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SUMMARY

Despite an abundance in natural and human resources, Indonesia has not been able to
significantly improve the level of water, energy, and food (WEF) security. Challenges in
achieving WEF security targets mostly relate to resource mismanagement, lack of
coordination, authority imbalance among sectors, and overlapping roles and
responsibility among levels of government. The immature process of the decentralization
has made these challenges even more complex; it is not easy to unify the vision of local
governments (i.e. 34 provinces, 416 regencies, 98 cities) with the Regional Head who is
elected every 5 years and sometimes brings different goals and development approaches.
The lack of information, awareness, coordination and a common framework to bridge the
gaps between national and local governments, jeopardizes the attainment of WEF security
targets which have been set in the national long-term planning (RPJPN) and mid-term
planning (RPJMN). Unfortunately, this complex issue has not received the attention it
deserves, from a scientific perspective nor from a practical implementation point of view
such as through laws, policies and planning processes.
This research addresses these knowledge and implementation gaps by analysing the
interlinkages among variables in the WEF system using the nexus approach which
integrates management and governance across sectors and scales. The main objective of
this research is to grasp the WEF security nexus in the local context and to evaluate the
implications of planned local interventions in WEF sectors by developing a conceptual
and quantitative analysis framework and employing system dynamics modelling through
a stakeholder engagement and co-development process. The Karawang Regency in
Indonesia is chosen as an illustrative case study as it represents all challenges and
variables at the local level of WEF security nexus.
The first part of this study identifies knowledge gaps and common critiques on the WEF
nexus framework that have emerged since the concept was proposed. It analyses current
improvements of the WEF nexus concept, applications and impacts during the period of
2012-2020. By reviewing 10 existing WEF nexus frameworks, several gaps and
omissions as well as their possible improvements are identified. Four principles that must
be of serious consideration in developing the future WEF nexus framework and
improving the WEF nexus-related studies are proposed, i.e. to make them more
understandable, to make them adaptable to many diverse situations, to ensure reliable and
valid data, and to be applicable across scales. The perspective of “from local to global”
and locally-based WEF resource management are also suggested to ensure that WEF
security can be achieved sustainably in local communities and they will help towards
national and global targets.
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Secondly, several strategies and their practical implementation for WEF-related sectors
in the study area are formulated using the composite method of Location Quotient (LQ)
and Competitive Position (CP). This method assesses the agglomeration level and growth
potential in each WEF sector, locating them in a four-quadrant matrix. Quadrant I,
signifying the advantaged cluster, contains 1 sector (energy-related sector); quadrant II,
signifying the potential cluster contains 1 sector (water-related sector) and 2 sub-sectors
(estate & horticulture crops and water supply sub-sectors); none of sector in quadrant III
or capable cluster, while 1 sector (food-related sector) and 4 sub-sectors (food crops,
electricity, livestock, and fishery sub-sectors) fall in quadrant IV, the disadvantaged
cluster. The analysis shows that the general characteristics of WEF-related sectors in a
region can be clearly distinguished based on its main economic development focus. This
preliminary economic-based evaluation gives a better understanding and more
comprehensive insights for policy-makers and other stakeholders, although the clear
interrelation among variables and sectors is not assessed at this stage of analysis.
The third set of results shows that participatory or group model building is beneficial in
assisting local stakeholders to grasp the complexity of the WEF security system. The
group model building approach covers all major internal and external factors and drivers,
including possible feedback mechanisms and key variables to be further analysed. A
qualitative Karawang WEF security (K-WEFS) model is established with stakeholders,
and is composed of six sub-models with water, energy and food sectors as internal factors
and population, economy and ecosystem services as external drivers. The collaborative
action plan, using system dynamics analysis and group model building, not only can be
implemented in WEF sectors but also other development planning and policy-making
process such as infrastructure, trade and services, monetary, transportation etc.
Fourthly, building on the qualitative K-WEFS model, a quantitative stock-flow diagram
(SFD) is developed. By employing STELLA® professional software, three planned
policy interventions in WEF-related sectors are modelled in an integrated way. The
impacts on the available resources per person (APP) and self-sufficiency levels (SSL) of
resources are analysed in four scenarios, including business as usual and several
combinations of planned interventions. Implications are based on model simulation, while
possible practical actions are derived from both model simulation and other
considerations, such as local planning ambitions, national programs, local experts and
modeller’s opinion. Several potentially unanticipated and indirect impacts of policy
interventions are also highlighted in this quantitative simulation.
Results and findings in this study, derived from the K-WEFS nexus framework are
expected to assist the local planner and decision-makers to deal with challenges in WEF
resource management by making trade-offs explicit, building synergies among WEFrelated sectors and eventually improving the WEF security target’s achievement.
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INTRODUCTION

1.1 BACKGROUND
The existence of water, energy and food are important for people to achieve welfare,
alleviate poverty and reach a sustainable level of development (FAO, 2014). Based on
world projection in the next decades, Hoff (2011) concludes there will be a prominent
increase of water, energy, and food demand due to the pressure of population growth,
economic activities, the changes in diets, culture, technology, and climate. In addition,
notwithstanding the global development process has quickly sped up over the past 50
years, there is still lack of equity in distribution between and within countries in gaining
advantages especially in water, energy and food security. Water, energy, and food
security-related challenges are getting urgent and need to be resolved simultaneously in
an integrative manner. This is exacerbated by diminishing resource bases both in quantity
and quality due to natural and human activities pressuring these resources. De Fraiture &
Wichelns (2010) underline that increasing water demand for urban, industrial and
environmental protection will escalate competition with the rising need of water for
agriculture. Globally, the energy demand will almost double, while the demand of water
and food are foreseen to escalate by more than 50% in 2050 (IRENA, 2015).
The World Food Summit in 1996 defined food security as where ‘all people at all times
have physical and economic access to sufficient safe and nutritious food to meet their
dietary needs and food preferences for an active and healthy life’. Food production, food
accessibility and food quality are three key elements in food security. Almost in the same
way, water security as described by UN-Water is ‘the capacity of a population to safeguard
sustainable access to adequate quantities of acceptable quality water for sustaining
livelihoods, human well-being, and socio-economic development, for ensuring protection
against water-borne pollution and water-related disasters, and for preserving ecosystems in
a climate of peace and political stability” (UN-Water, 2013). In terms of energy security,
the International Energy Agency (IEA) in 1974 defined it in a clear way as ‘an
uninterrupted availability of energy sources at an affordable price’. Hoff (2011)
underlines that resources availability is not the one and only factor of security.
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Accessibility and quality are also crucial to be covered especially in the extreme
condition that exist naturally, economically, and socially. Resource availability can be
defined as physical existence of the resource to meet demand in all level (from household
to national level). Furthermore, accessibility of resource means that the resource is easily
to obtain and in affordable price, while quality aspect interpreted as the ability of the
resource to meet quality standard which has been set for certain purpose such as the
guideline on drinking water quality established by World Health Organization (see WHO,
2017).
Water, energy, and food security are becoming a major topic that is vigorously discussed
not only in developing countries but also in developed countries. The interaction among
their components internally and interconnection with environment condition, social,
governance and even political situation make this issue is immensely complex. Achieving
certain levels of water, energy and food security simultaneously is a complex challenge
that will influence, and is influenced by other sectors including social, political, and
environmental condition (Bizikova et al., 2013; Endo et al., 2015). Resolving one
problem partially without considering its interlinkage will only shift problems from one
resource perspective to another and may cause unexpected effects (Kenway et al., 2011;
Bizikova et al., 2013; FAO, 2014; El Gafy et al., 2016). Additionally, focusing only on
one certain aspect of security, without considering others may also cause unbalanced
supply and ineffective target achievement, or could even damage the sustainable us of
other resources.

1.1.1 WEF security nexus concepts
The basic concept of the water, energy, and food security nexus approach has been
developed and extensively discussed in Bonn 2011 Conference. In its background paper,
the nexus approach is defined as ‘an approach that integrates management and
governance across sectors and scales’ (Hoff, 2011). The paper also provided evidence
that this approach is effective to enhance water, energy, and security by improving
efficiency, lowering trade-offs, developing synergies, and improving governance.
Nevertheless, there are still knowledge gaps in this approach including analytical
framework disharmony for overcoming institutional disjunctions and power imparity
among sectors. There is no sole technique able to be applied for every specific
circumstance suitably (Endo et al., 2015). Thus, to deal with different and specific
situation in each region, deconstruction of the nexus approach (Lele et al., 2013) and
specific context elaboration (El Gafy et al, 2016) have to be considered in order to make
more effective and contextualized solutions on water, energy, and food security and to
assist decision makers in managing resources. The WEF security nexus framework
established by Holger Hoff becomes the main reference of many WEF nexus studies all
over the world.
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1.1.2 WEF security in Indonesia
Indonesia has almost all the resources that are needed in achieving WEF security such as
oil, coal, natural gas, abundant solar radiation, water resources, and also land resources
to produce foods. In Indonesia, considerable attention has been paid to the level of WEF
security with several international publications documenting the current condition. The
Asian Development Bank (ADB), for instance, ranked the National Water Security Index
of Indonesia as 27 out of 48 Asian Countries (ADB, 2016a). An unfavourable position
also obtained regarding energy security, where Indonesia ranked 85 of 125 countries in
Energy Trilemma Index (World Energy Council, 2016). Indonesian rank in food security
was in 71 out of 113 countries by 2016, left behind other Southeast Asian countries like
Singapore, Malaysia, Thailand and Vietnam (The Economist Intelligence Unit, 2016)
while in Global Hunger Index 2016, Indonesia categorized as ‘serious’ with score 21.9
(IFPRI, 2016). There is “a silent but imminent crisis in food, as well as in energy, and
water supplies” says Rahmadi (2013). Symptoms concerning water, energy and food
insecurity are increasingly visible. Indonesia is one of agricultural product (grains,
horticultures, and livestock) importers, while those commodities are potentially produced
in this country. Floods in the wet season and droughts in the dry season are regularly
happened. Furthermore, water pollution due to domestics and industrial activities,
agricultural land conversion and climate change are even worsen the WEF insecurity.
Resources exploitation without balanced and proper management which considers other
related factors and sectors is the big reason and may cause resource insecurity in
Indonesia. This is related to the problem identification in the next section.

1.2 PROBLEM IDENTIFICATION
Water, energy, and food security status of Indonesia are in a disadvantaged situation,
whereas Indonesia has abundant potential resources to support those securities.
Principally, the Indonesian government has strong commitments to achieve its targets in
water, energy, and food security as outlined in national long-term and medium-term
planning. However, several acute problems have obstructed the attainment of its national
targets, i.e. resources mismanagement, lack of coordination, and authority imbalance
among sectors, levels and scales (Bellfield et al., 2016).
The challenges are even getting more complex in the current decentralization era where
local governments (i.e. 34 provinces, 416 regencies, and 98 cities) have also their specific
local approaches and targets. Decentralized systems can be an effective way to achieve
national targets if each local government has a harmonious framework and perspective
on it. Otherwise, the gaps among sectors and levels are getting wider, and the targets are
becoming more difficult to reach. Quincieu (2015) emphasizes the need of preferable and
clearer roles, responsibilities, programmes and policies among district, provincial and
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central government in Indonesia. An integrated local framework in evaluation and
planning is importantly needed to unify visions of each local government in achieving
both local and national water, energy, and food security targets (Figure 1.1).

Figure 1.1. The importance of WEF security nexus framework
Unfortunately, studies in water, energy, and food security nexus have been carried out
mostly in the perspectives of global and national level. It has not sufficiently addressed
to the local government viewpoint especially in a developing country like Indonesia. This
research attempts to fill one of those gaps, by focusing to analyse, develop a framework
and model, and assess the water, energy, and food security nexus in a local perspective in
Indonesia.

1.3 RESEARCH OBJECTIVES
The major objective of this research is to grasp the WEF security nexus in the local
context and evaluate the implications of planned local scale interventions in WEF sectors
by developing a conceptual and quantitative analysis framework together with local
stakeholders. Furthermore, the specific objectives of the research have been formulated
to:
1) analyse the existing WEF security nexus concepts and frameworks (Chapter 2);
2) assess the WEF-related sectors and their behaviour in the local economic
development (Chapter 3);
3) develop a qualitative causal loop mapping of WEF security nexus by involving
local WEF-related stakeholder through group model building (Chapter 4);
4
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4) develop a quantitative system dynamics model WEF security nexus in local
context (Chapter 5);
5) evaluate the local development policies and planning on the water, energy and
food related sectors (Chapter 5 & 6).
All the objectives have addressed the central question in this study that asks the
implications of planned interventions in Karawang Regency to local water, energy, and
food security, and its contribution to the achievement of national targets.

1.4 METHODS SUMMARY
In general, this research will be organized using a mixed method that combines aspects
relying on qualitative and quantitative approaches. The following Table 1.1 summarizes
the steps and methods that have been employed in this study.
Table 1.1. Summary of methodology
i. No.
Stage
ii. iii.
1. Literature review
iv.
a. WEF security concepts
v.
b. System dynamics vi.
vii. 2. Data collection
viii.
ix.

3.

Economic base analysis

x.

4.

Model conceptualization

xi.

5.

CLD development
(Qualitative)

xii.

6.

SFD development
(Quantitative)

xiii.

7.

Model validation

Method/Source
Hoff (2011); (FAO, 2014), etc.
Forrester (1961); Sterman (2000), etc.
Primary and secondary data (BPS/Statistics
Agency; ADB; etc.)
▪ Analysing GRDP using Location Quotient (LQ)
(Wang and Hofe, 2007)
𝑋𝑖𝑛 /𝑌𝑛
𝑆𝐿𝑄 =
𝑋𝑖 /𝑌
▪ Agglomeration growth (P)
𝐿𝑄𝑖𝑡𝑛 − 𝐿𝑄𝑖𝑡0
) 𝑥100%
P=(
𝐿𝑄𝑖𝑡0
▪ Competitive Cluster Bubble Chart (Pearce and
Robinson, 2001; Zhao et al., 2016)
Endogenous
and
exogenous
indicators
determination based on result of literature review
and WEF security nexus diagram
Sub-CLDs building and integration of each SubCLDs into integrated CLD WEF security by
applying Group Model Building (Vennix, 1996)
▪ Stock, flow, and variable determination
▪ Providing rates of change
▪ Governing equations
▪ Model behaviour test, sensitivity analysis and
policy sensitivity with case study in Karawang
Regency (Base year 2010-2019)
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i.

No.

Stage

Method/Source
▪ Expert/stakeholder opinion
1
∑ (Xm -Xd )
MAE= ∑|Xm -Xd |
M=
𝑛
∑ Xd
2
COv(Xm -Xd )
)
MAPE
R2 = (
σXm -σXd
1 Xm − Xd
= ∑|
|
2
n
Xd
√∑ (Xm -Xd )
U0 =
1
√∑ X2 m +√∑ X2 d
RMSE = √ ∑(Xm − Xd )2
n

xiv. xv.
8.

Planned intervention, xvi.
policy analysis, and
framework
accomplishment

Using developed system dynamics model to
analyse water conservation (artificial ponds), solar
electricity
development,
agricultural
land
conversion, and other interventions.

