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ABSTRACT

This study identifies the effects of climate variability as an environmental pressure on 
aquaculture production in Malaysia. Using Malmquist index approach, the analyses were 
applied to brackish-water ponds and cage aquaculture sectors in six states in Malaysia from 
1993 to 2013.  The Dynamic Malmquist Data Envelopment Analysis results had reflected that 
environmental technical change is the main factor behind the improvement of environmental 
performance index in pond production while the relative eco-efficiency is the major influencing 
factor in environmental performance index in cage aquaculture.  Moreover, Pahang is the most 
efficient states in environmental aspects and technical support of brackish-water aquaculture 
ponds and cage activities, while Selangor is the least efficient state in aquaculture activities 
and under high climate change risks.

Keywords: Aquaculture Production; Climate Change; Environmental Performance Index; 
Relative Eco-Efficiency; Environmental Technical Change. 

1.  INTRODUCTION

Increased world demand on fish protein and over exploitation of fisheries have encouraged 
the development of aquaculture sectors, especially in developing countries within the Asia 
Pacific region.  It has been estimated that in recent years, the world population has increased 
to about 7.8 billion people and due to this growth, 2.2 million metric tons of fish should 
be produced to fulfill the demand of fish consumption per year. The rapid development of 
aquaculture throughout the world and their significant contribution to the world’s fish supply 
have increased gradually where the aquaculture contribution to total fish production increased 
from 23.9% in 1990, 25% in 1995, 40.2% in 2000 and 54.6% in 2012.  In 2006, aquaculture 
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has been identified as the supplier for 46% of the world’s fish production with an average 
annual growth of 7%.  This performance has continuously increased to 87.5% (58.3 million 
tons of the world’s food fish) in 2012 (World Bank, 2010; Food and Agricultural Organization 
[FAO], 2014).
 
Malaysia’s aquaculture sector development had started since the 1920’s. It started with 
freshwater aquaculture and then brackish-water aquaculture in the late 1930s.  Cage aquaculture 
sector had started in Peninsular Malaysia circa 1970s (Tan, 1998).  Meanwhile, in Sabah and 
Sarawak (East Malaysia), the aquaculture sector had only started to grow in the early 1990s.  
Currently, Malaysia’s aquaculture comprises of three common practices which are fresh water, 
brackish-water and marine aquaculture. 

The important role of the aquaculture sector was emphasized in the Third National Agriculture 
Policy (1998-2008) and recently, in the National Agro-Food Policy (2011-2020), as a major 
area of concentration to enhance the competitiveness of agriculture sector in Malaysia. This 
sector is identified as one of the important drivers of economic activities under the National 
Key Economics Area (NKEA). The contribution of aquaculture sector to Malaysia’s GDP 
showed positive improvement within years, where it had contributed 0.283in production value 
in percent of GDP, in 2003 (Lungren, Staples, Funge-Smith & Clausen, 2006), increased to 
0.367% in 2004 (Sugiyama, Staples, & Funge-Smith, 2004) and 0.3% in 2006 (Lymer, Funge-
Smith, Clausen & Miao, 2008).  In terms of percentage share of GDP for agriculture sector, 
the contribution of aquaculture sector consistently grossed from 4.5% in 2006 to 6.7% in 2010 
(Department of Statistic [DOS], 2011). In 2013, the aquaculture sector had contributed to 
5% added value of the Malaysia Agriculture sub-sectors (Malaysia Productivity Corporation 
[MPC], 2014). 

The rapid growth of aquaculture production in Malaysia has been due to huge allocations of 
physical and financial facilities by the government in various aquaculture development projects, 
especially in aquaculture industrial zone projects. Thus, the aquaculture sector in Malaysia 
is transformed into a more technological activity driven with high market contribution. The 
underlying reasons are due to the important contribution of aquaculture sector in increasing the 
national food production, to resolve insufficient marine fishery landings, and exploitation of 
marine fish (Ministry of Finance [MOF], 2003; Ministry of Finance [MOF], 2011). 

With respect to socio-economic, aquaculture could improve food supplies, employments, and 
income. There are 1,966 brackish-water cages and 984 brackish-water pond entrepreneurs 
in Malaysia as of 2013. The brackish-water aquaculture projects covered 2,861,068.89 m2 
of land used for the cages and 6903.04 hectare of land used for the ponds. Aquaculture 
activities have helped alleviate poverty especially in rural areas and upgraded the livelihoods 
of coastal communities like fishermen in China and Indonesia. Aquaculture activities assist 
the livelihoods of the poor by providing nutritious foods, employment and generate income 
(Edwards, 2000) through various down-stream to up-stream activities, which include 
harvesting, processing, and marketing (Tan, 1998).  The Malaysian government had launched 
several projects to help small-scale, low-capital farmers in enhancing their production and 
to reduce poverty among the farmers through programs such as Azam Tani and Smallholder 
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Assistance Scheme. The development of aquaculture activities in rural areas has benefitted 
farmers and nearby communities through allocation and accessibility of infrastructures such as 
electricity, communication, and road access that help to improve the quality of life (Othman, 
2006). 

Aquaculture activities in Malaysia are divided into large, medium, and small scaled  
production. The categories are indicated from monthly and annual volume of production 
yields.  In earlier years of aquaculture operation activities in Malaysia, most farmers operated 
small-scale aquaculture farms that are meant for self-consumption, whereby only the excess 
are sold in the market. They were vulnerable to production risks as they operated in open 
water sources accessed using traditional techniques and have lack of knowledge on operating 
high technology farming systems.  Besides, they had limited access to the supply of seeds and 
less institutional supports to further develop their farming activities (Edwards, 2000). Lack of 
sustainability and reliable aquaculture were among the major weaknesses of this sector that 
affected towards losses and reflected poor management during that time. 

