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Abstract The assessment of ecological sustainability index for Tasik Kenyir is
always related to selection of indicators for sustainable development. There are few
initiatives to integrate indicators from various sectors to become an ecological index
for Tasik Kenyir, where issues of sustainable development are interrelated. The pur-
pose of this study is to develop a set of criteria, indicators and indices for sustain-
ability assessment of Tasik Kenyir. The focus is on ecological indicators and a
framework that has been developed. The results determined the suitable indicators
to monitor the ecological balance in the largest man-made lake in Peninsular
Malaysia.
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Introduction

Tasik Kenyir is the biggest man-made lake in Southeast Asia that was inundatedin
1986 as a result of the construction of the Sultan Mahmud hydroelectric dam. It
contains more than 340 islands in a flooded area of 38,000 hectares (Lola et al.
2019; Yusof et al. 2011), which is almost as big as Singapore. Tasik Kenyir derives
its name from Sungai Kenyir, where the dam was built. The islands in Tasik Kenyir
host diverse forms of flora and fauna which may be unique. Sustainability involves
taking different factors like economic, social, environmental, political and financial
aspects into consideration to ensure continuity of resources and survival of an envi-
ronment for the long term (Siche et al. 2008). The term “sustainability”” was intro-
duced as an international issue in the World Conservation Strategy summit in 1980.
Since then, the term has been used with increased frequency to debate decisions on
economic, social and environmental dimensions, besides searching for alternative
forms of development that are environment-friendly (Siche et al. 2008). Many
experts agreed that the sustainable urban concept must retain economic develop-
ment, social development and environmental development success where the con-
cept of sustainable exists as a complete entity and can also be independent
(Drakakis-Smith 1997).

Ecology is an inherent interdisciplinary science with physical and biological
components. However, ecologists do engage social scientists, economists, planners
and policy-makers in working together to develop the country. Ecological knowl-
edge has greatly contributed to our understanding of the natural world and impact
of humans on the ecosystem. Ecological sustainability refers to the capacity of the
biosphere to meet the needs of the present generation, without hindering future
generations from being able to meet their needs (Houda and Lamia 2016).

Chapter 40 of the United Nations' Agenda 21 (United Nations Commission on
Sustainable Development 1996) emphasises the development of indicators for
Sustainable Development (SD).It is a non-binding action plan for countries to
achieve sustainable development, and government and non-governmental organisa-
tions are encouraged to formulate indicators to monitor such development (United
Nations 1993). That agenda has since evolved into the newer Agenda 2030, which
contains 17 Sustainable Development Goals.

Indicators have long been used to obtain information on human health, weather
and economic welfare. Compared to economic and social aspects, environmental
and sustainable development indicators are a fairly new phenomenon. Indicators are
useful tools for decision-makers and provide information on major issues of devel-
opment as well as the distinct image on progress towards sustainable development.
Moreover, sustainable decision-making involves political will at local, national and
regional levels to create and promote a balanced environment (Huang et al. 2008).
The measurement of urban sustainability becomes crucial and its indicators, through
results input, must be integrated as an index. The index is an aggregation of indica-
tors that is readily understandable in the context of sustainability, and it plays a
distinctive role. A composite index can be obtained from all dimensions, objectives,
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indicators and variables used (Munda 2005). Indicators and indices provide com-
munication tools that provide a common framework for scientists and the authori-
ties to work together (Malkina-Pykh 2002).

This study aims to define the ecological sustainability indicators for Tasik Kenyir
to develop an index. Ecological sustainability index (ESI) is an effective tool to
determine whether the developments in the lake area are being carried out in a sus-
tainable manner. It monitors the ecological achievements in Tasik Kenyir and pro-
vides guidance for decision-makers to develop the lake in a right manner.

Methods

Study Area

The study was conducted in Tasik Kenyir in the state of Terengganu in Peninsular
Malaysia (Fig. 1). The islands in Tasik Kenyir were actually high grounds and hill-
tops that were not submerged by the construction of the Sltan Mahmud hydroelec-
tric dam. There were now 30 rivers flowing into the lake, with 25 waterfalls at
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Fig. 1 Map of Tasik Kenyir (Google Map)
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various points. It had been identified as a habitat for 25 species of fish (Kenyir Lake
2009), which made it a popular angling destination. The lake also offered fascinat-
ing views of surrounding waterfalls, limestone caves and lush tropical forests that
host more than 8000 species of flowers, 2500 species of plants and trees, and 300
species of fungi. Furthermore, 800 species of butterflies, 370 species of orchids,
1000 species of birds and 200 species of animals had been observed in the area
(Yusof et al. 2011).

Data Collection

The potential indicators were based on data obtained from questionnaires, inter-
views and surveys at Tasik Kenyir. The questionnaires were distributed among the
local residents of Tasik Kenyir. They comprise questions on demographic character-
istics (composition, age, education and migration). Respondents were also asked
about their livelihood status and subjective evaluation towards environmental
aspects in Tasik Kenyir according to the sustainable livelihood framework by the
International Development Department (1999). Data on the water quality and air
pollution in the lake were gathered from federal agencies like the Environment
Department, Orang Asli Development Department (JAKOA) and Wildlife and
National Parks Department (DNWP), besides state agencies like the Terengganu
Economic Planning Unit (UPEN) and Terengganu Tengah Development Board
(KETENGAH).