1.5 STUDY AREA
Karawang Regency, Indonesia (Figure 1.2) was chosen as the case study in this research.
This regency is one of the largest agricultural centres in Indonesia with Paddy as the main
crop. On the other hand, this region also focuses on industrial development as stated in
its long-term (twenty-yearly) planning year 2005-2025. Its vision is to achieve a
prosperous region based on agricultural and industrial development. Secondly, this
regency comprises urban, rural, and peri-urban area that have different characteristics to
be managed specifically and comprehensively. Thirdly, the location is relatively close to
Jakarta, the capital of Indonesia. It has become another centre of development activities
besides industry (e.g. residential, infrastructures, trade and services, hotels, and other
supporting facilities) that potentially increase the interaction between water, energy and
food sectors, as well as the demand on those resources.
Karawang comprises paddy field of 95,287 Ha (54.4%), non-paddy agriculture of 38,805
Ha (22.1%), other land uses such as roads, houses, industries, and water bodies of 41,167
Ha (23.5%) (BPS of Karawang, 2019). The main commodities of horticulture products
are cucumber, beans and mushroom, whereas for livestock, cows, buffaloes, sheep, goats
and chickens are raised in this area. There are also another food sources such as capture
fisheries (8,871 tons), aquaculture (44,024 tons), and salt production (3,981 tons) (BPS
of Karawang, 2019). By 2016, around 954 units of large manufacturing companies, and
approximately 9290 units of intermediate and small firms already existed in Karawang
Regency. Furthermore, the total area provided by the government of Karawang to develop
industrial estates is become one of the largest among other regions in South East Asian
countries. It indicates that industrialization policy is a major policy direction both locally
and nationally.
6
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Figure 1.2. Administrative and land use map of Karawang Regency, Indonesia
This region is expected to represent the complexity of water, energy, and food interactions,
so that all variables needed in developing system dynamics model both qualitative and
quantitative can be derived comprehensively.
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1.6 THESIS OUTLINE
This thesis is organized in six interrelated chapters to address all the research objectives
in this study. More than half of the chapters are based on or adapted from research papers
that have been published in the international peer-review journals.
1) Chapter 1: Introduction
This chapter describes in detail the background of the research, problem
identification, research objectives, general methods, study area, and thesis structure.
2) Chapter 2: WEF Nexus: Knowledge gaps, criticisms, and improvements
Chapter 2 presents a review of existing WEF security nexus concepts, models and
frameworks that have been developed around the world, including the knowledge
gaps, criticisms, innovation and future improvements on this concept. The aim of this
part is to bring a general perspective on how WEF resources should be managed and
how the future WEF nexus framework, research, and implementation should be
developed.
3) Chapter 3: WEF-related sectors in local economic development
This chapter consist of the explanation, calculation, and analysis on economic base
sector using composite methods of Location Quotient (LQ) and Competitive Position
(CP) to evaluate the agglomeration level and growth and to determine some possible
sustainable strategies in water, energy and food related sectors.
4) Chapter 4: Group model building on qualitative WEF security nexus dynamics
This chapter elaborates the process a qualitative causal loop model development of a
water, energy, and food (WEF) security nexus system to be used in analysing the
interlinkages among WEF and other sectors by engaging all related local
stakeholders through a group model building (GMB).
5) Chapter 5: Quantitative simulation of WEF security nexus
This part describes the analysis of the water, energy, and food-related policies and
planning using the developed quantitative framework (K-WEFS model) and also the
evaluation of local policies and planning on WEF sectors.
6) Chapter 6: Synthesis and recommendation
This chapter concludes the final findings of the research and provides main
contributions, further research, and practical recommendation for the improvement
of WEF security management, evaluation, and planning in local context. It also
includes institutional and governance coherence in all levels to support national WEF
security targets.
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WEF NEXUS: KNOWLEDGE GAPS,
CRITICISMS, AND IMPROVEMENTS

Abstract
This chapter presents knowledge gaps and critiques on the water-energy-food (WEF)
nexus that have emerged since the concept of the WEF nexus was proposed by the World
Economic Forum and the Bonn 2011 Conference. Furthermore, this study analyses
current innovations on the WEF nexus concept, applications, and impacts during the
period of 2012-2020. This begins by reviewing ten WEF nexus frameworks developed
by international organizations and researchers. Based on this, several gaps and omissions
in nexus frameworks are obvious in almost all developed frameworks. Studies that start
to address some of these gaps are analysed, but are relatively few, and do not address all
gaps. Several proposed improvements to nexus frameworks are identified to narrow the
gaps and put the concept into practical implementation in WEF resources management
and governance. Four principles and the perspective of “from local to global” for future
WEF nexus framework development and analysis are suggested to ensure that the security
of water, energy, and food resources can be achieved sustainably in local communities.
This will aid the impact towards national and global ambitions on WEF security.
Keywords: water-energy-food (WEF), nexus concept, knowledge gaps, critiques, WEF
security

This chapter is based on:
Purwanto A., Sušnik J., Suryadi F.X., de Fraiture C., (2021), Water-energy-food nexus:
critical review, practical applications, and prospects for future research. Sustainability,
13, 1919, MDPI, DOI: https://doi.org/10.3390/su13041919 (Published).

2. WEF nexus: Knowledge gaps, criticisms, and improvements

2.1 INTRODUCTION
The connections between the water, energy, and food (WEF) sectors, known as the WEF
nexus, are becoming a major academic, policy and societal topic that is increasingly
discussed in global society, including the relationship with ecosystems, livelihoods, and
the economy (e.g. de Fraiture et al., 2010; Sušnik, 2018; Hülsmann et al. 2019). The
challenges to manage water, energy and food resources simultaneously and meet multiple
potentially conflicting objectives, without compromising the resource base of any sector
are urgent and need to be resolved as best as possible (i.e. causing the least amount of
damage to other sectors). This challenge demands an integrated approach in which the
systems are considered as a whole. To add to the complexity, the WEF nexus influences
and is influenced by other sectors including economic, social, political, and
environmental conditions (Bizikova et al., 2013; Endo et al., 2015). The basic concept of
the WEF security nexus approach was developed and extensively discussed in the Bonn
2011 Nexus Conference. In the resulting background paper, the nexus approach is defined
as ‘an approach that integrates management and governance across sectors and scales’
(Hoff, 2011). The integration of theoretical approaches and practical implementation to
solving policy challenges is urgently needed.
In Hoff’s background paper (Hoff, 2011), initial guidance on how a nexus approach can
improve the security of WEF resources by increasing efficiency, reducing trade-offs,
building synergies and improving governance across sectors, including several policy
recommendations was introduced. Since then, comprehensive studies and critical reviews
by Endo et al., (2017) and Albrecht et al., (2018) state that the background paper by
Holger Hoff and the World Economic Forum meeting in 2011 (WEF, 2011) has brought
the topic and concept of the WEF nexus to the centre of global attention. However, several
gaps were identified in nexus approach frameworks, and in subsequent nexus studies.
This chapter has several objectives. The first is to review existing WEF nexus frameworks, showing where they overlap and to consider key areas omitted from most, if not
all of these frameworks. The second step is to revisit several key WEF nexus critiques,
with the aim of identifying knowledge, research, and application gaps from those studies.
These gaps are then mapped onto those from the nexus frameworks. These steps allow
identification of the most urgent outstanding issues in current nexus research. Following
this, several applied WEF nexus case studies are discussed, illustrating the extent to which
the identified gaps and omissions have been addressed (or started to be addressed). From
this, research gaps that are still present in nexus research are highlighted as urgent avenues
for future research. The steps applied in this chapter are outlined in Figure 2.1. These
steps are reflected in the structure of this chapter.
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Figure 2.1. Schematic flow chart of the process followed in this chapter

2.2 ASSESSING EXISTING WEF NEXUS FRAMEWORKS
Existing WEF nexus frameworks were selected following a literature review of
frameworks published in academic and non-academic sources using Google Scholar (cf.
Walters, 2017), Science Direct, and Scopus databases. The databases were used to
identify peer-reviewed scientific documents and other publications that employed the
WEF nexus concept during the period 2012-2020. Further investigation was conducted
to clarify the main concerns, key principles, and variables of the frameworks. While not
meant as comprehensive, the results are representative of commonly presented WEF
nexus frameworks in the literature, and much overlap can be identified between the
frameworks discussed in this section.
While the concept of interlinkages and integration between the WEF sectors is not new
(it has been understood by local communities, and the private sectors for some time e.g.
Benson et al., 2015; Bell et al., 2016; Wichelns, 2017; Endo et al., 2017), it is arguable
that the modern concept of the WEF nexus became mainstreamed after 2011 when the
World Economic Forum published a report which was the result of numerous analyses
and studies (WEF, 2011). In the Global Risks 2011 (sixth edition) report, the
interconnectedness between water, energy and food sectors with other external variables
such as economic and population growth, environmental pressures, global governance
failures, and even geopolitics conflict was postulated. This report identified some direct
and indirect impacts that may arise due to risks associated with these interlinkages
including major trends and uncertainties, levers and trade-offs (WEF, 2011). Several key
were identified. These include recognizing trade-offs, integrated and multi-stakeholder
planning, community level empowerment, market-led pricing, and technological and
financial innovations to improve WEF management at any level.
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After the publication of the 2011 Global Risks report, the next influential event was the
Bonn 2011 Conference on the water, energy and food security nexus that was held on
November 16-18, 2011. The background paper from the conference, entitled
“Understanding the Nexus”, has become an influential reference in research related to the
WEF nexus approach (Hoff, 2011). Figure 2.2 shows the WEF nexus framework,
describing the complexity of the WEF nexus with water availability as the core of the
system. It considers the importance of sustainable development actions, global trends,
and governmental interventions. Several key principles among others include resource
productivity, the concept of waste as a resource, economic incentives, and coherence in
governance, institutions, and policies.

Figure 2.2. The water, energy, and food security nexus framework (source: Hoff, 2011.
Reprinted with permission)
The Hoff background paper proposed some knowledge gaps in the nexus approach that
were suggested to be addressed (Table 2.4). As the background paper is well known in
the nexus research community, Hoff’s knowledge gaps can become the focus of
researchers in order to address the gaps and improve nexus understanding.
Many WEF frameworks, tools and models have been developed since the Bonn 2011
Conference. Several innovations and modifications of the ‘original’ WEF nexus
framework have been developed by various international organizations, research
institutes, and researchers. The association between WEF sectors and external variables,
which is in line with the sustainable development concept, has been illustrated in various
frameworks, some of which are summarized in Table 2.1.
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Table 2.1. A selection of representative WEF nexus frameworks and their main features
WEF nexus framework
A Food, water, and energy nexus and the
contribution of Himalayan ecosystem services
▪ The core of the framework is ecosystem goods
and services to support WEF sectors, and
implemented in South Asia
▪ Key principles: (1) water storage capacity
restoration, (2) climate and environmentally
and social-friendly infrastructure development,
(3) adequate investment for management, (4)
incentive mechanism in managing ecosystem
B The Water-Energy-Land (WEL) nexus
▪ This framework widens the perspective of the
nexus by considering land use competition for
agriculture, forests, human settlement and
infrastructure, and biodiversity, including the
competition in water demands
▪ Key principles: (1) rethinking the natural
resources approach, (2) transformative action
in addressing the demand, supply, efficiency,
and resilience of natural resource, (3)
integrated solution for an appropriate
management of WEL
C The Resource Nexus
▪ This resource nexus framework focuses on
five essential resources: water, energy,
minerals, food, and land.
▪ Key principles: (1) doubling resource
efficiency, (2) transition toward sustainable
energy systems (3) coordinating efforts to
properly price resources, (4) rethinking of “the
good life” and economic growth based on
ever-increasing resource consumption, (5)
working together to resolve disputes, (6)
reinvesting in global leadership
D The CLEWS framework
▪ The framework integrates the assessment of
three sectors of land, energy, and water
resources using several tools i.e. LEAP by
SEI, WEAP by SEI, and AEZ by IIASA and
FAO models with climate change scenarios.
▪ Key principles: (1) points identification at
which the resource systems interact (2)

Document source & publisher

▪ Contribution of Himalayan
ecosystems to water, energy and food
security in South Asia: a nexus
approach (Fig. 2, page 4, in this
document source)
▪ The International Centre for Integrated
Mountain Development (ICIMOD,
2012)
▪ Confronting scarcity: Managing
water, energy and land for inclusive
and sustainable growth (Fig. 2.2, page
27, in this document source)
▪ European Union (European Report on
Development, 2012)

▪ The global resource nexus: The
struggles for land, energy, food,
water, and minerals (Fig. 1, page 7, in
this document source)
▪ The Transatlantic Academy
(Andrews-Speed et al., 2012)

▪ Integrated analysis of climate change,
land-use, energy and water strategies
(Fig. 1, page 622, in this document
source)
▪ Macmillan Publishers
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WEF nexus framework

E

F
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H
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establish appropriate data exchanges between
the modules, (3) Process repetition through a
series of iterations
Nexus dialogue: agreed key interlinkages
▪ The centre of the framework is ecosystems and
climate and environment as external factors
▪ Key principles: (1) Policy solutions (2) Land
use management, (3) Cooperation agreements
(4) Technology, operation and infrastructure,
(5) Coordination and communication (6)
Economic instruments (market-based or
regulatory)
The framework linking water, food, and energy
security
▪ Ecosystem management as the core of the
framework
▪ Recommended policies: (1) integrated
approach to policy design, (2) land and
agricultural investment, (3) adaptive
management of opportunities and risks
▪ Stages: (1) assessing WEF security system, (2)
envisioning future landscape, (3) investing in a
WEF security, (4) transforming the system
Approach to the Water-Energy-Food Nexus
▪ This framework describes the complex
interaction between human activities and
natural resources with four main components;
(1) Goals & interests, (2) resource base, (3)
managing the nexus, and (4) drivers e.g.
population, governance, climate change etc.
▪ Key principles: (1) provide a stepwise process
to address policy-making and intervention in a
nexus way, (2) combine quantitative and
qualitative assessment methods, (3) proposed
indicators are based on available datasets (4)
link intervention assessment to context status
Key interactions between water, energy, food
security
▪ This framework identifies interaction between
WEF security components within the existing
national development planning with water
security as the core system supported by forest
as the main concern

Document source & publisher
(www.nature.com/natureclimatechan
ge); KTH-Royal Institute of
Technology (Howells et al., 2013)
▪ Reconciling resource uses in
transboundary basins: assessment of
the water-food-energy-ecosystems
nexus (Fig. 5, page 22, in this
document source)
▪ The United Nations Economic
Commission for Europe (UNECE,
2015)

▪ The Water–Energy–Food Security
Nexus: Towards a practical planning
and decision-support framework for
landscape investment and risk
management (Fig. 6, page 15, in this
document source)
▪ The International Institute for
Sustainable Development/IISD
(Bizikova et al., 2013)

▪ Walking the nexus talk: Assessing
the Water-Energy-Food Nexus in the
Context of the Sustainable Energy for
All Initiative (Fig. 1, page 13, in this
document source)
▪ The Food & Agriculture
Organization/FAO (Flammini et al.,
2014)

▪ How can Indonesia achieve security
without eroding water, energy and
food its natural capital? (Fig. 4, page
15, in this document source)
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WEF nexus framework

Document source & publisher

▪ Key principles: (1) trade-offs between
▪
agricultural production and biofuel crops and
deforestation (2) forest restoration and
watershed protection, (3) interaction among
four targets of WEF and forest in national
development planning
I Water, Land, Energy, Food & Climate (WLEFC)
nexus
▪ A systematic framework of scientific
▪
investigation, design of coherent policy goals,
and instruments to deal with synergies, conflicts
and related trade‐offs from the interactions
▪
between WLEFC at bio‐physical, socio‐
economic, and governance level.
▪ Key principles: (1) Policy coherence, (2)
resource efficiency, (3) cross‐sectoral
governance, (4) interdisciplinary knowledge
generation, (5) equal weight of each sector
J Main linkages within the land, water, and energy
nexus
▪ The framework indicates how the biophysical
▪
resources are interrelated to economic activities
and a number of key policy objectives. It also
considers the influence of socio-economic,
climate change, and policies to the trade-offs and ▪
synergies in LWE nexus
▪ Key principles: 1st domain (LWE resources)
represent biophysical system in term of quantity
and quality, 2nd domain resources (goods and
services) that meet the needs of the population
e.g. agriculture, energy transformation, & water
supply, 3rd domain highlight the resources nexus

WCS Indonesia in partnership with
the Global Canopy Programme
(Bellfield et al., 2016)

D1.5: Framework for the assessment
of the nexus (Fig. 5, page 27, in this
document source)
Sustainable Integrated Management
for the nexus of WLEFC for a
resource-efficient Europe
(SIM4NEXUS)
(Ramos et al., 2020)

The land-water-energy nexus:
Biophysical and economic
consequences (Fig. 1.1, page 22, in
this document source)
The Organization for Economic Cooperation & Development (OECD,
2017)

The frameworks (Table 2.1) have been used as a reference at many levels of governance
(e.g. global, national, regional, etc.) and spatial scales (e.g. basin scale, household scale,
etc.) of management and planning. Because of their generic nature, many cannot be
applied directly, with local-level modifications needed to capture specific circumstances.
There is a need to make such comprehensive elaboration and adjustment by following the
principles of context specific and stakeholder engagement to address the challenges and
to make them more applicable to assist local level policymakers and other stakeholders.
Almost all the frameworks indicate that external factors need to be considered in
managing WEF resources in an integrated manner. These can include climate change,
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population, and socio-economic development. The main differences between the
frameworks include the key principles with regard to the main concern of each
organization (e.g. water resources, food production, and stakeholder dialogue), the scales
of each framework, and exogenous factors that influence and are deemed to be influenced
by the WEF nexus. Some frameworks propose economic, social, and environmental
issues as major components to be considered in managing resources. WCS Indonesia in
partnership with the Global Canopy Programme (2016) for instance, focuses on forests
as their main target. Those frameworks have followed context specific principles are
arguably going against a true nexus framework where no resource should take ‘centre
stage’. Some frameworks do not comprehensively capture all interactions between
variables in the WEF nexus due to: availability and limited access of data (Shannak et al.,
2018), inadequate consideration of politics in WEF resources management (de Grenade
et al., 2016), under-representing gender perspectives (FAO, 2018), and ignoring
livelihoods and development (Biggs et al., 2015).
The main issues covered by the frameworks in Table 2.1. are summarized in Table 2.2.
Ten WEF nexus-based frameworks have been analysed and compared with 16 suggested
features for the nexus concept. We have found that three out of 10 frameworks have good
coverage (over half) of the 16 suggested features. The remaining seven cover up to half
of the suggested features, implying they are less comprehensive or are more focused in
their coverage.
Table 2.2. The evaluation of selected WEF nexus frameworks
No.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
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WEF nexus frameworks
(Table 2.1.)
A B C D E F G H I J
Incorporate WEF & exogenous variables, multi- V V V V V V V V V V
resource (1,2,6)
Social, economic and political context (3,5,6,9)
V V V V V V V V V
Green economy, sustainability, environmental V
V V V V V V V
context (1,3)
Interdisciplinary and transdisciplinary (4,6,8,9) V V
V V V V
V V
Decision-making, policy-making, governance, V V V V
V V
V V
solution-oriented (2,4,5,7)
Incorporate global trends (1)
V V V V V V
V V
Case study, local coverage, context specific, in- V
V V
V V V
site context (1,2,3,6)
Capacity building, awareness raising (1,2)
V V V V V
Spatial-temporal scope (2,6)
V
V
V
V
Practical guide for implementation and
V V
V
V
simulation (5,7)
Main features in the nexus approach/
framework

2.3. Literature criticisms on the WEF nexus concept

No.
11.
12.
13.
14.
15.
16.