The past few years had shown that the aquaculture sector is developing rapidly with large-
scale operators (modern equipment and technologies) contributing towards the industry. Under 
NKEA, the rising of capital investment, research and development (R&D) by the government 
and private stakeholders in this sector had contributed to positive growth of the aquaculture 
industry. High impact projects in the Aquaculture Industrial Zone are also implemented.  
There are 31 potential Aquaculture Industrial Zones in Malaysia located in Perak, Melaka, 
Pahang, Terengganu, Sabah, and Sarawak.  Since its establishment, the aquaculture sector has 
been transformed from traditionally a small-scale production based sector into a large scale 
agribusiness industry. 

In order to encourage large-scale aquaculture activities, the government promoted the  
integrated cage farming entrepreneurs under EPP4 projects. The adoption of modern technology 
usage for modern agriculture practices by the aquaculture farmers had contributed to positive 
performance of this sector (MPC, 2014).  The type of technology used in aquaculture is simple 
such that it includes small modifications of previous technologies that are able to enhance the 
growth and survival rates of aquaculture species. The technologies in aquaculture activities 
involve different aspects of aquaculture techniques, systems, facilities, engineering, feeds 
technology, and biotechnology (FAO, 2014).  The role of fisheries research centers and fisheries 
institutes in aquaculture research and development has also contributed to the development of 
apt aquaculture technologies and good aquaculture management in Malaysia.  

Hence, the environmental and social aspects have significant importance in ensuring  
sustainable and safe aquaculture production (Anon, 2003). Realizing the importance of 
sustainable aquaculture practices and food production safety, the Malaysian government 
had launched the Malaysian Good Agricultural Practices (MyGAP) in 2013, which serves 
as a rebrand to the former exercises of the Malaysian Farm Certification Scheme for Good 
Agricultural Practices (SALM), Livestock Farm Practices Scheme (SALT), and Malaysian 
Aquaculture Farm Certification Scheme (SPLAM).
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2.  AQUACULTURE SECTOR AND CLIMATE CHANGE RISK

Climate change is a worldwide production risk and a major threat to sustainability in the 
aquaculture sector.  Sustainable aquaculture production is determined by environmental factors 
such as that a suitable atmosphere for aquaculture activities will increase the survival, growth, 
and reproduction of fish (Sungan, 2002). The concerns about environmental externalities 
and consequences related to sustainability of aquaculture production have risen due to the 
remarkable contribution of this sector towards economic growth (Tisdell & Leung, 1999).  
The productivity and profitability levels of aquaculture production depend on direct positive 
or indirect negative effects of climate change on aquaculture natural resources such as land, 
water, seeds, feeds, and energy (Oguntuga, Adesina, & Akinwole, 2009). 

Based on the social-ecology system concept, environment, aquaculture, and socio-economics 
interact and are dependent on each other. Thus, the risks of climate change ranged from 
exposure to people and property and vulnerability of physical, social, economic, and 
environmental factors or processes that grow in aquaculture community to the impact of 
hazards (Westlund, Poulain, Bage, & Anrooy, 2007).  Climate change is an involuntary risk 
that creates vulnerability on the socio-economic development and raises stress especially on 
food demand and supply and also on the income level of the farmers (Thomas & Callan, 
2007).  The impacts of climate change on bio-physical and community livelihood have strong 
connection with each other, where they are known as the exposure unit to vulnerability of 
climate change. 

Climate change is a natural climatic event that influences the quality and quantity of aquaculture 
production (Beach & Viator, 2008).  The impacts on aquaculture production due to this change 
differ depending on aspects such as its region, aquaculture practice systems, space, time, 
size, and changeability (De Silva & Soto, 2009). According to Howden, Soussana, Tubiello, 
Chhetri, Dunlop, & Meinke (2007), climate variability affects the fluctuation of fish stocks 
that are important to the fishing community. Biophysical factors such as climatic change and 
extreme weather affects the sustainable growth of the aquaculture sector (Tisdell & Leung, 
1999; De Silva, 2007). 

The drivers of climate change that threatens aquaculture activities are temperature-pressure, 
oxygen demand and decreased pH, water supply variation and uncertainty, severe climatic 
events, regularity of disease, virus and toxic outbreaks, sea level rise, and the uncertainty 
of captured fish supply for aquaculture feeds (Handisyde, Ross, Badjeck, & Allison, 2006; 
Brander, 2007; Ficke, Myrick, & Hansen, 2007). Fluctuation of climate events such as changes 
in water temperature, annual precipitation, water stratification and the shift of raining and 
dry seasons all changes the physiological, ecological, and operational aspects of aquaculture 
activities (Handisyde et al., 2006). Changes in temperature and precipitation are the major 
causes of failure to pond aquaculture production and usually trailed with drought and flood 
seasons. These events have resulted in water stratification that harms cultured species  
especially in shrimp production. Moreover, climate change also causes disease outbreaks 
(Siwar, Alam, Murad and Al-Amin, 2009; Handisyde et al., 2006) to fishes and shrimps in all 
stages of its growth. 
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Extreme climate change causes diminishing development growth, as well as destroys lives 
and livelihood. Climate change puts pressure on the demographic which also changes the 
market as results of hazards. Climate change worsens natural resources, productive assets, 
information, and technology disparity; these impact the poor and marginalized groups that 
rely on aquaculture activities (WorldFish, 2009). Extreme weather causes farms to incur 
operational problems such as damage and wreckage of physical structures, productive assets 
and infrastructures for aquaculture activities, which lead to major escape and a decreased 
volume of production (Schjolden, 2004; Badjeck, Allison, Halls, & Dulvy, 2010). In 
developing countries such as those in Asia, most rural people are dependent on the fishery 
sector. The occurrence of climate change negatively affects the interaction of aquaculture 
with environment and also the livelihood of indigent farmers. Climate change risks often 
increase production costs, thus making technology unaffordable and raise the capital needs 
(Kamaruddin & Siwar, 2008) for efficient farm management (Sulit, Aldon, Tendencia, Ortiz, 
Alayon, & Ledesma, 2005). The aquaculture activities are usually conducted in low intensity 
operations by small-family owned practices.  Small scaled farmers are unable to survive in this 
sector due to increasing cost of production and lack of support systems to cover the production 
from the impacts of production risks. The farmers’ failure in production and decline in food 
production lead to the problem of famine and poverty traps because of permanent losses of 
humans and physical capital (Heltberg, Siegel, & Jorgensen, 2009). 

