
Proceedings of the 21st IAHR-APD Congress 2018, Yogyakarta 2-5 September 2018, INDONESIA
“MULTI-PERSPECTIVE WATER FOR SUSTAINABLE DEVELOPMENT”

ISBN 978-602-71762-7-0

1441

APPLYING A SYSTEM THINKING APPROACH TO EXPLORE ROOT CAUSES OF
RIVER POLLUTION: A PRELIMINARY STUDY OF PINANG RIVER IN PENANG
STATE, MALAYSIA

CHEE HUI LAI
River Engineering and Urban Drainage Research Centre, Universiti Sains Malaysia, 14300 Nibong Tebal, Penang, Malaysia

DAVID T. TAN
International Institute for Global Health, United Nations University, Kuala Lumpur 56000, Malaysia

NGAI WENG CHAN
School of Humanities, Universiti Sains Malaysia, 11800 Penang, Malaysia.

NOR AZAZI ZAKARIA
River Engineering and Urban Drainage Research Centre, Universiti Sains Malaysia, 14300 Nibong Tebal, Penang, Malaysia

ABSTRACT
River management is a complex process, encompassing not only the physical characteristics of a river basin but
also a collaboration with all relevant stakeholders. Poor stakeholder engagement and low awareness among
local communities are key challenges for many countries in managing complex river systems. This study applied
a system thinking approach to investigate root causes of pollution in the Pinang River—a polluted urban river
located in George Town, Penang, Malaysia. Study data was collected through a literature review and interviews
with local stakeholders. Based on the results, a causal loop diagram was produced that illustrates the relationship
between the local community and the government with regards to improving the water quality of the Pinang
River. The current river management system of the Pinang River can be described with the “Shifting the Burden”
systems archetype: the current approach depends largely on technological solutions that treat the symptoms of
pollution but are unable to address root causes. Apart from implementing technological solutions to improve
the river water quality, additional efforts are necessary to increase community involvement in managing the
Pinang River. The study demonstrates how system thinking approaches can be a tool for exploring and clarifying
root causes of river pollution issues, enabling development of long-term policies in rehabilitating a polluted
river.
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1 INTRODUCTION
Rivers are vital as they serve, not only as sources of food and water, but also as sources of energy, homes for
aquatic life, routes for water transportation, and places for tourism and recreation (Chan, 2002). Although the
importance of rivers is well known, sustainable management of a river is a challenging and complicated task as
it must account for economic, social, and environmental dimensions (Joshi, Tortajada, & Biswas, 2012).

Malaysia is an upper middle-income country located in South-East Asia. Over the past decades, rapid
industrialisation and urbanisations have taken place throughout Malaysia, with many river basins being
developed for residential, industrial, and commercial purposes (Chan, 2005). As in other developing countries,
many rivers in Malaysia are polluted (Table 1); among the 477 rivers monitored by the Department of
Environment, Malaysia in 2015, 33 rivers were classified as polluted with a further 168 rivers classified as
slightly polluted (DOE, 2016). Contributing factors to river pollution in Malaysia include population growth,
agricultural intensification, and industrial expansion, resulting in severe degradation of water quality.
Furthermore, low priority of environmental issues in the political agenda, inadequate economic, managerial,
and human resources, poor enforcement of laws and regulations, lack of public involvement, and inadequate
use of non-structural measures complicate river management. Indeed, the complexity of managing and
conserving rivers in Malaysia has increased, leading to poor river quality outcomes, creating negative long-term
economic impacts (Chan, 2012).

Water resource systems are complex systems in which heterogeneous users act based on differing values and
objectives. Increasingly, uncertain climate patterns are emerging as a further confounding factor in water
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resource management, including river management (Pahl-Wostl, 2002). There is increasing advocacy for
shifting towards adaptive management in river management policies as a suitable framework for coping with
these complexities (Warmink, Brugnach, Vinke-de Kruijf, Schielen, & Augustijn, 2017). In addition to
understanding natural, physical, chemical and ecological processes, it is also critical to consider the socio-
economic elements of a river and understand how the whole socio-ecological system is connected, in order to
effectively manage and restore river ecosystems (van der Velde, Leuven, Ragas, & Smits, 2006). Thus,
interactions between multiple stakeholders directly or indirectly involved in river management must be
considered together with the environmental, political, and socioeconomic aspects of the river when river
management strategies are developed. This paper aims to map out the complexity of a river management system
in Malaysia. Taking the Pinang River (a river located in the Penang State of Malaysia) as an example, this study
adopts a system thinking approach to investigate the cause of pollution in this river and develop suggestions for
addressing the root causes.