WEF nexus frameworks
(Table 2.1.)
A B C D E F G H I J
Mixed-methods of qualitative-quantitative (6,8)
V
V V
V
Collaborative, participatory approach,
V V V
V
stakeholders involvement (3,5,9)
Robust data sets, minimized data requirement V
V
V
V
(2,3,6)
Promote innovation, knowledge mobilization,
V
V
V
theoretical approach (3,5,9)
Focuses on WEF resource security (1)
V
V
V
Appropriate & validated stages, using system
V
V
V
approach and critical analysis (2,9)
Main features in the nexus approach/
framework

Notes: 1(Hoff, 2011), 2(Bazilian et al., 2011), 3(Keairns et al., 2016), 4(Endo et al., 2017),
5
(Albrecht et al., 2018), 6(Shannak et al., 2018), 7(Dai et al., 2018), 8(Endo et al., 2019) 9(Urbinatti
et al., 2020)

Based on Table 2.2, most existing frameworks include overlapping features. The efforts
to bring the nexus concept into the process of policy and decision-making can also be
seen in some frameworks.
Several features are distinctly lacking. These include:
(1) a focus on WEF resource security (i.e. availability, accessibility, quality of resources);
(2) appropriate & validated stages (cf. Bazilian et al., 2011) of the WEF nexus modelling
process, using a systems approach and critical analysis to better understand nexus
complexity (Urbinatti et al., 2020);
(3) promotion of innovation and knowledge mobilization;
(4) utilization of robust datasets from multiple sources; and
(5) participatory stakeholder involvement in framework development.

2.3 LITERATURE CRITICISMS ON THE WEF NEXUS CONCEPT
The WEF nexus concept has received criticism. The criticisms largely centre on the
apparent lack of focus in nexus studies, the argument that the approach is not ‘new’ perse, the lack of integration of some sectors (e.g. ecosystems), and the lack of common
approaches to studying nexus problems. Regarding the concept, many researchers argue
that the nexus is still an expanding concept (Smajgl et al., 2016), is relatively immature
(Wichelns, 2017), that it is narrative but not useful in applications (Middleton et al., 2015)
and that it is without any common definitions, methods and frameworks (Allouche et al.,
2014; Endo et al., 2015; Benson et al., 2015; Albrecht et al., 2018). Furthermore, the

17

2. WEF nexus: Knowledge gaps, criticisms, and improvements

application of the nexus concept has received much attention from various scholars. For
example, Wichelns (2017) and Mitchell et al. (2015) warned that policy-making
processes by applying the nexus approach and involving many stakeholders, especially
in developing countries may lead to delays, slowness, and inertia. However, the
involvement of stakeholders is deemed essential for proper nexus mapping and
understanding. In addition, existing nexus implementations failed to address complex
interlinkages due to lack of boundary definition (Galaitsi et al., 2018) and lack of data
sharing and availability (Shannak et al., 2018). Critiques have been raised against the
expected outcome in applying the nexus concept in various places around the world.
Among the criticisms are the inability to consider inherent political factors (de Grenade
et al., 2016), the main democratic goal of sustainability (Biggs et al., 2015), gender
aspects and integration of programs, policies, and institutions at the national level (FAO,
2018), as well as the operationalization of WEF nexus in the decision-making process
(Simpson and Jewitt, 2019). These issues are summarised in Table 2.3.
Table 2.3. Critiques on the concept, application, and implication of the WEF nexus
Main criticism
A. The WEF nexus concept
1. It is not really a new [a] and/or novel [b]
particularly in low level application or users such as
farmers, fishers, etc. [c][d]
2. Sometimes seen as a ‘nirvana’ and narrative concept
[a], ‘mercurial’ concept which led to an
unpredictable changes in issue based on the context,
location, and scale [b] without a means to address
the challenges
3. Only ‘reframing resource scarcity as an existential
threat’ and ‘cling to a neoliberal economic agenda’.
4. It is not a clearly defined construct or an agreed and
tested framework [a], not a mature concept and need
further improvement [b]. It is promising but still
faces significant conceptual and practical challenges
[c]
5. There is still no common definition, framework and
methodology for nexus research
6. Not fully acknowledged on the ground and lacks
publicity due to under-represented of private sectors
and media in its activities
7. A buzzword derived from an ambiguous meaning
and strong normative resonance. The usage of this
term are plural, fragmented, and ambiguous in the
UK natural resource debates
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Reference
[a] Benson et al. (2015), [b]
Bell et al. (2016), [c] Wichelns
(2017), [d] Endo et al. (2017)
[a] Middleton et al. (2015), [b]
Bell et al. (2016

Leese and Meisch, (2015)
[a] Wichelns (2017), [b]
Reinhard et al. (2017), [c]
Leck et al. (2015). Albrecht et
al. (2018)
Allouche et al. (2014). Endo et
al. (2015), Benson et al.
(2015). Albrecht et al. (2018)
Endo et al. (2017)

Cairns and Krzywoszynska
(2016)

2.3. Literature criticisms on the WEF nexus concept

Main criticism
8. It is still an evolving concept that has remained
largely in the conceptual realm [a] with a high-level
insights [b]
B. The application of WEF nexus approach
1. Policy processes may lead to delays [a], slowness,
and inertia [b] in policy-making process, especially
in developing countries
2. It is not only involves technical issues but also
political issues [a] while nexus concept is often
inconsistent in politics of sustainability [b]. In
addition, it mostly depoliticised, neglecting
historical, social and political treatment [c]
3. In site-specific studies and the vertical integration of
local nexus issues within national and global nexus
issues was often missing [a] due to the complex
nature of the nexus [b]
4. Nexus analyses are insufficiently cross-sectoral,
focusing mostly on water that assigns unequal
sectoral weighting
5. There is no clear boundaries to constrain the WEF
nexus applications.
6. Some of existing models and frameworks failed to
capture interconnections among variables due to
lack of data sharing and availability
C. Outcome and impact of WEF nexus approaches
1. The research on the nexus influence on the decision
making by stakeholders are limited [a] and
continues to fall short of expectations of its
research-backed benefits [b]
2. The current WEF nexus discourse fails to
adequately consider the politics inherent in WEF
sector
3. There is lack of evidence from WEF nexus research
that has produced an intellectual toolkit including
validated claims showed the improvement of
resource management and governance outcomes.
4. There is a dearth of WEF nexus adoption in national
policies, programmes and institutions. The gender
aspects are also often overlooked in WEF nexus
assessments.
5. Ignorance of the main democratic goal of
sustainability concept through over-emphasizing
resource security level at the expense of livelihoods
6. Operationalising WEF nexus is suggested in many
studies and is urgently needed to bring the ‘nexus
thinking’ into ‘nexus doing’

Reference
[a] (Smajgl et al., 2016)
[b] (Galaitsi et al., 2018)

[a] Wichelns (2017), [b]
Mitchell et al. (2015)
[a] Middleton et al. (2015), [b]
Leese and Meisch, (2015), [c]
Foran (2015)

[a] Endo et al. (2017), [b]
Allouche et al. (2014)

Smajgl et al. (2016)

Galaitsi et al. (2018)
Shannak et al. (2018)

[a] Wichelns (2017), [b]
Dargin et al. (2019)

de Grenade et al. (2016)

Galaitsi et al. (2018)

FAO (2018)

Biggs et al. (2015)

Simpson and Jewitt (2019)
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2.4 EFFORTS TO NARROW GAPS AND ADDRESS CRITICISMS
From the analysis in Sections 2.2 and 2.3, common nexus research gaps have been
identified in both the frameworks and in nexus critiques and reviews. This section
presents recent work that has started to address some of these gaps.

2.4.1 Narrowing knowledge gaps
An overview of studies that start to address gaps is compiled in Table 2.4. This table
distinguishes three main knowledge gaps, namely: (1) lack of WEF-related datasets and
knowledge; (2) insufficient availability of applications; and (3) lack of agreement and
clarity of several WEF-related issues. These are discussed in more detail.
There are several data that are still considered poorly covered or poorly available for WEF
analyses. Two examples include aquifer data in water-scarce regions and consumptive
water use data in the energy sector (Macknick et al., 2012), which are elaborated in more
detail here. The five studies in Table 2.4 (section A1) start to contribute in filling the first
example of aquifer data. MacDonald et al. (2012) employed GIS-based analysis to
establish continent-wide maps of aquifer storage and potential borehole yields in Africa.
By reviewing maps, data, and publications, quantitative maps of groundwater in Africa
can be developed to assess water security at the national and regional levels. Lezzaik and
Milewski (2018) have attempted to deal with the paucity of aquifer data in MENA regions.
They estimated groundwater storage reserves based on saturated thickness and effective
porosity estimates of groundwater using GIS-based models. Additionally, to measure the
alteration in groundwater storage, monthly gravimetric datasets (GRACE) and land
surface parameters (GLDAS) were used. Modelling approaches such as MODFLOW
(van Camp et al., 2013), random forest models and maximum entropy models (Rahmati
et al., 2016), water balance equations and water table fluctuation analysis (Rezaei and
Mohammadi, 2017) have been used to estimate aquifer yields in several water-scarce
regions such Iran, Libya, Egypt, Sudan, and other African countries.
Studies on the consumptive water use in the energy sector (Table 2.4, A2) are more
numerous. For instance, Davies et al. (2013) investigate consumptive water demand for
electricity production at the global level using an integrated assessment model of energy,
agriculture, and climate change (the GCAM model). Similarly, Mekonnen et al. (2015)
evaluate the global consumptive water footprint (WF) of electricity and heat generation
in the fuel supply, construction and operational stages. Other researchers applied similar
objectives to different regions, such as in China (Liao et al., 2016) and the European
Union (EU) (Vanham et al., 2019). A review paper by Dodder (2014) highlighted some
scenarios of future water demand in the energy sector.
Discussions on the impacts of hydropower and other water resources developments on
aquatic ecosystems and full life-cycle assessments in terms of water and energy impacts
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have been addressed by various studies (Table 2.4, A3 and A4). The gaps addressing
studies on topics A5 and A6 (Table 2.4) are insufficiently addressed. For example, the
topic of nutritional water productivity is still very limited, although a few studies have
explored the issue (Nyathi et al., 2016; Nyathi et al., 2018; Nyathi et al., 2019; and Nouri
et al., 2020). These studies contribute to narrowing knowledge gaps in the WEF nexus,
especially in relation to ecosystem services (cf. Hülsmann et al., 2019). Similarly, the
discussion on energy productivity in agriculture (A6) has not been ad-dressed adequately,
though some studies have attempted to deal with this issue e.g. Ball et al. (2015);
Moghaddasi and Pour (2016); Elsoragaby et al. (2019); Rautaray et al. (2020).
Table 2.4. Summary of research related to addressing WEF nexus knowledge gaps
Hoff’s knowledge gaps*
Related studies
A. Lack of WEF datasets & knowledge on:
(MacDonald et al., 2012); (van Camp et al.,
1. the available water resources data
2013); (Rahmati et al., 2016); (Rezaei and
especially on safe aquifer yields in
Mohammadi, 2017); (Lezzaik and Milewski,
‘economically water scarce’ regions
2. the consumptive water use in the energy
sector, compared to withdrawal data

2018)
(Davies et al., 2013); (Dodder, 2014);
(Mekonnen et al., 2015); (Liao et al., 2016);
(Pan et al., 2018); (Vanham et al., 2019)
(Liermann et al., 2012); (Odiyo et al., 2012);
(Elosegi and Sabater, 2013); (Yan et al., 2015);
(Fan et al., 2015); (Hecht et al., 2019)

3. the impacts of hydropower and other
water resources development on aquatic
ecosystems
4. the full life-cycle assessments in terms of (Feng et al., 2014); (Al-Ansari et al., 2015);
(Pacetti et al., 2015); (Mannan et al., 2018);
water and energy
(Masella and Galasso, 2020)

5. water productivity per nutritional content (Nyathi et al., 2016); (Nyathi et al., 2018);
(Nyathi et al., 2019); (Nouri et al., 2020)
of food products
(Ball et al., 2015); (Moghaddasi and Pour,
6. energy productivity in agriculture
2016); (Elsoragaby et al., 2019); (Rautaray et
al., 2020)

B. Insufficient availability of:
1. the uniformly applicable ‘water footprint’
framework regarding water use efficiency
for different forms of energy or food
production
2. the harmonized ‘nexus database’ or
analytical framework for monitoring or
trade-off analyses

(Okadera et al., 2015); (Wang et al., 2014);
(Hoekstra, 2017); (Ababaei and Ramezani
Etedali, 2017); (Das et al., 2020); (Zhai et al.,
2021)
(Howells et al., 2013); (McCarl et al., 2017);
(Sušnik et al., 2018); (Lawford, 2019);
(Purwanto et al., 2020a); (Nhamo et al., 2020);
(Sadegh et al., 2020)
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Hoff’s knowledge gaps*

Related studies

3. the blueprint for overcoming institutional (Villamayor-Tomas et al., 2015); (Artioli et al.,
disconnect and power imbalances between 2017); (Weitz et al., 2014); (Märker et al.,
2018); (Mercure et al., 2019); (Pahl-Wostl,
sectors
2019); (Bréthaut et al., 2019)

C. Lack of agreement and clarity on:
1. the water quality standards for different
crops and production systems

(Hooda et al., 2000); (Love and Nejadhashemi,
2011); (Allende and Monaghan, 2015); (Chalar
et al., 2017)
2. the impact of policy frameworks on water (Ringler et al., 2013); (Karnib, 2018); (van
Gevelt, 2020); (Wu et al., 2021)
and energy use and resource use

efficiency in food production
3. the impacts of increasing energy scarcity
on water and food security
4. how to deal with the increasing level of
complexity that comes with higher levels
of integration

(Ahmad and Khan, 2017); (Dinar et al., 2019);
(Liu and Chen, 2020)
(Wichelns, 2017); (Altamirano et al., 2018);
(Shannak et al., 2018); (Albrecht et al.,
2018);(Dargin et al., 2019); (Mercure et al.,
2019)

*Adapted from Hoff (2011)
Not all studies directly address Hoff’s knowledge gaps. Regarding the issue of energy
productivity (A6), most studies link energy productivity with the industrial or
manufacturing sectors, but neglect the agricultural sector, possibly omitting an important
source of energy demand and production. As another example, there is considerable
research related to the water footprint of energy and food production (see B1), but not all
studies use a consistent framework, thereby precluding common assessment and
comparison. The availability of a harmonized database and indicators for the WEF nexus,
an analytical framework that is able to monitor the potential trade-offs and synergies in
WEF resource management, and WEF nexus analysis that can resolve institutional
disconnects and power imbalances are the main gaps that must be prioritized to be
addressed in the future nexus studies and applications.