The negative impacts of climate change on aquaculture sector have been studied in few 
Southeast Asian countries. Cambodia communities that depend on fisheries sector had suffered 
from the impacts of climate change due to poverty, marginalization, and lack of alternative 
incomes that make them unable to cope with the problems (Baran, Schwartz, & Kura, 2009).  
Meanwhile, in Vietnam, the Hoang Bo and Xuan Thuy districts have verified that the storm 
surges, sea level rise, high waves, and strong winds cause severe damages and losses to 
aquaculture production and increase inequality to the communities that are dependent on the 
sector (Kelly & Adger, 1999).  The frequent flood events had caused losses to a huge number 
of fishes and shrimps productions in Red River Delta, Central Region, and Mekong Delta 
in Vietnam (Asian Development Bank [ADB], 2009). Disease and virus outbreaks had also 
decreased the profits to shrimp aquaculture activities in Thailand (Flaherty, Vandergeest, & 
Miller, 1999). Magawata & Ipinjolu (2014) highlighted the important aspect that need to be 
tackled in adapting to climate change and mitigation measures on the fisheries and aquaculture 
sector in terms of management improvement, aquatic ecosystems reliability, threats and 
opportunities on food and livelihoods security feedbacks and also in aiding the reduction of 
greenhouse effects caused by the sector.

A general study on the environmental risk of the aquaculture sector in Malaysia indicated 
that the risks have promoted social conflict among aquaculture producers in Malaysia due to 
competition between farmers to acquire the natural resources for production (Kamaruddin, 
Siwar, Jaarfar & Mokhtar, 2008).  The effects of climate change on the aquaculture sector have 
often been experienced by Malaysia based on the cases reported in Table 1. 
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Studies concerning environmental consequences on aquaculture production sustainability 
in Malaysia have risen quite significantly.  However, only a few studies had focused on the 
impacts of climate change on the aquaculture sector.  A recent study by Idris, Azman, D’Silva, 
Man, & Shaffril (2014), conducted in selected districts in Pahang, Negeri Sembilan, Kedah, 
and Terengganu, indicated that the main climate threats to brackish-water cage activities are 
temperature rise, heavy rainfall, flood, and water currents that caused sediments and wastes 
flows from nearby industrial and agricultural areas pollute the aquaculture area, hence 
causing disease infections, fish deaths, and damaged cages. A previous study concentrating 
on the social science context of environmental issues of aquaculture development had been 
conducted by Hambal et al. (1994) and Kamaruddin et al. (2008).  As climate change became 
a crucial problem for the aquaculture sector, together with the limited literature on climate 
change impacts on aquaculture sector in Malaysia, this study is intended to address this gap 
by contributing to the knowledge in aquaculture studies, particularly in Malaysia. Instead 
of identifying the impact factors of climate change to aquaculture descriptively, this study 
attempts to address the quantitative empirical findings of the performance index of Malaysia’s 
corridor of aquaculture production based on eco-efficiency aspects and comparisons on the 
performance of aquaculture that have been influenced by climate change risks. Research 
indicating the indices of climate change in local and cross countries are useful in identifying 
effective mitigation and adaptation strategies (Magawata & Ipinjolu, 2014).  The eco-efficiency 
measurement is the intermediation that helps in improving sustainability of aquaculture 
production (Gomez-Limon, Picazo-Tadeo, & Reig-Martinez, 2012). The environmental 
efficiency evaluation would help in the recommendation of new policies as well as enhancing 
the current environmental policies (Lansink & Wall, 2014). 

This study generally attempts to evaluate the performance of aquaculture production under the 
environmental pressure of climate change. Using environmental performance index analysis, 
this study concentrates on achieving the following objectives; 

1)	 To identify the environmental performance index of the aquaculture sector.  
2)	 To identify the change in the relative eco-efficiency of the aquaculture sector. 
3)	 To identify the change in the technical progress of the aquaculture sector.

Table 1: Climate change risk cases on aquaculture sector in Malaysia.

Place / StatesYearClimate Change Drivers

Water intrusion, water deterioration and White Spot Disease1	 1992	 Penang
Drought (El Nino Southern Oscillation or ENSO)2	 1997	 Selangor, Sabah, and 
		  Sarawak
Floods and water stratification3	 2008	 Sungai Semerak, Kelantan
Drought (ENSO)4	 2009	 All states
Disease outbreaks (Streptococcus)5	 2010	 All states in Peninsular 
		  Malaysia

Sources: 1Hambal, Arshad & Yahaya (1994); 2 Sulong (2008); 3Mustafa (2007); 4 Farabi (2009); 5 MOF 
(2011). 
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Following this section, the methodology section gives the main insight on the methodology 
used, data and variables in the analyses, followed by a section on the results and discussion 
that presents the main findings and policy implications and finally, the conclusions and policy 
recommendations. 

3.  METHODOLOGY

3.1.	 Climate change and aquaculture eco-efficiency

In past agriculture sector performance studies, the efficiency of an agriculture sector or 
farms was measured by using economic and socio-economic factors. Due to the importance 
of environmental factors towards the agriculture sector, several studies had combined these 
factors with environmental factors and presented the eco-efficiency concepts. In those 
studies, the environmental factors were presented by pollution factors, which are known as 
environmental pressure. 

