remainder of the paper is 
organized as follows: Section 2 explains the methodological aspects, Section 
3 presents environmental developments in Malaysia looking into climate 
conditions and emissions in the energy and industrial processes sector, while 
section 4 discusses the environmental policies. The last section discusses 
and concludes the challenges and opportunities to promote EI.

2.0 RESEARCH METHODOLOGY 

Three complementary strategies (Del Río, Peñasco, & Romero-Jordán, 
2015) were executed to retrieve information related to climate conditions 
and policy actions taken by the government in Malaysia by specifically 
paying close attention to the energy and the industrial processes sector 
(see Figure 1). First, a Scopus	search was carried out to identify the latest 
articles published using climate and policy data from Malaysia. Second, an 
issue-by-issue search was executed by specifically analysing policies and 
climate related documents (i.e., both published and unpublished) to find 
environmental shortcomings in Malaysia. Finally, a reference list of all 
the articles identified in the earlier two strategies was examined to explore 
emerging issues. 
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Figure 1: Research Strategy, Limitation and Strength 

The major constraint for this study is the limited availability of 
climate data. The most comprehensive environmental report available is the 
Biennial	Report	to	the	United	Nations	Framework	Convention	on	Climate	
Change which captures environmental data till 2011. Additionally, only a 
meager number of articles that assess climate conditions and environmental 
policy actions in Malaysia. However, the data provided by the Malaysian 
Metrological Department published in 2009 add value to the research as it 
forecasts climate data for the period between 2020 and 2099. 

3.0 ENVIRONMENTAL DEVELOPMENTS IN MALAYSIA

3.1 Climate Conditions  

It has been forecasted that climate conditions in Malaysia are 
projected to progressively escalate for years to come, as the average surface 
temperature is on the rise (IPCC, 2007; NAHRIM, 2006). To analyze the 
temperature trend in Malaysia, the Malaysian Meteorological Department 
(MMD) conducted a temperature analysis by plotting temperature trends 
for the past forty years. This analysis captured 80% of the variation in 
climate change for four different regions. For the purpose of the study, 
four different meteorological stations were used to represent each region. 
The Petaling Jaya, Kuantan, Kota Kinabalu and Kuching meteorological 
stations represented each of the West Peninsular, East Peninsular, Sabah and 
Sarawak region respectively (MMD, 2009). The annual mean temperature 
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trend for the four meteorological stations indicated an increasing trend 
(see Figure 2). The temperature trend showed that East Malaysia recorded 
lower temperature compared to Peninsular Malaysia. For East Malaysia, 
the average increase in temperature is 0.5°C to 1.0°C, while for Peninsular 
Malaysia; the increase is 0.5°C to 1.5°C. Among all the four regions in 
Malaysia, a significant rise in temperature was recorded in the Western 
Peninsular Malaysia (MMD, 2009). 

Figure 2: Annual mean temperature trend for four meteorological stations.
(Source: Adopted from MMD, 2009)

To forecast the temperature in the future, an advanced regional analysis 
was carried out by the MMD. For the analysis, the climate-modeling tool 
used by MMD (i.e., Providing Regional Climates for Impacts Studies 
(PRECIS) model) was developed by the Hadley Center, United Kingdom. 
The temperature analysis was conducted for three decades namely: first 
quarter (2020-2029), second quarter (2050-2059), and end of the century 
(2090-2099) (see Table 1). The outcome of the study predicted that by the 
middle and towards the century’s end, Malaysia would experience gradual 
warming. The simulations indicated higher temperatures in East Malaysia 
as compared to Peninsular Malaysia and Sabah, with Eastern Sarawak 
displaying the highest temperature during the last decade, while Peninsular 
with the lowest (2.9ºC). The temperature rates doubled from the first quarter 
to the end of the century. The highest increase is for the Eastern Sarawak 
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region by 2.4ºC and the lowest is for Central Peninsular with an increase 
of 1.7ºC.

Table 1: Annual mean temperature changes (°C) relative to 1990-1999 
period

Region 2020-2029 2050-2059 2090-2099
North-West PM 1.3 1.9 3.1
North-East PM 1.1 1.7 2.9
Central PM 1.5 2.0 3.2
Southern PM 1.4 1.9 3.2
East Sabah 1.0 1.7 2.8
West Sabah 1.2 1.9 3.0
East Sarawak 1.4 2.0 3.8
West Sarawak 1.2 2.0 3.4

Note: PRECIS temperature simulations (HadCM3 AOGCM)
(Source: Adopted from MMD, 2009)

Besides the increase in temperature, unprecedented rainfalls are 
expected throughout Malaysia. While it is expected that the Malaysian 
North East Coastal region may have significant rainfall increase each 
month, the West Coast, on the other hand would have less. A comparative 
study of Peninsular Malaysia’s East Coast watershed areas between past-
recorded levels of river flows and their simulated future flows projected 
an excessive hydrological upsurge. Even the annual rainfall of Sabah and 
Sarawak western regions is expected to experience a considerable difference 
towards the end of the century (NAHRIM, 2006; Chin Tiong, Pereira, & 
Pin, 2009; W. Azli, Kumar, & Kumarenthiran, 2008).

3.2 Factors Responsible for Rising Temperature

Natural and anthropogenic forcing is identified as factors responsible 
for global warming. Climatic change over the course of time occurred due 
to, among others, the effect of the natural tilting of the earth’s axis and 
the different changing patterns of relationship between the oceans and the 
atmosphere spanned several millenniums. Observation based on advanced 
climate change simulation analysis reported that natural forcing alone could 
not be attributed for global warming. However, natural forcing in tandem 
with human induced activities or anthropogenic thrusts, which causes the 
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release of more greenhouses gases (GHG) to the atmosphere have been 
observed as the contributing factors (IPCC, 2007; MMD, 2009). The main 
GHG emissions induced by human activities are from the increase in CO2, 
CH4, and N2O. This in return has caused extreme weather events due to rise 
in the sea water level and fluctuating ambient temperature. 

Anthropogenic forcing factors have moved Malaysia from being a 
Nett Sink nation in 2000 to a Nett Emitter in 2005, 2007 and 2011. The 
trend is increasing due to a rapid increasing of industrialization with over 
dependence on non-renewable energy resource. Malaysia creates a sum 
of 9.1 PgC/y of which 45% is discharged to the atmosphere, the balance 
is sequestered by the forest (29%), and into the sea (26%) (EPU, 2011a). 
From 2005 to 2011, GHG emissions increased by 30.94%, standing at 
711.760 mil tonne (see Table 2). In terms of per capita emissions and 
carbon intensity emissions, 9.89 tonne CO2eq/capita and 0.41 tonne CO2eq/
GDP was recorded respectively in 2011 (see Table 2). From 2005 to 2011, 
improvement in both per capita emissions (-1.8%) and carbon intensity 
emissions (-16.43%) was recorded, but at global platform, these figures 
are alarming. 

Table 2: Greenhouse gas emission indices for Malaysia

Unit 2002 2005 2011
% Increase 
(2005-
2011)

Population Million 23.3 26.1 29.1 11.49%
GDP at constant 
2005 prices

Billion RM 431.234 543.578 711.760 30.94%

CO2eq emissions Mil tonne 197.703 262.996 287.740 9.41%
CO2eq emissions 
per capita

tonne/capita 8.399 10.076 9.888 -1.87%

CO2eq emissions 
per GDP

tonne/
thousand 
RM

0.4538 0.4838 0.4043 -16.43

Note: Calculation based on approach 1, without LULUCF
(Source: Adopted from NRE, 2015)
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3.3 Emissions in the Energy Sector  

For Malaysia, the energy sector is the highest emitter of GHG. Between 
2000 and 2011, the emissions in the energy sector increased by 48% (see 
Figure 3a). Besides the energy sector, during the same duration, emissions 
in the industrial process sector, agriculture sector, water sector, LULUCF, 
and net removal increased by 46%, 35%, 45% and 14% respectively. Among 
the GHG, CO2 was the major source of emissions in 2000, 2005 and 2011 
accounting for 73%, 76% and 72% respectively (NRE, 2015). 

Figure 3: Greenhouse gas emissions by sector between 2000 and 2011
Note: Percentage indicates the % emission increase/decrease between 2000 and 2011. LULUCF=Land 

use, land use change and forest-induced by human activities
(Source: Adopted from NRE, 2015)
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Among the major sources of CO2 emitters, the energy industry 
contributed to the highest share of CO2 in 2011 at 55% (see Figure 3b). 
This was because fuels utilized by auto and power producers were mainly 
for natural gas transformation, petroleum refining and electricity (NRE, 
2015). Among the other top emitters were transport sector with a share of 
21%, followed by manufacturing industries and construction, at 11%. 

According to the final energy consumption data, the largest energy 
consumer is the transport and industry sector (see Table 3). From the total 
energy consumption of 46,709 ktoe in 2012, the transport and industry 
sector consume 17,180 ktoe (36.8%) and 13,919 ktoe  (29.8%) respectively. 
According to the annual average energy consumption from 1991-2012, 
the energy consumption from the transport sector (12356.5 ktoe) is higher 
than the industry sector (11,664 ktoe). However, based on the statistics 
the high demand for energy keeps switching between the sectors during 
certain intervals. 

Table 3: Final Energy Consumption by Sectors in ktoe

Year Industry Transport Residential & 
Commercial

Non-
Energy 
Use

TOTAL

1991 5835 5806 1721 1071 130 14563

1992 6455 6226 1891 1222 391 16185

1993 7012 6558 2069 2027 62 17728

1994 7486 7262 2300 1817 422 19287

1995 8341 7827 2556 2994 446 22164

1996 9834 8951 3162 1744 486 24181

1997 10106 10201 3072 2298 490 26167

1998 10121 9793 3314 2023 307 25558

1999 10277 11393 3653 1799 106 27228

2000 11406 12071 3868 2250 104 29699

2001 11852 13138 4049 2378 98 31515

2002 12854 13442 4387 2511 96 33290
2003 13472 14271 4400 2345 98 34586
2004 14913 15385 4754 2183 87 37322
2005 15492 15384 5134 2173 101 38284
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2006 15248 14825 5429 2809 253 38564
2007 16454 15717 6196 2958 281 41606
2008 16205 16395 6205 2876 287 41968
2009 14312 16119 6336 3868 211 40846
2010 12928 16828 6951 3696 1074 41477
2011 12100 17070 6993 6377 916 43456
2012 13919 19757 7065 7497 1053 49291
2013 13496 22357 7403 7277 1051 51584
2014 13162 24327 7458 6217 1045 52209
2015 13989 23435 7559 5928 895 51806

(Source: Malaysia energy statistics handbook EC, 2017)

Next, based on the emission time series data the three major emitters 
of the energy sector are the energy industries, transport sector and 
manufacturing industries and construction (see Figure 4). Among them, 
emissions from the energy industries are the largest, with the emissions level 
increasing from 39.6% in 2002 to 52.0% in 2011. At the second position is 
the transport sector; this sector’s emissions of the energy sector are 24.3% 
in 2000 and 20.2% in 2011. Then, followed by the manufacturing industry 
and the construction industry, which showed an increasing trend until 2007 
and decreased gradually. In 2007, this subsector contributed to 24.3% of 
the total emissions of the energy sector in 2007 before plunging to 10.6% 
in 2011 (NRE, 2015).

Figure 4: Emission time series from 1990 to 2011 for energy sector
(Source: Adopted from NRE, 2015)
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3.4 Emissions in the Industrial Processes Sector

The second sector that requires due attention is the industrial processes 
sector. This sector recorded the second highest GHG emissions between 
2000 and 2011 after the energy sector at 46% (see Figure 3a). Furthermore, 
considering Malaysia as an emerging industrial entity, greater emissions 
are expected from this sector in the future. Among the industrial processes 
sectors, the minerals products industry recorded the highest emissions, which 
was primarily from the cement production and with the use of limestone 
and dolomite (see Figure 5). In 2000, the emissions from the mineral 
products was 78.7% of the total emission of the industrial processes, while 
in 2011 was 71.9% (NRE, 2015). Metal industry and chemical industry 
are two other industries that relatively contributed to the total emissions of 
the industrial processes sector between 2000 and 2011. For the chemical 
industry, emissions were mainly from the production of petrochemicals and 
ammonia. While for the metal industry the emissions were principally from 
iron and steel production (NRE, 2015).

Figure 5: Emission time series from 2002 to 2011 for industrial process 
sector

(Source: adopted from NRE, 2015)
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4.0 Action Taken by Malaysia 

4.1 Policies for the Energy Sector  

Figure 6: Evolution of environmental policies in Malaysia
(Source: Authors)

From the previous section, it is evident that the largest emissions were 
from the energy sector. From the very beginning, acknowledging the need 
for resources conservation and the need for renewable energy (RE) resources 
the government focused attention on the energy sector. The five major energy 
policies are the National Petroleum Policy (1975), National Energy Policy 
(1979), National Depletion Policy (1980), Four-Fuel Diversification Policy 
(1981) and Five-Fuel Policy (2001) (see Figure 6). These policies reduced 
Malaysia’s dependency on oil resources to generate electricity by expanding 
the energy supply mix, which included RE. The inclusion of RE in the energy 
supply provided more RE and energy efficiency (EE) centered policies as 
follows: National Biofuel Policy (2006), National Renewable Energy Policy 
(2009) and National Green Technology Policy (2009). These policies shall 
strategically cultivate RE in the country especially from solar, biomass, biogas 
and mini hydro. The current aim for RE generation based on The Sustainable 
Energy Development Authority (SEDA) is 985 MW or 5.5% by 2015 and 
2080 MW or 11% by 2020. To encourage the industry participation in RE 
development, fiscal initiative such as income tax exemption (i.e., Pioneer 
Status) and investment tax allowances were given. Among the successful 
RE projects are the Small Renewable Energy Power Programme (SREP), 
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Malaysian Building Integrated Photovoltaic Project (MBIPV), Feed-in Tariff 
mechanism, Biomass-based Power Generation and Cogeneration the Palm Oil 
Industry (BioGEN) and others (see Figure 7). However, RE and EE initiatives in 
Malaysia are still new and a lot of projects are still in progress (i.e., entry point 
projects (EPP) under the government’s Economic Transformation Programme 
(ETP) (NRE, 2015). 

Figure 7: Policies and initiative for the energy sector
Note: PD=Pioneer status, ITA=Investment tax allowance, SREP=Small renewable energy power, 

MBIPV=Malaysian building integrated photovoltaic project, MEPS=Minimum energy performance 
standards

Source: Compiled from various reports and articles (Aldover & Hun-Yang, 2010; EPU, 2006, EPU, 2011b; 
GOM, UNDP, & GEF, 2011; Hezri & Nordin, 2006; Hezri & Hasan, 2004; Jaafar, Kheng, & Kamaruddin, 
2003; KeTTHA, 2008; Malaysia, 1986b, 1991, 1996b, 2001, 1976, 1981; MOA, 2013; MOSTI, 2002; 
NRE, 2009, 2011, 2015, 2016; Oh, Pang, & Chua, 2010; Samuel, Agamuthu, & Hashim, 2013)

Malaysia is on the verge of harnessing the full potential of RE resources in 
the country. It is noted that moving from the initial energy conservation oriented 
policies to a more RE and EE oriented policies, the government’s mission has 
changed. Where the initial mission was only to reduce emission but now this 
mission is coupled with the commercialization of green energy technology 
and green energy related products. Malaysia has partially established the 
upstream segment of the RE industry. And is undertaking extensive research and 
development to uplift the downstream manufacturing segment of RE products 
such as invertors, hybrid systems and energy conversion tracking systems, solar 
cell and others (Mekhilef et al., 2012). Therefore, in the future RE will not only 
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assist the reduction of emission, but also promote green growth, which is 
driven by green energy technologies and green energy related products.

4.2 Policies for the Industrial Processes Sector 

 For the industrial processes sector, the major initiative by the 
government is the enactment of the Environmental Quality Act (EQA) 1974 
(Malaysia, 2006). The legislation under the purview of the act is pollution 
prevention, abatement and control. Various instruments such as licensing, 
discharge fees, technology standards, performance standards, monitoring, 
environmental impact assessment (EIA) and others were used to prevent 
and control emissions especially among the manufacturing industries. 
With increasing industrialization, EQA 1974 was reviewed and regulations 
that are more stringent were imposed. Besides EQA 1974, several other 
efforts were also made to promote green technology initiatives within the 
manufacturing sector. Among them is the introduction of ISO14001 (i.e., 
was widely adopted by large industries), Cleaner Technology Extension 
Services (CTES), training courses by Environmental Institute Malaysia 
(EiMAS) and others (see Figure 8). The initiatives taken by the government 
for emissions reduction is applauded. However, there is a limited scope to 
cultivate green technology and green products in the manufacturing sector. 
This is because EQA 1974 is extremely command and control in nature 
(i.e., enforcement and monitoring), which resulted in a lack of flexibility 
for firms to innovate. Additionally, major initiatives for cleaner technology 
are focused on SMEs and large firms are neglected (i.e., that large firms 
are financially strong and have the capabilities to eco-innovate). Large 
industries have a greater potential to catalyze EI-driven economic growth. 

Furthermore, since the inception of the National Green Technology 
Policy (2009) (KeTTHA, 2009), efforts have been placed to promote 
awareness, networking and collaboration for green technology. The sectors 
that received greater attention under the NGTP besides the energy sector are 
the automotive sector, and the construction and building sector (see Figure 9). 
Minimal initiatives were advocated to promote the EI in the manufacturing 
sector. Moreover, little attention is emphasized to specific types of EI such 
as process eco-innovation, product eco-innovation and organizational eco-
innovation. Furthermore, a sectorial technology framework is not employed 
to infuse initiatives and to catalyze on firms existing EI.
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Figure 8: Environmental policy for industry
(Source: Authors’ own, Ismail & Julaidi, 2015)

Figure 9: Green technology initiatives (i.e., non-energy related)
Note: IGEM=International GreenTech & Eco Products Exhibition & Conference Malaysia, CETREE 

= Centre for Education and Training in Renewable Energy and Energy Efficiency
(Source: Authors’ own)

The government seems to understand the shortcomings related to 
the environmental policies in Malaysia. Progressively, the government is 
expected to address these shortcomings by changing approaches to reduce 
emissions, by developing a more holistic plan to promote EI in the country 
as well as to encourage EI-driven green economic growth. The changes that 
ought to take place are presented in the following section



16

Malaysian Journal of Sustainable Environment

5.0 DISCUSSION & CONCLUSION: OPPORTUNITIES 
AND CHALLENGES 

It is projected that in the future the command and control enforcement 
approach (EQA 1974) will be changed to a more guided self-regulation 
approach. Efforts to promote green industries and the cradle-to-cradle 
principle will be intensified (Ismail & Julaidi, 2015), with the launching 
of the Green Technology Master Plan (GTMP) (KeTTHA, 2017). The 
GTMP is expected to provide a more strategic plan to advocate green 
technology (see Figure 10). GTMP will provide an integrated eco-system 
in greening local companies, which encompasses a framework that will 
take into account leadership, financial, human capital and technology 
aspects of firms to produce green products and services. Besides, GTMP 
will also advocate life cycle thinking, which requires the firms to embrace 
advanced sustainable manufacturing concepts and practices. Furthermore, 
sector specific incentives will be provided to industries to meet the national 
carbon emissions target. These changes are imperative in the case of 
Malaysia, as Malaysia has committed to the Trans-Pacific Partnership where 
environment is a key negotiating area. In the future TPPA would impose 
greater environmental pressure towards the industries.  