2.4.2 Addressing criticisms in WEF nexus frameworks
Further issues are suggested that should be considered as improvements of WEF nexus
research to assisting planners and policy-makers. Three main issues are identified: (1)
participatory stakeholder involvement in designing and carrying out nexus research; (2)
a comprehensive, open–access (where possible) WEF nexus database; and (3) an updated
WEF nexus framework to support policy and decision-making, including the concept of
WEF resource security, which is rarely considered, although it is a central aspect
(Purwanto et al., 2020a; Martinez et al., 2018).
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The first issue regards participatory engagement of related stakeholders to raise awareness
and increase the understanding of the nexus for those responsible for its planning and
management e.g. Wichelns (2017), Sperling and Berke (2017), Albrecht et al. (2018),
Shannak et al. (2018), and Simpson and Jewitt (2019). Sušnik et al., (2018) engaged
multiple stakeholders from project inception to development a WEF nexus serious game
to understand the interaction between water, energy, food, land, and climate. Through the
SIM4NEXUS project (Ramos et al., 2020), which includes 12 case studies from regional
to global scale, stakeholders and local partners were involved in all nexus modelling
stages including conceptualization, quantita-tive model development, validation and
implementation of serious games. Using another approach, Purwanto et al., (2019)
implement a group model building (GMB) technique to develop qualitative causal loop
diagrams of WEF nexus security in Indonesia by involving local expert stakeholders. The
awareness raising and better understanding of stakeholders about the complexity of the
WEF nexus was one of the main outcomes in that process. A study on early stakeholder
involvement to ensure perspective convergence among researchers and stakeholders in
WEF-related sectors was conducted by Daher et al. (2020) in the San Antonio Region.
They provided questionnaires to 370 respondents from three different groups (i.e.
government institutions, non-government/non-profit, and business enterprises). The main
objectives were to evaluate the level of convergence of nexus understanding and to
identify barriers and opportunities to improving communication among stakeholders.
There are many studies that have applied participatory approaches in WEF research,
including fuzzy-cognitive mapping, online investigation and snowball sampling
(Martinez et al., 2018), interviews, focus group discussions and vision-building
workshops (Mguni et al., 2020), and multi-objective optimization methods for WEF
nexus management and the involvement of multiple stakeholders (Cansino-loeza and
Ponce-ortega, 2020). These studies demonstrate that multiple actors should work together
for continuous improvements to make the nexus approach useful in the planning,
evaluation and decision-making processes. Researchers are involving key stakeholders
throughout the nexus investigation process more regularly.
To make the WEF nexus concept work for quantitative assessment, valid, integrated, and
open data sources at all levels and scales must be available for governments and scientific
institutions. As listed in Table 2.4 (B2), this is crucial because current WEF nexus data
availability can still pose a major challenge in the analytical process, especially at the
local level (Hoff, 2011; Liu et al., 2017; Shannak et al., 2018). The problem of data
availability, validity, quality, and accessibility in many countries particularly in
developing countries is common. Several global, regional and country-level WEF data
sources are more readily available compared with data at the local level. However,
existing datasets are not comprehensive, data quality and reliability can be questionable,
and data are separated from each other and not contained in a ‘WEF system database’.
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Table 2.5 summarizes some of the sources of WEF-related data at global, regional, and
country levels.
Table 2.5. Some water, energy, and food data sources
Data source
Water
▪ FAO (Food and
Agriculture
Organization) –
AQUASTAT
(http://www.fao.org/nr/w
ater/aquastat/data/)
▪ Water Footprint
Network
(https://waterfootprint.or
g/en/resources/waterstat
/)
▪ USGS data
(https://waterdata.usgs.g
ov/nwis)
Energy
▪ IEA (International
Energy Agency)
▪ (https://www.iea.org/dat
a-and-statistics)
▪ IRENA (International
Renewable Energy
Agency)
(https://www.irena.org/S
tatistics)
Food
▪ FAO (Food and
Agriculture
Organization)
(http://www.fao.org/faos
tat/en/#data)
▪ OECD-FAO
(http://www.agrioutlook.org/data/)
Multiple data
▪ (http://data.worldbank.o
rg/indicator/)

Type of data

Level

▪ Land use, economy-development-food
security, precipitation, renewable water
resource, dam capacity, water withdrawal,
wastewater, irrigation and drainage, water
conservation, water harvesting, flood
occurrence, drinking water access
▪ Product water footprint, national water
footprint, International virtual water flow,
monthly gridded blue water footprint,
water scarcity, water pollution level

▪ Global
▪ Country

▪ Surface water, groundwater, water quality, ▪ Global
water use
▪ Country
▪ Energy supply, energy consumption,
▪ Global
electricity, energy import-export, CO2
▪ Regional
emission, energy prices, renewable energy ▪ Country
▪ Capacity and generation, energy balances,
energy transition, energy policy, cost,
climate change, finance and investment

▪ Global
▪ Regional
▪ Country

▪ Food production, trade, food balance, food
security, price, inputs, population,
investment, macro-statistics, agrienvironmental Indicators, emissionagriculture, emission-land use, forestry
▪ Agricultural product, consumption,
imports, dairy, meats, fishery, etc.

▪ Global
▪ Country

▪ Data and indicators related to agricultural
data, economy, energy, environment,
climate change, water etc.
▪ (https://ourworldindata. ▪ Agricultural production, meat & dairy,
org/energy)
fishery, energy, access to energy,
renewable energy, air pollution, clean
water, sanitation, etc.
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▪ Global
▪ Country

▪ Global
▪ Regional
▪ Country
▪ Global
▪ Country
▪ Global
▪ Country
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One significant effort is the development of an integrated data and analysis toolbox called
NeFEW (Nexus of Food, Energy and Water) to incorporate available global datasets
(Sadegh et al., 2020). This toolbox gathers data to allow for modelling and analysis of
WEF resources and their interconnectedness at a country level. Lawford (2019) analysed
the importance of integrated WEF nexus data and information to assist practitioners in
planning and decision-making processes. He proposed WEFDIS (WEF nexus data and
information system) to ensure that WEF data and information from satellites, in-situ data
networks, and other data sources are readily available. Eight proposed sequential and
parallel measures to develop and implement WEFDIS and to structure WEFDIS are
discussed in Lawford (2019). Accessibility and standardization of data are two important
points to communicate and consolidate data and information from various sources. The
incorporation of existing WEF-related databases is a good example of potential data
integration and would enable replication at a smaller scale. To harmonize databases at a
local level, more research appears to be needed, largely due to the diversity of data sources
and formats.
On-the-ground WEF nexus implementation is the third issue. Operationalizing the WEF
nexus to assist policy-makers and other stakeholders in managing resources is a main
recommendation in several WEF nexus-related discussions, including Shannak et al.,
(2018), Albrecht et al., (2018), and Simpson and Jewitt, (2019), and is included in Hoff’s
knowledge gaps (Table 2.4, B3). The improvement of the nexus concept by transitioning
towards ‘doing’ instead of only ‘thinking’ has been established in several studies. Studies
by Purwanto et al. (2019; 2020a) are examples on how to integrate the WEF nexus
concept into local planning systems to assist local stakeholders in achieving WEF security
targets in a regional context. Other evidence of WEF nexus implementation can be seen
in Hoff et al. (2019) through five case studies in MENA countries (Jordan, Lebanon and
Morocco). They evaluate the current nexus conditions and to link that to Sustainable
Development Goal (SDG) ambitions and Nationally Determined Contributions (NDCs).
An integrative study to assess the progress towards SDGs targets in South Africa using a
WEF nexus analytical model has been conducted by Nhamo et al. (2020) who applied
seven WEF nexus composite indices (water availability, water productivity, energy
accessibility, energy productivity, food self-sufficiency, cereal productivity, and an
integrated WEF index) to evaluate SDG targets 2, 6 and 7 in the period 2015 to 2018.
Further research is expected to strengthen the concept and bring the new methodologies
and empirical evidence to influence policy and decision-making processes (Brouwer et
al., 2018).
Regarding responses to criticisms of the WEF nexus approach in general, one valuable
commentary comes from Brouwer et al. (2018), in response to Galaitsi et al. (2018). They
offer evidence from the Horizon 2020 SIM4NEXUS project (www.sim4nexus.eu) that
identifies the added value of the WEF nexus concept, including flexibility and
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adaptability, the ability to identify critical nexus-relevant policy objectives, and the better
identification of trade-offs and synergies for resource management and policy-making.
They contend that the nexus concept is supportive in WEF-related policy-making
processes. More specifically, three key features of the nexus concept were proposed to be
improved upon, namely: (1) focus on bio-physical, socio-economic and policy
interactions; (2) seeking a balance between different needs to achieve sustainable and
integrated natural re-sources management; and (3) a systematic effort for policy
coherence across sectors.

2.5 UPDATING THE WEF NEXUS FRAMEWORKS
Despite the progress made in addressing nexus research gaps, some areas still remain
unaddressed. In this section, four main issues still needing research are proposed, and
these are incorporated into an updated WEF nexus framework. These issues are (Figure
2.3):
(1) Making the nexus relevant for stakeholders and policy
This underlines the importance of participatory engagement to ensure that stakeholders
in the water, energy, and food sectors can understand the interlinkages in the nexus and
what this means for policy and decision making. Several methods could be used such as
participatory modelling, group model building (cf. Purwanto et al. 2019), focus group
discussions, and surveys and interviews, but inclusion of relevant stakeholders throughout
is critical.
(2) The issue of reliable data and information
Any WEF nexus study outputs should be based as much as possible on reliable data that
are valid and integrated, and that are available with a good level of accessibility to
facilitate quantitative analysis and providing robust, defensible results. Ideally, a
universal, open-access, WEF database would be developed.
(3) Creating an adaptable framework
Framework adaptability is important in the WEF nexus due to the diversity of resources,
natural conditions, scales, levels, government and planning systems, the responsibility of
institutions, laws and regulations, and key nexus foci. As such, any framework must have
the flexibility to adapt to a diverse set of circumstances.
(4) Be easily applicable
Incorporating the WEF nexus into planning and decision-making systems is essential to
move the WEF nexus from a concept to an operational framework that brings real benefits
for a more sustainable and integrated policy-making process.
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To include these principles, a bottom-up “local to global” approach is proposed so that
lower levels of government are able to identify WEF resource challenges and solve them
through proper planning and actions, using locally relevant approaches exploiting the best
available data and information. Well-achieved targets at the local level may add-up to
affect WEF resource security at a higher level of governance. However, the four
challenges can also refer to what is done at a higher level. For example, the availability
and integration of WEF datasets at the global and national levels is relatively better than
the local level. Therefore, methods to develop indices, parameters, and individual datasets
can be adopted from global and national sources for local scales, thereby potentially
improving multi-scale nexus assessment and relevance.

Figure 2.3. The main proposed principles and perspective for future WEF nexus
concepts and frameworks

2.6 CONCLUSION
This chapter has investigated knowledge gaps, criticisms, and areas for improvement
related to research on the WEF nexus that have emerged since the concept of WEF
(security) nexus was proposed. Thirteen knowledge gaps were identified by Hoff (2011).
During the last decade, a number of efforts have been made to narrow these gaps. In this
study, 67 papers are reviewed that consider Hoff's gaps. Despite significant progress,
some gaps have not been entirely fulfilled, such as those related to energy productivity in
agriculture, harmonizing a WEF nexus database, and the relevance of WEF resource
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security. Critiques on the concept, application, and operationalisation of the WEF nexus
approach have been considered in this study.
Furthermore, ten WEF nexus frameworks have been analysed and compared with sixteen
suggested features for WEF nexus inclusion. The following issues are insufficiently
addressed in existing frameworks: the WEF security focus (resource availability,
accessibility, and quality); robust systems approach and datasets; participatory
stakeholder engagement in nexus research. Additionally, a general lack of the importance
of ecosystems and their services is prevalent. Local perspectives are often underrepresented, especially in developing countries with decentralized governance systems.
Context specific practical and policy implementation guidance in evaluation and planning
still needs to be improved. It is suggested that locally-based WEF management will help
ensure that WEF re-sources are managed in a holistic and equitable way. The WEF nexus
approach should move from thinking to doing, starting from the lowest level (i.e. moving
from conceptual ideas to practical and relevant applications). Stakeholder participation is
crucial to man-age WEF resources. At the same time, it is critical to prevent delays in the
process of decision-making that can be caused by ineffectiveness of time allocation to
accommodate the various kinds of stakeholder’s interests.
Four principles and perspectives for future WEF nexus framework development (i.e., to
make them more understandable, to ensure reliable and valid data, to make them
adaptable to many diverse situations, and to be applicable across scales) are considered
central to increasing the benefits and improving the role of the WEF nexus concept in
influencing policy and resource planning processes. Continuous improvements,
especially in grounding the WEF nexus concept, indicate the urgent challenge to better
manage the three resources of water, energy and food.
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3

WEF-RELATED SECTORS IN

LOCAL ECONOMIC DEVELOPMENT
Abstract
Water, energy, and food (WEF) related sectors are important to support people’s life in a
region. Resource evaluation is one of the stages in resource management to ensure that
the existence of those sectors is provided sustainably. The assessment of the
agglomeration level and growth of each sector in economic development can give better
insights for local stakeholders either government bodies or private firms to improve
sustainable management of these sectors. The objectives of this chapter are to portray the
agglomeration level and recent growth of WEF related sectors in local regions in
Indonesia and to determine possible sustainable development strategies. The location
quotient (LQ) and competitive position (CP) analysis methods are employed in this regard.
By analysing Gross Regional Domestic Product (GRDP) between 2000 and 2015, basic
and non-basic sectors have been determined. Results show that the general characteristics
of WEF related sectors in this region can be distinguished clearly based on its main
economic development focus. Results show recent growth in WEF sectors locally, from
which possible strategies for future sustainable development are formulated that could be
considered in the evaluation and planning process. This approach can be expected to assist
local government and stakeholders in undertaking preliminary evaluation, in particular
the availability of WEF resources, ensuring that development meets local and national
sustainable development targets.
Keywords: location quotient, competitive position, basic sector, non-basic sector, waterenergy-food (WEF), gross regional domestic product (GRDP)

This chapter is based on:
Purwanto A., Sušnik J., Suryadi F.X., de Fraiture C., (2018), Determining strategies for
water, energy, and food-related sectors in local economic development, Sustainable
Production & Consumption 16, 162–175, Elsevier, DOI: https ://doi.org/10.1016/
j.spc.2018.08.005 (Published).
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3.1 INTRODUCTION
Equitable access to, and proper management of water, energy, and food (WEF) sectors
play an important role in determining the efficacy of poverty alleviation, welfare
improvement of people in a region, and sustainable development (FAO, 2014) and is
essential for human life. Availability, accessibility, and quality of water, energy, and food
are the primary components of these resources that should be addressed in an integrated
manner. Inward-looking and resistance to sharing information and resources among
departments concerning water, energy, and food sectors leads to ineffective achievement
of national and local sustainability targets. Based on global projections for the next
decades, Hoff (2011) concludes there will be a prominent increase of water, energy, and
food demand due to population growth, economic activities, changing in diets, culture,
technology, and climate. Global population increased by two billion during the period
1990–2015. At present, one in nine people has insufficient food, while one third is
malnourished (UNDP, 2016). There are around 750 million people with lack of improved
drinking water access, while global industrial water demand is predicted to escalate by
400% during 2000–2050 (UN-WWAP, 2015). Additionally, energy demand will almost
double, while the demand for water and food are foreseen to escalate by more than 50%
by 2050 (IRENA, 2015).
The concept of sustainable development is relevant with respect to water, energy, and
food issues. Not only should these sectors be secured (availability, accessibility, quality),
but this should be achieved in a sustainable way. In 1987, the Bruntland Commission
Report provided a definition of sustainable development as ‘development that meets the
needs of the present without compromising the ability of future generations to meet their
own needs’ (United Nation, 1987). In this context, (Endo et al., 2015) explain that
interlinkages between water, energy and food are very complicated and have become
crucial for the global community in the future to handle this issue in a sustainable way.
Additionally, Hoff (2011) underlines that resources availability is not the one and only
factor of security. Accessibility and quality are crucial to be covered in achieving resource
security. Focusing only to certain aspect and resource, without considering others will
potentially cause conflict and unbalanced competition among sectors (i.e. the current
‘nexus’ approach). The long-term stability of resources is one of the final goals of
sustainable development. It only can be achieved by integrating and acknowledging social,
environmental, and economic aspects in decision-making process (Emas, 2015). Those
three aspects have to be evaluated and planned correctly to ensure the achievement of the
development goals in each region. In this context, the evaluation of a WEF-sector’s
agglomeration or concentration and its trends in a region are significantly important to
give better understanding and insights for local government and stakeholders in setting
the goals and allocating budget for development activities. By assessing recent trends and
potential future directions, the sustainable development of these resources can be better
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guided, especially in the context of national and local sustainability targets. Sector
agglomeration defines how concentrated a sector is within a region. It is important for
those sectors which greatly affect people’s lives such WEF-related sectors. One of the
perspectives that can be used to do this kind evaluation from an economic point of view
is economic base analysis (EBA). EBA is crucial for governments to understand better
those sectors that contribute disproportionally to the economic growth of a region. This
theory has prolonged practice regarding planning and geography with the main
assumption that all economic activities in a region can be classified into basic and nonbasic industries or activities (Isserman, 1977; Wang and Hofe, 2007). Furthermore, Wang
and Hofe (2007) proposed one of the assumptions related to basic and non-basic sectors,
where basic sectors yield more goods or services than the local needs, so the surplus can
be exported to other regions. On the contrary, the non-basic sector is assumed under the
level of self-sufficiency and therefore unmet demand needs to be imported.
One common method in economic base analysis is Location Quotient (LQ). This
technique has been employed in many sectors such as the mapping crime (Brantingham
& Brantingham, 1998), trade sector (Chiang, 2009), industrial concentration (Billings &
Johnson, 2012), and carbon emission (Trappey et al., 2013), marine sector (Morrissey,
2014), economic development (Alhowaish, 2015), and road project development (Berawi
et al., 2017) among others. In addition, there are many studies employing the competitive
position method to analyse various sectors (for instance Horta and Camanho, 2014; Dang
and Yeo, 2017). However, although extensive research has been carried out on sector’s
agglomeration analysis, no single study exists which focuses on water, energy, and foodrelated sectors in more detail and in the perspective of local economic and sustainable
development. In this respect, this study is novel, and could yield new insight for policy
makers, especially when developing sustainability targets, and when evaluating progress
towards existing targets.
This study analyses the agglomeration of WEF related sectors and other sectors in three
characteristic local regions in Indonesia and WEF related sub-sectors in an agriculture–
manufacture based region. This research also determines strategies for WEF related
sectors based on agglomeration and competitiveness. This work analyses gross regional
domestic product (GRDP) in the year 2011–2015 and 2000–2015 using the combination
of LQ techniques and competitive position charts (Zhao et al., 2016).