Past literatures on eco-efficiency were mostly focused on other agriculture sub-sectors that are 
land based and industrial production systems (Ytrestoyl, Aas, Berge, Hatlen, Sorenson, Rutler 
et al., 2011). Only a few studies had concentrated on the eco-efficiency in fisheries sector 
as well as in aquaculture. The studies on the efficiency of fisheries sub-sector were covered 
by Dupont, Grafton, Kirley, & Squires (2002); Tingley, Pascoe, & Mardle (2003); Pascoe & 
Herrero (2004); Tingley, Pascoe, & Coglan (2005); Oliveira, Gaspar, Paixão, & Camanho 
(2009) and Vazquez-Rowe & Tyedmers (2013).  More recent studies on Malaysia’s aquaculture 
industry performance through technical efficiency evaluation had been done by Mustapha, 
Aziz and Hashim (2013). Using total freshwater aquaculture production as the output and 
pond area and number of culturists as the inputs, this study measures the technical efficiency 
of the freshwater aquaculture industry to indicate that the technical and finance assistance, fair 
distribution of wealth and a state’s economic development level would improve the aquaculture 
industry in Malaysia. Furthermore, this study attempts to measure the eco-efficiency in the 
case where climate change impacts the aquaculture sector as environmental pressure in order 
to diversify the previous concentrations of environmental pressure on pollution factors. This 
study is also carried out to add to the relevance of an eco-efficiency analysis in aquaculture 
production since there are only a limited number of studies done in this area.

Following the study by Kuosmanen & Kortelainen (2005) and using a non-parametric technique 
of efficiency analysis, DEA, eco-efficiency is formulated as a ratio between economic value 
added and measure of environmental (bio-physical factors) pressure. Linking eco-efficiency 
concept with the aquaculture sector and climate change, the eco-efficiency is generally defined 
as the capability of an aquaculture sector to produce their products using natural resources 
as minimum as possible, to adjust to the climate change pressures such as temperature and 
rainfall variability as well as to reduce wastes and pollution with increasing impacts to climate 
change. On the other hand, eco-efficiency is a ratio or an environmental index of economic 
value of aquaculture products to environmental pressure added (Kortelainen, 2008; Lansink & 
Wall, 2014).  The environmental performance with larger ratio values is considered as having 
better environmental performance and this achievement is practical in macro level aquaculture 
sector as compared to micro level (Huppes & Ishikawa, 2005). 
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The eco-efficiency concept aims to obtain economic results using minimum natural resources 
and minimize the possible environmental degradation which may increase due to environmental 
pressures such as climate change and the effects of aquaculture farming system and management 
(Gomez-Limon et al., 2012). If the value of production maintained or increased while the 
negative environmental impacts decreased, the eco-efficiency will progress. The advantages 
of the eco-efficiency progress are the ability to reduce environmental pressures in the most 
cost effective way and also in helping to adjust the previous policies that restrict the level of 
economic activity into new policies with improvements in eco-efficiency (Gomez-Limon et 
al., 2012). Moreover, the application of eco-efficiency needs to be used in economic value 
production efficiency studies as it will expand and widen the scope of previous studies that 
were more concerned on pollution as the environmental indicators in production than climate 
change problems as the environmental pressure to production.  In acknowledging the findings 
on the role of pollution reduction in increasing efficiency and cutting costs (Picazo-Tadeo & 
Prior, 2009), it is expected that a reduction in climate change impacts will help to increase the 
eco-efficiency in aquaculture production.

In this study, a Malmquist Data Envelopment Analysis was applied in identifying Malaysia’s 
aquaculture production performance index with the existence of global environmental problems 
known as the climate change pressure.  The advantage of using the Dynamic Malmquist Data 
Envelopment Analysis is that this analysis can be used with the inclusion of different units 
or less economic meaning of variables that are later enveloped or decomposed into relevant 
economic foundations to explain the environmental changes effects on aquaculture production 
efficiency. This study considers different categories of brackish-water aquaculture systems 
(pond aquaculture and cage aquaculture) where the eco-efficiency value will be evaluated.  
The assumptions about farm behavior, production functional form or efficiency distribution are 
excluded from the analysis but all farms are assumed to own the same production technology 
at a given period (Hoang & Coelli, 2011). 

3.2.	 Malmquist Data Envelopment Analyses

The Dynamic Malmquist Index Data Envelopment Analysis was employed to elucidate the 
sources of environmental changes and technical progress of farms. The Malmquist index of 
data envelopment analysis has the advantage of performing although with no information on 
prices or even with available prices that have less economic value.  The dynamic eco-efficiency 
enables the analysis of technical progress and clarifies sources of environmental changes 
(Serrao, 2008), where the analysis allows for the decomposition of productivity changes 
into significant sources of environmental changes. In general, the traditional Malmquist 
productivity index can be written as;

The traditional Malmquist productivity index analyzes the changes of economic efficiency 
that may be influenced by technical changes from the differences in production technology 
and efficiency change as results of the production efficiency change over the period of time 
(Ramli, 2013). With respect to the objective of this study, the definition of Malmquist DEA 

(1)m0 (yt+1, xt+1, Yt, xt) = TFPCH = EFFCH x TECHCH
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follows the definition given by Kortelainen (2008). Thus, the Malmquist productivity index 
does not reveal total factor productivity (TFP) but has been utilized to focus on environmental 
performance measurements. In environmental performance measurements, good output index 
is the ratio of output distance functions while bad output index is the ratio of input distance 
functions. Thus according to Kortelainen, Malmquist productivity index is also the ratio of 
input distance functions. 