Figure 10: Green Technology Master Plan
Note: ETBWW=Energy, Transport, Building, Water Management and Water Management
(Source: Adopted form MGTC, 2014)
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The GTMP is expected to uplift Malaysia’s economy and strategically 
position the country as a Green Technology Hub (Haris, 2015). With the 
launch of the GTMP in 2017, multiple benefits towards the economy and 
well-being of the citizens are expected in years to come (KeTTHA, 2017). It 
is projected that by 2020, green technology contribution to the national GDP 
will be around 1.2% (RM 22.4 billion), and the contribution is expected to 
increase in 2030, at 1.5% (RM 60 billion). On the investment front, green 
investment is expected to increase from RM22.4 billion in 2020 to RM 
28 billion in 2030. Furthermore, these investments are expected to create 
more green jobs, with 144, 590 jobs in 2020 and 211,500 jobs in 2030 (see 
Figure 11). The citizens of Malaysia can expect improved quality of life 
as more green cities, green jobs, better air quality, healthier society and a 
sustainable future is projected (Haris, 2015). 

The transformation that is about to take place provides more liberty to 
firms to find solutions to reduce emissions, which automatically promotes EI. 
The GTMP is expected to provide a more sectorial approach to encourage 
EI and advocate more advanced sustainable manufacturing concepts and 
practices (i.e., life cycle thinking) to promote green economic growth. 
If this proposed transformation is materialized, the benefits are twofold. 
First, the level of emission will be greatly reduced as the enforcement has 
moved beyond prevention and control approach to the adoption/creation 
of improved EIs that has the capability to reduce more emissions. Second, 
the encouragement and life-cycle thinking approach towards EI will 
generate multiple economic benefits (i.e., green products, investment, green 
jobs and others) and drive green growth as propelled under the Eleventh 
Malaysian Plan (2016-2020) (Malaysia, 2015). However, for the proposed 
transformation to materialize, several issues as the following need to be 
addressed: 
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Figure 11: The prospect of Green Technology Master Plan on Malaysian 
Economy

(Source: Adopted from Haris, 2015)

1. Large manufacturing firms neglected
        Over the years, large firms were neglected when initiatives and plan 

to cultivate EI were designed. Clean technological development 
initiatives and incentives were frequently geared towards the small 
and medium industries. The reason being that large entities have 
the financial and managerial capabilities to eco-innovate. Ignoring 
the financial capability, the government need to capitalize on other 
technological capabilities that large firm have developed. These firms 
have the technological framework and strategies that could be infused 
with EI-driven policies to proliferate the level of EI. By intervening 
in the already established technological framework of large firms, the 
government can effectively reduce the emission levels and increase 
EI initiatives among firms. According to the National Environmental 
Policy, large firms are supposed to facilitate SMEs through 
partnership schemes to eco-innovate (MOSTI, 2002). However, the 
economic managers do not emphasize on this aspect seriously. The 
manufacturing sector is the second largest sector that contributes to 
the national GDP. Therefore, large manufacturing industries requires 
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due attention from the policy makers. These industries will not only 
largely bring down the emissions level but also effectively drive green 
growth and sustainable development.

2. Industry driven EI framework 
            Researchers involved in climate change policy formulation in Malaysia 

highlighted several issues, which were either based on their own 
experience or according to opinions by others (i.e., viewpoints from 
various stakeholders regarding the formulation and implementation 
of the National Policy on Climate Change). From all the issues, three 
main issues were imperative to be reviewed in this study. The first issue 
is that there is lack of participation from the stakeholders and major 
groups that are directly or indirectly linked to climate change thus 
eroding the ability to implement responses to climate change (Chin 
Tiong et al. 2009). This is because there is no suitable framework or 
channel to enable stakeholders and policy-makers to form a strategic 
network and communicate, which is a necessary platform in creating 
national policies that would be relevant (Al-Amin, Jaafar, Azam, Kari, 
& Agil, 2013). The second issue is concerning policy harmonization 
where climate change policy goals are not synchronized with other 
existing policies (Pereira & Subramaniam, 2007). This automatically 
reduces the effectiveness of the climate change policy as the success 
of this policy depends on the other policies (i.e., non-environmental) 
as well. The final issue is that sector specific actions are required for 
better climate change policy results (Chin Tiong et al., 2009).

        Firms have their own framework that strategically merge their 
technology capabilities in order to innovate. The understanding 
of this framework is required to determine the most imperative EI 
determinants, which are currently unknown. Under the GTMP, an 
integrated framework is proposed in greening local companies, which 
takes into account the EI determinants (i.e., leadership, financial, 
human capital and technology drivers). However, for effective GTMP 
outcomes, the framework has to be industry specific because it differs 
from one industry to another (Fikru, 2014). Through the framework, 
policy makers are able to identify stakeholder’s role in cultivating EI. 
The framework also allows for a proper network and communication 
channel to be formed between stakeholders and policy-makers to 
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effectively coordinate climate change actions. More importantly, 
the technology framework embraced by firms are in response to 
previous policy. Therefore, the understanding of the framework and 
stakeholders’ responsibility allows for better harmonization between 
climate change policies and existing policies. In conclusion, industry 
specific driven EI framework is necessary to effectively increase 
stakeholder’s participation, harmonize climate change policies with 
existing policies and to implement sector specific actions as advocated 
under the GTMP.

3. Life-cycle-thinking approach 
         The way forward for environmental policies in Malaysia is the 

provision of guided self-regulated mechanism, which provides firms 
a greater liberty to eco-innovate. The GTMP advocates life-cycle-
thinking approach that encourages the society to embrace advanced 
sustainable concepts and practices to eco-innovate. For firms to 
effectively embrace these new approaches to reduce emissions and 
to eco-innovate, it is necessary to identify the current state of EI. 
Information pertaining the current state of EI would encompass the 
types of EI that the firms are creating or adopting, and the sustainable 
manufacturing concepts and practices adopted. From this information, 
policy-makers are able to determine the intensity of actions required 
for firms to embrace life-cycle-thinking approach. The shift towards 
advanced sustainable manufacturing concepts and practices is 
necessary to move the industries toward a green ecosystem. 
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ABSTRACT

In	this	paper,	the	Batik	Merbok	motifs	are	proposed	to	be	used	in	porcelain	
wares	using	3D	(CAD)	software.	The	natural	motifs	developed	are	seen	
to	 have	 potential	 to	 be	 incorporated	 in	 tableware	 collections	 or	 as	 a	
daily	home-product	usage.	It	is	a	conceptual	paper	which	explaining	the	
motifs	developed	by	Batik	Merbok	and	discussing	the	3D	(CAD)	design	
developments.	 The	motifs	were	 developed	with	 a	 combination	 of	 flora,	
fauna	and	the	humanmade	historical	artefacts	which	were	inspired	from	
the surrounding areas of Merbok, Kedah. A detail research results are 
not	yet	conclusive;	therefore,	the	researchers	will	continue	to	develop	the	
porcelain	wares	further	and	investigate	the	consumer	perceptions	towards	
the	incorporation	of	the	batik	motifs.	It	is	one	of	the	sole	efforts	of	bringing	
Batik	Merbok	into	exploring	another	genre	of	designs.
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1.0 INTRODUCTION  

Batik Merbok is a cultural textile product produced by researchers and 
academicians of Universiti Teknologi MARA, Kedah (UiTM Kedah). Each 
motif was developed based on the documentation and interviews with the 
residents of Merbok. The dominant flora and fauna motifs (paddy, mangrove 
and the bird) were identified and documented from the surrounding area 
of Merbok. Moreover, the historical artefacts of Merbok were explored 
and proposed to be another potential human-made motif that can also be 
applied to batik designs. The main aim of the creation of Batik Merbok is 
to enhance the economic standard of the Merbok local community (Husin 
et al., 2008). UiTM Kedah is the organisation that is responsible in carrying 
out the study, developing designs, documenting, strategising the market 
plan and providing consultancy advice as well as becoming the organisation 
that ensures high-quality contemporary batik designs are produced for the 
potential consumers. The name Batik Merbok was inspired from the name 
Merbok district itself, which was associated with one particular bird known 
as Burung Merbok or its scientific name is Geopelia striata (Husin et al., 
2008). Burung Merbok, a small bird which is commonly found in Merbok 
and up till the present has become a favourite pet for the locals because of 
its beautiful singsong voice (Husin et al., 2008).

This paper will discuss the relation of applying the natural motifs of 
batik into the built environment, the development of Batik Merbok and batik 
designs in Malaysia in brief. The development of ceramic and porcelain 
ware in Malaysia and the proposal of the incorporation of batik motifs in 
porcelain wares as the 3D designs will also be discussed further. It is hoped 
that this study can be a platform for Batik Merbok to explore another genre 
of product innovations in the future.

2.0 NATURAL ELEMENTS: THE APPLICATION 
IN BUILD ENVIRONMENT AND THE AWARENESS 
TOWARDS DESIGN SUSTAINABILITY

Lots have been learned and benefitted from just by looking, applying or 
adopting nature (Benyus, 1997; Orr, 2002; Thorpe, 2007; Helms et al., 2009; 
Heerwagen, 2003; Montana-Hoyos, 2010; Gruber et al., 2011; Gray and 
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Birrell, 2014).  Yeler (2015) stated that nature has the capacity to change 
the life of humanity for the better, by applying nature to design disciplines 
using the approach of observation of events and processes. Normal beings 
will always want to be connected or associated with nature (Wilson, 
1984). Biophilia (Wilson, 1984) and biophilic design (Kellert et al., 2008) 
explained the importance of having nature nearby, and it can be seen by 
the adaptation of the natural elements (living, non-living or imitation) into 
the built environment (Ryan, 2014; Sayuti, 2016; Sayuti et al., 2018). This 
study can be associated with natural shapes and forms element, one of the 
six biophilic design elements by Kellert et al., (2008) which focus more 
on the patterns of nature in human-made designs that include the natural 
traits, motifs, forms or structures. 

One of the key points of the application of the natural motifs is to show 
the abundant natural elements in Merbok, Kedah which are the primary 
sources of the inspiration. The application of the natural motifs is important 
as it can help to create awareness towards sustainability and environment 
conservation for the next generation. Although “sustainability” as a concept 
is not new, the vast usage and over-consumption of natural resources due 
to human activities in the industrial world caused a tremendous impact and 
posed a significant threat towards the environment (Montana-Hoyos, 2010). 
Thorpe (2007) has divided the sustainable design into three primary focuses 
of ecology, economy and culture in the demanding state of developments 
and globalisation from the revolution of the industrial era till today’s design 
world. Therefore, this project incorporated the natural elements of Merbok’s 
flora and fauna into designs within built environment (in industrial design 
perspective - daily use products). It is aligned with the biophilic design 
principles and hopefully could trigger the awareness towards the ecology 
conservation with the use of proper materials which create no or less impact 
to the environment.

3.0 BATIK DESIGN: THE ART AND CULTURE OF 
MALAY ARCHIPELAGO  

Batik, according to Aziz (2006) was adapted from the word ‘point’ which is 
an accumulation of pointillism that produced lines that can create a drawing. 
To be precise, batik is a hand drawing technique using wax and hand 
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dyeing colouring on fabrics (www.dictionary.com, 2017). The definitions 
can be associated with the variety of types and methods resulting from the 
different materials as there are various definitions of batik in Malaysia (Aziz, 
2006). Batik is well known in Malaysia and also Indonesia as batik is one 
of the prominent Malay crafts. In Malaysia, batik industry had started in 
the Malay Peninsula, particularly in Kelantan and Terengganu in the early 
20th century. At that time, batik was only made as a cloth cover for men 
and women. Later on, it became a modern costume and complementary 
wear for official functions. The traditional Batik Pelangi was told to be an 
early development of batik-making in Malaysia which started during the 
eighteenth and nineteenth centuries by the Malays (Redzuan and Aref, 2010). 
Aziz (2006) mentioned the categories of batik in Malaysia are divided into 
three (3) types namely block batik, screen batik and hand-drawn batik. The 
methods and materials employed in the batik manufacturing process can 
distinguish the batik design and thus, helps to classify the types of batik. 

History stated that batik originated in Indonesia but, the distinctive 
features in the motifs and designs from both countries can still be seen. 
The block printing batik is believed to originate from Indonesia, and this 
technique uses the batik patterns made of metal, dyed with liquid wax and 
then applied on the cloth. The next category of batik is screen batik which 
is well known in Kelantan and influenced by the Siamese elements since 
the early 1900s (Aziz, 2006). This type of batik uses cotton cloth thread 
and is designed as a cloth cover. Lastly, the hand-drawn batik or known as 
batik canting which uses a canting, a pen-like tool filled with melted wax 
(Aziz, 2006). It was known as batik canting because of the usage of the hot 
liquid wax to sketch flowers and natural patterns on a long stretched fabric. 
The wax is used to hold and control the colour from spreading beyond the 
intended designs or patterns. The fabric is then painted with coloured dye 
paint using a brush. 

The ideas in designs and motif patterns reflected the cultural symbol of 
the Malays. The Malay patterns can be seen in the shape of the motifs which 
are taken from the observations and experiences based on history, ideology, 
culture, customs and beliefs. Nevertheless, the motifs in batik designs were 
mainly adapted from natural motifs of flora and fauna. The animal-shaped 
motifs were refined as not to violate the sensitivity in Islam. Most of the batik 
designs were and are still using the motifs of flora and fauna whereby each 
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design represented is unique and different. According to Hussin (2006), the 
formation of the realistic natural motifs for batik designs are still prohibited 
in Islam. Therefore, the ideas used in the motifs development are lightened 
and simplified. For example, for the fauna motifs, the inspired motifs which 
remain to be used in batik designs are siku keluang, sisik ikan, kaki lipan, 
dada lipan dan sirip ikan. Hussin (2006) also added that the advent of Islam 
in the Malay States, particularly to Peninsular Malaysia had contributed 
and influenced the development of motifs and patterns in the local textile 
production. Batik industries nowadays have become a vast textile industry 
that has reached people globally. A study by Redzuan and Aref (2010) 
discussed the factors that contributed to the development of handicraft 
industries that solely focused more on batik industries in Kelantan where 
the batik industry is mainly situated.

From the entrepreneurial aspect, Manan and Mamat (2011) discussed 
the innovative behaviour and entrepreneurial capability on batik firm 
performance that influenced the profit and sales growth performance in 
batik industries. Moreover, Mokhtar and Wan-Ismail (2012) examined the 
marketing strategies of the high and low performances of batik Small and 
Medium Enterprises (SMEs). These studies have shown the development 
level of batik industries in Malaysia which also can be a guideline to improve 
and broaden the market of batik design industries. Furthermore, Batik 
Merbok has not only focused on the formal attires but also on other wearable 
fashion products such as elegant shawls which are in trend nowadays. Batik 
Merbok had even won awards for the entrepreneurship efforts from the 
central campus, UiTM Shah Alam, Malaysia.

3.1 Batik Merbok Motifs 

 Batik Merbok motifs can be classified into three (3) motifs which are 
flora, fauna and human-made historical artefacts motif (Husin et al., 2008). 
Firstly, the floral motif was inspired by the paddy plants and the mangrove 
trees that are abundant in Merbok. Kedah is synonymous with paddy fields 
and is known as the Negeri Jelapang Padi or Rice Plant County. Thus, the 
paddy or rice plant was selected to be one of the motifs which symbolised 
the state of Kedah in general. On the other hand, the mangrove trees can 
be seen from Titi Semeling; a bridge over Merbok River that connects 
Merbok and Sungai Petani. The Merbok River is known to have at least 
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30 mangrove species identified and the UNESCO recognises the river as 
the second largest bio-sphere ecosystem in the world because of its diverse 
mangrove species and wildlife. 

Secondly, the fauna motif was taken from one of the dominant species 
of bird which is known as Burung Merbok, or its scientific name is Geopelia 
Striata which can be found in Merbok. This small bird is well- known for 
its beautiful singsong voice and the uniqueness of the dotted patterns on its 
feathers which becomes the main feature of the fauna motif in Batik Merbok. 

Lastly, the human-made motifs were developed from the historical 
artefacts in the Merbok area such as brick remains with Sanskrit writing 
which was found on the tombstones and carving motifs which can be 
observed on old traditional houses around Merbok and Lembah Bujang 
districts. The brick motif was identified from the remnant of temples (Candi 
or historical sites from the ancient civilisation) and other historical buildings 
that still exist in Merbok, Semeling and Pengkalan Kakap. The Pengkalan 
Kakap Mosque, the tomb of Sultan Muzaffar Shah 1, the vestige of Pulau 
Tiga Castle and Lubuk Pusing Palace are a few historical remains which 
also have become the tourist attractions in the Bujang Valley districts (Husin 
et al., 2008). These historical remains inspire the creation of human-made 
motifs on Batik Merbok designs. However, the original features can still be 
seen in all Batik Merbok designs. Table 1 below illustrates the examples of 
six (6) motifs of Batik Merbok.

Table 1: Six Batik Merbok motifs.

Motif
Flora motif 

Mangroves 
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Paddy/ Rice plant

Fauna Motif 

The Merbok Bird or 
Geopelia Striata

Manmade 
Historical Artefact 
Motifs

The Bricks 

Wood Carving 

The Sanskrit 
language/ writing



32

Malaysian Journal of Sustainable Environment

4.0 THE HISTORY OF CERAMIC AND PORCELAIN 
DESIGN 

It is crucial to explain the history of ceramic and the art of porcelain design 
in brief in relation to this project. Ceramic is the earliest crafts done by man. 
Pots were made to fulfil the needs of everyday life and spiritual purposes. 
The early usage of ceramic was mainly used to store food and water. Besides 
created for domestic functions ceramics were also used for decoration, and 
its shapes and patterns measured the uniqueness of ceramic. Traditionally, 
natural elements which comprise of earth, water, wind and sun always 
inspired the pot makers, while the motifs of flora, fauna and geometrics are 
the adorning attraction that changes with the flow of time and era (Kendut, 
2006). Ceramic existed since a long time ago and had evolved through the 
process and changes according to particular periods from the Neolithic to 
the Metal age, Islamic age, the Colonial age and Modern and until recently. 
Time has shown the continuity of art ceramic productions in Asia. According 
to Bertolissi, (2017), ceramic is defined as products that are produced from 
pure clay which is blended with a range of formula-based mixture with a 
quantity of water and other essential materials. The result of the mixture is 
then created, and then aesthetically stylised before the glaze is applied to 
strengthen its form. The ceramic then will go through a combustion process 
in certain temperatures. 

Traditional ceramics were divided into four (4) types by the history 
of its artwork, which are Terenang, Mambong, Pasu Sarawak and Labu 
Sayong. Arifin, Abdul Rahman and Masron (2010) did a study on the history 
and the development of Labu Sayong in Kuala Kangsar, Perak where they 
claimed there is a need to preserve the legacy of Labu Sayong making and 
designs. According to Nasir (1981), prehistoric age has its own culture that 
represented the human activities during that period. Although the prehistoric 
people had no writing skills, they had competent skills in using stone tools, 
ceramic and cave painting. Prehistoric ceramic had represented their abilities 
and wisdom to create various items out of clay as a tool for physical and 
spiritual needs. These claims were proven by the discovery of prehistoric 
artefacts in Neolithic ceramics. Among the Neolithic sites found in Malaysia 
are a few sites in Upper Perak, Complex Nenggiri in Kelantan, Pahang 
Small Cave, Niah Caves in Sarawak and the Hill Skull and Tingkayu Valley 
in Sabah (Majid, 2003). As for porcelain, it uses a white clay as the main 
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ingredient and has a very smooth and delicate surface (Bertolissi, 2017). 
The opacity and translucency of the porcelain determine the best quality 
in porcelain design. Porcelain also has high endurance, and it is one of 
the most durable materials in ceramic making that makes it valuable. Fine 
china and bone china are among popular forms of porcelain. The porcelain 
ware originated from China in the fourteenth century and became a leading 
producer and exporter of porcelain, apart from silk and other luxury goods 
in the Ming Dynasty, in the sixteenth century (Metropolitan Museum of 
Art, 2017). 