3.2 METHODS
3.2.1 Dataset
The data used in this study were taken from Statistics of West Java report, Statistics of
Karawang Regency, Statistics of Cianjur Regency, Statistics of Bekasi City, and other
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related data sources. The main datasets used in LQ computation are all at constant market
price (CMP) as follows: (1) GRDP of West Java Province at 2000 CMP by industrial
origin (2000–2015); GRDP of Karawang Regency at 2000 CMP by industrial origin
(2000–2015); GRDP of West Java Province at 2010 CMP by industrial origin (2011–
2015); GRDP of Karawang Regency at 2010 CMP by industrial origin (2011–2015);
GRDP of Cianjur Regency at 2010 CMP by industrial origin (2011–2015); GRDP of
Bekasi City at 2010 CMP by Industrial origin (2011–2015).
The data used in this study were the statistical data series of 16 years of GRDP (2000–
2015) that has been verified and analysed by the statistical agencies. Gross Domestic
Product (GDP) or Gross Domestic Regional Product (GRDP) at the provincial/regency
level are arranged based on a production and expenditure approach. Production-based
GRDP by industrial origin denotes a basic measure of value-added emerging from various
kind of economic activities and production in a region. GRDP therefore implicitly
accounts for the basic factors of production in its metric, but does not report on the effects
of these factors explicitly. It has changed since 2010 in the number of categories from 9
main sectors to 17 main sectors, comprises 39 sub-sectors, and 5 sub sub-sectors.
In this study, the water-related sector is based on the definition from statistics agencies
which consists of domestic and industrial water supply, sewerage, waste management, &
remediation products and services. Agricultural water or irrigation purposes for instance
is not specifically included in this statistical value. In addition, the term ‘water supply’
was used in the period of 2000–2010 and classified as ’sub-sector’. Meanwhile, in the
period of 2011–2015, the ‘water supply, sewerage, and waste’ term categorized as ‘sector’.
Both terms have similar definition and coverage. Therefore, to avoid confusion, the term
‘water supply’ is used in this study to represent the water sub-sector. The energy-related
sector covers electricity, manufacture of gas, and production of ice. Furthermore, the
food-related sector is defined as agriculture, livestock, hunting, & agriculture services
(with sub-sectors; food crops, horticultural crops, plantation crops, livestock, agriculture
services & hunting), forestry and logging, and fishing. All the definitions and coverage
may slightly differ between authorities or government institutions, however there basic
levels of coverage remain similar and are considered comparable for this study.

3.2.2 Location quotient (LQ)
There are four basic techniques in economic base analysis that can be used, especially if
the availability of data becomes an obstacle in using more complex economic analysis.
These are: survey methods, assumption methods, location quotient (LQ) method, and
minimum requirement method (Wang & Hofe, 2007). According to (Leigh, 1970), the
best measure to determine basic and non-basic sector is the use of primary surveys.
Nevertheless, this can be very difficult and costly, in particular for a large region with
diverse economic activities (Leigh, 1970; Brodsky & Sarfaty, 1977). LQ is the
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methodology adopted for this study. Miller et al. (1991) defined LQ as ‘a basic analytical
tool to yield a coefficient or simple expression of how well represented a particular
industry is in a given study region’. LQ has been widely applied in economic geography
and regional economics since the 1940s due to the data unavailability (at that time) of
interregional trade flow (Wang and Hofe, 2007). It can be applied to compare the role of
industrial sectors in a region with the same variable in the higher regional level to
understand local potential on basic and non-basic sectors. LQ is still applied in the regions
with relatively little economic interregional data are available (Chiang, 2009; Day and
Ellis, 2012; Islam et al., 2016).
Several questions and criticisms have been raised about the accuracy of LQ method in
estimating regional economic impact (Leigh, 1970; Tohmo, 2004; Riddington et al.,
2006). Nevertheless, this technique has remained a highly popular due to its simplicity
(Miller et al., 1991), non-intensive data requirements, analytical skill, time efficiency to
compute, low budget requirements (Isserman, 1977), and the lack of interregional trade
flow and primary data requirements (Richardson, 1985). Suyatno (2000) used the
dynamic location quotient (DLQ) in combination with static location quotient (SLQ) to
further analyse the changes or sectoral reposition of each sector by considering GRDP
and the annual growth rate of each sector at selected years. The basic formula of LQ to
calculate the agglomeration level in this study is as follows:

𝐿𝑄 =

𝑋𝑖𝑛 /𝑌𝑛
𝑋𝑖 /𝑌

(3.1)

where LQ is the location quotient value, Xin represents GRDP Sector i in regency/city n,
and Yn is the total GRDP in regency/city n. Afterwards, Xi is GRDP Sector i in provincial
level, while Y indicates the total GRDP in provincial level. If the value of LQ for a given
sector is greater than or equal to 1 (LQ≥1), it can be classified as Basic Sector, while if
the value of LQ is less than 1 (LQ<1), it can be categorized as Non-Basic Sector (3.1).
Furthermore, the value of agglomeration growth rate (P) is obtained by subtracting the
value of agglomeration level of sector i at selected year n (LQitn) from the value of
agglomeration level of sector i at initial year (LQit0), divided by the value of LQit0, then
multiplied by 100 percent (eq. (3.2). It indicates the agglomeration growth during the
given period. If the value of P is positive and greater than 10% or 0.1 (P>0.1), it reflects
that sector i is growing and the advantage level of the cluster in the region is increasing.
Contrarily, if the value of P is negative and less than −10% or −0.1 (P<−0.1), it means
that the growth is declining and the cluster advantage is decreasing. Additionally, if the
shift is between +/−10% or +/−0.1 can be considered as very small change.

P=(

𝐿𝑄𝑖𝑡𝑛 − 𝐿𝑄𝑖𝑡0
) 𝑥100%
𝐿𝑄𝑖𝑡0

(3.2)

33

3. WEF-related sectors in local economic development

3.2.3 Competitive position (CP)
A clear way to depict the value of LQ and its growth effectively is in a bubble chart with
four quadrants, the so-called Porter’s Cluster (Goetz et al., 2007) or Competitive Position
Matrix (Zhao et al., 2016). The competitive position is defined as the relative position of
a sector against other sectors within the selected composite indicators (Simmonds, 1986).
The horizontal axis in this study reflects the value of agglomeration level (LQ) for the
year of analysis, while the growth of LQ overtime (P) is captured by a vertical axis.
Bubble sizes represent the relative size of the industry, and clearer pictures of potential
economic clusters can be obtained using this composite method (see Figure 3.1).

Figure 3.1. Archetype competitive position chart (source: Modified from
Zhao et al., 2016)
Quadrant I (Q-I) represents industries that have high agglomeration level and high
agglomeration growth so-called advantaged or stars group. Industries in this cluster are
strong, advancing, and can be expected to become more dominant in the future. Potential
or emerging industrial groups which have low concentration but high growth are indicated
in quadrant II (Q-II). This position contains clusters that will be shifting ultimately to the
first quadrant under continuous growth in the future. The third quadrant (Q-III) reflects
clusters concentrated in the region but that may be declining in importance. These are the
so-called capable or mature group. The movement to the less concentrated clusters are
likely in the forthcoming years. Clusters with a low concentration and lack of
competitiveness are denoted in quadrant IV (Q-IV) and named disadvantaged or
transforming group. All the GRDP data were analysed using LQ methods, then visualized
in the competitive position bubble chart. Finally, strategies for water, energy, and foodrelated sectors and sub-sectors can be determined based on their agglomeration,
competitiveness, and growth.
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3.3 STUDY AREA
Karawang Regency and two others local regions have been chosen to represent three
characteristics of economic development in Indonesia. All regions are located in West
Java Province. Karawang Regency is the main focus of analysis with agricultural and
manufacturing activities as its major economic development activities. Cianjur Regency
is an agricultural-based region, while Bekasi City specialises in trade, services, and
manufacture (Figure 3.2). West Java province has a population of 46.7 million inhabitants
(2015 statistics). The total area is 35,377.76 km 2, and recently it is divided into 18
regencies and nine cities. About two-thirds (66.5%) of people in this province live in
urban areas. In terms of economic sectors, 18.79 million workers are employed in trading,
manufacturing and other sectors with the composition of 27.1%, 21%, and 19.2%
respectively. By 2015, the economic structure of this province was dominated by
processing or manufacturing industry (43%), trading (15%), agriculture (9%),
construction (8%), and other sectors (25%) (BPS of West Java, 2016a).
Karawang Regency is also one of the largest agricultural centres in Indonesia with paddy
as the main crop. On the other hand, this region focuses on industrial development as
stated in its long-term (twenty-yearly) planning year 2005-2025. Its vision is to achieve a
prosperous region based on agricultural and industrial development. However, in terms
of sustainable development, these targets seems at odds with each other. Karawang
comprises irrigated paddy field 97,353 Ha (50.7%), non-irrigated agriculture area 10.5
Ha (5.5%), fish pond and aquacultures 18.79 Ha (9.8%), and non-agricultural area such
as buildings, settlement, industry, road and water bodies 44.9 Ha (23.4%) (BPS of
Karawang, 2015). The main commodities of horticulture products are cucumber, beans
and mushroom, whereas for livestock, cows, buffalos, sheep, goats and chickens are
raised in this area. There are also another food sources such as capture fisheries (8,591
tons), aquaculture (42,483 tons), and salt production (8,446 tons)(BPS of Karawang,
2015). By 2016, around 954 units of large manufacturing companies, and approximately
9,290 units of intermediate and small firms already existed in Karawang. Furthermore,
the total area provided by the government of Karawang to develop industrial estates is
become one of the largest among other regions in South East Asian countries. It indicates
that industrialization policy is a major policy direction locally and nationally.
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Figure 3.2. Study area
Each study site has its own specialization and strength in particular sectors. There are
national targets in water, energy, and food-related sectors stated in national long-term and
mid-term planning. However, several acute problems have obstructed the attainment of
the targets, i.e. resources mismanagement, lack of coordination, and authority imbalance
among sectors, levels and scales (Bellfield et al., 2016). Additionally, resource
management that focuses only on a certain sector (silo thinking) is postulated as one of
the major causes of ineffectiveness in target achievement both in local and national level.
More detailed data and information of each local region that will be discussed in this
study area summarized in Table 3.1, while the average of GRDP is presented in Table 3.2.
Table 3.1. Description of the three study areas
Aspect
Location
Elevation
Slope
Rainfall
Avg temperature
Total area
Total population*
Population density*
Population growth*
Paddy field*
Non-paddy area*
Non-agri area*
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Karawang
107º02'-107º40'E and
5º56'-6º34'S
0-1,291 m asl
0-40%
(1,100-3,200 mm)
(27–33°C)
2
1,753.27 km
2,273,579
1,297
1.04%
96,482 ha
39,402 ha
39,997 ha

Cianjur
106º42’-107º25’E
and 6º21’-7º25’S
7-2,962 m asl
0-40%
(2,610 mm)
24°C
2
3,614.34 km
2,243,904
621
0.38%
65,782 ha
200,027 ha
84,309 ha

Bekasi
106º55'E and 6°7'6º15'S
11-81 m asl
0-2%
(3,483 mm)
(24–33°C)
2
210.49 km
2,733.240
12,985
2.74%
475 ha
20,551 ha

3.3. Study area

Aspect
Area division*

Karawang
30 sub-districts, 309
villages
13,571
Total labour force
873,847: agriculture
(16%), manufacturing
(28%), trade (27%),
services (15%), others
(14%)

Cianjur
32 sub-districts, 360
villages
15,030
Total labour force
863,592:
Agriculture (36%),
manufacturing (9%),
trade (28%), services
(11%), others (16%)

Agricultural
commodity

paddy, horticulture

Livestock
commodity
Fishery commodity

cow, sheep, poultry

paddy, horticulture,
tea, coconut, palm
oil, forest product
cow, buffalo, egg,
milk
freshwater, seawater,
processed fish
product
large (13 units),
intermediate (79),
small (46)

Civil servant*
Labour force*

Number of
manufacturing
industry*

freshwater, seawater,
processed fish product
large (954 units),
intermediate and small
(9,290)

Bekasi
12 sub-districts, 56
villages
12,943
Total labour force
1,091,936:
agriculture (1%),
manufacturing
(27%), trade (26%),
services (21%),
others (26%)
paddy, horticulture
(production is
getting lower)
cow, sheep, poultry
freshwater fish

large and
intermediate
(41,694 units)

Source: *Data 2015 (BPS-Cianjur, 2016; BPS-Karawang, 2016; BPS-Bekasi, 2016; BPS-West Java 2016a)

Table 3.2. Average GRDP Year 2011-2015 by Industrial Origin at Constant
Market Price 2010 in West Java Province, and three study regions
No

Industrial Origin

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

Agriculture, forestry, and fishery
Mining and quarrying
Manufacturing
Electricity and gas
Water supply, sewerage & waste
Construction
Wholesale and retail trade
Transportation and storage
Accommodation & foods services
Information and communication
Financial intermediary services
Real estate activities
Business activities
Administration & defence, social
Education
Human health & social work
Other service activities
Total

Average GRDP 2011-2015 (in Billion Rp*)
West Java Karawang Cianjur
Bekasi
91,030
4,607
7,731
325
27,585
3,664
70
475,203
84,792
1,330
18,364
5,767
992
20
1,020
845
72
7
41
86,296
4,176
1,930
4,688
174,354
12,258
4,215
11,731
48,739
2,006
1,872
4,543
26,262
1,080
1,316
1,733
32,402
1,079
730
1,018
25,674
1,235
508
1,333
12,486
273
482
845
4,279
38
150
208
23,808
1,122
654
1,031
26,353
808
933
955
7,095
252
160
519
20,584
914
840
1,366
1,088,762
119,367
22,952
49,718

Note: *Rp = Rupiah (Indonesian Currency, where US$ 1 = Rp. 13,300, converted in Sep 2017)
Source: (BPS-Cianjur, 2016; BPS-Karawang 2016; BPS-Bekasi, 2016; BPS-West Java 2016b)
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3.4 RESULT AND DISCUSSION
3.4.1 Comparison of sector’s agglomeration
In parts 3.4.1 and 3.4.2, results are presented at the sector level of industrial origin such
as agriculture, forestry and fishery, electricity and gas, and water supply, sewerage and
waste without taking into account the sub-sectors in more detail.
a.