Table 1. River water quality in Malaysia, 2005-2015

YEAR NUMBER OF RIVERS
MONITORED

CLEAN SLIGHTLY POLLUTED POLLUTED

2005 594 338 166 90
2006 573 335 180 58
2007 520 368 164 48
2008 579 334 197 48
2009 577 306 217 54
2010 570 293 203 74
2011 464 275 150 39
2012 477 278 161 38
2013 477 275 173 29
2014 477 244 186 47
2015 477 276 168 33

Source: Department of Environment Malaysia (DOE), 2016

2. METHODOLOGY
2.1 Study Area
This study was conducted in the Pinang River (Figure 1), a 3.1 km-river located in the capital city of Penang
State, Malaysia. Penang is located in the north-west region of Peninsula Malaysia. It is among the smallest states
in Malaysia but has the second highest population density. In the past few decades, the Pinang River has been
severely polluted by rapid development, urbanisation, and uncontrolled garbage dumping and wastewater
discharges. This river was once declared a dead river, as no aquatic life could be found in it (Chan, 2012). As
of 2015, the Environmental Quality Report (DOE, 2015) still classified the water quality of Pinang River as
Class Three, unsafe for human contact. Despite years of rehabilitation efforts and high spending to remediate
the river, it remains one of the most polluted rivers in the Penang State. Local communities along the river rely
heavily on the efforts of the state government to solve this problem. Poor stakeholder engagement, low
awareness and unengaged posture of the local community regarding river pollution and waste management are
important factors contributing to the ongoing pollution that threatens the Pinang River (Chan, 2005).
2.3 Data Collection
Both primary and secondary data were collected for the analysis of this study. Primary data were collected
through observations and interviews with local stakeholders from the Pinang River. The authors conducted
several informal discussions with local communities to acquire their views on the issues and challenges facing
in managing the Pinang River and organised a river clean-up activity with the local communities where
observations of human activities that contribute to the pollution of Pinang River were made. A literature review
of published government documents and news articles was also conducted to investigate the perspectives of
government and other stakeholder actors in managing the Pinang River.
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Figure 1. Location of the Pinang River

2.4 System Thinking Approaches
System thinking is a transdisciplinary research tool that can be applied to discover the relationships between
different factors or elements in a system (Arnold & Wade, 2015). Systems thinking approaches have been widely
used in fields such as water and urban environments; for instance, Tan, Gong, and Siri (2017) used it to develop
a system dynamics model that study the impacts of subsidies on the prevalence of climate-sensitive residential
buildings in Malaysia, Videira, Antunes, and Santos (2009) used it to study the problems, pressures, and impacts
of Guadiana River located in Portugal, Kotir, Smith, Brown, Marshall, and Johnstone (2016) developed a
systems dynamic model to capture interactions and feedbacks between key components and drivers of Volta
River Basin in Ghana. According to Maani and Cavana (2007) and Sterman (2000), there are a few steps in
system thinking modelling: problem structuring and causal loop modelling are used to develop qualitative
models, whereas dynamic modelling and testing are used for developing quantitative models. This study used
qualitative modelling with causal loop diagrams to map out the river management problem at Pinang River by
first describing problems based on the information collected and then mapping the relationships of these
problems with Vensim PLE 7.0. The focus was to identify key feedback loops that drive system behaviour.
Figure 2 shows an example and brief explanation of feedback loops.

(a) (b)
Figure 2. (a) shows the positive loops that means self-reinforcing. In this case, it means more chicken lay more eggs,

which add to the chicken population. The arrows indicate the causal relationships. The + signs at the arrowheads indicate
that the effect is positively related to the cause. (b) show the negative loops which are self-correcting. In this case, the
more chickens, the more road crossings they will attempt and will lead to fewer chickens because of the death of the

chicken. Hence the negative polarity for the link from road crossings to chickens (Sterman, 2000).

3 RESULT AND DISCUSSION
3.1 Problem Structuring
3.1.1 Background of Pinang River Pollution Issue

The Pinang River flows through the heart of George Town, the capital city of Penang State, Malaysia. The
Pinang River is the main river in the Pinang River Basin, which comprises of six tributaries, namely Air Terjun
River, Kecil River, Air Putih River, Air Hitam River, Dondang River and Jelutong River. The Pinang River and
Jelutong River are located at the downstream in the Pinang River Basin (DOE, 2017). In the past decade, the
Pinang River and Jelutong River have consistently been among the most polluted rivers in Penang State despite
large budget allocations by the state government for rehabilitation of these rivers. As of the 2016 Environmental
Quality Report, published by the Malaysian Department of Environment, the Water Quality Index (WQI) of the
Pinang River is classified as Class Three (unsafe for human contact), requiring extensive treatment to be fit for
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drinking. Table 2 shows Malaysia’s Water Quality Index (WQI) classification and the usage of water according
to its classification and Figure 3 shows the WQI of Pinang River and Jelutong River for the past 10 years.
Indeed, between 2006 and 2016, the WQI of the Pinang River has fluctuated between Class Three and Class
Four (only suitable for irrigation). Similarly, the WQI of Jelutong River has fluctuated in the Class Four range
over that time period. The water quality of Pinang River and Jelutong River have never improved to Class Two
(safe for human contact) and Class Three respectively.