4.1 Contemporary Ceramic Design 

A similar study by Ayob and Jusilin (2016), is on the development 
of contemporary ceramic design which applied an ethnic Borneo motif, 
Linangkit. The Linangkit can be considered as a new innovative motif 
design, and which was done to preserve the national cultural heritage. 
A project was conducted which had taken the needlework techniques of 
Linangkit design and turned them into a three dimensional (3D) products. 
Furthermore, Zhang and Yang (2017) describes their study on two ceramic-
forming technologies based on 3D printing as opposed towards traditional 
ceramic–forming technology. This project used a Computer Aided Design 
(CAD) software and a 3D printer to produce ceramic vase, which uses a 
different procedure from the traditional techniques. Another similar study 
by Lin. R.T (2007), focuses on transforming Taiwan aboriginal cultures 
into modern ceramic product designs which show cultures, histories and 
nature that are the main inspirations for the contemporary ceramic ware 
design. Meanwhile, Kang (2016), conducted a study to improve the ceramic 
productions and trade handcraft community in Cambodia through successful 
social design practices among the designers and the handcrafted community. 
More studies were conducted in emotionally durable ceramic designs 
which illustrated how designers could be inspired and translate the ideas to 
produce mass-produced ceramic objects, which were conducted by Lacey 
(2009) and by Xin and Xiao (2009). These studies are the breakthrough 
of  “form follow function” concept which challenges the traditional way 
of ceramic making. Although these studies are different from the similar 
studies as deliberated above, it is shown that ceramic ware designs have 
developed not only to serve the functionality of daily use products, but it can 
also encourage emotional connection between the users and the products. 
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Although nowadays various techniques and processes are applied, most 
designs on porcelains still uses flora and fauna elements as motifs. These 
contemporary designs have inspired the authors to apply the unique motifs of 
Batik Merbok which is believed to have a potential to be marketed globally.

5.0 THE APPLICATION OF BATIK MERBOK MOTIFS 
IN PORCELAIN WARE DESIGN

The Batik Merbok motifs found in this research are seen to have a 
prospective significance that needs to be further developed and applied as 
homeware products. In this paper, porcelain ware was chosen not only for 
the contemporary usage in dining but also for its potential to be innovative 
decorative items. For this study, six (6) designs were developed based on the 
six (6) Batik Merbok motifs using the 3D CAD (Computer Aided Design) 
software (Rhinoceros 5.0 and 3D Studio Max) as seen in Table 2 below. 
The flora and fauna motifs (mangroves and burung merbok) are formed 
using a 3D construction where the design is constructed from the form of 
mangrove roots and the wings of burung merbok. Another two (2) human-
made motifs which are the bricks and wood carving are also formed using 
the construction technique. However, other motifs are designed using the 
mapping technique where the motifs are embedded directly on the porcelain 
ware designs. Although the 3D software helps to visualise the ideas, these 
proposed designs can still be improved and developed further. 

Table 2: Batik Merbok Motifs in porcelain ware designs using the 3D 
software.

Motifs Sample of Design
Flora motif 

Mangroves 
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Paddy/ Rice 
plant

Fauna Motif 

The Merbok 
Bird or Geopelia 
Striata

Humanmade 
historical 
artefact Motifs

The Bricks

Wood Carving 

The Sanskrit 
language/ 
writing

6.0 CONCLUSION AND FUTURE RESEARCH 

The initial study of this project is to design porcelain wares by using the 
Batik Merbok motifs as proposed designs for new product innovations for 
home usage. The usage of the Batik Merbok motifs in the porcelain wares 
showed a combination of uniqueness and elegance which is worth exploring 
further  to become luxurious decorative collections for porcelain collectors 
or ceramic ware enthusiasts and also as daily use products. The ideas were 
generated using the 3D software as it was easier to develop rather than 
produce the tangible porcelain wares. The designs which produced using 
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the 3D software can be further developed and improved.
 

As a future project, the six (6) proposed 3D designs will be tested 
visually to gain feedback from the potential consumers on their preferences 
towards the design. The researchers will also gather feedback on which 
of the six (6) Batik Merbok motifs that is most preferred. The feedback 
from the potential consumers may determine a new product innovation 
development for Batik Merbok, not only for the local market but also for 
the global market in the near future. 
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ABSTRACT

Residential	mobility	 attempts	 to	 address	 problems	 on	 households'	 life	
adjustments	 or	 the	mismatch	 between	 residents'	 present	 needs	 and	
housing	 consumption.	 The	 desired	 preferences	 of	 each	 household	may	
be	 complex	 to	 determine,	 but	 the	 trends	or	 preferences	 in	 a	 residential	
area	can	be	captured.	Residential	 location	choice	stimulates	residential	
mobility	decision	on	the	selection	of	a	particular	area.	This	study	aims	to	
identify	residential	preferences	on	relocation	using	a	selected	sample	of	
323	households	in	Penang	who	intend	to	move	in	the	near	future.	Results	
show	that	residents	prefer	to	move	to	other	states	than	Penang.	Therefore,	
determining	residential	preferences	is	necessary	to	develop	corresponding	
housing	policies.
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1.0 INTRODUCTION

 Residential preference refers to residents' choice on various things 
related to living, such as places, type of facilities provided, accessible 
resources available and housing price. Residents are looking for the ideal 
type of houses that meet their personal needs and necessities and those of 
their family. Howley (2010) argued that residential preference refers to 
future housing characteristics that are predictable from a spatial choice 
available in an area. Residential preference is also known as choosing or 
favouring certain housing characteristics or desires by surveying residents 
at a particular point in time (Kim, Woosnam, Marcouiller, Aleshinloye, & 
Choi, 2015). Apart from determining desired attempts for certain houses, 
residential preference can also describe residents' dissatisfactions with the 
current residential area and neighbourhood that trigger residents to move 
out (Poku-Boansi & Adarkwa, 2015). Nevertheless, residential preference 
explicit a wide scope of mobility intentions that begin with residents' desired 
choice of houses, neighbourhood and places.

Similar to residential preference, residential location choice specifies 
residents’ desired housing location. Residents may want their house to be 
close to their children’s school or the city centre to decrease their travel 
time regardless whether the desired area has traffic congestion during peak 
hours. Housing developers also attract buyers by specifying the benefits 
of the location through advertisement using pamphlets (Tan, 2011). Thus, 
residential location preference is affected mainly by location attributes. 
Residential location preference is similar to residential relocation preference, 
but their definition differs. Specifically, the former indicates only the 
physical factors of a housing site or the neighbourhood, whereas the latter 
weights the aggregate costs of a new residential location (Jabareen, 2005; 
Tan, 2011; Jansen, 2013). 

Many studies have investigated residential preference from different 
perspectives and dimensions, such as residential preferences on lifestyle 
through the demand side of the housing market (Heijs, van Deursen, 
Leussink, & Smeets, 2011); residential preferences on values and expanding 
lifestyle (Jansen, 2013); residential preferences on comfortable living vis-
à-vis socio-cultural familiarity (Alshuwaikhat & Alkhars, 1993; Jabareen, 
2005); and residential preferences from the perspective of synergy, well-
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being and safety in a Klang Valley neighbourhood, Malaysia (Tan, 2011). 
The current study presents residential location choice trends to show 
residential preference on location choice in Penang, which is listed amongst 
states with high housing price in Malaysia. The objective of the study is to 
determine whether residents genuinely attempt to reside in Penang territory. 
Perhaps, they might reconsider their residential preference based on financial 
ability instead of their desires or preferences on house location. The study 
provides details on residential preferences on location choice by selected 
households who intend to move in the near future.

2.0 LITERATURE REVIEW

Residential location choice arises when there is a mismatch between 
residents’ housing consumption and their necessities. The perception of 
dissatisfaction towards residents’ dwelling and neighbourhood shapes 
residential mobility intention in terms of residential preferences or 
characteristics of the house that residents personally admire. Residential 
mobility is often triggered by the need for better housing (Musterd, van 
Gent, Das, & Latten, 2014) and it indicates that future relocation depends 
on preferences on better housing. The mobility decision opens an insight 
into residential preferences of residents. Kim, Pagliara, & Preston, (2005) 
argued that residential location choice have a high correlation with mobility 
decision. In the meantime, residential satisfaction determines the difference 
or gap between residents’ actual and desired neighbourhood and location 
(Galster & Hesser, 1981). Residential preferences of residents are derived 
from their dissatisfaction towards their house or neighbourhood location. 
This factor triggers them to favour some idealistic pictures of houses and 
location. 

Residential location choice refers to preferences on dwelling and 
neighbourhood characteristics or location attributes (Tan, 2011). This 
concept merely describes the attraction and uniqueness of a physical 
location. This factor is determined by imperfections of present location 
combined with preferences on the future dwelling (Cronqvist, Münkel, & 
Siegel, 2014). The location choice may vary from person to person, but 
most local people may prefer certain locations due to their familiarity and 
attachment to those places. Residential preference indicates the speciality 
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locational attributes of dwelling and neighbourhood.

Residential location choice is a critical component in a system of 
integrated transportation and land use model (Lee & Waddell, 2010). 
Residents critically favour certain locations because of the availability 
of transportation systems with the usage of land use within their place. 
Residents’ choice considers the residential environment, availability of 
amenities and opportunities, traffic and accessibility (Poku-Boansi & 
Adarkwa, 2015). Good accessibility and associated land use mixture are also 
possible attractions in residential location choice (Molin & Timmermans, 
2003).

Similarly, residential location choice is dependent on the placement 
features and the consequences of such choice (Guo & Bhat, 2007; Næss, 
2013; Pagliara, Preston, & Kim, 2010; Yi & Lee, 2014). Residential location 
choice is a subset of residential preference. These deductions indicate that 
location choice interprets the preferences of residents. Residents’ location 
choice should be reachable to their destination within estimated times. 
Residing in their location choice may be more advantageous for residents 
than living in their present house location.

3.0 METHODOLOGY

The study used a quantitative approach to identify the preferences of 
residents on location in their future relocation. The households were chosen 
using stratified sampling from 10 locations in Penang Island as designated 
by a report published by the Malaysian Town and Planning Department 
(Profil Bandar Pulau Pinang, 2009). The 10 locations of housing schemes 
were as follows: Bayan Lepas, Bayan Baru, Sungai Ara and Balik Pulau in 
Barat Daya District; and Tanjung Bungah, Tanjung Tokong, George Town, 
Jelutong, Air Itam and Sungai Dua–Sungai Nibong in Timur Laut District. 
These locations are established as communities or town growth centres with 
public facilities, infrastructure and utilities. The report also describes the 
population and households’ demographic composition of these cities and 
the physical features and uniqueness of each of these locations.

The respondents were selected from households who were interested 



45

Residential Preferences in Residential Location Choice   

and intended to move in the future. A total of 323 residents were identified 
for the questionnaire survey by using a cross-sectional approach. One of 
the questions asked residents whether they intend to move with only a 
dichotomous answer option of yes or no. Only 323 residents who answered 
positive were left eligible in this study. These sampled residents indicated 
residential preferences and desires on housing location choice. The limitation 
of the study using cross sectional approach is that it relies on one time 
data collection. While longitudinal approach employs more than one time 
data collection which is more suitable, accurate and reflects the residential 
preference. This method however required more time and resources to 
complete data collection. A chi-square test was conducted to determine the 
associations between mobility decision and future location. The preferred 
location of these residents was obtained using the frequency.

4.0 RESULTS AND DISCUSSIONS

As mentioned in the methodology, the original number of respondents is 
717. After filtering, only 323 respondents revealed an intention to move in 
the future. Thus, the number of respondents in this study is only 323. Table 
1 shows the mobility decision of residents who intend to move in the future 
(yes) or those who do not. Residential preference on locational choice within 
the districts shows that Timur Laut is highly favoured by residents who 
intend to move. The tendency of residential location choice within Barat 
Daya and Timur Laut districts and others (including Seberang Perai and 
other states) is obtained by X2(df = 2, n = 717) = 421.657 with p = .000. The 
results show that 18.8%, 14.9% and 11.6% of residents prefer Timur Laut 
District, Barat Daya District and others, respectively, for future relocation.

Local residents mostly prefer to move to Timur Laut District than 
Barat Daya District with a difference of 3.9%. The trends of residential 
location choice can be transformed into intra- and inter-urban mobility, 
which are likely a move between Pulau Pinang districts and that between 
Malaysia’s states. Intra-mobility is the movement within Malaysia, whereas 
inter-mobility is the movement within Penang. Residents mostly favour 
Timur Laut than Barat Daya or other districts in Penang. A housing market 
report in 2014 listed that Timur Laut recorded the most costly housing price 
in Malaysia. However, only 16% of landed properties were built in Timur 
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Laut compared with Barat Daya at 56%. Nevertheless, road accessibility 
in Timur Laut District is quite limited, whereas many alternative roads 
are provided in Barat Daya District. Therefore, the ultimate preferences 
of residents can be related to their location attachment and not to housing 
price. The subjective view on Timur Laut District as surrounded with nature 
and greenery panorama may be another factor.

Table 1: Residential Preferences in Residential Location Choice of District
Mobility decision

Future Location  No % Yes %
Timur Laut District 1 0.1 135 18.8
Barat Daya District 5 0.6 106 14.9
Outside Penang Island 388 54 82 11.6
Total 394 54.7 323 45.3

X2 (df = 2, n = 717) = 421.657 with p =.000
Source: Authors field studies and MBPP

A report highlighted the imbalance in ethnic distribution in Penang 
Island by the district (Draf Laporan Tinjauan Rancangan Struktur Negeri 
Pulau Pinang, 2030). It is unclear which ethnic group dominates the districts, 
but this situation indirectly influences residential preference therein. When 
minor ethnic groups encounter discomfort and isolation in the community, 
they may want to leave (Feijten & van Ham, 2009). They may also search 
other locations that they are familiar and satisfied with. The mix ethnic issue 
in residential areas should not be a problem because Malaysia has achieved 
independence for more than 60 years. However, ethnicity is still a factor 
of residential preference due to residents’ culture and society background. 
Malaysians in the new era should terminate this negative mind set and 
instead strive for the unity of Malaysians. Residential preferences should be 
related to households’ consumption for their necessities and are subjective 
depending on residents’ views.

Table 2: Residential Preferences on Location Choice
Rank  Housing area Frequency %
1 Other states 60 18.6

2 George Town 29 9.0
3 Sg Ara 25 7.7
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4 Balik Pulau 23 7.1
5 Seberang Perai 22 6.8
7 Bayan Lepas 20 6.2
7 Bayan Baru 20 6.2
9 Tanjung Bungah 18 5.6
10 Sg Dua 13 4.0
11 Pulau Tikus 12 3.7
12 Sg Nibong 10 3.1
13 Air Hitam 9 2.8
14 Batu feringghi 7 2.2
15 Jelutong 6 1.9
15 Tanjung Tokong 6 1.9
15 Sri Tanjung 

Pinang
5 1.5

18 Bandar Sri 
Pinang

3 0.9

18 Bayan Mutiara 3 0.9
18 Bayan Indah 3 0.9
18 Teluk Kumbar 3 0.9
22 Relau 2 0.6
23 Paya Terubong 1 0.3
23 Batu Maung 1 0.3

Total 323 100
Source: Authors field studies and housing schemes from Profil Bandar Pulau Pinang 2009

As shown in  Table 2, the results on location attributes show that ‘other 
states’ (18.6%) is mostly preferred by residents, followed by George Town 
(9%), Sg Ara (7.7%), Balik Pulau (7.1%), Gelugor and Seberang Perai 
(6.8%), Bayan Lepas (6.2%), Bayan Baru (6.2%), Tanjung Bungah (5.6%), 
Sg Dua (4%), Pulau Tikus (3.7%), Sg Nibong (3.1%), Air Hitam (2.8%), 
Batu Feringghi (2.2%), Jelutong and Tanjung Tokong (1.9%), Sri Tanjung 
Pinang (1.5%), Bandar Sri Pinang, Bayan Mutiara, Bayan Indah and Teluk 
Kumbar (0.9%) and Paya Terubong and Batu Maung (0.3%). These places 
are the choice that was filled by residents in the open-ended questionnaire.

The results show that ‘other states’ (all other states in Malaysia except 
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Penang) is mostly selected by residents as their location choice. The trend 
indicates an inter-urban mobility, that is, residents prefer to move out of 
Penang Island. The reason may be due to the extremely costly housing 
price in Penang (Property Market Report, 2013). However, residents prefer 
to move to other states in Malaysia due to not only housing price but also 
housing consumption, such as family composition, retirement, financial 
and workplace.

George Town, which is the capital city of Pulau Pinang, is chosen as 
the next residential preference. The result indicates that residents prefer 
to live near the administrative centre that can provide all their necessities. 
George Town is also known as a tourist attraction wherein heritage buildings 
and cultural items are located. The city centre attracts crowd attention not 
because other locations do not have proper necessities but because the city 
is good for business and commercial purposes. 

The next residential preference with 7.7% counts is Sg Ara which 
is next to Bayan Lepas and with borders to Relau and Bayan Baru. This 
area is more of a budding residential area than a bustling city due to its 
hilly terrain. Sg Ara is naturally known for its cool weather due to natural 
surroundings of the area. The unique nature appealed to the residents who 
prefer to live in Sg Ara.

The next preference location at 7.1% is Balik Pulau which is known 
as an agriculture area. Balik Pulau has reasonable housing prices for landed 
properties and is unique due to its closeness to nature and therefore less 
developed. Perhaps, residents’ eagerness to own landed properties influence 
their choice to live in Balik Pulau. Next in residential preference at 6.8% 
is Gelugor with a close link to Penang Bridge. One of the top public 
universities is located in Gelugor which is a strong influence to potential 
residents. Besides, this place is literally in the middle of Georgetown and 
Bayan Lepas. In fact, accessibility and market prices within Gelugor area 
should be a good prospect for investment, invariably boosting up housing 
price in the foreseeable future. 

Seberang Perai recorded similar counts as Gelugor for residential 
preferences. In spite of the locations in Penang Island which are equipped 
with good infrastructure and comfortable residential homes area, its high 
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housing price could not win over residents due to financial unaffordability. 
Therefore, there will be options and choices for them to live off the island 
due to financial barriers. Designated as free industrial trade zone or FTZ, 
Bayan Lepas is chosen for the next residential preference at 6.2%. Residents 
prefer it because it is close to their workplace where many factories and 
companies are built in Bayan Lepas. Being close to transportation hub which 
is Penang International Airport and commercial areas such as Queensbay 
Mall are examples of facilities available in Bayan Lepas.

The next residential preference is Bayan Baru which recorded similar 
votes as Bayan Lepas. Residents favour this place because of the booming 
real estate due to rapid development in retail and commercial market 
prospects. Therefore, these prospects attract residents to choose Bayan Baru 
as their residential preferences. 