Karawang Regency

Table 3.3 shows the results of LQ and P values of Karawang Regency. During the period
2011-2015, only three sectors in this region were categorized as being basic sector:
manufacturing, electricity and gas (energy), and mining & quarrying. With only 3.9%
contribution to GRDP and an LQ value of 0.46, agriculture is not classified as a basic
sector in this region, and neither is the water-related sector with the LQ value 0.78. The
manufacturing sector dominates and has the highest LQ score (1.63), in line with its large
contribution to GRDP in Karawang (71.0%). Trading is the second largest sector in terms
of contribution to GRDP with 10.3%. A fairly small shift in most sectors in this regency
(both positive and negative) is shown with P values from 0.01 to -0.05. The educational
sector is growing and the cluster advantage is increasing. In contrast, mining and
quarrying and human health are declining, as is the advantage of the clusters. In the longterm planning (2005-2025) of Karawang Regency, its vision is still to incorporate
agricultural and industrial development to improve the region’s prosperity. From the
analysis, it seems that the vision is not compatible with the current situation. The
manufacturing sector dominates the GRDP of this region compared to agricultural sector.
As one of the satellite cities of Jakarta, the capital of Indonesia, Karawang is shifting from
an agricultural to an industrial-based region.
Table 3.3. LQ & P Values of Karawang Regency Year 2011-2015
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
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Industrial Origin
Agriculture, forestry, and fishery
Mining and quarrying
Manufacturing
Electricity and gas
Water supply, sewerage & waste
Construction
Wholesale and retail trade
Transportation and storage
Accommodation & foods services
Information and communication
Financial intermediary services
Real estate activities
Business activities
Administration & defence, social

AVG
AVG
GRDP*
LQ
4,607 0.46
3,664 1.21
84,792 1.63
992 1.57
72 0.78
4,176 0.44
12,258 0.64
2,006 0.38
1,080 0.37
1,079 0.30
1,235 0.44
273 0.20
38 0.08
1,122 0.43

Category

P

Non Basic
Basic
Basic
Basic
Non Basic
Non Basic
Non Basic
Non Basic
Non Basic
Non Basic
Non Basic
Non Basic
Non Basic
Non Basic

-0.05
-0.11
0.03
0.02
0.02
0.08
-0.02
-0.03
0.06
-0.05
0.01
0.01
-0.04
0.03
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No.

Industrial Origin

15
16
17

Education
Human health & social work
Other service activities
Total

AVG
AVG
GRDP*
LQ
808 0.28
252 0.32
914 0.41
119,367

Category

P

Non Basic
Non Basic
Non Basic

0.15
-0.14
-0.01

Source: own analysis (*billion Rupiahs)

Figure 3.3 indicates the competitive position of each industrial sector in Karawang
Regency during the period of 2011 to 2015. The advantaged cluster (quadrant I) consists
of two sectors (manufacturing and electricity and gas). The mining and quarrying sector
is located in quadrant III, while the remaining sectors are positioned in quadrant II (6
industrial sectors), and quadrant IV (7 industrial sectors). It is interesting to highlight that
in a region which is combining two big development issues i.e. agriculture and
manufacture development, the agglomeration level and growth of agricultural sector was
very far behind the manufacturing sector.

Notes: Numbers in/outside the bubble represent sectors or industrial origin (Table 3.3),
while the bubble size indicates the average GRDP year 2011-2015 in Billion Rp

Figure 3.3. Competitive position of each industrial sector in Karawang Regency (20112015). Numbers in the bubbles refer to the sectors in Table 3.3.
b. Cianjur Regency
Based on the analysis of LQ and P in Cianjur Regency (Table 3.4), 12 sectors can be
classified as basic sector, with agriculture, forestry and fishery sector as the highest score
in LQ (4.03). This result highlights Cianjur Regency as an agriculture-based region is still
relying on agriculture to develop and export to other regions. Agriculture as the main
sector contributes 33.7% of total GRDP of Cianjur. The second largest contributor to
GRDP is trading with 18.4%. All sectors are identified to have small change either
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increasing or decreasing in agglomeration growth (P values ranging from 0.06 to -0.06),
except mining and quarrying with the growth of 0.28. Water and energy-related sectors
in this region are considered as non-basic sectors with the LQ values 0.41 and 0.17
respectively.
Table 3.4. LQ & P Values of Cianjur Regency Year 2011-2015
No.

Industrial Origin

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

Agriculture, forestry, and fishery
Mining and quarrying
Manufacturing
Electricity and gas
Water supply, sewerage & waste
Construction
Wholesale and retail trade
Transportation and storage
Accommodation & foods services
Information and communication
Financial intermediary services
Real estate activities
Business activities
Administration & defence, social
Education
Human health & social work
Other service activities
Total

AVG
GRDP*
7,731
70
1,330
20
7
1,930
4,215
1,872
1,316
730
508
482
150
654
933
160
840
22,952

AVG
LQ
4.03
0.12
0.13
0.17
0.41
1.06
1.15
1.82
2.38
1.07
0.94
1.83
1.66
1.30
1.68
1.07
1.94

Category

P

Basic
Non Basic
Non Basic
Non Basic
Non Basic
Basic
Basic
Basic
Basic
Basic
Non Basic
Basic
Basic
Basic
Basic
Basic
Basic

0.06
0.28
-0.02
0.01
0.01
-0.02
0.03
-0.02
0.01
0.01
-0.06
0.01
0.02
0.05
-0.04
0.01
-0.03

Source: own analysis (*billion Rupiahs)

The competitive position of each sector in local economic development in Cianjur
Regency is shown in Figure 3.4. Eight sectors are located in quadrant I (advantaged
cluster), while the rest are located in quadrant II (3 sectors), quadrant III (4 sectors),
and quadrant IV (2 sectors). The strong agglomeration of agriculture sectors is clearly
depicted. Similarly, the chart reflects the position of the manufacturing sector in Cianjur
which was less concentrated and showing a declining trend in agglomeration growth.
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Notes: Numbers in/outside the bubble represent sectors or industrial origin (Table
3.4), while the bubble size indicates the average GRDP year 2011-2015 in Billion Rp

Figure 3.4. Competitive position of each industrial origin in Cianjur Regency (20112015). Numbers in the bubbles refer to the sectors in Table 3.4.
c.

Bekasi City

LQ and P values of Bekasi City are shown in Table 3.5. Eleven sectors are identified as
basic sectors with electricity and gas activities having the highest score (3.87). The
transportation and storage sector ranked in second position with 2.05. From the P values
which were in the range of +/- 0.09, it can be concluded that all sectors in Bekasi City
were growing and declining insignificantly, except for construction which is increasing
in agglomeration growth with a P value of 0.19. In this region, the food-related sector is
classified as non-basic sector with very low LQ value of 0.08, while water-related sector
is categorized as basic sector with LQ value 1.05.
Table 3.5. LQ & P Values of Bekasi City Year 2011-2015
No.
1
2
3
4
5
6
7
8
9
10
11

Industrial Origin
Agriculture, forestry, and fishery
Mining and quarrying
Manufacturing
Electricity and gas
Water supply, sewerage & waste
Construction
Wholesale and retail trade
Transportation and storage
Accommodation & foods services
Information and communication
Financial intermediary services

AVG
GRDP*
325
18,364
1,020
41
4,688
11,731
4,543
1,733
1,018
1,333

AVG
LQ
0.08
0.00
0.85
3.87
1.05
1.18
1.47
2.05
1.44
0.69
1.14

Category

P

Non Basic
Non Basic
Non Basic
Basic
Basic
Basic
Basic
Basic
Basic
Non Basic
Basic

-0.09
-0.08
0.02
-0.01
0.19
-0.03
-0.05
0.07
0.03
-0.03
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No.
12
13
14
15
16
17

Industrial Origin
Real estate activities
Business activities
Administration & defence, social
Education
Human health & social work
Other service activities
Total

AVG
GRDP*
845
208
1,031
955
519
1,366
49,718

AVG
LQ
1.48
1.06
0.95
0.79
1.61
1.46

Category

P

Basic
Basic
Non Basic
Non Basic
Basic
Basic

0.03
0.03
0.00
-0.03
-0.09
-0.06

Source: own analysis (*billion Rupiahs)

Agriculture sector is in the same cluster as manufacturing sector in Bekasi (see Figure
3.5). Both of them are located in the disadvantaged cluster (quadrant IV) during the years
2011-2015. Quadrant I is occupied by 5 sectors, while the remaining clusters i.e. quadrant
II and III are filled by 1 sector and 5 sectors respectively.

Notes: Numbers in/outside the bubble represent sectors or industrial origin (Table 3.5),
while the bubble size indicates the average GRDP year 2011-2015 in Billion Rp

Figure 3.5. Competitive position of each industrial origin in Bekasi Regency (20112015). Numbers in the bubbles refer to those in Table 3.5.

3.4.2 Analysis of water, energy, and food-related sectors
The water-related sector is defined not only as domestic water supply, but also sewerage,
waste management, & remediation products and services, but excludes agriculture or
irrigation water. As depicted in Figure 3.6, the characteristics of water-, energy-, and
food-sectors in each local government are shown. The water-related sector is not basic in
Cianjur and Karawang (LQ 0.41 and 0.78 respectively). The value of the water-sectors
GRDP is significantly smaller compared to the food and energy related sectors in those
two areas. However, a different result is shown in Bekasi during 2011-2015, where the
water-related sector is a basic sector with LQ 1.05. The water-related sector in Cianjur
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and Karawang was growing slightly as well as being in the ‘advantaged’ cluster. On the
contrary, in Bekasi, the water sector is declining both in growth and the advantage of the
cluster. The highest LQ score in energy-related activities was in Bekasi with 3.87,
followed by Karawang and Cianjur with 1.57 and 0.17 successively. This sector is
growing but not significantly in all the three regions. The food-related sector is divided
into three sub-sectors; agriculture, livestock, hunting, & agriculture services, forestry &
logging, and fishing. GRDP values of the food-related sector in Cianjur and Karawang
during 2011-2015 were relatively high. However, the food-related sector in Cianjur is a
basic sector with steady growth, while in Karawang it is classified as non-basic sector and
the growth is slowing. Additionally, as a city, Bekasi is no longer a food producer. The
LQ value of food-related sector was 0.08, compare to Karawang (0.46) and Cianjur (4.3).

Figure 3.6. Comparison of LQ (bars) and P Values (dots) of WEF-related sectors in the
three study regions. Dashed blue line indicates LQ = 1
Cianjur as an agriculture-based region with more than 265,000 hectares agriculture area
shows its robustness in agriculture, forestry and fishing sectors. Additionally, with only
13 large manufacturing units, a population density of 621 inhabitants/km, and 0.4%
population growth, the water and energy related sectors are less dominant compared to
two other regions. Similar congruence can be seen in Karawang Regency, where
industrialisation has shifted the sectors, especially food-related sector. The number of
large industry units in this region is considerable (954 unit), with additional intermediate
and small industry approximately 9,290 units. In Bekasi City, the labour force in
agriculture sector is only 1%, while the biggest portion (74%) is in manufacturing, trade
and services sectors. This situation is in line with the LQ score of Bekasi in the three
sectors. Overall, these results indicate that WEF-related sector are growing slightly except
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the water and food-related sectors in Bekasi and the food-related sector in Karawang
which were declining during that period (2011-2015).
As shown in Figure 3.7, the characteristics of each sector (WEF) in the three regions are
more clearly indicated in the competitive position chart. The energy-related sector in
Karawang and Bekasi and the food-related sector in Cianjur are positioned in the
advantaged cluster. The situation of the food-related is particularly interesting in
Karawang where 96,482 ha of paddy field and 16% of the labour force constitute this
sector, which are considerably higher than is Bekasi. However, as can be seen in Figure
3.7, this sector was located in quadrant IV in Karawang as well as in Bekasi which has
only 475 ha of agricultural land and 1% agriculture-related labour force. The waterrelated sector is not located in quadrant I in any region, however the role of the waterrelated sector is very significant in supporting especially food-related and energy-related
activities in all three regions. Agricultural water supply is excluded in the definition of
water supply in these statistical data, mainly because there is no water pricing scheme in
the regions, so its added-value is extremely hard to quantify in such an analysis. This is
unfortunate, and it is likely that the water-related sector would position in a different
quadrant in all regions if agricultural water usage as accounted for. Additionally, water is
relatively difficult to be quantified in terms of GDP/GRDP calculations, since its role is
generally as an ‘indirect’ value added.

Figure 3.7. Competitive position of WEF-related sectors based on LQ and P values

3.4.3 Trends of WEF-related sub-sectors in Karawang Regency
Because of its special characteristics in the development goals that combines both
agricultural and industrial activities, Karawang Regency has been analysed up to the subsector level. The agglomeration and trends of water, energy, and food-related sub-sectors
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in Karawang Regency were analysed using GRDP data of Karawang Regency at 2000
constant market prices (2000-2010) and at 2010 constant market prices (2011-2015), and
compared with the same data and period of West Java Province as a benchmark. Figure
3.8 shows the comparison of LQ values in the three sectors of GRDP, where between
2000 and 2015, the water-related sector was categorized as a non-basic sector with LQ
values ranging from 0.2 to 0.8. However, there was a significant increase between 2010
and 2011. There is a notable difference in the energy-related sector, where it is classified
as basic sector from 2004. The most likely causes of this change in situation is the recent
production of oil and gas both onshore and offshore. On the other hand, a clear decreasing
trend can be seen in food-related sector. Starting from 2001, the value of LQ of this sector
decreased gradually, and is now classified as a non-basic sector.

Figure 3.8. Agglomeration Trends of WEF-related sectors of Karawang Regency (20002015)
When broken down, the trends of each sub-sector from 2000 to 2015 are illustrated in
Figure 3.9. The food crops sub-sector (green line, Figure 3.9) was basic before 2005, but
started declining thereafter. In general, the decline of sub-sector concentration may be a
result of agricultural land conversion and the influence of other agricultural based-regions
that produce more agricultural commodities. A similar situation is seen in the fishery subsector in Karawang.
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Figure 3.9. Agglomeration trends of WEF-related sub-sectors in Karawang Regency
(2000-2015)
The shifting of the competitive position of WEF-related sub-sectors in Karawang can be
clearly seen in Figure 3.10, where the green and yellow bubbles indicate the competitive
position of each sub-sector in year 2001 and 2015 respectively. The movements from one
cluster to another are shown for food crops, fishery, and electricity sub-sectors. The
agglomeration growth of those sectors was relatively low, but the agglomeration level
were significantly changed (i.e. a significant shift between quadrants is observed). On the
other hand, the remaining sub-sectors such as estate & horticulture crops, livestock, and
water supply also moved, but remained within the same cluster or did not move far into
other clusters.

Figure 3.10. The trends of competitive positions of WEF sub-sectors in the years 2001
and 2015 in Karawang
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Figure 3.11 shows the competitive position of WEF-related sub-sectors in Karawang
during the period 2000 to 2015. Three of four sub-sectors were located in the
disadvantaged cluster (food crops, livestock, fishery, and electricity sub-sectors), while
the rest were in the potential cluster.

Figure 3.11. Competitive position of WEF sub-sectors in Karawang Regency (2000-2015)
It is interesting to note that in all three study sites, the agglomeration growth of WEFrelated sectors was slower compared to the same sector at the provincial level as the
benchmark, and they are not expected to become a basic sector in the future. The foodrelated sector was basic in the agriculture-based region (Cianjur), while energy-related
and water-related sectors were non-basic. Additionally, water-related and energy-related
sectors were basic in Trade, Service & Manufacture-based Region (Bekasi), while foodrelated sector was non-basic. Three sectors were situated in the advantaged cluster, while
the rest were mostly in the potential and disadvantaged cluster. None of the water-related
sector in the three regions is located in Quadrant I. The results show that water and foodrelated sectors were not basic, growing slower, and not expected to be a basic sector in
the future.