Index Calculation

In this study, the index calculation involved some choices during data processing.
This study chose the standard method [0, 1] using the minimum and maximum
values for each objective indicator. Using the values from O to 1 was simple and
more understandable. All indicators chosen were given a positive or negative sign to
show the impact they had on achieving a sustainable ecological outcome. A higher
positive indicator refers to better sustainability. The standard formula is stated
in Eq. I:

X -min,_, X )

Index = -
max,_, X —min,_ X

The X indicate the relative value of indicator where min of X is the lowest value
of indicator X at i time and max X are the highest value of X indicator of i time. The
highest value and lowest value of each indicator achieved in the study areas were
chosen as the maximum and minimum value in the standardisation process. The
value of indices fell within O to 1, where a value closer to 1 denoted better sustain-

able development and closer to O denoted the opposite.
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According to several studies, different indicators should have equal weight (Esty
et al. 2005, 2006; Barrera-Roldan and Saldivar-Valdés 2002). Differently-weighted
determination would introduce a subjective component to indice development. For
indicator aggregation, the averaging method was used. Sensitivity analysis was a
measure of how far the composite index had developed that depended on informa-
tion and assumptions. It was necessary to conduct this analysis due to a lack of
theory in allowing the aggregation of different categories into an index. A change in
weightage was used to observe changes in the composite index. Sensitivity analysis
for uncertainty in weighted selection was used to prevent conflicts in policies.
According to previous research, this study assumed an equal weightage system,
which meant every criterion and sub-criterion was considered equally important.
Then, the indicators were tested in the sensitivity level sustainable index.

Criteria Selection

The framework of ecological sustainability for Tasik Kenyir was a combination and
modification based on the theme indicators of a framework by the United Nations
Commission on Sustainable Development (1996) and the Barometer of Sustainability
(Kunasekaran et al. 2017; TUCN 1996). The "barometer" was divided into four
aspects, namely the environment, management, natural resources and politics.

Reflective

Based on Goldberg (2002), indicators did not cater to scientific demands only, but
must also be seen as a symbol of achievement of the best knowledge or idea.
Therefore, only indicators that described sustainable development were selected.

Availability, Continuity and Trustworthiness

Good development index and application played important roles to ensure that the
data was available. According to Barrera-Rolddn and Saldivar-Valdés (2002), the
availability and trustworthiness of data were very important factors in the methodol-
ogy stated by Agenda 21 and the Organisation for Economic Cooperation and
Development (OECD). Empirical success depended on the availability of a series of
continuous and significant data. For this study, chosen indicators were depended on
what was available in Tasik Kenyir.
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Affordability and Simplification

Data on affordability was important to develop an index and its application. All
sustainability index formation must be in cost-effective. Referring to Atkinson et al.
(1997), no matter how good the theoretical construction of an index, it would only
be useful if the key indicator development was at reasonable cost. According to Lee
and Huang (2007), indicators should be easily understood by respondents without
professional knowledge, and also precise and easy to apply.

Quantifiable and the Framework Ecological Sustainable
Index (ESI)

According to Roldan and Valdes (2002), indicators should be based on data that has
sufficient and high-quality information. The framework is stated in Fig. 2.

Results and Discussion

The urban methodology was used to analyse the ecological sustainability index in
Tasik Kenyir. The method by Pearce and Giles (1995), through classification of the
sustainability index, were used as shown in Table 1. This classification was also
adopted from a study in China study by van Dijk and Mingshun (2005).
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Fig. 2 The framework of an ecological sustainable index (ESI)
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Table 1 The classification of an ecological sustainability index (Pearce and Giles 1995)

Score Definition

>0.75 Sustainable

>0.5,<0.75 Moderate

>0.25,<0.5 Weak

<0.25 Unsustainable
Index

Enviromental

Political
0.75

6 management o— Index

0.77
Natural Resources

Fig. 3 Average performance of sub-criteria for ecological sustainability index

Figure 3 shows the average of sustainability index on sub-criteria for manage-
ment with average value of about 0.6, followed by an environmental index of 0.7.
The political average was 0.75 and natural resources was 0.77. The average of all
sub-criteria was moderate according to the classification of the ecological index by
van Dijk and Mingshun (2005). Sustainability index indicated a moderate level of
performance, and the sustainability criteria were not within reach, hence indicating
the need for more action. Therefore, from the measurement of ESI, we propose that
the local authorities in Tasik Kenyir should strengthen their action plan to empower
management, while conserving natural resources and the environment. However,
the political will for sustainability should be imposed rather than letting it remain
idle towards nature to meet both ends in sustainability development.

Conclusion

Sustainability measurements indicated that Tasik Kenyir was moderate in all four
aspects of sustainability — political will, environment, natural resources and man-
agement aspect as a whole. There were some actions that could be taken to promote
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the ESI of Tasik Kenyir, such as; (1) promoting a balanced usage of natural resources
from surrounding water catchment areas e.g.catch-and-release fishing, limiting
catchment by introducing the Tagal system and reduce hunting of animals; (2)
implementing sustainable visits for tourists e.g. counting their litter when exiting
Tasik Kenyir and penalising them for throwing too much rubbish; (3) empowering
the management by regular surveillance and maintenance to promote a vibrant sur-
rounding and provide comfortable amenities; and, (4) local politicians pledging to
promote sustainable developments in the lake. Hence, by residing to this alternative,
we hypothesise that Tasik Kenyir could achieve a high index rating in 5-10 years’
time, and boosts its economy with better development and tourist experience.
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