Tanjung Bungah becomes the ninth place for residential preferences 
at 5.6%. This area has a high market value due to the fact it attracts the 
expatriate community and foreigners. Its geographical area and closeness to 
the beach and sea significantly influence the housing price. Most upcoming 
residential projects are extremely expensive which invokes a barrier for the 
localresidents to own the houses. However, this study surveys strictly cover 
Malaysians only. Therefore, residents who choose the place are absolutely 
fine with the market price. Perhaps, the old settlements were built during 
the 1970s such as terrace and semi-detached houses belong to their parents 
or close relatives. Thus, attachment and familiarity to this place influence 
residents to relocate there in the future. 

The next residential preference is Sungai Dua at 4% which is also 
the site of one of the public university, Universiti Sains Malaysia. Similar 
to Gelugor, the accessibility linkage to Penang Bridge as well as a hub for 
education influence residents to reside here. Hence, the facilities provided 
within the area attracts residents to choose for future mobility. The next 
residential preference is Pulau Tikus at 3.7%, which is located near to George 
Town. Its geographical area features a flat land with no slopping gradient. 
The advantage of Pulau Tikus is healthcare facilities such as the Adventist 
Hospital. Perhaps, that is one of the attraction to relocate to Pulau Tikus. 

In 12th place with 3.1% votes, residents choose Sungai Nibong as the 
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next residential preferences. Sungai Nibong has a public bus terminal hub to 
serve within Penang Island area and to the mainland. This might influence 
residents to relocate. In addition, Pesta Pulau Pinang is held annually at the 
end of the year once the school holidays begin resulting in a congregation 
of visitors from all over Malaysia. The next residential preference is Air 
Hitam at 2.8%. Tourism is the main attraction of Air Itam where Penang 
Hill and Kek Lok Si Temple are located. People have different tastes and 
preferences with regards to housing choices. Hence, these aspects potentially 
might attract residents for future mobility aside from attachment and a sense 
of belonging to a familiar place. \

The next residential preference is Batu Feringghi at 2.2%, which 
ranks at 14 in the survey. This place is full of natural beauty and therefore 
a tourist attraction. The high demand for residential area consequently 
led to an increase in the market price. Despite that, the fresh and soothing 
environment in Batu Feringghi appears more compelling to residents than 
the high market price. Undeniable natural beauty at a unique location on 
the island could not make up or compare with money value. Thus, the 
power of nature is a healing compensation for people which influence 
them to move in the future. The next residential preference is Jelutong and 
Tanjung Tokong which recorded similar ranks at 15 with 1.9%. Jelutong 
is quite developed with prominent infrastructure, namely the Tun Dr Lim 
Chong Eu Expressway. This infrastructure attracts more development in the 
surrounding area which sways others to live here in the future. Moreover 
Tanjung Tokong is mostly known for retail and commercial complexes such 
as Island Plaza and Straits Quays.

Tanjung Sri Pinang is a new residential area which is suburban of 
Tanjung Tokong. This area is previously reclamation land, it was chosen 
as next residential preferences with 1.5%. This new township has gated 
communities as well as landed properties and public housing such as low-
cost flats. This area is close to Tesco outlet and other retail complexes for 
easy accessibility and convenience. The next residential preference shared 
with similar figures of 0.6%. The locations include Bandar Sri Pinang, Bayan 
Mutiara, Bayan Indah and Teluk Kumbar. These locations were developed on 
reclamation land and known as new residential area except Teluk Kumbar, 
Teluk Kumbar is known as a rural area which is less developed. Despite 
that, this place has great environmental nature. 
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The next residential preference is Relau with 0.6%, place at 22nd. 
The residential area has been developed in this area in the last thirty years. 
Therefore, all residents necessities are well provided within the place 
which includes schools, retails and commercial areas. The last residential 
preference is Paya Terubong and Batu Maung. These places share the 
same counts with 0.3% by residents at 23rd. Based on voters registration, 
Paya Terubong is recorded as having the highest population density areas. 
In addition, its geographical area suits agricultural activity before being 
transformed into the residential site in the 1980s. The latest development in 
Batu Maung is the second Penang bridge to Bandar Cassia in Seberang Perai. 
Previously, Batu Maung is known for fishing and agricultural activities. 
Residential preferences towards these places indicate less favourable choice 
due to scarce development despite Penang second bridge linkage at Batu 
Maung. While the choice of Paya Terubong seems isolated in the middle 
of Penang Island and less attractive compared to other places.

Indeed, the location choices in Penang purely reflect its own attractions 
and advantages. The location choices ranked in Table 2 indicate that 
residents will likely move to these places in the future. As mentioned in the 
methodology, the locations are established as communities or town growth 
centres. Therefore, the locations cannot completely satisfy the necessities of 
people. Overall, the results show the tendency of location choice towards 
these locations in Penang.

5.0 CONCLUSION

This study presents residential preference on location choice. Residents are 
likely to favour certain locations that surely benefit them. The mismatch 
between necessities and housing consumption and the dissatisfaction with 
present house and location also trigger residents to look for other houses 
and places to move in. This situation results in residential mobility decision 
that allures residents to wonder and desire their preferred house. This 
study identifies residential preference on location choice in Penang Island 
including 10 locations of neighbourhood. The results show that residents 
are more likely to move to Timur Laut District than in Barat Daya District 
and others. They are likely to choose other states than Penang Island itself 
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and favours Timur Laut than Barat Daya district. The location choices in 
Table 2 show that ‘other states’ is mostly preferred by residents for future 
relocation, followed by George Town, Sungai Ara and the rest. Overall, the 
tendency of residential preference shows a residential mobility pattern based 
on residents’ desires and aspirations. Residential preference is subjective 
and may vary from person to person. Notably, residents prefer locations that 
satisfy basic necessities of people. The findings are necessary to develop 
corresponding housing provisions and policies that cater to the trends of 
residents or buyers. These results can also be adopted in improving housing 
development.
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ABSTRACT 

The	 increasing	 number	 of	 staff	 and	 students	 in	Malaysian	 universities	
has	 led	 to	consume	energy	excessively.	The	activities	of	 the	university's	
management	 to	 reduce	 the	energy	expenditure	 is	critical,	where	critical	
success	factors	(CSFs)	are	the	few	issues	that	must	be	addressed	as	well	
as	 to	 ensure	 	 the	 accomplishment	 of	 an	 organisation.	Unfortunately,	
most	Malaysian	universities	are	 lagging	 in	determining	 the	relationship	
of	 identifying	CSFs	 for	EM	with	KPIs	 towards	a	sustainable	university.	
Therefore,	 this	 research	 focuses	 on	 critical	 success	 factors	 (CSFs)	 for	
energy	management	(EM)	towards	Malaysian	sustainable	university.	This	
inquiry	 is	 broadened	by	 taking	a	 conceptual	measurement	model	 using	
Partial	 Least	 Square-Structural	 Equation	Modeling	 (PLS-SEM).	 The	
assessment	demonstrates	that	the	construct	of	CSFs	for	EM	which	comprises	
of	‘Top	Management	Provision’,	‘Commitment	from	EM	Team’,	‘Planned	
Maintenance	Management’,	 ‘Consciousness’	 and	 ‘Good	Relationship	
among	Stakeholders’	were	maintained	and	some	of	 the	 indicators	relate	
to	this	construct	were	expelled.	In	conclusion,	the	findings	obtained	can	
assist the decision maker in the university to identify the areas that need 
improvement	 in	order	 to	 increase	 the	performance	of	EM.	This	 study	 is	
very	beneficial	to	all	universities,	especially	universities	in	Malaysia	which	
practice	EM.	The	existing	guidelines	also	can	be	improved	so	as	to	be	more	
effective	and	able	to	be	applied	to	all	universities	in	Malaysia.
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1.0 INTRODUCTION  

The Earth is presently confronted with the danger of crisis. For example 
dwindling energy resources, environmental change, and in addition 
ecological contamination and corruption (Lombard et al., 2008). Energy 
consumption is increasing significantly, particularly in developing countries 
and Malaysia is not exempted from this issue particularly with expanding 
activities of modernization and population (Wilson, 2013). Indeed, even 
universities are devouring more energy because of expanding activities and 
population. Thus, the Malaysian Ministry of Higher Education has asked 
all universities to save energy on a high energy usage which has resulted 
into worriness of many parties. EM has been a noteworthy instrument to 
enable universities to meet these fundamental targets for their transient 
continuance and long haul achievement. With the novel advancements 
and elective vitality sources now accessible, universities in Malaysia could 
cut its energy utilization if there were no boundaries to the execution. It is 
extremely critical that activities to enhance energy use must be experienced 
which can be achieved by making a long haul manageable arrangement for 
future energy demand. As depicted by the Brundtland Report (1987, page 
number?), “Sustainable growth is development that satisfies the demands 
of the present without compromising the ability of future generations to 
satisfy their own needs”. Sustainability consists of at least environmental, 
societal and economic pillars. The demand to put the three main pillars 
of sustainability is urgent and more significant than ever. EM is rooted 
in all three sustainability pillars and progress in these areas can induce a 
substantial influence. Today, the vast majority of the energy utilized in the 
public eye winds up as waste. Thus, a decent EM is imperative. Albeit, 
sustainable university is an extremely noteworthy occasion in Malaysia, 
there have not been any extensive studies identified related to the current 
public university's drives and endeavours in sustainability (Saadatian et 
al., 2009). From this statement, critical success factors (CSFs) are essential 
regions of action that must be overseen well if university is planning to 
accomplish the mission, targets or objectives in actualizing EM towards 
sustainability. There are various, major methods and movements to increase 
the function of organizations. Several years ago key performance indicators 
(KPIs) Has become the best measurement practiced by the government 
agencies as well as to the universities (Hazadiah et al., 2009). 
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This issue beomes more discouraging when an examination done 
by Abdullah (2012) indicated that the Malaysian Ministry of Higher 
Education (MOHE) has not shown and embraced any standard KPIs 
towards manageability in Malaysian universities since 2010 onwards.  Due 
to this, this study focuses on CSFs for EM towards a Malaysian sustainable 
university through developing a CSFs measurement model. Indirectly, by 
identifying these CSF and link them to KPIs towards a sustainable university, 
it can be a reference in helping individuals who are required to cognize 
precisely what CSFs construct. Besides, the indicators are almost critical 
for EM towards a sustainable university. This contemplates underpins the 
announcement by Cetinkaya (2011) who shows that the best execution in an 
organization is the point at which the connection amongst CSFs and KPIs 
can be depicted, while Haktanir and Harris (2005) upheld their perspectives 
on CSFs and illustrated the perceivable connection between CSFs and 
execution estimation utilizing KPIs.

2.0 LITERATURE REVIEW 

Implementing Energy Management in Malaysian Universities

Malaysian university buildings are not exempted from the issue of 
high energy usage, which are categorized as commercial buildings because 
of its body processes and population (Sohif et al., 2009; Abu Baker et al., 
2013). Since university buildings are also high consumers of energy in the 
category of commercial buildings, many public universities in Malaysia have 
started EM projects to heed the call for more secure usage of energy. This 
activity is imperative because in general, all colleges do acknowledge the 
substantial develop region, extensive offices and in addition vast quantities 
of building users (Sohif et al., 2009; Abu Bakar et al., 2013). EM has a 
noteworthy influence in accomplishing energy sustainability. Sustainable 
EM can be viewed as the way toward regulating the energy utilization in the 
organization as to safeguard that energy that has been proficiently devoured 
(Abu Bakar et al., 2013). The effective execution of sustainable EM in the 
foundation will rely upon the dedication and collaboration at all management 
layers. To improve this, research and preparation will be a central instrument 
in the most proficient way conceivable (Denny and O’Malley, 2008). 
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According to Van Gorp (2004), by consistently implementing EM practices, 
energy utilization will be able to be conserved efficiently. Figure 1 shows 
the portion of energy utilized as a part of university building. Tang (2012) 
distinguished that Heat, Ventilation, Air Conditioning (HVAC) is the most 
utilized in a Malaysian university building which added to 45%, followed by 
lighting system (42%), water heating (3%) and others (10%). This revealed 
that there is a request to enhance EM awareness in local universities. 

Figure 1: Percentage energy utilized in the Malaysian university building
(Source: Tan (2012))

In Malaysia, the Ministry of Higher Education (MOHE) spends 
in excess of ten million Ringgit yearly on the costly power charges 
(Choong et al., 2009). Indeed, the expansion of power tax in peninsular 
Malaysia incidentally influences the operational expenses for universities. 
Appropriately, MOHE has asked all universities to preserve energy as an 
upshot of the costly month to month power charge which turns into the 
worry of numerous parties (Choong et al., 2012). The movement towards 
sustainable university has been grasped by numerous universities all over 
Malaysia where they are in the few levels of coordinating sustainable 
components in the campus planning and management (Dola et al., 2013). 
Malaysia is faced with huge difficulties in securing sustainable improvement 
(Mat Said et al., 2003). In fact, initiatives towards a sustainable university 
in Malaysia are being obliged by various limits, including low need of 
natural issues on the grounds, and absence of coordination between and 
among advocates and key constituencies (Sohif Mat et al., 2009; Ching 
Sin et al., 2011). The approach towards sustainability in universities is not 
only unacceptable, yet additionally disappointing (Velazquez et al., 2005; 
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Stephens and Graham, 2010; Lozano, 2011; Blake and Sterling, 2011; Barth 
and Rieckmann, 2012; Lambrechts et al., 2013). In any case, there are even 
numerous university pioneers and employees who are unconscious of EM 
criteria and this brought about unsustainable universities (Lozano, 2006; 
Nejati and Nejati, 2013). The move towards sustainable universities has 
not been illustrated appropriately, and most endeavours lack of strategy 
for a long haul objective and are intensified by an absence of coordination 
among stakeholders. Subsequently, the university is prepared to grasp the 
concept of CSFs to build up a serious strategy to guarantee the university 
can accomplish the point of executing EM towards sustainability effectively.

Critical Success Factors for Energy Management towards 
Sustainable University

Rockart (1982) defined CSFs as “The limited number of fields in which 
comes about, if they are satisfactory will guarantee effective aggressive 
execution of the system. They are the few key areas where things must 
go ideal for the business to prosper”.  He also concluded that CSFs are 
“areas of substantial capacity that ought to get consistent and cautious 
consideration from management.” CSFs are not targeted, but rather are the 
activities and processes that can be held in or influenced by the management 
to accomplish the organization’s aims. In late years, studies on CSFs has 
gradually gained interest. For example, the apprehension of the importance 
of CSFs in project management within an organisational context (Hyvari, 
2006; Derek, 2007; Ahadzie et al., 2008; Soon Han et al., 2012). There are 
also studies conducted within the context of quality management system 
(Salaheldin, 2009; Psomas et al., 2010; Abdullah, 2012); project sponsorship 
(Bryde, 2008); stakeholder management (Yang et al., 2009); building 
maintenance projects (Zutshi et al., 2004; Lam et al., 2010; Zulkarnain 
and Rahman, 2011); knowledge management (Wu, 2012; Huang and Lai, 
2012); waste management (Lu and Yuan, 2010); supply chain management 
(Tummala et al., 2006) and sustainability (Xu et al., 2011; Wai et al., 2012). 
The findings of past studies may change with the EM field. For instance, 
some normal factors that can be connected to EM. Table 1 shows the CSFs 
that have been distinguished in this study, either from the establishing 
accomplices, which are the International Association of Universities (IAU), 
the Association of University Leaders for a Sustainable Future (ULSF), the 
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COPERNICUS Program of the Association of European Universities (CRE) 
and the United Nations Educational, Scientific and Cultural Organization 
(UNESCO), which include universities to sustainable improvement. There 
is no KPIs from Malaysian MOHE since 2010.As a result, this study has 
accepted 10 point action plan from Talloires Declaration as shown in 
Table 1. This declaration is for sustainability, created for and by presidents 
of institutions of higher learning.  In the Report and Declaration of the 
Presidents Conference, 466 universities around the world have signed this 
declaration. This is also supported by Saadatian et al., (2013) where they 
claim that Malaysia is a country which recognizes the concept of sustainable 
university by ratifying the Talloires Declaration.

Table 1: Critical Success Factors and Key Performance Indicators for 
Energy Management towards Sustainable University



62

Malaysian Journal of Sustainable Environment



63

Measurement Model of Critical Success    

(Source : IAU (1950); ULSF (1990); COPERNICUS (1993); UNESCO (1993); Xu et al., (2011); 
Choong et al., (2012); Manan (2012); Yang (2013))

3.0 METHODOLOGY

An intensive literature review was carried out to make a full list of CSFs 
for EM and KPIs towards sustainable university.  The indicators of 23 
CSFs and 10 KPIs levels were distinguished from the literature review. 
The levels were substantiated by experts in university and industry. Then, 
the list of CSFs and KPIs were displayed to 6 experts to validate the list of 
CSFs and KPIs before conducting the main survey. According to Creswell 
(2003), a suitable number of experts to validate the list obtained from 
literature review is between 5 to 25 people; hence the number used in 
this study is sufficient These experts were chosen since they had over 10 
years general involvement in managing energy or have conducted various 
research in the area of EM or sustainability. From the meeting directed 
with the interviewees, all interviewees concurred that the proposed 23 
CSFs indicators and 10 KPIs construct were basic and extensive, while 
some interviewees provided valuable comments. Then, the main survey 
was carried out by distributing 80 sets of questionnaire to the respondents 
who are experts in energy management and sustainability in selected 
universities which are Universiti Kebangsaan Malaysia (UKM), Universiti 
Malaya (UM), Universiti Putra Malaysia (UPM), Universiti Sains Malaysia 
(USM) and Universiti Teknologi Malaysia (UTM). The selection of these 
universities were based on their own strength in different aspects which have 
undergone changes to enhance their sustainability. In addition, they have 
their own research centres towards sustainability; for example UKM-Institut 
Alam Sekitar dan Pembangunan (LESTARI); UM-Spatial Environmental 
Governance for Sustainability Study; UPM-Sustainable Consumption 
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Study Centre; USM-Centre for Global Sustainability Studies and UTM-
Sustainability Unit. Therefore, only five research universities were involved 
in the sampling studies. 

The measurement model assessment involves an examination of the 
5-point Likert scales by analysing the relationships between each CSFs and 
KPIs construct with its indicators. For this study, it involves five constructs 
of CSFs namely top management provision, commitment from EM team, 
planned maintenance management, consciousness and good relationship 
among partners with the sum of 23 indicators, while for KPIs construct, 
it involves 10 indicators. By utilising the Partial Least Square-Structural 
Equation Modelling (PLS-SEM), the reflective measurement model can be 
evaluated against the aspects of indicator reliability, internal consistency 
reliability, convergent validity, and discriminant validity.