3.4.4 Proposed strategies for WEF-related sectors and sub-sectors in
Karawang Regency
There is a need for local stakeholders and policy developers to better understand the WEF
clusters and their recent development trends in order to decide upon appropriate regional
economic growth and development policy and to draw up suitable strategies and programs
to assist sectors and firms within the cluster (Blakely and Bradshaw, 2002). Pearce and
Robinson (2001) proposed a model of so-called grand strategy clusters within the four
quadrants, where sectors or businesses are categorized based on the competitive position
and growth. A set of expectant options can then be considered for determining the most
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proper grand strategies in order to facilitate growth or managed decline or certain sectors.
The strategies can be used by government institutions and business or enterprises in the
water, energy, and food-related sectors. The proposed strategies are expected to bring
alternative options in the form of improvement activities, promotion to a better position,
or even reduction and liquidation after considering local and national budget, targets, and
planning.
After identifying the agglomeration of each sector, and putting them together in
competitive position charts, the next stages are to analyse clusters formed in the charts
and to determine proper strategies for each industry or sector. From the competitive
position analysis (Figure 3.7 and Figure 3.11), there are three sectors positioned in
quadrant I (advantaged cluster), while three sectors and two sub-sectors are in quadrant
II (potential cluster). Additionally, one sector is located in quadrant III (capable cluster),
while two sectors and four sub-sectors are in quadrant IV (disadvantaged cluster) (see
Table 3.6). Some strategic options can be taken into consideration by stakeholders both
government institution, private sector, and society related to water, energy, and food
sector in Karawang Regency.
Table 3.6. Possible strategies for WEF-related sectors in Karawang Regency
Position
Quadrant I
(advantaged
cluster)

Quadrant II
(potential
cluster)

Sectors/sub-Sectors
▪ energy-related
sectors

▪ water-related
sectors
▪ estate &
horticulture crops
▪ water supply subsectors

Strategies
▪ concentrated
growth
▪ vertical
integration
▪ concentric
diversification
▪ innovation
▪ reformulation of
concentric
growth
▪ horizontal
integration
▪ divestiture
▪ liquidation

▪
▪
▪
▪
▪
▪
▪

Quadrantxvii.
III
(capable
cluster)

Quadrant IV
(disadvantag
ed cluster)
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▪ food-related sector
▪ food crops subsector

Example of practical
implementation
market expansion, product and
service innovation
firm acquisition by regional
owned enterprises
allocating sufficient budget to
develop basic source of the
sector
market expansion, product and
service innovation
firm acquisition by regional
owned enterprises
public-Private Partnership
(PPP) scheme in providing
drinking water
increasing the use of potable
water

▪ concentric xviii.
diversification
▪ conglomerate
diversification
▪ joint venture
▪ turnaround or
▪ changing the development
retrenchment
target from agriculture to
▪ concentric
industrial-based
diversification
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Position

Sectors/sub-Sectors

Strategies

▪ electricity sub▪ conglomerate
sector
diversification
▪ livestock sub-sector ▪ divestiture
▪ fishery sub-sector
▪ liquidation

Example of practical
implementation
▪ food production
diversification (ex. from rice
to potato and soya bean or
livestock and fishery
production)

The basic principle of selecting strategies for sectors in quadrant I as the ‘advantaged’
position is to maintain the competitiveness, concentration, and growth with certain
innovation and new developments within the value chain. For firms and sectors within
this quadrant, a concentrated growth approach can be carried out by increasing and
promoting market development, product development or both. Another possibility for the
sectors in quadrant I is to undertake vertical integration option, in case its resources have
surpassed the total demands. Vertical integration is an action to acquire other firms either
a firm in very early stage of the value chain (backward integration) or a firm in a later
part of the value chain (forward integration). To mitigate potential risks related to the
product and service limitations, concentric diversification can be considered by investing
certain budget and other capital in its proven basic fields. It is basically an approach to
create a new portfolio through the acquisition of an established business or sector.
The example of sector in this quadrant I is energy-related sector. One of the reasons that
makes the energy-related sector in Karawang Regency positioned in the advantaged
cluster is because this region produces both oil and gas. Thus the level of concentration
and competitiveness of this sector is quite strong. However, in the electricity sub-sector,
its position is still in the disadvantaged cluster. Some possible strategies that can be
conducted are increasing the local potential of electricity production, especially
renewable energy such as solar energy instead of fossil fuel-based electricity. Solar
energy can be utilized both in urban and rural areas to support electricity supply for
domestic, industry, and agricultural sectors. In addition, the government can support it by
putting a sufficient budget and subsidies to develop basic sources of the sector and
networks or markets. Those efforts will certainly become one of the supporting actions
for the achievement of Central Government's target for solar energy of 238% in 2019, and
electrification ratio up to 100% in 2019. A drive to solar electric generation would help
meet national targets in a sustainable way, without seriously compromising other natural
resources.
Identifying the non-competitive factors and conducting improvement of the sector’s
inputs are the basic approaches that must be considered for sectors located in quadrant II
(potential cluster). There are four strategies that can be carried out: reformulation of
concentrated growth; horizontal integration; divestiture; and liquidation (Pearce and
Robinson, 2001). Reformulation of concentric growth is the best option to choose for
sectors able to achieve targets in a relatively growing market. Nevertheless, if sectors are
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relatively less competitive, the second option of horizontal integration is also possible.
Principally, this strategy seeks to acquire other firms/sectors in the same level and field
to make the competition less severe and increase growth by improving market and product
development. One undesirable option is divestiture, where the authority has to sell off
subsidiary or entire investments as an ongoing business that may cause inability to fully
control all the processes within the sector. In the government businesses’ perspective,
sometimes this kind of policy is provoking criticism from the public due to possible
uncertainties in providing public products and services. Finally, liquidation is the other
options to be taken into account. It is slightly different with the divestiture, wherein this
action, the ongoing business is not intended to be further operated. This option is
reasonable to avoid further detriment of the firm or sector in the long run.
Water-related sector and water supply sub-sector were the two industries positioned in
quadrant II. In the sub-sector of water supply (potential cluster) for instance, government
and private sector can improve the competitiveness and market of this sub-sector through
cooperation using public-private partnership (PPP) schemes in the provision of drinking
water and raw water. Improvements and innovations of the products and services can also
be done by government and private companies to attract users to the products. This could
include increasing potable water and bottled water supplies, increasing the pipe water
network coverage, improving system performance and reliability, etc. Another option is
to acquire private bottled water companies by government owned enterprises to ensure
the availability, affordability, and quality of the products. Increasing water production
from local resources such as ponds, artificial lakes, rainwater harvesting, and other water
conservation programs will also support this sector. Those strategies are highly relevant
to the central government's target to improve the access to clean water from 65% in 2014
to 100% in 2019. Improving system efficiency, and trying to move away from bottled
supplies (which are more costly and less sustainable due to elevated energy and water
requirements in the production process) for potable purposes would boost sustainable
development initiatives in the region, and could free up water resources that are currently
lost in inefficient networks for use in the expanding industrial sector and could also be
used in a growing agricultural sector should this develop according to regional plans.
For the sectors and firms in quadrant III (capable cluster), observing the market and
consumers and then minimizing the investment based on that evaluation are plausible
options to be taken. Concentric diversification can be applied to the business or firms by
encouraging innovation both in markets and products. Another choice is to carry out
conglomerate diversification, where the firms diversify the portfolio of their investment
and financial risk. The last option for this cluster is a joint venture which focuses more
on creating cooperative agreement with other domestic or multinational firms. The main
purpose is to improve the performance of each part within the two or more firms
collaboratively to achieve the targets, and thereby to raise the performance of the sector
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as a whole. According to the current results, there were no single sector located in this
capable cluster (quadrant III).
Two basic approaches that can be considered for the sectors or businesses positioned
within quadrant IV (disadvantaged cluster) are preparing for transition or trying to
manage the decline. Turnaround or retrenchment is the option to change the business
direction starting from increasing efficiency and cost/assets reduction. It can be proceeded
to the next phase by diverting the resources through investment in other sectors. Either
concentric diversification (market and product) or conglomerate diversification (business
and financial portfolio) is involved at this stage. The final strategies that need to be
noticed in this quadrant IV firms are divestiture and liquidation.
Things are slightly different in the food-related sector, where almost all of its sub-sectors
are in disadvantaged clusters except estate & horticulture crops. Excessive industrial
development may cause agricultural land conversion either directly or indirectly.
Additionally, climatic factors and the availability of water, especially in the dry season
causes a considerable amount of food crop production to be not optimal. One of the
strategies that can be considered is to change drastically the direction of the regional
planning from agricultural-based to industrial-based development. The strategic position
of Karawang means that it has large potential to develop industrial, trading and service
sectors, but at the expense of the agricultural sector. However, this strategy is counter to
the regulation of sustainable agricultural land, where rice fields in Karawang regency
must be protected from land conversion. Driving industrial and service growth would also
likely stress the demand for water and energy, and it is not clear if it could be
accommodated in a sustainable manner without compromising local natural resources.
Another possible strategy is the diversification of agricultural products, including
livestock and fisheries. By diversifying both the product and the market or users
(concentratic diversification) and its business and financing strategies (conglomerate
diversification) are expected to increase the competitiveness of food-related sectors in
this region. A further strategic option is a combination of industry and agriculture, where
the industrial sector to be developed will be prioritized to the food processing industries
that can absorb the existing agricultural products and increase its value added. The central
government's target in food-related sector in 2019 are rice production (26%), soya bean
(109%), beef (67%), and fish (51%) among others. A diversified strategy with financial
support from local and central government are expected to support the achievement of
the targets.
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3.4.5 Sustainability and nexus perspective in WEF resource
management
This study provides a first assessment of the current levels of growth and agglomeration
in WEF sectors in Indonesia, giving policy makers a first idea of recent trends and what
could be reasonably expected in the next few years. In terms of sustainable development,
Section 4.4 gives some indication of how the WEF sectors could be developed in a
sustainable way and in accordance with national targets. However, current trends appear
to show a shift away from targets, and may not be sustainable in the long term if not
managed properly. In addition, it is becoming apparent that the WEF sectors can no long
be considered in isolation, and that changes in one sector is likely to have implications
for the other sectors (Kenway et al. 2011; Bizikova et al. 2013; FAO 2014; El Gafy et
al. 2016). The methods used in this study prohibit such a ‘nexus’ approach, although such
an approach is becoming increasingly necessary. While these results give a first order
impression of recent and potential short-term changes to the WEF sectors in the three
study areas, further analysis would be required in order to conduct a full ‘nexus
assessment’ accounting for cross-sectoral impacts of economic growth and development.
That being said, there are some reasonable hypothesis that can be put forward. For
example, a lack of water storage has caused flooding in some areas during the rainy
season, and conversely in the dry season, crop failure occurs due to lack of water supply
and sufficient storage. Another pressing issue is water quality. Effluents from industrial,
agricultural and domestic activities, some of which are shown to be growing rapidly, has
polluted almost all segments of rivers in this area. Policy is required to establish new
artificial lakes/ponds, infiltration wells, bio-pore holes and promoting rain harvesting.
The expected benefits are increasing storage in the wet season, mitigating flooding and
also providing extra water in the dry season to maintain the growing industrial sectors.
Additional water could also aid agricultural expansion, in line with policy targets. In
addition, a drive to solar energy is likely to reduce regional water demand in the energy
sector while productivity can be maintained. This leaves additional water resources for
other activities whereas it may be presently consumed for energy production. As a result,
food production could be positively impacted, even in water-scarce seasons, further
contributing to policy targets.
At the same time, energy is required to support food production activities (e.g. harvesting,
fertilizing, pumping, lighting, processing, and transporting) and water-related production.
The notion to develop urban and rural solar energy in this area is strongly relevant in the
context of its poor status of air pollution. Energy interventions propose solar urban and
rural planning to improve the utilization of solar energy and examine its implication to
water, energy, and food security. Apart from its expected contribution to the national
target of solar energy application (increasing 238% in 2019 from base year 2014), this
policy is intended to satisfy local energy demand for any purpose, and to reduce the use
of fossil energy that cause air pollution problems. The use of solar energy is expected to
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give positive impact in combination with artificial lakes/ponds on water needs for food
production, particularly rain fed agricultural area in the dry season. It may contribute to
avoiding crop failure due to droughts and support livestock water needs. Solar energy
applications in an urban context could include use in telecommunications, service and
trading, building equipment, public lighting, and industrial use, while in rural areas it can
be used for applications including water pumping, crop drying process, greenhouse
heating, livestock ventilation, aeration pumps in fishery, fish or shrimp cultivation, insect
pest trap, and solar sprinkler. This implementation should be supported by government
through subsidy or incentive schemes, in order to stimulate other stakeholder e.g. private
sectors, educational institution, and community to succeed this solar energy policy. By
evaluating the WEF sectors through their value-added in GRDP, decision makers are
better equipped to think, plan, and implement the appropriate actions to ensure the
availability of those resources. By subsequently adopting a nexus approach, it is possible
the sustainable development in the region could be attained.
GRDP data are essentially arranged based on a production and expenditure approach. In
this study, production-based GRDP by industrial origin denotes the basic measure of
value-added emerging from various kind of economic activities and production in a
region. Basic production factors are implicit in GRDP and cannot be easily separated
from it as they are not directly reported in GRDP statistics. Therefore, the analysis
conducted in the chapter implicitly accounts for basic production factors, but is not able
to explicitly account for the impact of changes in various production factors to change in
GDRP.
Despite the limitations, these results could be used as preliminary information for decision
makers to make the future planning and actions and also to review recent progress towards
existing goals. They can also be used to put development in a wider sustainability/nexus
context.

3.5 CONCLUSION
Strategies for each cluster have been identified based on the analysis of agglomeration
level and growth and then putting all the sectors in the four-quadrant matrix. Local
stakeholders both government, private sectors, and community should pay attention to
these particular sectors to ensure the availability of the commodities. This preliminary
evaluation will give a better understanding and more comprehensive insights. All the
strategies have to be further analysed to be properly implemented in the decision making
process by considering local and national budget, targets, and planning.
All the definition of water, energy, and food-related sectors are based on the definition
from statistics agency which may slightly different with other definition. One of
limitations is the exclusion of agricultural or irrigation water in the definition of water
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supply. The accuracy of the results in LQ computation will strongly depend on the
accuracy of the dataset. To avoid possible seasonal and annual bias of dataset in the
calculation, we used the average of more than 5 year data series. In this study, the data
used were basically the statistical data series of 16 years of GRDP (2000-2015) that has
been verified and analysed by the national statistical agency. Unfortunately, the Agency
does not report on potential sources of error or the errors themselves. Therefore it is very
difficult to assess the errors involved as they are not reported. In principle, LQ and CP
methods are not the tools that need to be validated statistically using certain sample size
to analyse the uncertainties and errors. However, there is also an option to do such
statistical analysis, for instance dartboard test for LQ established by Guimarães et al
(2009). Further study and analysis using the direct method such as census and its
combination are also recommended to be conducted.
To conclude, this composite method is useful and is expected to assist local stakeholders
in evaluating preliminarily the general situation of the basic and non-basic sectors and
also the dynamics of the WEF-related sector in their economic development. The
relevance of economic activities development characteristic and its growth is clearly
supported by the current findings.
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GROUP MODEL BUILDING ON
QUALITATIVE WEF SECURITY
NEXUS DYNAMICS