Table 2. Malaysia Water Quality Index Classification and its Usage (DOE, 2017)

Water Quality Index
(WQI)

Classification Usage

> 92.7 One Conservation of natural environment.
Water Supply I – Practically no treatment necessary
Fishery I – Very sensitive aquatic species.

76.5 – 92.7 Two Water Supply II – Conventional no treatment necessary.
Fishery II – Sensitive aquatic species.
Recreational use with body contact.

51.9 – 76.5 Three Water Supply III – Extensive treatment required.
Fishery III – Common, of economic value and tolerant species;
livestock drinking

31.0 – 51.9 Four Irrigation

< 31.0 Five None of above.

Figure 3. Water Quality Index of Pinang River and Jelutong River (2006 – 2016)

3.1.2 Domestic Waste and Need for Community Participation for Rehabilitating the Pinang River

Domestic sewage, waste from animal husbandry, industrial waste, soil erosion from construction sites and urban
runoff have been identified as the main sources of pollution in the Pinang River Basin (Naemah et al., 2006). It
is worrying that domestic waste, including domestic wastewater and domestic solid waste, are the major source
of pollutants in the Pinang River. A study by Yen et al. (2017) found that wastewater from residential areas
around the Pinang River Basin could be the main cause for the increase in the pollutant loads discharged into
the river. With regard to domestic solid waste, a state government official stated that rubbish collected from
Pinang River increased over three times between 2013 and 2014—from 15 tons to 50 tons, with further increases
expected in 2015 (The Sun Daily, 2015). While there are no studies evaluating the impact of solid waste on
Pinang River’s WQI scores, the increasing input of solid waste river is likely to have negative effects on river
water quality, such as reducing river dissolved oxygen levels through increased biological oxygen demand, thus
disrupting aquatic life (Islam, Tusher, Mustafa, & Mahmud, 2012). A river clean-up activity with local
communities was conducted at a residential area located along the Pinang River. Analysis of the 2,087 pieces
of solid waste collected showed that 88.9% of the rubbish consisted of recyclable waste, much of which was in
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the form of food containers, tin cans, straws, and paper. This evidence demonstrates the contribution of domestic
waste to the Pinang River and the importance of controlling it for successful river rehabilitation.

The state government has responded to the waste problem with a variety of technological measures, spending
200,000 Malaysian Ringgit to intercept rubbish and remediate the Pinang River (The Sun Daily, 2015). Yet,
river water quality remains well below target. One such technological solution is the installation of trash traps
in Pinang River and its tributaries. The installation of these traps in 2014 has not reduced the quantity of rubbish
in the Pinang River—which tripled instead, as noted above. This shows that technological solutions are
insufficient to achieve desired water quality; indeed, the perception of a solution may have encouraged increased
dumping of waste into the river. Furthermore, this shows that even if the implementation of technology is unable
to solve the root cause of the problem, which in this case is the behaviour of the local community in throwing
household waste into the river.

Reducing the source of domestic waste to the river requires the cooperation of local communities. However,
these local communities perceive that it is the government's role—and not theirs—to maintain the river.
Consequently, these communities take little action for river conservation or interest in government clean-up
projects. Interviews done with the representatives of village committees along the Pinang River reflected that
the interviewees were not aware of the projects being implemented by the state government in regard to cleaning
the river and that local communities were rarely consulted in these projects. Moreover, informal discussions
with local communities showed that many of them are not aware of the importance of rehabilitating the Pinang
River. The low awareness, knowledge, and capacity of these local communities for river management,
contributes to the persistent pollution of the Pinang River.
3.2 Modelling with Causal Loop Diagrams
Using the above information, causal loop diagrams that illustrate the relationship between state government
efforts to manage the Pinang River pollution issues and community involvement in river management were
developed.

The lack of local community participation in conserving the Pinang River is one of the main causes of Pinang
River pollution. In theory, local communities desire for a clean river should create a balancing feedback loop
(B1) that acts to protect the river (Figure 4). As water quality in the river decreases, the gap between the desired
and actual river water quality increases. This, along with associated negative impacts on the health and well-
being of local communities, should increase community participation in protecting the river. However, low
awareness of risks and capacity for waste management are obstacles to community efforts. This diminishes the
efficacy of this feedback loop in protecting the health of the river.