The estimation of environmental performance index (EPI) is obtained from the decomposition 
of two components, which are relative eco-efficiency change (REE) and environmental 
technical change (ENVTECH).  The environmental performance index will determine whether 
the environmental performance of a production unit has improved or not but does not disclose 
the reasons or sources of the changes (Serrao, 2008).  Malmquist productivity index measures 
the EPI level between two data points by calculating the ratio of distances for each data point 
relative to a common technology.  The advantage of measuring EPI is that results are invariant 
where the measurement units of input and output are disregarded.  The measurement outcome is 
in geometric average.  The Malmquist environmental performance index as the input-oriented 
Malmquist productivity index can be specified as (Fare, Grosskopf, Norris, & Zhang, 1994);

 		

(2)

(4)

t = 2,.....,T.

EPIα (t - 1,t) =
½( )x

EEα (p
t, it, t - 1) EEα (p

t, it, t)

EEα (p
t-1, it-1, t - 1) EEα (p

t-1, it-1, t)

(3)

Or, the Malmquist environmental performance index can also be simplified to;

 		
EPIα (t - 1,t) = ∆REEα (t - 1,t) x ∆ENVTECHα , t = 2,.....,T.t, t - 1

Improvement in environmental performance may result from higher relative eco-efficiency, 
progress of environmental technology or both.  EEα (p

t-1,  i t-1, t) represents the distance from 
period  t -1 observation to period t technology and is known as the Environmental Performance 
Index (EPI).  Environmental performance index is positive if a value is greater than one from 
the period  t-1 to period t and vice versa.  The decomposition of environmental performance 
changes according to Nishimizu & Page (1982) and Fare et al. (1994) and is as follows;

Relative eco- efficiency change = ∆EEα (t - 1,t) = 
EEα (p

t, it, t)

EEα (p
t-1, it-1, t-1)
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Relative eco-efficiency is a ratio of value added and environmental damage index.  This ratio 
identifies the level of catching up or how a production unit’s environmental performance has 
changed relative to its benchmarks. If the relative eco-efficiency change value is more or equal 
to one, the unit has caught up to its benchmark in period t as compared to its benchmark in t-1 
and vice versa. 

(5)

½( )x
EEα (p

t-1, it-1, t - 1) EEα (p
t, it, t - 1)

EEα (p
t-1, it-1, t) EEα (p

t, it, t)
Environmental Technical change = ∆ENVTECHα  =(t,t - 1)

Environmental technical change means that the production unit’s environmental performance 
has either improved, becomes stagnant or deteriorates in applying the best practice technology 
and innovation. The positive indices value (greater than one) attributes towards technical 
progress whereas negative value (indices less than one) indicates technical regress of 
the production unit. Kortelainen (2008) advocated that in this analysis there is no specific 
reference on the change of technical change either in period t or t-1 from the observation.  
The measurement of environmental technical change is based on the geometric average of 
the analysis. The value shows whether good or worse improvements have been shown by the 
aquaculture production due to the contribution of the best current practiced technology or 
innovation or even environmental regulatory that is related to the industry. 
 
3.3.	 Data and variables

This study will indicate the environmental performance of aquaculture production in brackish-
water aquaculture systems as the result of the impact of climate change. Although there are 
many types of culture systems, this study will only indicate the performance for cage systems 
and pond systems.  Ponds and cages have been selected due to direct exposures to the changes 
in climate or environmental factors on their ecosystem. This study uses a balanced panel data of 
21 years (from 1993 to 2013) from the six states in Malaysia.  The production units (states) or 
also known as decision making units (DMU) in common DEA is selected based on the regional 
corridors in Malaysia. These states are Perak (northern region), Pahang (east coast region), 
Selangor (central region) and Johor (southern region) that represent peninsular Malaysia 
(West Malaysia). East Malaysia (Borneo Island) is represented by Sabah (Sabah Development 
Corridor) and Sarawak (Sarawak Corridor of Renewable Energy). These states have been 
chosen because the states perform highest in aquaculture production in its regional areas.  
Secondly, in terms of institutional role, the aquaculture production in Sarawak is monitored 
and controlled by the Department of Agriculture while in Sabah and Peninsular Malaysia, 
by the Department of Fisheries. Thirdly, these states may have differences in geographical 
locations, patterns of climate and environmental features that may have a great influence to 
sustainable aquaculture activities. 

Production units in this study are the six states. An input-oriented DEA method is used to 
identify factors that contributed to the production risk.  Inputs are comprised of environmental 
factors (climate change pressure) and farm sizes as the denominator while value added is 
the output and also numerator to the eco-efficiency measurement. The modelling of the 
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environmental factors and farm acreage as inputs is based on the argument that reducing 
and adapting to the impact of climate change must be accompanied by either a decreasing 
or maintaining of the volume of production in order to cope with the production risks and 
hence increases the value added of the sector. According to Coelli (1996), input oriented can 
be used to identify inefficient technical values in production performance.  In this study, retail 
value (value added in RM) is the output of the analysis. The inputs comprises of mean annual 
maximum weather temperature (0C), mean annual minimum weather temperature (0C), mean 
annual rainfall (mm/day), percentage of mean annual relative humidity (%), and aquaculture 
farm size (ha for ponds and mm2 for cages). Data on retail value and farm size are acquired 
from the Annual Fisheries Statistics, the Department of Fisheries for production data while 
the environment data are from the Yearbook of Statistics by the Department of Statistics, 
Malaysia. Although the terms inputs and outputs are still used to present the variables of the 
study, their quantities are not as important as in the traditional productivity efficiency studies.  
The eco-efficiency analysis is concerned about the society-level economic efficiency analysis. 
Thus, the value added can be presented by the gross Margin, net profit or net income (Gomez-
Limon et al., 2012) or revenue (Hoang & Coelli, 2011) to present the economic value in the 
eco-efficiency analysis. According to Picazo-Tadeo, Gmez-Limon, & Reig-Martinez (2011), 
the value added can be directly and indirectly calculated using data on prices and quantities 
of outputs and intermediate inputs.  However, this study used retail value to present value 
added and the cost of labor and capital inputs are not deducted from the value because they 
represent income (wages and rents) for the society.  Moreover, the environmental factors used 
physical value and not monetary units since these factors do not typically have price or other 
unambiguous values (Hoang & Coelli, 2011).  The environmental pressure is presented by the 
biophysical factors of climate change. 