4.0 RESULTS AND DISCUSSIONS 

Indicator Reliability

The reliability of each of the CSFs may be assessed through the 
individual correlations between the indicators and their theoretically 
associated CSFs construct. A sufficient correlation between the indicators 
and the respective CSFs construct is vital. Indicators with outer loadings 
0.70 or higher are considered very acceptable (Henseler et al. 2017; Hair, 
2014). According to Hair et al. (2014), for exploratory study, the indicators 
with loading value of 0.40 is regarded as satisfactory, whereas those under 
0.40 ought to be dropped. The cut-off value taken for outer loading in this 
study is 0.40 or more. As can be seen in Table 2, the loading value for the 
item risks documentation (PMM1) received 0.253 as the loading value, 
and it has been dropped. In addition, a few indicators from KPIs construct 
were removed including KPI8 (0.367) and KPI9 (0.303). The analysis 
results for other CSFs indicators and KPIs have fulfilled the criteria with 
loading values of more than 0.40 after running the PLS-Algorithm twice. 
The findings showed that all the CSFs indicators have good correlations 
with their associated CSFs construct that is the same with KPIs’ construct.
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Internal Consistency Reliability

The second parameter for reliability is measured by two criteria which 
are Cronbach’s Alpha (CA) and Composite Reliability (CR). CA and CR 
show how well an arrangement of CSFs indicators evaluate a solitary CSFs 
construct. In any case, despite the fact that CA is frequently utilized as a part 
of estimating the internal consistency reliability, CR is viewed as a better 
measure of internal consistency because it employs the standardization of 
different CSFs when PLS-Algorithm is applied (Henseler et al., 2017). The 
suggested cut-off value for establishing internal consistency reliability must 
not be lower than 0.60 and preferably more than 0.70 respectively (Henseler 
et al., 2017). From Table 2, the values for both CA and CR are more than 
0.70 in the first and final iteration of the PLS - Algorithm. In closing, whole 
sets of CSFs indicator have a good appraisal on a single CSFs constructs.

Convergent Validity

For the validity of variable, one of the tests is convergent validity. 
Convergent validity refers to the amount of variance captured by CSFs 
construct from its relative indicators due to measurement errors (Henseler 
et al., 2017). The test measures are done by evaluating the Average Variance 
Extracted Value (AVE). Henseler et al., (2017); Hair et al., (2014) claim that 
a minimum 50% of the variance from indicators are explained by the CSFs 
construct and KPIs to which it is allocated to. This suggests that AVE value 
should be 0.50. The first run of PLS-Algorithm generated results showed 
that construct of PMM obtained AVE values less than threshold value of 
0.50. However, the second run of PLS-Algorithm revealed the AVE value 
is more than 0.50. Taking everything into account, this outcome of the 
measurement model has demonstrated an adequate convergent validity.

Table 2: Result of Measurement Model for Indicator Loadings 
CSFs Group Symbol 

for CSFs 
Indicators

PLS-Algorithm 1 PLS-Algorithm 2

Loading AVE CR CA Loading AVE CR CA

Top 
Management 
Provision 
(TMP)

TMP1 0.596 0.574 0.869 0.837 0.596 0.580 0.871 0.838

TMP2 0.889 0.890

TMP3 0.646 0.646

TMP4 0.965 0.966

TMP5 0.843 0.843
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Commitment 
from EM 
Team 
(CEMT)

CEMT1 0.701 0.666 0.907 0.887 0.701 0.701 0.923 0.888

CEMT2 0.599 0.600

CEMT3 0.664 0.664

CEMT4 0.564 0.565

Planned 
Maintenance 
Management 
(PMM)

PMM1 0.253 0.581 0.768 0.615 0.582 0.584 0.796 0.617

PMM2 0.501 0.530

PMM3 0.667 0.667

PMM4 0.689 0.690

Conscious-
ness (CON)

CON1 0.896 0.654 0.816 0.767 0.896 0.687 0.834 0.771

CON2 0.978 0.978

CON3 0.765 0.765

CON4 0.547 0.550

CON5 0.685 0.685

CON6 0.543 0.544

Good 
Relationship 
among 
Partners 
(GRP)

GRP1 0.798 0.763 0.787 0.663 0.801 0.556 0.788 0.665

GRP2 0.872 0.872

GRP3 0.889 0.889

GRP4 0.733 0.733

Key 
Performance 
Indicators 
towards a 
Sustainable 
University 
(KPIs)

KPI1 0.717 0.542 0.892 0.858 0.717 0.542 0.895 0.861

KPI2 0.765 0.765

KPI3 0.767 0.767

KPI4 0.824 0.823

KPI5 0.857 0.857

KPI6 0.755 0.756

KPI7 0.813 0.813

KPI8 0.367 -

KPI9 0.303 -

KPI10 0.655 0.655

Discriminant Validity

Another type of construct validity used in PLS-SEM is discriminant 
validity. Discriminant validity refers to the degree which the construct does 
not correlate with other measures that are different from it (Hair et al., 2014). 
Fornell-Larcker criterion and cross-loadings are the two criteria to affirm 
the discriminant validity. Utilizing the Fornell-Larcker criteria, the AVE 
of each construct should have a higher value than its squared correlations 
with any other construct (Fornell and Larcker, 1981). This was done by 
replacing the diagonal of correlation matrix with the square root value of 
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the AVE. For adequate discriminant validity, the diagonal elements need 
to be greater than the off-diagonal elements in the corresponding rows and 
columns (Hair et al., 2014). Table 3 presents the correlation matrix for the 
constructs. It shows that the diagonal values of AVE (in bold) are greater 
than the off-diagonal AVE. Hence, the test confirms the discriminant validity.

Table 3: Result of Discriminant Validity
CSFs 

Construct
AVE TMP CEMT PMM CON GRP KPIs

TMP 0.580 0.687*

CEMT 0.701 0.546 0.765*

PMM 0.584 0.645 0.532 0.854*

CON 0.687 0.613 0.723 0.563 0.789*

GRP 0.556 0.475 0.586 0.552 0.438 0.598*

KPIs 0.542 0.637 0.545 0.436 0.584 0..598 0.686*

The next assessment for discriminant validity was based on cross 
loadings. Cross loadings for all the CSFs have higher values on their relative 
CSFs and KPIs construct as compared with the other group either in the 
same row or the same column as demonstrated in Table 4. This verifies that 
the CSFs indicators and KPIs in each construct affirmed the discriminant 
validity of the model.

Table 4: Result of Cross Loadings
TMP CEMT PMM CON GRP KPIs

TMP1 0.596 0.415 0.151 0.149 0.482 0.534

TMP2 0.890 0.532 0.103 0.431 0.442 0.628

TMP3 0.646 0.124 0.116 0.429 0.457 0.542

TMP4 0.966 0.365 0.259 0.337 0.218 0.580

TMP5 0.843 0.113 0.421 0.398 0.228 0.552

CEMT1 0.465 0.701 0.503 0.286 0.109 0.554

CEMT2 0.512 0.600 0.511 0.235 0.111 0.438

CEMT3 0.521 0.664 0.376 0.376 0.532 0.431

CEMT4 0.289 0.565 0.428 0.372 0.423 0.512

PMM1 0.265 0.432 0.582 0.387 0.442 0.519

PMM2 0.224 0.122 0.530 0.421 0.109 0.354

PMM3 0.276 0.154 0.667 0.513 0.508 0.428

PMM4 0.104 0.217 0.690 0.532 0.431 0.439

CON1 0.119 0.198 0.376 0.896 0.321 0.612
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CON2 0.278 0.276 0.519 0.978 0.447 0.604

CON3 0.469 0.387 0.477 0.765 0.514 0.432

CON4 0.321 0.104 0.521 0.550 0.448 0.467

CON5 0.117 0.110 0.514 0.685 0.376 0.604

CON6 0.266 0.353. 0.128 0.544 0.436 0.318

GRP1 0.209 0.434 0.247 0.459 0.801 0.621

GRP2 0.643 0.528 0.233 0.523 0.872 0.327

GRP3 0.514 0.187 0.175 0.197 0.889 0.633

GRP4 0.146 0.109 0.133 0.139 0.733 0.606

KPI1 0.187 0.356 0.389 0.247 0.653 0.717

KPI2 0.265 0.312 0.287 0.276 0.376 0.765

KPI3 0.244 0.377 0.387 0.282 0.666 0.767

KPI4 0.476 0.432 0.338 0.143 0.649 0.823

KPI5 0.519 0.489 0.487 0.199 0.563 0.857

KPI6 0.107 0.114 0.443 0.173 0.613 0.756

KPI7 0.213 0.517 0.117 0.521 0.644 0.813

KPI10 0.365 0.528 0.490 0.438 0.528 0.655

From the evaluation involved, which are indicator reliability, internal 
consistency reliability, convergent validity, and discriminant validity, the 
PLS-SEM measurement model was developed as shown in Figure 2.  

Figure 2: PLS-SEM measurement model
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5.0 CONCLUSION

From the overall results of reflective measurement model evaluation, it 
can be concluded that five constructs of CSFs namely the top management 
provision, commitment from EM team, planned maintenance management, 
consciousness and good relationship among partners with the sum of 23 
indicators remained, while for KPIs construct, it involves 8 indicators 
only. Top management provision is the key determinant of successful 
implementation efforts. Knowledgeable and credible leader shall contribute 
to successful implementation of EM efforts and initiatives. Besides, 
providing incentives and couple with a strong awareness and mind-set of 
the team are vital. Sufficient resources shall be suitable to act as catalyst 
to be implemented as well as combined with specialised training programs 
including on the job training. Whereas, energy policy and guidelines are the 
critical implementation frameworks which should be referred to in the EM 
execution approach. In addition, the EM team shall be committed with key 
personnel who are hold responsible for compliance to establish standards. 
The ability to undertake effective operation and support and a comprehensive 
approach towards EM also must be considered. Sufficient skills, motivation 
and relevant competence are also needed to carry out the execution. The 
energy manager shall be capable to translate policy whilst guided by policy 
to specify standards and methods to assure that the EM are implemented 
effectively. The pragmatic and coherent approach towards successful EM 
is to embark into the energy review which is to enable the establishment of 
benchmark or basis. Policy of adopting a planned maintenance management 
plan is a major contributor to EM implementation. Blended with other 
factors, the successful implementation of EM can be accomplished for 
sustainability. Besides, relationship among partners remains an important 
factor towards successful implementation and sustainability. With healthy 
relationship, all critical requirements or documentation shall be available to 
underpin the sustainable EM initiatives. While for KPIs, two indicators were 
removed. The two indicators were built up partnerships with elementary and 
secondary schools to develop the content with regards to interdisciplinary 
teaching about the environment and sustainable growth as well as  working 
with national and global organisations toward sustainable future also was 
removed. This is because the strengthening of EM towards sustainable 
universities needs to be strengthened at the university level. 
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ABSTRACT

Accidents	may	harm	any	part	of	the	body	and	may	lead	to	minor	injury	or	
even	fatalities.	The	effects	of	bodily	injury	may	incur	substantial	direct	costs	
and	indirect	costs	to	companies.	The	applications	of	existing	accident	costs	
ratios	seem	to	be	unsatisfactory	for	rail	infrastructure	project	due	to	its	
unique	accident	situation	and	work	environment.	The	purpose	of	the	paper	
is to determine the ratio of direct costs to indirect costs for bodily injury in 
railway	construction	projects.	A	total	of	70	accident	cases	between	years	
2010-2017	occurred	in	the	railway	construction	projects	were	examined.	
The	findings	of	the	study	may	offer	useful	insight	for	safety	practitioners	in	
the estimation of direct and indirect costs for bodily injury accident costs 
on	future	railway	construction	projects.	
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1.0 INTRODUCTION

Construction industry involved many activities, techniques, materials and 
hazards and this increases the probability of accident occurrences. The 
Department of Occupational Safety and Health in the year 2017  (DOSH, 
2018) reported that industry-wide accident cases were 3,246, and 177 
cases were within the construction industry. Moreover, an accident in the 
construction industry is a work-related event that can lead to injury or ill 
health or fatalities resulted from the nature of the industry, human behaviour, 
work-site conditions, poor management and unsafe working methods. 

In railway construction projects, accidents typically emerged because 
of a critically hazardous environment, especially in tunneling works, for 
example, boring through soft soil profiles, and at the same time trying 
to minimise the chances of causing any disturbance to the surrounding 
surfaces (Guo et al., 2014). It was more significant in the case of MRT 
and LRT projects, where the rail alignments are purportedly constructed 
along congested roadways as well as within the vicinity of public transport 
centres. This scenario further exacerbates the occurrence of accidents on 
site. Moreover, in many instances, workers had to perform rail works on 
high platform guideways, and transportation of heavy materials such as steel 
beams in confined spaces. Thus, any of these activities may incur a variety 
of bodily injury to workers. Like any other type of construction projects, 
bodily injury accident costs in railway projects involved both direct and 
indirect costs. 

Direct costs are visible costs which can be easily recognized which the 
employers are well aware of. On the other hand, indirect costs are hidden 
costs which are uninsured, and difficult to quantify during the accident 
event itself, and typically several times greater than direct costs (Pillay and 
Haupt, 2008). Estimating the direct costs is relatively straightforward and 
not as challenging as the indirect costs, as the latter, data relating to several 
additional costs and, more specifically, productivity losses is too complex. 
Previous studies in safety management (Heinrich, 1931), manufacturing 
(Rohani et al., 2015) and construction industry (Pillay, 2014; Pillay and 
Haupt, 2008; OSHA, 2007; Choi, 2006) had attempted to establish ratio of 
direct costs to indirect costs that are related to bodily injury, but none were 
applicable to the railway project. These ratios were typically subjected to the 
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situation of the accident and industry types. Consequently, the application 
of existing ratio in railway project to estimate the probable indirect costs 
is deemed inappropriate. 

Therefore, the purpose of this study is to conduct an analysis of 
a sample of 70 MRT and LRT construction project accident reports to 
establish, as practically as possible; to determine the ratio of direct costs to 
indirect costs for bodily injury in railway construction projects. Bodily injury 
includes head, neck, lower limb, upper limb, trunk and others (Department 
of Safety and Health Malaysia, 2004). Understanding of the direct to indirect 
costs ratio of bodily injury may offer insight to safety practitioners in the 
estimation of accident costs in railway projects.

2.0 LITERATURE REVIEW 

2.1 Background 

The city of Kuala Lumpur has become the centre of the transportation 
hub for Malaysian commuters and tourists alike. Multi-modes of 
transportation are accessible, which incorporates multi-layer highways and 
major road networks with multi-intersections. The city’s road networks have 
also become more complex and complicated over the years. Recently, the 
city has also gained another ground in its transportation mode because of the 
completion of Mass Rapid Transit Sungai Buloh-Kajang Line (MRT SBK 
Line). The constructions started in the year 2011 and began its operation in 
July 2017. On the other hand, the Light Rail Transit Line Extension project 
(LRT LEP), which is an extension line from Kelana Jaya station to Sri 
Petaling station via the Putra Heights interchange, started construction in 
the year 2010 and began its operations in June 2016. Further development of 
railway project is yet to be built in the city of Kuala Lumpur at an estimated 
total cost of RM105bil, with the High Speed Rail (HSR) at RM60bil and 
MRT 3 to cost about RM45bil.

2.2 Accident Costs

Heinrich (1931) was considered the first researcher to have documented 



78

Malaysian Journal of Sustainable Environment

a systematic study of accident costs. Heinrich classified accident costs into 
direct and indirect costs. Heinrich discovered that the estimation of indirect 
costs was about four times greater than direct costs. These costs have also 
been classified differently by previous researchers, e.g. insured and uninsured 
costs (Teo and Feng, 2011), visible component and invisible component 
(Jallon et al., 2011). Numerous direct and indirect costs associated with an 
accident and the severity of the consequences of an accident is different 
too. In the current study, the term direct costs and indirect costs are used 
instead because it is popular among safety practitioners in the Malaysia 
construction industry. Moreover, the scientific literature often used the 
term direct or indirect costs, despite no clear consensus achieved on its 
definitions (Gosselin, 2004). 

2.2.1 Accident Direct Costs  

In previous studies, there are numerous definitions of direct costs. 
LaBelle (2000) defined direct costs as a visible cost which can be easily 
identified and readily aware of by the organisation. Lebeau and Duguay 
(2013) argued that the direct costs amount sometimes were measured as 
the sum of medical costs, rehabilitation costs, and income replacement 
indemnity paid to the accident victim during the disability period. On 
the other hand, Sun et al. (2006) defined direct costs as costs that are 
compensated by the insurance agency after the accident occurred. 

In practice, an insurance company is obliged to cover the employer 
for his workers’ medical and hospitalisation costs based on the amount of 
premium contributed, which is commonly done on a yearly basis. The Social 
Security Organisation (SOCSO) provides local workers with socioeconomic 
security, such as protection from the threat of disease, injuries or fatality 
at the workplace, and the Jabatan Tenaga Kerja (JTK) was responsible 
for handling the compensation claims made by the registered foreign 
workers under the Workmen’s Compensation Act 1952. Table 1 presents 
the definition of direct costs items included in this study. 
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Table 1: Definition of direct costs items
Direct Cost Items  Definition Authors 

1. Medical Costs Medical and rehabilitation costs 
incurred as a result of the injury 

Safe Work Australia 
(2015)

2. Hospital Costs Costs borne by the government 
through the provision of 
subsidized hospital, medical and 
pharmaceutical services. 

Safe Work Australia 
(2015)

3.Damage/Repair 
Costs 

Machine could be malfunction 
during the accident or certain 
parts or equipment may need 
replacement.

Rohani et al. (2015)

4. Fine Costs Costs associated with 
successful prosecutions 
associated with proceedings 
initiated by workers` 
compensation authorities 
because of serious work-related 
accidents.

Safe Work Australia 
(2015)

(Sources: Safe Work Australia, 2015; Rohani et al., 2015)

2.2.2 Accident Indirect Costs  

An indirect cost is also known as “hidden” costs and typically several 
times greater than direct costs (Pillay and Haupt, 2008). A typical example 
of indirect costs is, time lost by the injured employee, accident investigation 
costs, productivity loss costs, transportation costs, replacement or recruiting 
of new workers (Jo, 2014;Sahin et al., 2012 and Dias and Garcia-elias, 2006). 
It is more difficult to access than direct costs because the information is 
not often captured or quantified as it accrues. Moreover, it is more difficult 
to access compared to direct costs because the information is not often 
captured or quantified as it accrues. When estimating the indirect costs, 
it is common for its records to be either inaccurate or incomplete or both 
(Pillay and Haupt, 2008). Rohani et al. (2015) argued that it is relatively 
complex in estimating the indirect costs because of many visible and hidden 
costs to account for. It also needs detailed information to be generated on 
numerous types of injuries. Table 2 shows the definition of indirect costs 
items included in this study. 
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Table 2: Definition of indirect costs items
Indirect Cost Items  Definition Authors 

1. Accident Costs The costs associated with conducting an investigation 
into an accident and the administrative cost of collecting 
and reporting information on work-related incidents.

Safe Work Australia 
(2015)

Staff allocated to investigating and writing up the accident 
report.

Haupt and Pillay (2016)

2. Replacement/
Recruiting Costs

An absent employee must be replaced to maintain 
productivity. Costs will be incurred to transfer, hire, and 
train staff.

Jallon et al. (2011)

3. Legal and Administration 
Costs

The employer must allocate human and financial 
resources to set up and monitor the file, enter data in 
the accident registry, compile accident statistics, issue a 
report, etc.

Jallon et al. (2011)

4. Schedule Costs When the accident happened, the employer may 
rescheduling and coordinating the work affected. It also 
slowdown in production and will affect the timetable 
schedule. 

Gavious et al.(2009) 

5. Productivity Loss Costs  When accident occurs, the company may need to 
shut down their plant with directive from DOSH. This 
will require overtime when the plant set to resume its 
operation in order to finish the work progress. 

Rohani et al. (2015)

6. Work in Progress Costs The costs involved by worker or staff needs to consider the 
work progress at the same time, they may be only concerned 
with improving some critical unsafe to ensure that normal 
work progress not be affected.

Lu et al. (2016)

7. The Victims Costs (Ex-gratia 
payment)

Additional benefits to the injured worker beyond the Work 
Compensation Act: Extra financial assistance or other welfare 
provided by contractors.