Figure 4. The gap between actual and desired river health should spur affected communities to protect the Pinang River,
creating a balancing loop (B1) that stabilizes river health. Unfortunately, communities have limited knowledge and tools

to tackle river pollution. This diminishes the efficacy of B1 for achieving high river water quality standards.

The condition of the Pinang River has deleterious consequences for the surrounding environment, including
unpleasant odours and prevalence of rubbish on the riverside, particularly at the downstream areas of the river.
Local communities unable to cope with these problems turn to the state government, which was consequently
pressured to generate quick and efficient initiatives to rehabilitate the river. Attempting to engage the community
in river management is a lengthy and uncertain process. However, since technological solutions come with clear
procedures and timelines, they seem to be an attractive solution in regard to this pressing problem. The use of
these technologies creates another balancing loop (B2), which works to improve river water quality (Figure 5).

Unfortunately, while technological solutions may remove trash and pollutants from the river, these solutions do
not address the source of pollution. On the contrary, dependence on these technological solutions means the
local community only play a secondary role—and often no role at all—in rehabilitating the Pinang River as
most of these solutions are implemented by government agencies without local community input, contribution,
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or buy-in. This shifts the perception of the local communities and society at large as to who is responsible for
protecting the river since only sophisticated and well-funded organisations like the state government can
implement technological solutions. Consequently, community sources of pollution were not addressed, and may
even worsen due to this perception of roles and responsibilities. Over time, the paradigm of the river as a
responsibility of the community is undermined, creating a reinforcing feedback loop (R1) that exacerbates the
underlying problem (Figure 6). This undermines the gains achieved by the technological solution and even if
the technological solution can keep up with pollution, the financial and environmental costs of implementation
continue to grow, making it unsustainable.

Figure 5. Persistently poor river water quality leads to pressure on authorities to remediate the river. Technological
solutions are a quick and direct way for governing authorities to address the problem. This creates another balancing loop

(B2) for river restoration.

Figure 6. Reliance on technological solutions shifts perceptions of roles and responsibility for protecting the river, such
that community sources of pollution are not addressed, and may even worsen due to a lack of consequences. Over time,
the paradigm of the river as a responsibility of the community is undermined, creating a reinforcing feedback loop (R1)

that exacerbates the underlying problem.

The resulting causal loop structure shown in Figure 5 consists of two balancing loops and a reinforcing loop.
One of the balancing loops shows the solution that can alleviate the problem in a short run (B2), while the other
shows a long-term solution that can solve the fundamental problem (B1). Dependency on the B2 loop
undermines the B1 loop in the long term via R1 (Figure 6). This causal structure replicates the system archetype
known as “Shifting the Burden,” where treating the symptoms of a problem removes the motivation for solving
the fundamental conflict and may even exacerbate it in the long-term (Meadows, 2008; Virupaxi & Biswajit,
2015).
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4 CONCLUSIONS
One reason why rehabilitating the Pinang River is so difficult is that the river management system has fallen
into the trap of “Shifting the Burden to the Intervenor.” This means the Pinang River’s management system is
currently dependent on a solution that reduces the symptoms of river pollution but does nothing to solve the
root cause of the problem which in this case, is the lack of community participation in managing the Pinang
River. Additionally, reliance on technological solutions to reduce the pollution of Pinang River creates a
reinforcing feedback loop (R1) that further reduces the role and responsibility of the community in managing
the Pinang River. In the long run, the river management system will become more and more dependent on
technological solutions while the capacity of the local community to reduce the pollution of Pinang River will
continue to deteriorate. To address the ‘shifting the burden’ archetype, Kim and Anderson (1998) suggest the
following guidelines:
1. Questions need to be asked about the deeper cause of this problem in regard to congruency of current solution

with the larger vision and possible long-term consequence of this solution;
2. Commit to working on the fundamental/ long-term solution to solving the deeper problem even while short/

midterm solution that solves the symptomatic problem is being implemented;
3. Stay focused on the long-term vision;
4. Always need to be aware of the addictiveness related to the shifting the burden management systems;
Based on above guidelines, future policies to rehabilitate the Pinang River must address the deeper cause of the
Pinang River's pollution issue. In this case, one of the major sources of pollutants in the Pinang River is domestic
waste discarded from local communities along the river, resulting from a lack of local community involvement
in protecting the river. This is likely due to low capacity and low awareness of the local community in regard to
river management. The current solution adopted by the government is solely technological. It can improve the
river water quality in the short-term, but the state government must also commit to work on the fundamental
solution to solve the deeper cause of this problem to make the Pinang River as a healthy river that can achieve
desired river water quality with appropriate contributions from local communities. The system thinking
approach can provide insights, making it easier to see the problem of river pollution in a holistic context. This
is helpful for identifying the fundamental problems of a river management system. This understanding can help
policymakers develop better policies for addressing the problem in complex river management systems.
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