4.  RESULTS AND DISCUSSION

The Environmental Performance Index (EPI) of the six states in Malaysia of brackish-water 
aquaculture ponds and cage activities were based on 20 observation scores from 1993 to 2013.  
Figures 1 and 2 illustrate the changes in EPI for the respective states.  The summary of annual 
means of EPI and its composition are illustrated in Figure 3. The significant contribution of 
Relative Eco-Efficiency (REE) change and Environmental Technical (ENVTECH) change to 
the EPI achievement were evaluated based on the scores achieved in those components in 
respective years and states. Although this study acknowledges the importance of production 
factors such as capital, labor, and other inputs as the determinants of aquaculture production 
efficiency, this analysis only considers the biophysical aspects where physical and ecological 
stressors are regarded as factors of aquaculture production.  The component index will indicate 
whether the aquaculture activities are resilient to climate risks through REE components; and 
whether or not current technologies, innovations, related policies have improved the aquaculture 
growth through the ENVTECH index evaluation.  The understanding on complexity of climate 
change risks in aquaculture development can be enhanced through REE, EPI, and ENVTECH 
component information (Ytrestoyl et al., 2011). The interpretation of these indexes will 
indirectly provide information on economic, environmental, and social conditions under the 
changing climate (Miola & Simonet, 2014). 
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4.1.	 Brackish-water ponds’ EPI 

The EPI results revealed that Perak, Johor, Sabah, and Sarawak are among the efficient states 
as these states had achieved efficient scores for 13 times throughout the observation. The 
least efficient state with pond aquaculture activities is Selangor with only 8 times of efficient 
EPI scores over the years.  All states had obtained efficient EPI scores (more or equal to 1) in 
the years 1998, 2005, and 2008. Consecutively, almost all states had obtained inefficient EPI 
scores except for Selangor in 2004, Sarawak in 2011, and Sabah in 2013. The highest score 
is a 23.2% increase in EPI and was obtained by Sabah in 2006.  Sarawak and Johor achieved 
the least efficient scores that showed a 13.5% decrease in EPI in 1996 and 2011 respectively. 

The positive EPI (positive efficiencies) in 1998 and 2008 were due to the efficient index achieved 
by all the states in both REE and ENVTECH in the respective years.  The combinations of 
REE and ENVTECH results for all states also contributed to the overall efficiency of EPI in 
2005 except for Sabah where only the ENVTECH progress had influenced the positive results 
of EPI.  The overall efficient scores of REE in all states were achieved in 1995, 2000, 2004, 
and 2007; while in ENVTECH, the overall positive efficient scores of the states were achieved 
in 1994 and 2009.  In the occurrence of climate variability risks, the technology regress could 
be due to the lack of innovation that causes the EPI decrease.  This can be seen in 2004, 2010, 
and especially in 2011.  The least efficient year for REE in all the states was in 1999 where four 
out of six states were found inefficient.  The occurrence of monsoon flood hazards in Malaysia 
from November 1998 to March 1999 was due to heavy rains, which might had affected the 
aquaculture activities in some parts of Sabah and Sarawak as these states were prone to said 
hazards in that particular year (Mohd, Alias & Daud, 2006).  The highest score for efficiency in 
REE was achieved by Pahang with a 14.9% REE increase in 1998 and the highest inefficiency 
scores for REE in pond aquaculture sector was seen in Sarawak in 2009 with a decrement of 
14.4%. The occurrences of El Nino phenomena in 1999 had affected the drought season in 
Malaysia and reduced the production in most of the agriculture sector including the aquaculture 
sub-sectors (Farabi, 2009).  The high progress of technical and innovation is seen in Sarawak 

Figure 1:  Annual change in environmental performance index of brackish-water 
ponds, 1993 -2013
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in 1995 that achieved a 17.3% positive increase in ENVTECH.  The lack of technological and 
innovation can be seen in Sabah in 2010 as this state decreased 19.6% from the efficient level. 

4.2.	 Brackish-water cages’ EPI

The EPI of the 6 states with brackish-water aquaculture cages in Malaysia showed a decrease 
in the index value as compared to pond aquaculture (Figure 2). None of the states achieved 
total EPI efficiency.  The best observation for brackish-water cage aquaculture activities within 
20 years was shown in 2000, 2005, and 2009.  However, Johor had an inefficient score in 2000 
and Pahang in 2005 and 2009. Nevertheless, the full efficient scores of ENVTECH in 2003 
also affected towards the positive scores of EPI in the same year except for Perak and Sabah, 
which had much lower scores in REE thus affecting the EPI more. The strong and significant 
technical progress (ENVTECH) in cage aquaculture was in the year 2000 where almost all 
states are efficient except Johor. The low REE scores did not affect any of the state EPIs in 
this year. 

The positive EPI results in 2005 and 2009 were due to the overall efficient scores in ENVTECH.  
Technology and innovation has progressed well in these years for all the states. The worst 
years for EPI of brackish-water cage aquaculture were in 1999, 2001, 2010, and 2011, showing 
that four out of six states were inefficient in their EPI index. The overall inefficient scores of 
ENVTECH that were obtained by the states significantly affected the states’ EPI in 2001 and 
2010. However, the inefficient ENVTECH scores did not affect the states so much in 1995 and 
2002 as the effects were moderated by the good REE scores of the states.  The climate change 
in 1995 and 2002 were at a tolerable level and did not affect the aquaculture ecosystem much 
as there was no decreasing of aquaculture production. Pahang and Selangor were the least 
efficient states in their EPI over the years where they achieved half of the score frequency or 
10 times lesser than 1 scores in their EPI index. The most efficient state based on the EPI index 
frequency was Sarawak that achieved efficient scores for 13 times in EPI over the years. 