Feng et al. (2015)

8. Management Costs Salary cost of management and staff carry out investigation. KLIACS_JKKP (2013)

9. Corrective Action Costs A post-accident investigation is conducted and relevant 
policies and procedures are reviewed to determine if any 
corrective actions can be taken to similar accidents in the 
future.

Gambatese et al. (2017)

(Sources: Safe Work Australia, 2015; Haupt and Pillay, 2016; Jallon et al., 2011; Gavious et al., 2009; 
Rohani et al., 2015; Lu et al., 2016; Feng et al., 2015; KLIACS_JKKP, 2013; Gambatese et al., 2017)

2.3 Accident Cost Ratio 

Table 3: Summary of previous studies on accident costs ratio

Authors Industry Country Accident Cost Ratio (Direct:Indirect)

Rohani et al.
(2015)

Manufacturing 
Industry

Malaysia Cause of accident: 1:1.38 ~ 1:2.52
Location of body injury: 1:1.27 ~ 1:2.23
Type of injury: 1:1.11 ~ 1:2.92

Pillay
(2014)

Construction 
Industry

South Africa Non-fatal: 1:1.57
Fatalities: 1:2.48
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Pillay and Haupt 
(2008)

Construction 
Industry

South Africa Struck against (Rib cage): 1:29
Fall (Fatality): 1:4
Caught in (Dislocated shoulder): 1:9
Struck by (Fracture): 1:7
Overall: 1:4

OSHA (2007) Construction 
Industry

United States Ranges 1:1 to 1:20

Choi
(2006)

Construction 
Industry (Roofing)

United States Ranges 1:2 to 1:20

(Sources: Rohani et al., 2015; Pillay, 2014; Pillay and Haupt, 2008; OSHA, 2007; Choi, 2006)

Table 3 summarised previous studies on the proposed accident cost 
ratio. Many previous researchers when studying the concept of accident 
costs included the direct and indirect costs and expressed it in ratio. Heinrich 
(1931), the first researcher in the United States who studied the accident ratio 
between direct and indirect costs suggested approximately 1:4. Furthermore, 
because of its simplicity, it has been used for many years. However, the 
ratio is not always constant and largely depends on the study area. In fact, 
there is no consensus achieved among researchers on the acceptable ratio 
between accident direct and indirect cost (Rohani et al., 2015). 

2.4 Location of Bodily Injury  

The classification for the location of the bodily injury was obtained 
from the Notification of Accident, Dangerous Occurrence, Occupational 
Poisoning & Occupational Disease under Regulations 2004 document 
(Department of Safety and Health Malaysia, 2004). The classification 
addressed in the current study includes head, neck, lower limb, upper limb, 
trunk and others. Table 4 summarised the location of the bodily injury.

Table 4: Summary of bodily injury location
Location of Bodily 
Injury 

Examples References

Head Cranium region (including the 
skull and brain), eye, face, 
nose, mouth

OSHA 1994 NADOPOD Reg. 
2004, Table 12: Coding for 
bodily injury location

Neck Neck region, throat, skin and 
tissues of the neck region

Lower Limb Hip, thigh, knee, leg, ankle, 
foot, toes

Upper Limb Shoulder, scapular, upper arm, 
hand, tendon, fingers
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Trunk Back (tendon, ligament), spinal 
bone, esophagus, trachea, 
abdomen, urinary system 

(Department of Safety and 
Health Malaysia, 2004)

Others No injury (accept damage to 
property/equipment) 

(Sources: Department of Safety and Health Malaysia, 2004)

3.0 METHODOLOGY 

The study was conducted using quantitative research approach. Through the 
Notification of Accident, Dangerous Occurrence, Occupational Poisoning & 
Occupational Disease (under Regulations 2004) document, a list of bodily 
injuries were included in the questionnaire to identify the ratio between its 
direct and indirect costs. The questionnaire consisted of four sections; the 
first section asked for organisation background information, the second 
section asked for respondents’ profile, the third and fourth section request 
respondents to provide the direct and indirect costs based on accidents 
report of the project they were involved in. The study employed a purposive 
random sampling technique to obtain respondents with a background in 
safety involving railway projects. The selection of the respondents was 
based on their involvement in an accident. The questionnaire survey was 
distributed by hand to safety practitioners at the MRT SBK Line and LRT 
LEP construction projects. The respondents were requested to provide 
information on accident direct and indirect costs through review of previous 
accident records for the project or provide an estimation of the costs when 
information was unavailable. The accidents cost data for the study was 
limited to reportable accident cases that are notified to and recorded with 
the Department of Occupational Safety and Health (DOSH). A total of 109 
reportable accident cases were successfully identified. However, only 70 
of the reported accidents cases were valid for further analysis. The study 
analyses the reportable accident cases according to the location of the bodily 
injury. The scope of this study was the guideways (viaduct) project package 
because this package has the highest rate of accident cases. The MRT 
guideways package recorded 640 (52.4%) out of 1,223 accident cases, and 
the LRT guideways package recorded 171 (80.3%) out of 213 accident cases. 
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4.0 RESULTS AND DISCUSSIONS 

4.1 Demographic Information 

Table 5 summarised the respondents’ background information. Analysis 
of the feedback shows that more than half (63.6%) of the respondents were 
Safety Managers, while others were Safety and Health Officers. They have 
vast working experience in construction projects, 45.5% of the respondents 
have working experience of more than 20 years. The result of the survey 
also shows that more than half (54.6%) of the respondents had completed 
their Bachelor`s Degree and 36.4% of them had also acquired additional 
postgraduate qualifications, such as Masters. Background information data 
also showed that all respondents have Green Book Certification and therefore 
they are qualified safety practitioners.

Table 5: Respondent`s background information (n=11)
Items Sub-Items Frequency (N) Percentage (%)

1. Job Position Safety Manager
Safety & Health 
Officer

7
4

63.6
36.4

2. Academic 
Qualification

Diploma 
Bachelor Degree
Masters

5
2
4

45.5
18.2
36.4

3. Working 
Experience

3. Working 
Experience  
11-15 years
16-20 years
> 20 years

5
1
5

45.5
9.1

45.5

4. Professional 
Qualification

Green Book 
Certificate

11 100.0

5. Level of 
Involvement in 
Construction 
Safety

Highly Involved 
Involved
Moderate 
Involved

9
1
1

81.8
9.1
9.1

6. Level of 
Involvement in 
Construction 
Safety Costing

Highly Involved 
Involved
Moderate 
Involved
Less Involved

4
4
2
1

36.4
36.4
18.2
9.1
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The respondents` demographic information reveals that the majority 
(81.8%) of respondents were highly involved in construction safety 
activities. These inferred that respondents were knowledgeable on safety 
matters including accidents at the workplace. The statistics showed that all 
questionnaire items were successfully completed by the experienced safety 
practitioners. They were also actively involved in safety estimations as more 
than half (72.8%) of respondents were good in accident estimation. Their 
views were very important and valuable to establish the findings.

4.2 Response and retention rate 

Table 6: Frequency of accident cases based on the location of bodily injury 
(n=70)

Project Location of Bodily Injury
Head Neck Lower 

Limb
Upper 
Limb

Trunk Others

MRT 
SBK 
Line

A 1 1 4 4 1 6
B - - - 1 1 5
C 1 - - 1 1 1
D 2 - 1 1 1 8
E - - - - 1 5
F 1 - 1 2 1 2
G - - 1 2 - 1
H - - - 1 1 -

Sub-Total 5 1 7 12 7 28
LRT 
LEP

I - - - - 1 -
J - - 1 - 1 3
K 1 - - - - 3

Sub-Total 1 0 1 0 2 6
Total 6 1 8 12 9 34
Overall Total 70

Table 6 shows the frequency of accident cases based on the location of 
bodily injury in the MRT SBK Line and LRT LEP guideways construction 
packages. Of the 70 accident cases, six accident cases for a head injury, one 
accident case for the neck, eight accident cases for a lower limb, twelve 
accident cases for upper limb, nine accident cases for trunk and 34 accident 
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cases for others (damage to property/equipment). A total of 109 reported 
accident cases were successfully identified with 68 cases from MRT and 
41 cases from LRT respectively. However, 39 (36%) accident cases items 
in the questionnaire were left blank by the respondent due to unavailability 
of accident reports. As a result, only 70 (64%) accident cases were valid 
for analysis.

4.3 Accident Costs Ratio 

Some accidents can involve injury to any part of the body and the 
part(s) of the body affected by an accident could determine the severity such 
as minor injury, moderate injury, serious injury and fatal. Table 7 presents 
the analysis of accident cost ratio based on the location of the bodily injury. 
The total direct costs and indirect costs for the head are RM 49,073.00 and 
RM146, 651.00 respectively, which formed a cost ratio of 1:3.0. The result 
suggests that the head injury indirect costs were threefold the direct cost. 

The total direct costs and indirect costs for the neck are RM 
1,069,000.00 and RM 875,156.00 respectively, which made up a cost ratio of 
1:0.8. The result suggests that the neck injury indirect costs were about half 
the direct costs. One point which is worth pondering in this study sample is 
that the total accident costs of neck injury are the highest among other bodily 
injuries (RM 1,944,156.00). Previous researchers also reported that fatalities 
and other severe injuries were common in accidents, which involved body 
parts such as head, trunk, internal organs or multiple body parts (Dumrak 
et al., 2013; Zhang et al., 2009; López Arquillos et al., 2012). Ling et al. 
(2009) established that the head and trunk were the most vulnerable areas. 
The vertical construction such as guideway railway projects have a high 
possibility of head injuries. For an example, the materials or tools fall from 
the height and also involved heavy lifting plant and machineries (e.g. tower 
crane). 

Injury to the lower limb showed total direct costs and indirect costs of 
RM 26,405.00 and RM 69,931.00 respectively and, these formed an accident 
cost ratio of 1:2.6. The result showed that the indirect cost for lower limb 
injury is 2.6 times the direct costs. Compared to the result of the upper limb 
indirect costs, which is 1.1 times the direct costs. The result showed that it 
was still common to have activities in railway projects performed by hand. 
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Findings in Alinaitwe, Mwakali and Hansson (2007) study showed that 
upper limbs (e.g. arm, finger and hand) were most affected by accidents 
with a proportion of 24.9% of their construction building projects samples. 

The accident costs ratio for the trunk is 1:3.9, and it is the highest ratio 
compared to the rest of the bodily injury. The result showed that the indirect 
cost for the trunk injury is nearly four times the direct costs. 

“No injury” indicates that the worker involved in an accident did not 
sustain any injury but had caused damage to property or equipment. For 
example, in the study sample, a damaged CCTV bracket occurred during 
lifting of rebar works by mobile crane due to miscommunication between 
the operator and signalman that caused the operator to over lift the rebar 
and hit the CCTV bracket. Hence, there were no medical and hospital costs 
involved in the direct costs. The findings showed that the total direct cost 
and indirect cost of “no injury” were RM 502,420.00 and RM 248,111.00 
respectively and, this formed an accident cost ratio of 1:0.5. The result 
showed that indirect costs for “no injury” were half of the direct costs. One 
significant finding of “no injury” in the study sample was that the number of 
cases is significantly high (n=34) compared to other types of bodily injury 
even though the accident costs ratio is the lowest. 

The overall total for direct cost and indirect costs for bodily injury is 
RM 1,830,511.00 and RM 1,884,250.00 respectively and formed an overall 
accident cost ratio of 1:1.0. The finding of the current study showed that 
the spread of the bodily injury accident costs ratio was considerably wide 
(1:0.5 - 1:3.9) compared to (Rohani et al., 2015) findings which were of 
range between 1:1.27 to 1:2.23. To be more precise, the ratio for respective 
locations of bodily injury are fingers (1:1.64), hand (1:2.23), leg (1:1.27), 
forearm (1:2.07) and face (1:1.42).

Variations in the findings of accident ratios may be due to various 
factors, such as the nature of items included in the direct and indirect costs, 
types of insurance policy or compensation, the accuracy of data especially 
indirect costs and estimation method used for direct costs and indirect cost 
(Teo and Feng, 2011).
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Table 7: Accident costs ratio of bodily injury
Accident Costs Location of Bodily Injury Overall 

(RM) 

Direct Costs 
Items
1. Medical Costs
2. Hospital 
Costs
3. Damages/
  Repair Costs
4. Fine Costs

Head 
(RM)

Neck 
(RM)

Lower 
Limb (RM)

Upper 
Limb (RM)

Trunk 
(RM)

No Injury 
(RM)

Overall 
(RM) 

1,678.00 900.00 895.00 2,230.00 989.00 0.00 6,707.00

18,380.00 3,100.00 25,410.00 39,946.00 110,348.00 0.00 197,184.00

9,000.00 1,065,000.00 100.00 20,000.00 5,100.00 502,420.00 1,606,620.00

20,000.00 0.00 0.00 0.00 0.00 0.00 20,000.00

Total Direct 
Costs

49,073.00 1,069,000.00 26,405.00 62,176.00 121,437.00 502,420.00 1,830,511.00

Indirect Costs 
Items
1. Accident 
Report Cost 
2. Replacement/
  Recruiting 
Costs
3. Legal &       
Administration 
Costs
4. Schedule 
Costs
5. Productivity 
Loss Costs
6. Work in 
Progress
7. Victim Costs 
(Ex-Gratia 
Payments)
8. Management 
Costs 
9. Corrective 
Action Costs 

520.00 120.00 990.00 1,640.00 1,090.00 3,530.00 7,890.00

1,500.00 0.00 0.00 0.00 4,050.00 0.00 5,550.00

10,605.00 2,800.00 16,129.00 18,965.00 20,576.00 83,349.00 152,424.00

9,000.00 0.00 0.00 0.00 0.00 0.00 9,000.00

47,380.00 775,520.00 28,367.00 7,211.00 88,414.00 70,595.00 1,016,567.00

0.00 0.00 0.00 928.00 0.00 0.00 928.00

43,000.00 75,000.00 1,795.00 7,880.00 320,145.00 0.00 449,370.00

27,702.00 4,626.00 20,346.00 21,457.00 26,228.00 69,979.00 170,338.00

6,944.00 17,090.00 2,304.00 10,066.00 15,121.00 20,658.00 72,183.00

Total Indirect 
Costs

146,651.00 875,156.00 69,931.00 68,147.00 475,624.00 248,111.00 1,884,250.00

Total Accident 
Costs

195,709.00 1,944,156.00 96,336.00 130,323.00 597,061.00 750,531.00 3,714,761.00

Accident Cost 
Ratio

(Direct: 
Indirect)

1:3.0 1:0.8 1:2.6 1:1.1 1:3.9 1:0.5 1:1.0

It can be concluded that the results from bodily injury location can be 
used to support post-accident rehabilitation and management by providing 
information about which part of the body can generally be injured due to 
accidents. This will assist safety managers to understand the type of injury 
related to the accident and the severity of accident. The findings can also 
motivate construction workers to take more safety measures.
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5.0 CONCLUSION

This paper presented results of analysis on 70 accident cases occurred at the 
MRT SBK Line and LRT LEP construction project recorded by Department 
of Safety and Health (DOSH) between 2010-2017. The study analyses the 
direct and indirect cost of six locations of bodily injuries, i.e. heads, necks, 
lower-limbs, upper-limbs, and trunks, and no injury, i.e. damage to property/
equipment. The result indicates that the ratio of accident cost for the location 
of bodily injury in railway range from 1:0.5 to 1:3.9. The highest accidents 
cost ratio involved the trunk and the lowest is no injury, i.e. damage to 
property/equipment. The common accident cases involved the trunk and 
upper-limb injury. It is undeniable that these body parts are frequently 
exposed to danger in any construction activity especially. The study results 
suggest the nature of accident and industry type strongly influenced the ratio 
of direct to indirect costs. Hence, theorising a single ratio established in one 
study for all accident cases and industries type is inaccurate. The findings 
offer employers, contractors and safety practitioners the appropriate accident 
costs ratio for indirect costs based on the proportion of direct costs for future 
railway project accidents costs estimates. The findings inform contractors 
on the locations of bodily injury that incur high direct and indirect costs 
proportion, hence the necessary action could be taken to prevent serious 
bodily injury on workers in railway projects.
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ABSTRACT

Squirrel	is	one	of	the	important	natural	components	in	urban	ecosystems.	
It	commonly	inhabits	urban	parks	in	many	cities	of	Peninsular	Malaysia.	
The understanding of how they use trees is essential in creating wildlife 
habitats	 for	supporting	wildlife-oriented	recreational	activities	 in	urban	
parks.	Direct	observation	 through	 focal	animal	sampling	was	employed	
in	 order	 to	 understand	 the	 tree	 composition	which	 influences	 squirrel’s	
behaviours	in	Botanical	Garden,	Putrajaya.	The	result	shows	that	squirrels	
mainly	forage	and	feed	in	fruits	and	flowers	bearing	trees.	Inasmuch,	this	
paper	suggests	the	tree	species	composition	which	is	suitable	for	squirrel’s	
habitat	in	urban	parks	
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1.0 INTRODUCTION

 Parks generally accord people the prospects to engage with nature and also 
involve in physical activities. The prospects are more in the outdoors for 
improvement in both mental and physical health. These mental and physical 
health benefits act as mutual motivation for people to use parks and other 
recreation services through engaging in some of which may be, walking, 
hiking or cycling (Santos et al., 2016). All of the various activities such 
as playing, resting and entertainment-oriented leisure are essential for the 
positive improvement of people’s lives. Niemelä et al. (2010) listed some 
possible outdoor recreation activities which recreational ecosystem services 
are comprised of; nature observation, photography, boating, swimming, 
fishing, education, picking wild berries and mushrooms, Owing to the 
fact that, the mode of engaging in any of these activities depend on an 
individual’s preferences, Yli‐Pelkonen (2013) elucidated a few ways in 
which people may be engaged. He cited that, a person can achieve a ‘feel-
good feeling’ just by sitting or standing in one place, moving slowly and 
gaining recreational experiences through smelling, listening to, or looking at 
nature. He then concluded that such engagements would lead to relaxation 
and calmness which could consequently lead to stress relief. 

Konijnendijk et al. (2013) define urban park as “delineated open space 
areas, mostly dominated by vegetation and water, and generally reserved for 
public use. They are mostly larger, but can also have the shape of smaller 
‘pocket parks’ and are usually locally defined (by authorities) as parks”. 
Braquinho et al. (2015) on the other hand define urban park as a “large 
green areas which are located within the city, are intended for public use 
and include landscape features such as trees, shrubs, extended grassy areas, 
playgrounds or water bodies”. These definitions clearly showcase that parks 
are designed for people to enjoy tranquil and peaceful environment spaces 
as well as to engage in leisure and recreational activities.

Human contact with nature in the urban park environment could be 
experienced in many ways such as viewing natural scenery, being in a natural 
state, dealing with plants and animals, participating in recreational activities, 
conducting environmental conservation work, or participating in therapeutic 
programs based on nature, among others (Maller et al., 2005). In terms of 
recreational values, urban parks are also important in urban ecosystems as 
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they provide habitat for wildlife such as birds, small mammals, amphibians 
or reptiles (Shine and Koenig, 2001; Morrison et al., 1994). Fuller et al. 
(2007) and Luck et al. (2011) postulate the interactions with urban wildlife 
are also important for human health and wellbeing. 

Therefore, this study seeks to provide a basic understanding of the 
needs to include wildlife-oriented recreational activity through wildlife 
habitat creation in an urban park. It will enhance the opportunity for urban 
residents to participate in a squirrel-observation recreational activity in the 
urban park.