Figure 2:  Annual changes in environmental performance of brackish-water 
cages, 1993 -2013
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By comparing REE and ENVTECH of brackish-water cages, this analysis revealed that 
environmental progress plays a great role in determining the EPI performance of the states.  
The decomposition EPI results showed that brackish-water cage aquaculture in Malaysia is 
more dependent on the REE factors (conducive environmental or ecosystem for aquaculture 
activities) as compared to the ENVTECH components. The reason behind this is because 
the cage activities operate in open water systems or at the riverbank as compared to pond 
aquaculture that only operates inland. Therefore, the brackish-water cages aquaculture were 
most probably faced with higher risks and more vulnerable towards environmental risks such 
as massive water current, water eutrophication, salinity, and pollution.

The brackish-water aquaculture activities in all the states were completely efficient in terms 
of their REE in 1997, 1998 and 2013. The overall efficient scores in REE were unable to lead 
to an overall efficient score for EPI in those years due to the effects of inefficient scores in 
technical progress in the cage activities. The least efficient REE in the observed years were 
in 1999 and 1996 where almost all of the states were inefficient except for Perak and Sabah 
(1996) and Pahang and Johor (1999). The lowest REE scores were achieved by Pahang in 
1996 that is 43.8% while the least efficient states were Pahang and Selangor where both of the 
states achieved 10 inefficiency scores over the years.  The most efficient state in REE is Johor 
where all of the REE scores were greater or equal to 1 with an exception in 1996. 

The most efficient year for ENVTECH in brackish-water cages was in 2003 and 2012. The 
least efficient index was recorded in Sabah in 2010 where 22.6% of ENVTECH was regressed 
in their production. The highest efficiency score of ENVTECH was also achieved by Sabah 
with 29% progress in technology and innovation in 2009. The least efficient technical progress 
for the states was observed in Sarawak where 12 out of 20 scores were inefficient. The most 
efficient state in the technical progress was observed in Perak where 12 out of 20 observations 
were efficient. These average results reflected that environmental technical change is the main 
factor behind the improvement of environmental performance index in pond production while 
the relative eco-efficiency is the major influence factor on environmental performance index 
in cage aquaculture. 

4.3.	 Annual means summary of EPI in Malaysian aquaculture

Based on the annual means of EPI and the components of REE and ENVTECH results 
in Figure 3, the efficient REE and ENVTECH have influenced the efficiency of EPIs in 
Malaysian brackish-water ponds in 1994, 1995, 1998, 2000, 2001, 2010, and 2012 whereas 
the inefficiency of both components affected the EPI in 1996 and 2013. The technical progress 
is the dominant component in determining efficient EPI’s in pond activities except for the year 
1999 and 2003.

Compared to pond activities, the dominant role of efficiency component was from REE in 
determining the efficient EPI in brackish-water cages. Over the years, the REE component 
dominantly affects the EPI in cage activities.  Only 8 out of 20 observation scores showed that 
technical progress led to inefficient EPI’s. With reference to REE results, climate variability 
over the years have influenced inefficient EPI’s of brackish-water cage aquaculture in Malaysia 
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in 1994, 1996, 1999, 2001, 2002, 2007, 2010, 2011, and 2012. The regression of technical 
aspects or innovation in aquaculture activities has caused inefficient EPI results in 2002, 2010, 
and 2011. The inefficient scores of both REE and ENVTECH have caused inefficient scores to 
brackish-water cages in 1999 and 2001. 

Figure 3: Annual changes in environmental performance and its components of 
brackish-water ponds and cages, 1993 to 20133

Notes: 	 BP = brackish-water ponds; BC = brackish-water cages; REE = relative eco-
efficiency change; ENVTECH = environmental technical change; EPI = 
environmental performance index.

4.4.	 EPI status of the states

Table 2 shows the decomposition of EPI components with REE and ENVTECH changes 
with respect to the states.  In brackish-water pond aquaculture production, the performance of 
the states by means of environmental index and its components showed that the ENVTECH 
change in all the states suggested a strong relationship with the improvements in aquaculture 
environmental performance. Besides, both REE and ENVTECH change in Perak, Pahang, 
and Sabah influenced efficient EPI of the states. In contrast, Johor and Sarawak are inefficient 
in their REE change. However, these results did not influence the decrease in environmental 
performance.  The results verified that ENVTECH change has a strong relationship with the 
improvements in aquaculture environmental performance in pond aquaculture activities.  Based 
on the results of ENVTECH change, all the states with an exception of Selangor are efficient in 
environmental performance.  The most efficient state in environmental performance is Pahang 
with a 1.7% score increase.  This increment has dominantly influenced the 0.4% increment in 
environmental technical change and 1.3% of relative eco-efficiency change.  The least efficient 
result was achieved by Selangor with a small decrement of 0.3% in EPI.  This environmental 
performance index fell due to the 0.2% decrease in REE and 0.1% in ENVTECH.  The results 
indicated that the enhancement of technical progress and innovation in aquaculture would be 
able to help lessen the climate change risks or pressure as shown in Johor and Sarawak.  
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Based on the brackish-water aquaculture cages, Selangor also showed inefficient EPI for the 
entire observed years due to inefficient REE and ENVTECH compositions. The results also 
indicated that since the aquaculture cages are conducted in open water with limited technical 
usage, the enhancement of technology progress is not a critical factor in influencing efficient 
EPI’s in Pahang and Sarawak.  However, climate variability is still tolerable and able to provide 
good environment for cage aquaculture in said states.  

In brackish-water cage systems, environmental performance index for Perak and Sabah were 
dominantly influenced by ENVTECH changes where the environmental performance index 
showed similar value with the relative eco-efficiency change. Nevertheless, the contribution 
of REE to EPI efficiency is significant to Pahang and Sarawak. The REE scores for all states 
are efficient except for Selangor that needed a 0.1% increment to achieve efficiency level.  
The ENVTECH scores for all states were efficient except for Pahang, Selangor, and Sarawak.  
The results verified that the states need to improve and increase their ENVTECH about 0.9% 
for Pahang, 0.1% for Selangor and 0.6% for Sarawak, in order to achieve efficiency in their 
environmental index.  The most environmental efficient state in cage activities is Pahang with 
a 2.2% increase in EPI.  Similarly, as in ponds activities, Selangor is the least efficient state 
and needs to improve by 0.2% in order to achieve efficiency. Overall, the EPI change for 
all states from 1993 to 2013 and their component scores showed that aspects of technical 
and innovation progress were lacking in the cage activities in Malaysia.  With the increasing 
pattern of climate variability, entrepreneurs might be vulnerable due to the lack of support in 
adapting to the risks. Due to the limitation in the technical supports, this aquaculture system is 
dominantly dependent on the condition of the climate. The entrepreneurs have to adapt to the 
risks by adjusting to the time of production based on the previous year’s weather experience. 

Under the climate change risks and challenges, environmental technical efficiency component 
was important to promote efficient aquaculture farms. The technology usage in fish breeding 
and aquaculture practice will allow the increase of aquaculture activities efficiency in 
producing quality fishes and resist climate variability and risks. However, technology 
application was applied highly or only limited to pond aquaculture activities. This is because 
cage activities are operated in natural environments or fish ecology.  Hence, good management 
of aquaculture practice especially in feeding process will be more helpful in terms of producing 
high volumes of fish production and reducing the negative effects such as global emissions 
of aquaculture wastes resulting in environmental degradation. Thus, experienced workers are 

Table 2: Environmental performance change and its components, 1993-2013

EPIEPI
Average value

ENVTECH

Brackish-water cagesBrackish-water ponds
Average value

ENVTECH REEREE
State

	 Perak	 1.000	 1.013	 1.013	 1.000	 1.009	 1.009
	 Pahang	 1.013	 1.004	 1.017	 1.031	 0.991	 1.022
	 Selangor	 0.998	 0.999	 0.997	 0.999	 0.999	 0.998
	 Johor	 0.998	 1.006	 1.004	 1.003	 1.000	 1.003
	 Sabah	 1.001	 1.010	 1.011	 1.000	 1.007	 1.007
	 Sarawak	 0.998	 1.011	 1.009	 1.026	 0.994	 1.020
	 Mean	 1.001	 1.007	 1.008	 1.010	 1.000	 1.010
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needed in managing the ponds and cages in order to support the farm management efficiently. 
The increasing cost of farm inputs such as fish feeds and chemical fertilizers had pushed the 
farmers to low-scale production farms in finding alternative ways of managing their farms 
with a more sensible cost.  Some of the traditional ways of aquaculture practices are still in use 
and even offer lower costs in conserving production from diseases and other environmental 
threats, which are also more environmental friendly.

The environmental performance index results of both pond and cage aquaculture showed 
that Pahang is the best and most efficient in environmental performance whereas Selangor 
is the least efficient among the states. This result verified that Selangor is more vulnerable to 
climate change risks as compared to Pahang.  Pollution and coastal erosion may be the reasons 
that contributed to environmental degradation, which caused losses to the aquaculture sector 
in Selangor as there are rapid growths of other economic sectors in the state. Meanwhile, 
the highest growth of Aquaculture Industrial Zones in these states had facilitated a good 
infrastructure for the sustainable production of aquaculture activities that are able to adapt to 
the climate risks. 

5.  CONCLUSIONS

This study has presented the effects of climate change as environmental pressures on brackish-
water aquaculture production through the application of a new dynamic environmental 
performance analysis.  This study has been carried out to gain information and understandings 
of the risks associated with climate change that affects the efficiency of the aquaculture sector.  
This study has also demonstrated the significant roles of the components of relative eco-
efficiency changes and environmental technical changes on the directions of environmental 
performance of aquaculture production. These components have helped in highlighting the 
critical factors that influence the efficiency of aquaculture farms in Malaysia. Generally, the 
increasing use of aquaculture technologies farm practices may support and boost aquaculture 
productions. Besides, well-managed farm resources such as capital, labor, and other inputs 
ensured effective and productive aquaculture productions.  Furthermore, the Malmquist DEA 
results have indirectly depicted the vulnerability level or the index of the states’ aquaculture 
activities due to climate change pressure. 

The environmental performance index scores and its components have highlighted the important 
factors that need to be improved in order to increase the performance of production and to cope 
with the climate change risks.  More research and technology invention for cages activities are 
needed since the traditional practices are still being applied widely in this system.  Meanwhile, 
for pond activities, utilization of a farm’s resources will help to increase the volume of cage 
production. Apart from creating the adaptation strategy, the focus on mitigating the climate 
change risks due to the effects of aquaculture production is important. In the long run of 
socio-economic planning, these results may help capture the effective livelihood strategies of 
farms such that to increase the quality of life of low-income farmers. However, the results also 
showed limitations of the findings where in-depth studies are needed to focus on information, 
perception and feedbacks from the farmers towards climate change risks and their capability 
to cope with the risk. Hence, these findings suggest that various planned adaptation options 
must be taken by the local government together with more autonomous adaptation options and 
practices among the farmers will be helpful in mitigating and adapting to climate changes. 
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