2.0 LITERATURE REVIEW

People have testified to feeling more connected to nature when engaging in 
a common activity such as watching birds in their gardens as discovered by 
Cox and Gaston (2018). That was as a result of the tremendous satisfaction 
they derived from attracting wildlife to their gardens, which in turn go to 
satisfy their sense of wonderment for the natural world (Goddard et al., 
2013). In attesting to that, ecologists have ascertained that an estimated 
12.6 million households across the UK revealed feeding birds as their most 
popular activity. That case was found to be similar in other countries like 
the United States and Australia (Jones and Reynolds, 2008; Lepczyk et al., 
2012). All of those cited studies and many more (Cimprich and Ronis, 2003; 
Hansen-Ketchum et al., 2009; Akpinar, 2016; Burrows et al., 2018) acts 
as a confirmation for the ultimate assertion that, relationships with nature 
are good for physical and mental human health. For these conditions to be 
created, sustained, and the benefits enjoyed, robust management plans are 
needed to effectively conserve the resources, which are urban animals and 
green spaces. 

Wildlife-Oriented Activity in Urban Park

The importance of urban parks for human wellbeing through 
recreational activities has been recognized (Yung et al., 2017; Wüstemann et 
al., 2017). For example, the richness of birds, butterflies, and plants species 
is seen as to have a positive emotional effect for its observers (Dallimer 
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et al., 2012). In a general sense, people’s perception of quality of life was 
positively related to their exposure to ecosystem diversity, such as flowers, 
rivers, or animals Ogunseitan (2005). Inasmuch, Bjerke et al. (2006) suggest 
that observing wildlife is a motive often mentioned for recreational activities 
in urban areas. This is due to the recreational benefits associated with 
wildlife. The positive emotional state associated with wildlife experience is 
a component of the benefits. Studies have revealed that a positive impact on 
wildlife experience can uplift the mood and emotion. For example, Curtin 
(2009) found that watching wildlife made participants feel the wonderment 
and awe beyond articulation, experiencing a state of ‘flow’, and sensual 
awakening. The feel also includes the psychological benefits of it with the 
key themes including time to stand and stare, voyeurism and contemplation, 
spiritual fulfilment and feeling of wellbeing. Also, Curtin and Kragh (2014) 
explain how such experiences contribute meaning to a person engaging in 
nature which allows them to find peace from the pressures of modern life. 
Therefore, wild settings offer the opportunity to view animals in their natural 
habitat, the captive setting offers a substitute for wild animal encounters, 
and therefore this can have benefits for human wellbeing.

However, Dick and Hendee (1986) found that only 3% of visitors 
came specifically to urban parks to view wildlife. Nevertheless, 55% of 
the visitors made an observational response to wildlife. Most of these were 
orienting responses, but 20% were investigations of animals and 6% were 
contact-seeking with the wildlife observed. Hence, responses to wildlife 
may be mentally restorative. This view has been supported by Ulrich et 
al. (1991), who found that physiological stress reduction was faster and 
more complete when people were exposed to natural settings rather than to 
concrete urban environments. Conversely, Hernández-Morcillo et al. (2013) 
assert that wildlife-oriented recreation is an important cultural ecosystem 
service that provides people with an opportunity to contact with the natural 
world. In addition, people gain health and wellbeing benefits from seeing 
wildlife in their garden (Jones and  Reynolds 2008; Cox and Gaston 2016), 
experiencing nature or watching specific animals or plants (Fischer et 
al., 2018), fishing, hunting, and wildlife-watching (Macaulay, 2016). In 
the city of Belo Horizonte (Minas Gerais, Brazil), many city parks have 
groups of black-tufted marmosets (Callithrix penicillata), which interact 
with park visitors (Leite et al., 2011). As such, Bjerke and Østdahl (2004) 
suggest that the most preferred animals are small birds, squirrels, butterflies, 
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hedgehogs, ducks, dogs and geese. Most people do not like beetles, wasps, 
snails, rats, mosquitoes and rats. It is assumed that the attraction towards 
small birds may be due to their songs, for example, summer signals and 
organic growth. Thus, among the various sounds in the environment, bird 
songs are the most preferred.

Furthermore, a multitude studies have also shown how being situated 
in nature and immersed in watching animal or bird behaviour allows 
participants to experience a sense of flow (Csikszentmihalyi, 1990), a peak 
experience (DeMares and Krycka, 1998), a loss of time (Curtin, 2009), and 
a deep sense of wonderment and connection with the natural world. For 
this, Kaplan (2001)emphasizes that even a beautiful landscape photograph 
experience can momentarily lift one’s mood, wider dialogue with wildlife 
can restore people psychologically and enables opportunities for inner 
contemplation and change. The most profound and strongest attachments 
between people and natural occurrences create a “spiritual” experience 
where people feel connected to a greater reality that helps give meaning to 
their own lives (Schroeder, 1996). 

Squirrels in Urban Park

Urban parks are crucial refugee zones for wildlife in the rapidly 
growing global environment. These parks provide crucial natural resources 
in ensuring the improvement and maintenance of urban biodiversity (Schütz 
and Schulze, 2015) as it is seen as an important habitat for wildlife in urban 
areas such as squirrels (Thorington and Ferrel, 2006). Squirrels, as the focus 
of this study, are one of the most familiar mammals found in urban areas 
(McCleery et al., 2008). For instance, red squirrels (Sciurus vulgaris) and 
eastern grey squirrels (Sciurus carolinensis) can be found in most urban 
parks in Europe (Parker et al., 2006; Babińska-Werka & Żółw, 2008) as 
well as plantain squirrel (Callosciurus notatus) in South East Asia including 
Malaysian cities (Thorington and Ferrell, 2006). This species is among the 
many species of animals that have adapted to life in urban environments 
(termed synurbization by Andrzejewski et al. 1978). Hence, the reasons 
for many squirrels in urban parks include park characteristics, abundant of 
food resources and few numbers of predators. In addition, most of the trees 
in urban parks are native species and matured. They also constitute with 
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high species diversity. Thus, it offers a suitable environment and habitat 
for urban squirrels (Babińska-Werka and Żółw, 2008; Parker et al.,2014).

Squirrel’s Habitat in Urban Park

Peters et al. (2016) postulate that some of the plant species normally 
serve as “foraging hubs” when they are frequently visited by various animal 
species in a community. However, some are not as popular as hubs but 
have the quality of being concurrently used by disparate guilds of animal 
species (e.g., birds, bats, and/or primates) that would otherwise rely on 
contrasting groups of resource plant species. Therefore, such plants serve as 
“foraging connectors” in the plant-animal community (Mello et al., 2015). 
For instance, Aida et al. (2016) found that the abundance of woody trees 
planted in park areas was the most important driver for bird richness locally 
across all 80 urban parks in Klang Valley areas. This could be explained 
by the fact that such a habitat structure provides food and shelter to birds. 
Thus, the total number and height of woody trees may be important to 
some species in terms of food availability (McElhinny, Gibbons, Brack, & 
Bauhus, 2005), fruits and seeds (Stagoll et al., 2010). 

In a similar vein, squirrels and trees have a ‘symbiosis’ relationship 
as they act as a key agent of seed dispersal through the use of fruiting 
bodies and the spread of seeds and spores in subtropical and tropical forests 
(Thorington et al., 2012:17-19). Therefore, foraging sites are crucial for the 
survival of animals. Individuals cue on characteristics of the forest that offer 
enough food resources and also provide safety. Additionally, large, mature 
trees with large and continuous canopies provide travel routes (Laurance 
and Laurance, 1999), protection, offer greater seed and fruit production to 
species using different story levels, and create different microclimates that 
support high biodiversity (Estrada and Coates‐Estrada 1985; Bierregaard et 
al., 1992). Hence, this study aims to discover the tree species composition 
used by the squirrels which will support the squirrel-observation recreational 
activity in the urban park.
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3.0 METHODOLOGY

Study Area 

In Peninsular Malaysia, the distribution of plantain squirrel 
(Callosciurus notatus) is in the northern, southern and central regions 
(Thorington and Ferrel, 2006) (Figure 1) and this species is highly 
adaptable in urban environment (Baker and Lim, 2012), which is termed 
as synurbization by Andrzejewski et al. (1978) and Babiñska-werka et al., 
(1979). Urban parks are common in urban areas and play an important 
role in offering opportunities for human and wildlife interactions (Nilon et 
al., 1999). Thus, this study chose to observe plantain squirrel’s behaviour 
patterns in three urban parks representing the three regions which are Taiping 
Lake Garden, Perak, Botanical Garden, Putrajaya and Hutan Bandar, Johor 
Bahru (Figure 2). 

Figure 1: Green color shows the geographical distribution of plantain 
squirrels population

Source: Thorington et al. (2012)

The parks were also selected based on the differences of their age; 
matured, moderate and young as the vegetative cover ranges from sparse 



100

Malaysian Journal of Sustainable Environment

to dense in forested sections of the parks. A pilot study was conducted to 
ensure the plantain squirrels can be found in all three parks. Thus, this study 
found that plantain squirrels can be sighted in Taiping Lake Gardens, Perak 
which is 125 years old and located at the north region, Hutan Bandar, Johor 
Bahru is 25 years old and located at the southern region and Botanical 
Garden, Putrajaya is 9 years old which located at the central region. Hence, 
for the purpose of this paper, the youngest park which is Botanical Garden, 
Putrajaya was selected as it is one of the largest botanical gardens in the 
country with over 700 species of plants from over 90 tropical countries in 
South America, Africa, and the Asia Pacific regions. It is often used as a 
venue for environmental education programs, recreational activities, and 
research and as an ecotourism destination.

Figure 2: Geographical location of three urban parks representing northern, 
central and southern region. Botanical Garden, Putrajaya is located at the 

central region of Peninsular Malaysia

Focal Species

The plethora of research in urban areas focused on avian species 
(Strohbach et al.,2009; Khera et al., 2009; Dallimer et al., 2012; Yang et 
al., 2015; Shimazaki et al., 2016) and/or iconic species and less research 
has been focused on mammals, reptiles, amphibians, invertebrates and 
aquatic species (Garden et al., 2006).  According to Thorington and Ferrel 
(2006), in Southeast Asia there are the beautiful tree squirrels, the giant tree 
squirrels, four species of pygmy squirrels, a large number of flying squirrels, 
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and several more specialized squirrels. For this, Southeast Asia is known 
as the “squirrel headquarters of the world” because of the extraordinary 
diversity there (Figure 3). 

Figure 3: The distribution of squirrels around the globe. The red circle 
shows the distinction species diversity is found in South Asia continent

Source: Thorington and Ferrel (2006)

In addition, tree and flying squirrels are important ecosystem engineers 
and play a significant role in the regeneration of forest around the world 
(Thorington and  Ferrell, 2006; Koprowski and Nandini, 2008). Albeit the 
majority of the tree and flying squirrels eat seeds and nuts of trees, they 
also can act as agents of dispersal of tree seeds. For example, Red squirrels 
(Sciurus vulgaris orientis) collected and transported Korean pine cones 
away from seed sources and scatter-hoarded seeds in clumps of 2-4 seeds 
under litter on the ground (Hayashida, 1989). Eurasian red squirrels (Sciurus 
vulgaris) are important pre-dispersal and post-dispersal seed predators of 
Arolla pine seeds (Zong et al., 2010). Prevost’s squirrels (Callosciurus 
prevostii) was observed carried Aglaia sp. (Meliaceae) seeds beyond the 
parent crown trees at Pasoh Forest Reserve in Negeri Sembilan (Becker 
and Wong, 1985). Nevertheless, Deng et al. (2004) found some species of 
Tamiops such as the Striped squirrel (Tamiops swinhoei hainanus) collect 
nectar from ginger plants (Alpinia kwangsiensis). Similarly, the species 
of Dusky stripped squirrel (Funambulus sublineatus), for instance, often 
visited the flowers of Cullenia exarillata (Devy, 2006).

Hence, plantain (Callosciurus notatus); the tree squirrel was selected 
for this study as they are also commonly found in urban parks in many cities 
in Peninsular Malaysia (Thorington and Ferrel, 2006). It is a diurnal species 
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with measuring of head and body length of 237.8 mm (female), 233.6 mm 
(male), tail 175.0 mm (female) and 186.5 mm (male) (Thorington et al., 
2012). As its name implies, Callosciurus notatus means “beautiful squirrel”, 
it is easily identified by the two cream and black stripes on the sides, the 
orange belly, and the lack of a pale spot behind the ear. The upper side is 
brown (Figure 4). Plantain squirrels effortlessly ‘flies’ from bough to bough 
in death-defying leaps. This behaviour fascinates many animal lovers.

Figure 4: Callosciurus notatus (plantain squirrel) from the subfamily 
Callosciurinae in Botanical Garden, Putrajaya

Observing Squirrel’s Behavior

Eating category of activity refers to squirrel’s foraging and feeding 
habits. Foraging behaviour is when the squirrels search for foods from one 
tree to another, or in the same tree but from one storey to another. Feeding 
behaviour is when the squirrels stop at one point to consume the foods.  
Types of food from different tree species such as fruits, flowers, leaves 
or insects which were consumed by the squirrels were noted during focal 
observations. Individual trees used by the squirrels were also identified. 

Plantain squirrels were located by systematically patrolling the study 
area along the line transects during the daylight hours. In order to detect 
squirrels occurrences, line transects method was used prior to focal animal 
sampling method (Palei et al., 2015; Palmer and Koprowski, 2014; Saiful 
and Nordin, 2004; Devan, 1982). Specific line transects were plotted along 
the footpath which provided a clear view of as much vegetation as possible. 
Line transects were measured by using measuring tapes and labelled at a few 
random lengths from TR1 to TR7 in Botanical Garden, Putrajaya (Figure 
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5). Seven research assistants were recruited and trained to help with the 
field research. In addition, the daily briefing was conducted to ensure the 
quality control during the administration of the behavioural observation. 
Twice a day from 0700-1200 hours and 1600-1900 hours observations were 
carried out along these transects. The observer walked slowly along the line 
transects. The walk started as soon as after the first light as this is the time 
for squirrels most likely to be active (Gurnell et al., 2009). 

Focal animal sampling was used once a squirrel was spotted. Once 
spotted, an observer sat quietly in one place and the focal squirrel was 
observed until it was out of the observer’s sight (Figure 6). An observation 
was considered as one sighting. Squirrel’s behaviour and tree elevation and 
species were recorded and food items consumed were also noted. The tree 
position where the last position of the focal squirrels can be seen before it 
was out of sight was then recorded in the site plan to determine the final 
point in the sampling radius. Thus, based on the pilot survey, 25 meter 
radius plot was determined for each sampling plot with the highest squirrel’s 
occurrences (Figure 7). The field observation started from September to 
October 2015. The training for research assistants’ observation responsibility 
was conducted in August 2015 for a month. The data-set collected was coded 
and analysed using IBM SPSS version 23 and Microsoft Office Excel 2010. 
For the purpose of this paper, the results were presented in the frequency of 
sightings by using the bar chart in Microsoft Office Excel 2010.

     Figure 5: Transect line for detecting squirrel’s activities in Botanical 
Garden, Putrajaya
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Figure 6: Transect line for detecting squirrel’s occurrences. Once the 
squirrel was spotted, the observer sits quietly at one place at the estimated 

distance (x) as long as it does not disturb the squirrel’s behavior

Figure 7: Four observation plots (I – L) with the highest squirrel’s sighting

4.0 RESULTS AND DISCUSSIONS

Plantain squirrels are highly arboreal when foraging and feeding. They were 
commonly found in trees which fruits were abundant during the period of 
activity. Most trees showed flowering and fruiting during the observation 
period. Figure 8 shows that in the plot I, forage activities were mostly found 
in Calophyllum inophyllum trees (14 sightings) followed by Messua ferrea 
(10 sightings). They fed mostly on the fruits of Calophyllum inophyllum 
and insects in Messua ferrea. However, plantain was found feeding only 
in Calophyllum inophyllum trees (12 sightings) due to the abundant fruits 
available.
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Figure 8: Number of sightings for squirrel’s eating activities in plot I
Fo = forage, Fe = feed

As can be seen in Figure 9, plot J is dominated by flowering and leafy 
tree species such as Lagerstroemia speciosa, Bauhinia blakeana and Cassia 
fistula. Therefore, foraging and feeding activities in this plot are mostly 
sighted in these three species (14, 13 and 11 sightings). This shows the 
plantain’s ability to change its daily diet based on the type of food available 
in that place. This is also in line with the generalist nature of the species. 
Feeding behaviour was also mostly performed in Cassia fistula tree (13 
sightings) followed by Lagerstroemia speciosa tree (11 sightings). During 
the observation, the two species are producing an abundance of flowers 
and there was a plantain’s drey built in Areca catechu. This result suggests 
that plantain may prefer to forage and feed in adjacent areas to avoid losing 
more energy due to handling.

Figure 9: Number of sightings for squirrel’s eating activities in plot J 
Fo = forage, Fe = feed
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Figure 10 shows that in plot K, forage activities were mostly observed 
in Livistona rotundifolia (17 sightings) followed by Xanthostemon 
verticillatus (14 sightings) and Shorea ovalis (11 sightings) trees. The 
types of food they eat are mostly fruits from Livistonia rotundifolia, 
flowers from Xanthostemon verticillatus and insects from Shorea ovalis. 
During the observation, Livistonia rotundifolia produced heavy fruit while 
Xanthostemon verticillatus was in heavy flowering. This result suggests that 
a plantain focuses on foraging and feeding activities extensively on trees 
which produce abundant fruits and flowers. 

Figure 10: Number of sightings for squirrel’s eating activities in plot K
Fo = forage, Fe = feed

Figure 11 shows that in plot L, forage activities are mostly observed in 
Calophyllum inophyllum (17 sightings) and Hopea odorata (13 sightings) 
trees. Plantains ate mostly insects which can be found in both trees. 
Calophyllum inophyllum was seen as the most feeding spot for plantain in 
this plot (7 sightings).

Figure 11: Number of sightings for squirrel’s eating activities in plot L
Fo = forage, Fe = feed
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The result reveals plantain mostly foraged and fed on the fruits of 
Calophyllum inophyllum and Livistonia rotundifolia and flowers from 
Cassia fistula and Lagerstroemia speciosa (Figure 12). They also fed on 
insects which inhabited Livistonia rotundifolia. In this regard, plantain 
squirrels obtained their needs for protein from the insects (Hafidzi, 1998; 
Thorington and Ferrell, 2006) that live in trees. This explains that plantain 
feeds on a wide variety of food items which is typical for this species 
(Thorington & Ferrell, 2006; Thorington et al., 2012). Therefore, as a native 
species, plantain squirrel is able to exploit numerous food items from various 
types of tree species. Therefore, while watching the squirrel’s foraging 
activity, one could see plantain squirrels often go to the tip of branches and 
collect the fruits with its mouth and moves to the thick horizontal branches 
by holding the fruits mostly in the mouth and sometimes in the forelimb, 
where the branch is stiff and it is convenient for it to sit and feed. This is 
because the squirrel was selected its feeding places from a suitable perch.

Figure 12: Number of sightings for most tree species used for eating 
activity by the squirrels in all plots in Botanical Garden, Putrajaya

5.0 CONCLUSION 

In an urban ecosystem, recreation in the park is an activity that is of particular 
importance to the urban residents. Observing squirrel activities in urban park 
engage visitors to the squirrel’s activity in the park as this small mammal 
has a certain specific dimension in order for people to engage with wildlife-
oriented recreational activity. The squirrel behaviours were influenced by 
tree species composition available in the park. Hence, landscape architects 
and designers together with park management team should plan for the 
inclusion of wildlife through careful selection of plants, particularly in the 
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foraging areas provision. By focusing on the composition of trees for their 
habitat in urban park design and management, the significance of wildlife-
oriented recreational activity in urban parks can be one of the added values 
for the fascinating experiences among park users. 

Notwithstanding, the findings of this study successfully showed the 
significant results for the selected study area. However, there are still some 
limitations that need to be addressed. It should be noted that the composition 
of the tree species is only the small part of some other indicators which 
also has its influence on the squirrel’s behaviour pattern in urban parks. 
Therefore, measures related to other plant species such as shrubs or 
groundcovers should also be given special attention. The transdisciplinary 
approach to research could measure more plant parameters and would 
provide more comprehensive results in this area of study and recommended 
for further research.
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ABSTRACT

Interpolation	 map	 of	 salinity	 is	 a	 helpful	 scientific	 instrument	 for	
environmental	monitoring	and	for	social	economic	development	especially	
for the community who lived in Sungai Merbok. This research was conducted 
to	develop	a	spatial	model	of	salinity	using	spline	interpolation	technique.	
20	sampling	stations	were	randomly	set	up	to	measure	the	level	of	salinity	
using	YSI	650	Multiparameter	Display	System	(MDS).	Quantitative	analysis	
of	standard	regression	and	error	index	were	used	to	evaluate	the	developed	
model.	The	research	found	that	the	tension	splines	type	performed	better	
than	regularized	splines	type.	The	local	government	and	community,	who	
live	in	Sungai	Merbok,	can	use	the	developed	map	of	salinity	for	guidelines	
and	future	development	of	Sungai	Merbok,	Kedah.
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1.0 INTRODUCTION

Estuary and coastal areas have complex and vibrant aquatic environment. 
Numerous saltwater and brackish animals and plants species lived  in the 
area, thriving and supporting the complex marine ecosystem. Mudskippers, 
for an instant, are an important biological indicator for coastal and estuarine 
areas as they are sensitive to the ambient environment and are significant 
biomonitor for the health of coastal and mangrove area. Understanding the 
importance of the relationship between the ecological role of these areas and 
the density of animals that lived in the area would open the opportunity for 
local and government bodies to construct strategic plans and frameworks for 
the purpose of sustainability and conservation in order to maintain the areas.

Marine vegetations that include marine grasses, seaweeds, mangroves, 
and algae are the important medium in maintaining the oxygen and carbon 
dioxide level on earth. From root to the canopy, mangrove area serve the 
utmost important role as a natural habitat for many marine fishes, birds, 
reptiles, insects, and mammals. Furthermore, with an increasing number of 
mangrove plants, the coastal erosion can be reduced over the coastal and 
riverbank zones. Preservation and protection of marine vegetations should 
be encouraged as coastal and estuary regions are highly be exposed to 
massive anthropogenic activities. Besides, some mangrove species require 
much time to grow and to achieve maturity phase. This could hamper the 
process of conservating.  

Estuary and coastal areas are also well known for tourist attractions 
whether from local or abroad tourists. Among the local society, these marine 
locations are important for agriculture and eco-tourism activities. Shrimp, 
oyster and fish farming flourish along the riverbanks in many Malaysian 
rivers. Eco-tourism activities such as boating, sports fishing, and floating 
hotels make up large livelihood for local residents. However, these activities 
can also give negative impacts towards the ecosystem and the resident who 
live here, if these activities were promoting and encouraging pollution that 
could be in the form of noise, air, and water pollution.

Among these types of pollutions, water pollution contributes the most 
considerable effect towards the marine flora and fauna. Deteriorating water 
quality would modify or affect other water quality parameters. Vegetation 
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species might be reduced and marine animals might have to migrate 
to other locations. Thus, creating an unbalanced ecosystem. Moreover, 
mariculture and aquaculture activities may face disappointment growth 
and would negatively influence the socio-economical progress among local 
communities.

One of the important water parameters used to investigate the health of 
coastal and mangrove area is salinity. As an ecological control, salinity plays 
an important role in influencing the types of marine animals and plants that 
live in a body of water (Atwood et al, 2012). The animal and plant species 
lived here need  to withstand the tidal activities. During the low tide, the 
freshwater would dominate along the river. In contrast, during the high tide 
phenomena, seawater would flow into the river and change the salinity level. 
Conventionally, measuring of salinity level is done using portable water 
quality probe and analysis, which is carried out by determining the lowest 
and highest level of salinity for every sampling stations and later comparing 
these results with the water quality index. However, this assessment fails 
to connect the salinity level with the geographical feature of the sampling 
stations. One way to observe the pattern of salinity in the coastal and 
estuarine water is to produce a map of salinity level in the area of interest.   

 Mapping provides an alternative way for effective communication 
geospatial data whether the emphasis is on the location or the distribution 
pattern of data.  Water quality map can be developed by using many types 
of geospatial software, for example, ArcGIS software. ArcGIS is a software 
used for spatial analysis and developing spatial models. In order to develop 
spatial models and map the salinity level, the spatial interpolation technique 
is applied. 

Spatial interpolation techniques have become the popular method 
in the GIS field in investigating and analyzing the pattern of any attribute 
data along with its geospatial information. For instance, there are two 
classes of spatial interpolation methods namely deterministic and stochastic 
interpolation methods. The stochastic method has been widely used to 
interpolate many attribute data. However, the method requires much skill 
and effort to run the analysis. Less research has been found on using spline 
Interpolation technique to map water pollutant such as salinity. 
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The aim of this research is to map the surface water salinity level over 
Sungai Merbok, Kedah using the spline interpolation method. The specific 
objectives are (1) to develop spatial models of surface salinity using spline 
interpolation techniques and (2) to determine the accuracy of the developed 
map using statistical analysis. The scope of this research is to investigate the 
applicability of spline interpolation technique in predicting spatial pattern of 
salinity over Sungai Merbok, Kedah. Two methods of spline interpolation 
were used namely regularized spline and tension spline. Sungai Merbok, 
Kedah was chosen as the study area in this research because the area contains 
a complex natural environment and anthropogenic activities. Conservation 
in this area is critical for the sustainability of natural resources and future 
development of this area.

 2.0 LITERATURE REVIEW

Salinity is the quantity of dissolved salt content found in waters. Even though 
the sea contains many different kinds of salt, but the most plentiful is sodium 
chloride since it is the most dominant ions in seawaters. Thus, salinity can 
be classified as an important water quality parameter that influences and 
engineers the characteristics of the deep ocean, coastal waters, estuary, and 
freshwater.

It is important to observe and investigate the effects of salinity in the 
prospect of time and location as they would provide valuable information 
regarding the distribution pattern of salt in water. Salinity varies temporary 
and spatially according to freshwater and saltwater input (Mitsch & 
Gosselink, 2000). Freshwater contains less salt in comparison to the ocean. 
On the other hand, for brackish water, the level of salinity is found to be less 
salty than the ocean since brackish water contains the mixture between the 
saltwater and the freshwater. Thus, estuarine water which is dominated by 
brackish water forming the area suitably but complex for mangrove animals 
and plants. Moreover, the concentrations of salt are found to increase during 
the high tide and decrease during the low tide over the estuary area. Tidal 
activities are also affecting the salinity level in the coastal area.

Coastal water and estuary are well known to home for many marine 
animals and plants. The greatest threat when the salinity changes drastically 
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to marine faunal and vegetation is lost of habitat (Gehrke et al, 2011). 
Mangrove area served as a valuable nursery location for crustaceans, 
shrimps, fishes, and mollusk.  The juveniles will be concentrated under the 
roots or shoots of the mangrove trees. Reducing the number of mangrove 
tree will have a direct impact on the diversity and density of these animals.

Next, in terms of agriculture and economic perspective, fish farmers 
may be experiencing difficulty in culturing the fish in the river and 
estuary area. The increasing of salt in water, especially in the river, has 
a negative impact on fish diversity (Gain et al, 2008). These effects are 
seriously observed in animals and plants that live in the upstream where 
the concentration of salt is low. Freshwater fish that are unable to tolerate 
with the high concentration of salt ions, would have to migrate to another 
habitat. Consequently, the migration of these freshwater species would be 
disrupting the food chain and ecosystem nearby. Higher salinities are also 
found to lower vegetation richness in the estuarine environment (Bantilan-
Smith et al, 2009).

Spatial interpolation is an alternative way to map the salinity level 
spatially and temporally. Spatial interpolation is the procedure of using 
points with known values to predict values at other points (ESRI, 2017a). By 
using this technique, the cost of expense and time can be reduced especially 
during the sampling period. The interpolation is based on method opted by 
the users based on the objective and mission of the research carried out.  

Spatial interpolation methods may be deterministic or geostatistics 
(Adhikakary & Dash, 2017). The example of a deterministic method is 
spline interpolation technique that is based on spline mathematical model 
while for geostatistics is the kriging interpolation. Even though the kriging 
interpolation technique has been widely used, there is still less information 
on the development of surface water salinity using spline interpolation 
technique.

Sungai Merbok (Merbok river) is located at the state of Kedah Darul 
Aman. The length of the river is about 35 km, the width is approximately 
2 - 20 km and the depth of the river could reach from 4 to 15 meter (Kaniz 
Fatema et al, 2014). Thus, thick mangrove in the area sheltered many 
species of flora and fauna along the river. Species of Rhizophora mucronata, 



120

Malaysian Journal of Sustainable Environment

Rhizophora apiculata, Brugueira parvifolia, Brugueiria spp., Avicennia spp., 
and Sonneretia spp. (Ong et al. 1992) dominated the mangrove area. Along 
the river, tourism activities flourish with increasing floating hotels, floating 
restaurants, fish and oyster farming, boating and ecotourism activities.  

3.0 METHODOLOGY

20 sampling points were established based on human activities and 
ecological importance around Sungai Merbok on October 17th, 2015 during 
the high tide. The locations of each station were determined using the Global 
Positioning Satellite (GPS) device. The in-situ measurement of salinity 
was recorded using the YSI 650 Multiparameter Display System (MDS). 
YSI 650 MDS was deployed at every station from the surface until 1 meter 
depth. 1 minute idle time was waited before reading the data displayed on 
the screen. A database of salinity with their geo-coordinates was downloaded 
later into Microsoft Excel. The data were carefully examined to eliminate 
the error. Then, the data were equally divided for testing and validating sets. 
The testing set was used to develop the spatial model while the validation 
set was used to validate the developed spatial model. The method of model 
development and validation is summarized in Figure 1.

Figure 1 Methodology
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3.1 Spline interpolation methods

Splines are interpolators that fit a function to sampled points and can 
be classified as tension splines and regularized splines (Garnero & Godone, 
2014). Tension splines type creates a less smooth surface with value more 
closed constrained by the sample data range compared to regularized spline 
type. Section A shows the general mathematical formula for spline model. 
T(x,y) and R(r) are defined differently, depending on the selected option: 
regularized or tension type. The formula for splines methods was referred 
to ESRI (2017b). 

A. Splines Equation

Where:-
J  =1,2, ……… N
N =Number of points
λj =Coefficients found by the solution of a system of linear equations.
r_j =Distance from the point (x,y) to the jth point.

B. Tension spline method
             T(x,y) = a1

where:-
a1 = coefficients found by the solution of a system of linear equations.
and,

φ^2= Weight parameter 
K_°=Modified Bessel function
C=constant equal to 0.0577215
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C. Regularized spline method

T(x,y) = a1 + a2x + a3y

where:-
a1 = coefficients found by the solution of a system of linear equation.
and,

where
r  = Distance between the point and the sample
τ^2= Weight parameter
K_°=Modified Bessel function

3.2 Statistical Analysis

Pearson correlation coefficient (r) is a statistics between -1 and 1 that 
measures the association between two variables (Zou, Tuncali & Silverman, 
2003). In this research, the developed spatial model should yield a positive 
correlation coefficient.

where:-

 X ̅  and Y ̅ are the sample means of xi and yi

The coefficient of determination  (R2) was used to interpret the 
proportion of the variance in the dependent variable (predicted salinity value) 
that was predictable from the independent variable (observed salinity value). 
In this research, the R2 was written in percentage form. A typical value of 
0.5 is considered acceptable (Santhi et al. 2001). Thus, the R2 value in this 
research is expected to be more than 0.5.

R^2= r^2
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Where:-
r = Pearson correlation coefficient

The Mean Absolute Error (MAE) was used to observe the absolute 
differences between the independent and dependent variable. In this research, 
MAE was used to measure the absolute difference between predicted salinity 
value and observed salinity value. Singh et al. (2005) stated that MAE value 
was less than half of the standard deviation of the observed data contribute 
to better model performance. Therefore, the research is expects the value of 
MAE to be less than half of the standard deviation of the observed salinity 
levels. Moreover, the spatial model which contributes to the lowest MAE 
value should be chosen.

where:-
yj is the observed value and y ̂_j is the predicted value

 The Root Mean Square Error (RMSE) was used to measure the 
differences between the values predicted by a model. In this research, 
RMSE was used to compare the regularized and tension spline model. The 
best model should yield a low RMSE value. The RMSE value which is less 
than half of the standard deviation of the observed data gave an improved 
model performance (Singh et al. 2005).

Where:-
z_fi is the observed value and z_0i is the predicted value.

3.3 Map accuracy assessment

In order to check the precision of the developed map, statistical 
analysis of overall accuracy (OA) was used. In this research, the range of 
salinity was developed first. Then, the number of correct occurrences was 
counted if the predicted value of salinity falls into the range of salinity in 
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the observed value.

4.0 RESULTS AND DISCUSSIONS

Spatial models were successfully developed using regularized and tension 
spline. Figure 2 shows the spatial models developed using regularized and 
tension spline methods.  The spatial pattern can be observed on both spatial 
models where the downstream of Sungai Merbok was subject to high salinity 
contributed from the ocean, while the middle-stream and upstream were 
dominated by brackish water. Brackish water is the suitable environment 
for mangrove vegetation to grow and subsequently it becomes the nursery 
for marine juvenile and habitat for fish and prawn (Sasekumar et al, 1992). 
Wafar (2009) found that there is a linear relationship exists between shrimp 
production and the size of the mangrove forest.  

Then the predicted values from the validation set were compared with 
the observed values. For the regularized spline model, the research found 
that the correlation coefficient was determined at 0.955. On the other hand, 
the correlation coefficient for tension spline was calculated at 0.969. Both 
models exhibit a positive and strong correlation. Moreover, the research also 
found that only 91.14% of the variance was explained by the regularized 
model compared to 93.36% of the variance explained by tension spline 
model.  Thus, the spatial model developed using tension spline has stronger 
correlation compared to the regularized spline. 

The linear equation developed for regularized spline model was 
y = 0.8555x+3.469, while for tension spline model was y = 0.8646x + 
3.315. Figure 3 shows the graph developed when the observed value was 
regressed with the predicted value. The standard deviation calculated for the 
regularized spline model was 7.248, while for tension spline was determined 
at 7.215. The regularized and tension interpolation type recorded lower 
value of standard deviation compared to the observed value.
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Figure 2 Spatial models of salinity developed using regularized (left) and 
tension (right) model

Figure 3 The graph on the top was generated based on the regularized 
spline type while the graph on the bottom was produced using the tension 

spline type.

The research found that regularized spline type overestimated the level 
of salinity at ST1, ST5, ST13, ST15, and ST17 and underestimated the level 
of salinity at ST3, ST5, ST7, ST9, and ST19. Conversely, for tension spline 
type, the model overestimated the level of salinity at ST1, ST3, ST5, ST13, 
ST15, and ST17, while the model underestimated the level of salinity at 
ST7, ST9, ST11, and ST19. Table 1 shows the list of observed and predicted 
value generated using regularized and tension spline type. It was worth to 
point out that the largest differences between the observed and predicted 
value can be noticed at station 1 (ST1) that was located in the upstream 
of Sungai Merbok. The observed value of ST1 was considered an outlier. 
An outlier can have a significant effect on spline interpolator giver that the 
spline minimizes overall surface curvature and generates gently varying 
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surface (ESRI, 2017b).
 

Table 1 Observed and predicted value generated by developed by both 
spatial models

Station (ST) Observed value 
(ppt)

Predicted value (ppt)
Regularized 

spline
Tension spline

1 6.61 11.38 10.90
3 15.49 17.04 16.67
5 17.61 17.54 17.82
7 21.51 18.40 19.11
9 22.43 19.95 20.78
11 30.24 27.62 27.68
13 27.50 28.35 28.33
15 30.36 30.96 30.85
17 29.34 31.58 31.17
19 31.10 30.48 30.30

The research also found that the MAE and RMSE value for the spatial 
model developed using regularized interpolation type was determined at 
1.891 and 2.331. In contrast, the MAE and RMSE value for the spatial 
model developed using tension interpolation type was calculated at 1.594 
and 1.984 respectively. Since MAE value was lower than the RMSE,there 
were some variations in the magnitude of errors for both spatial models. 
The RMSE and MAE were also found to be less than half of the standard 
deviation of the observed value which indicate better model performance. 
Consequently, tension spline type was selected to be the best in predicting 
salinity over Sungai Merbok, Kedah since the spatial model demonstrates 
the lower value of MAE and RMSE compared to regularized spline type.

Next, the spatial model using tension spline type was transformed into 
a map. Legend, map title, scale and north arrow were inserted into the map 
for better communication and visualization. Only three data classifications 
were chosen for the map (<15 ppt, 15-30 ppt and >30 ppt). Figure 4 shows 
the completed map of salinity over Sungai Merbok, Kedah. The map showed 
that there was a significant pattern of an increasing level of salinity from 
upstream to downstream. The upstream of Sungai Merbok is dominated by 
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brackish waters while the downstream was dominated by saltwater. 

The accuracy of the developed map was calculated at 80% of accuracy. 
Two stations which were Station 11 (ST11) and Station 17 (ST17) did not 
achieve correct occurrence. The reason for incorrect occurrence for these 
stations was due to overestimating and underestimating of predicted salinity 
by tension spline type. Table 2 shows the overall accuracy (OA) calculated 
from the developed map.

Table 2 The overall accuracy of the developed map of salinity over Sungai 
Merbok, Kedah

Observed value Station Predicted value
<15 ppt 1 <15 ppt

15 ppt - 30 ppt 3 15 ppt - 30 ppt
15 ppt - 30 ppt 5 15 ppt - 30 ppt
15 ppt - 30 ppt 7 15 ppt - 30 ppt
15 ppt - 30 ppt 9 15 ppt - 30 ppt

>30 ppt 11 15 ppt - 30 ppt
15 ppt - 30 ppt 13 15 ppt - 30 ppt

>30 ppt 15 >30 ppt
15 ppt - 30 ppt 17 >30 ppt

>30 ppt 19 >30 ppt

5.0 CONCLUSION

The aim of this research has been achieved. A spatial model of surface 
water salinity has been successfully developed using spline interpolation 
technique. The research found that tension spline type performed better 
than the regularized spline type. The developed tension spline model 
achieved a positive correlation, a high coefficient of determination, low 
MAE and RMSE value. The developed spatial model has been successfully 
transformed into a map. Figure 4 shows the map of salinity over Sungai 
Merbok, Kedah. Overall,the developed map demonstrated high accuracy. 
The local government, private sector, and community, who live in Sungai 
Merbok, can use the developed map of salinity for guidelines and future 
development of Sungai Merbok, Kedah.
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Figure 4 Map of salinity over Sungai Merbok, Kedah
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