Abstract
This chapter develops a qualitative causal model of a water, energy, and food (WEF)
security nexus system to be used in analysing the interlinkages among those and other
sectors that influence and are influenced by each other in a local context. Local
stakeholder engagement through a group model building (GMB) approach was applied in
Karawang Regency, Indonesia, to develop the model with the goals of improving problem
understanding, raising consensus among participants, and building acceptance and
commitment regarding the subsequent development of a quantitative nexus model. After
recognizing the issues regarding WEF sectors in the study area and eliciting opinions
about nexus interactions, the next stage was to build a conceptual framework to describe
the nexus system and to develop an integrated causal loop diagram (CLD) that describes
critical system (inter-)linkages. The developed Karawang WEF security (K-WEFS)
model is composed of six sub-models with water, energy and food sectors as endogenous
factors. In addition, population, economic and ecosystem services were considered as
exogenous drivers of the system. It is expected that all the major internal and external
factors and drivers are covered, including possible feedback mechanisms, and key
variables will be analysed further in the system. The future achievement of WEF security
targets can be based on robust evaluation and planning processes underpinned by
thorough understanding of whole system dynamics and the impacts of changes in the
linked sectors, even in a qualitative way. In this way, a first step towards breaking silo
thinking in regional planning may be attained.
Keywords: group model building, causal loop diagram, WEF security, nexus modelling
This chapter is based on:
Purwanto A., Sušnik J., Suryadi F.X., de Fraiture C., (2019), Using group model building
to develop a causal loop mapping of the water-energy-food security nexus in Karawang
Regency, Indonesia, Journal of Cleaner Production 240, Elsevier, DOI:
https ://doi.org/10.1016/j.jclepro.2019.118170 (Published)
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4.1 INTRODUCTION
Water, energy, and food (WEF) security are a major topic that is increasingly discussed
globally. The interaction among their components internally and the interconnection with
environmental conditions, social, governance, and political situations, makes this issue
immensely complex. Achieving a certain level of WEF security simultaneously is a
complex challenge that will influence, and is influenced by other sectors including social,
political, and environmental conditions (Bizikova et al., 2013; Endo et al., 2015).
Resolving one problem partially without considering its interlinkage could shift problems
from one resource perspective to another and may cause unexpected effects (Kenway et
al., 2011; Bizikova et al., 2013; FAO, 2014; El Gafy et al., 2016). Focusing only on
certain aspect of security, without considering others may cause unbalanced supply or
resource use, and ineffective target achievement. In addition, ‘optimising’ across the
nexus may mean admitting that some targets in certain sectors cannot be fully met, but
on average across all sectors, more targets are achieved more satisfactorily.
The basic concept of WEF security nexus was developed and extensively discussed at the
Bonn 2011 Conference. In its background paper, the nexus approach defined ‘an approach
that integrates management and governance across sectors and scales’ (Hoff, 2011).
Nevertheless, there are still knowledge gaps in this approach including analytical
framework disharmony for overcoming institutional disjunctions and power imparity
among sectors. Furthermore, there is no sole technique that is able to be applied for every
specific circumstance suitably (Endo et al., 2015). Thus, to deal with different and
specific situations in different regions, deconstruction of the nexus approach (Lele et al.,
2013) and specific context elaboration (El Gafy et al., 2016) have to be considered in
order to make more effective and contextualized solutions on water, energy, and food
security, and to assist decision makers in managing resources in a meaningful way. Thus,
local stakeholder involvement in combination with simple and understandable analysis
tools are needed in doing evaluation, planning and decision making process of WEF
security in a region.
Several models, tools and approaches have been developed to analyse the interaction
between water, energy, food security and the environment (IRENA, 2015; Daher and
Mohtar, 2015; El Gafy et al., 2016; Martinez et al. 2018). Those tools can be conceptual
(qualitative), quantitative, and some combination of both qualitative and quantitative.
One major system thinking approach is system dynamics, established by Jay Forrester in
1961, some concepts of which are employed here for its flexibility and robustness in
portraying a complex system to non-experts. It is a method that typically used to elaborate
a complicated system, multi-feedback-loop, multi-disciplinary and non-linear system that
contains of three main components; stocks, flows, and converters (Sušnik et al., 2013).
The competence to identify and trace behaviour pattern in a system, instead of focusing
only on individual situations, is needed in dynamic thinking (Simonovic, 2009). Meadow
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(2009) identifies that a system comprises three things i.e. elements, interconnections, and
function or purpose. It can be formed as part of a qualitative and quantitative approach.
Numerous studies have attempted to explain the interconnectedness among water, energy
and food sectors and variables through quantitative approaches. Martinez et al. (2018)
applied a mixed method of fuzzy cognitive maps (FCM) to understand WEF nexus
interconnections and their relative strength using expert input. Graph theory was used as
a basis to develop the analysis which highlights how different experts’ views can be
captured in such a fuzzy mapping approach. One downside however is that complex
feedback relations may be more difficult to capture using FCM. Some other scholars such
as Ma et al. (2019) and Liang et al. (2019) study the nexus in energy, environment and
economy by employing decomposition and decoupling methods. The methods
successfully quantified carbon dioxide intensity due to economic development in China.
Furthermore, (Zhang et al., 2018) investigated few more methods that have been applied
by researcher to examine quantitatively the nexus of water, energy and food such as
mathematical statistics, computable equilibrium model, and econometrics among others.
However, in some cases, extensive data may not be available in order to develop a
quantitative model, or the main objective may be simply to gain insight into the behaviour
and structure of a complex system such as the WEF nexus. One simple but effective
qualitative modelling approach not requiring extensive data or expensive software that is
being applied by many scholars analysing complex systems with stakeholders is that of
causal loop diagrams (CLD). CLD development is very useful in assisting system
dynamic modellers and non-expert stakeholders in capturing the complicated interactions
among variables qualitatively and can form a basis for further system analysis (Haraldson,
2000; Mirchi et al., 2012; Binder et al., 2004; Inam et al., 2015). CLDs offer non-experts
an easy and intuitive way in which to view entire systems, and critically the linkages
between system elements (i.e. the nexus), including feedback processes. As no modelling
experience is required, CLDs can be very attractive to engage stakeholders in the process
of developing quantitative complex systems models. A number of researchers have
employed CLDs in analysing diverse complex systems (Mirchi et al., 2012; Sušnik et al.,
2012; Bala et al., 2014; Ghashghaie et al., 2014; Inam et al., 2015). Furthermore, one of
the participatory approaches in developing CLDs is the group model building (GMB)
method (Vennix et al., 1996). Numerous studies have explained the usefulness of
participatory and GMB in constructing CLDs (for instance Vennix et al., 1996; LunaReyes et al., 2006; Winz et al., 2009; Goh et al., 2012; Hovmand et al., 2012; Inam et al.,
2015; Kotir et al., 2017; Rich et al., 2018).
The above section clearly shows a research gap – the need to better implement noncomputational approaches to better understand the WEF security nexus in a robust way
that is to be taken seriously by local planners and that can be understood by them. Such
an approach may be extremely valuable either in data scarce settings, or as a first stage
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towards quantitative model development as a way to better understand system dynamics.
Therefore, the main objective of this work is to develop a qualitative causal loop diagram
(map) of the water-energy-food security nexus in Karawang Regency, Indonesia, with the
aim of elucidating to local stakeholders the complexity of the system without recourse to
a complicated modelling and data collection exercise. Such an exercise can highlight the
complexity of such systems to stakeholders, and by thinking across traditional
departments, can also help to break silo-thinking, moving towards systems thinking. This
chapter describes the development of a qualitative causal model of water, energy and food
security in the local context of the Karawang Regency, Indonesia, to be used in analysing
the interlinkages among those three sectors and other sectors that influence and be
influenced by each other. Group model building as part of stakeholder’s engagement was
applied in the study area to improve problem understanding, raise consensus and build
the spirit and commitment of related stakeholders. The work aims to uncover unexpected
high-order effects of policy objectives, and could lead to policy makers exploiting
synergies and avoiding or mitigating detrimental impacts across the nexus. The rest of
this chapter is organised as follows: Section 4.2 outlines the main methodological
approach used in the study, namely causal loop diagrams and group model building.
Section 4.3 describes the case study, and presents the major results from the study. In
addition, a detailed application of the developed qualitative model is described,
illustrating the utility of this approach in practice. Conclusions and References complete
the chapter.

4.2 METHODS
4.2.1 Causal loop diagram (CLD)
CLD is a qualitative approach that can be applied in the process towards developing
quantitative system dynamic models (Binder et al., 2004). CLDs are very helpful in
assisting non-expert stakeholders in developing a better understanding of the main
interconnections in a complex system, shedding light on critical feedback loops and
connections that may otherwise not have been apparent. They also may therefore lead to
a better understanding of the system behaviour, without any quantitative model ever being
built. They therefore contribute to breaking traditional silo-thinking. Wolstenholme (1999)
explains that CLDs are able to be applied as a stand-alone system and not necessarily
need to be supported by computer simulation in developing subject and solving selected
problems. Causal effects among variables in CLDs are connected by arrows with polarity
either positive (+) or negative (-) to indicate their interdependency (Sterman, 2000).
Connectors or arrows in the diagram function to deliver information from one variable
(A) in the system to other (B). The arrows with a “+” sign show that change
(increasing/decreasing) in A causes change (increasing/decreasing) in B in the same
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direction. Meanwhile, the arrows with”-” signs indicate an opposite direction from A to
B (i.e. if A goes up, B goes down). System dynamics behaviour can be in a circular form
of feedback loops, and self-reinforcing behaviour (positive feedback loop) and selfbalancing behaviour (negative feedback loop) can result in the system. Normally, a
positive feedback loop represents the continuity of growth or slowdown, while a negative
one consist of causal links that try to fill the gap between desired and current condition
(Mirchi et al., 2012). Another important notation in CLDs is delay. Indolence, fluctuation,
short and long run effect of policies in the system can be caused by delays (Sterman,
2000). Table 4.1 summarizes visual representation of CLD’s notation. Vensim modelling
software, developed by Ventana System Inc., has been used to develop the CLDs in this
study based on the GMB exercise. Therefore, all modelling languages, notations and
formulas will be based on the Vensim system.
Table 4.1. Elements in causal loop diagrams

Source: Modified from (Mirchi et al., 2012)

4.2.2 Group model building
GMB involves several participants from various related parties, facilitated by a
modeller/facilitator to build an expected model. Participants should have expertise
relevant to different parts of the system under study (in this case, different WEF sectors
in Karawang). Participants may or may not also be modelling experts. The idea is to build
a conceptual map of the system using participant input to elucidate key system
connections, interdependencies and feedback, giving a whole-systems view of the system
under study, instead of a sectoral view. The conceptual map may then be taken forward
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for quantitative model development if desired. GMB is important in improving better
understanding of the problem, aligning perception and building strategies to potentially
improve performance of the system (Vennix, 1996). System dynamics GMB is useful and
effective in developing more comprehensive qualitative-based understanding as a result
of the involvement of multi-disciplinary experienced groups of researchers, managers and
decision makers during its development (Luna-Reyes et al., 2006; Richardson and
Andersen, 2010; Goh et al., 2012; Inam et al., 2015; Rich et al., 2018).
In general, GMB begins with a general discussion between the modeller, the gatekeeper
and potential participants to define the problem (Figure 4.1a). Several crucial topics to be
discussed in this stage are defining the boundary of the system, the complexity of the
problem, the long-term and short-term impacts, the type of model to be developed and its
aims, and potential stakeholders to be involved. Preliminary models and/or direct
interviews can be chosen before starting the session of GMB. Figure 4.1b describes the
steps of causal loop diagram (CLD) development through problem analysis, cause and
effect elaboration, and feedback loop identification. Vennix (1996) identifies three goals
of GMB i.e. creating a team learning environment to improve the problem understanding,
raising the consensus among participants, and building the spirit of acceptance and
commitment to final decisions.

Notes: ‘X’ problem-variable; O other variables. Source: adapted from Vennix (1996)

Figure 4.1. The general stages in applying system dynamics GMB (a) and the process of
causal loop diagram development (b)
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4.3 RESULTS & DISCUSSION
4.3.1 State of the system
The Indonesian government has a strong commitment to achieving nationally set targets
in water, energy, and food security as outlined in the national long-term and mediumterm planning. However, several acute problems have obstructed the attainment of its
national targets, i.e. resources mismanagement, lack of coordination, and authority
imbalance among sectors, levels and scales (Bellfield et al., 2016). The challenges are
getting more complex in the current decentralization era where local governments (i.e. 34
provinces, 416 regencies, and 98 cities) have their specific local approaches and targets.
A decentralized system can be an effective way to achieve national targets if each local
government has a harmonious framework and implementation plan. Otherwise, the gaps
among sectors and levels can get wider, and the targets are becoming more difficult to
reach. Quincieu (2015) emphasizes the need of preferable and clearer roles,
responsibilities, programmes and policies among district, provincial and central
government in Indonesia. An integrated local framework on WEF security evaluation is
importantly needed to build awareness and improve understanding among local
stakeholders regarding the local WEF resources potential and their interlinkages.
As one of local regions in Indonesia, Karawang Regency plays an important role in
supporting the achievement of national WEF security targets. This region is located
downstream of the Jatiluhur reservoir, which is located within the Citarum Basin, Jawa
Barat Province, Indonesia. Geographically, Karawang is situated between 107º02’–
107º40’ East Longitude and 5º56’–6º34’ South Latitude. Karawang Regency consists of
30 sub-districts, 297 villages and 12 special villages. It is one of the largest agricultural
centres in Indonesia with rice as the main commodity. On the other hand, this region also
focuses on industrial development as stated in its long-term (twenty-yearly) planning for
2005-2025. The total population of Karawang Regency in 2016 was 2,273,600, with a
population density of 1,187 people km2 and population growth in year 2015-2016 of
1.04% (Statistics Agency/BPS-Karawang 2016).

4.3.2 Basic concept of WEF security nexus in Karawang Regency
WEF security definitions used in this study refers to the availability, accessibility, and
quality of those three sectors. In principle, resource availability is the existence of the
resources physically at a certain minimum level to meet demand, while resource
accessibility is defined as the ease of accessibility of the resources by people in a region
at an affordable price. Furthermore in terms of quality, water quality defined as water that
meets water quality standards locally. Energy quality means that the energy generated can
be utilized continuously and safely regarding the impact to the environment. Three
principles of nexus approach by Hoff (2011) namely investing to sustain ecosystem
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services, creating more with less, accelerating access and integrating the poorest are
employed in this research as the main concept in modelling qualitatively the existing
condition of the study area.
The proposed local WEF security framework is depicted in Figure 4.2, and is applied in
Karawang Regency, Indonesia. The grey boundary line reflects a regency boundary
covering all the variables, links, and interlinkages within the region, while boxes that
contain variables and links outside the boundary i.e. Jatiluhur Reservoir (JR), imported
water (IW), imported energy (IE), and imported food/IF) are considered as transboundary
or exogenous factors. The imported water, energy and food indicate that the main source
of those commodities come from the outside Karawang Regency, and are not directly
controlled or mediated by processes within Karawang. This basic concept seeks to
describe internal interaction in WEF system (blue, yellow, and green boxes and arrows)
and also interlinkages between the WEF system with other external driver factors i.e.
population, economic development, and ecosystem services which is symbolized by grey
boxes and arrows.

Figure 4.2. Basic concept of WEF security nexus in Karawang Regency, Indonesia

4.3.3 GMB workshop script
The one-day GMB workshop on WEF security nexus was conducted in October 2018 in
the study area of Karawang Regency. It was preceded with a series of formal and informal
meetings with all potential committees and participants in order to clarify the aims and
objectives of the GMB exercise. The main session of GMB workshop focussed on the
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development of the integrated WEF security CLDs in the local context. Figure 4.3
describes the stages of the GMB workshop. The outcome of the workshop was expected
to advance the understanding of all stakeholders to the problematic WEF security
behaviour.

Figure 4.3. The stages of GMB workshop on WEF security nexus in Karawang Regency
Table 4.2 indicates several elements of script used in a system dynamics GMB exercise.
Scripts are general patterns to facilitate participants in building a system dynamics model.
Pre-GMB workshop activities were started approximately one month before the event, to
ensure all the preparations regarding the committee, venue, materials and participants
were ready to support all sessions of GMB workshop. Those activities brought a positive
impact on increasing understanding of the topics, methods and both technical and nontechnical matters that will be carried out together in the workshop.
Table 4.2. Elements of a typical GMB script
Field

Description

Description

Group model building (GMB) workshop on water, energy, and security nexus
in local context involving related local stakeholders in these fields
This script can be used in discussing important policies that need to be
determined by involving several stakeholders
Agriculture Agency, Fishery Agency, Drinking Water Company, PJT II Public
Corporation (reservoir authority), Public Work Agency, Environment Agency,
Development Planning Agency, Singaperbangsa University of Karawang, local
energy experts and Non-Government Organization (NGO).
(1) to improve better understanding of the problem, (2) to align perception
(problem framing), (3) to elucidate variables, and (4) to develop qualitative
SDM in the form of CLDs

Context
Participants

Purpose
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Field
Primary
nature of
group task

Time

Materials

Input
Outputs
Roles

People in
the room
Steps
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Description
▪ Presentation. Aligning the same perspective about the topic and methods used
in the workshop
▪ Divergent. Participants come from different institutions in local government
level related to WEF sectors, more specifically from planning or research and
development division.
▪ Pre-GMB workshop (±1 month before the event)
▪ GMB workshop (preparation ±30 minutes, main activities ±240 minutes, ±30
minutes evaluation)
Rounded rectangle/U-shaped table, desktop PC/laptop, projector, screen, sound
recorder, white board, blank wall, sticky notes, moveable chair, board marker,
camera/handycam
State-of-the system, basic concept of WEF security
Sub-causal loop diagrams, integrated causal loop diagram of WEF security
nexus
▪ Modeller: listening to what being discussed and modelled during the session
▪ Facilitator: organizing the workshop sessions
▪ Gate keeper: initiating the project, identifying the participants, supporting the
team
▪ Recorder: documenting all the GMB workshop session either videos or photos
Modeller, facilitator, gate keeper (optional/not all the session), recorder,
participants
Opening session
▪ The gate keeper delivered the opening speech to explain the overview of
GMB workshop in general
▪ Facilitator explained the workshop goals, schedules, methods and everything
that need to know by the participants
▪ Facilitator collected the open questionnaires from the participants that have
been sent to participants beforehand
▪ Facilitator opened the short session on stakeholder’s interview
Introduction session
▪ Facilitator/modeller delivered the introduction session to explain about the
research overview, system dynamics model (especially how to create CLD),
and group model building approach.
▪ Discussion, question-answer session moderated by facilitator/modeller.
Modelling session I
▪ Facilitator/modeller started to hands out the conceptual model, blank papers,
markers and other materials to each participants.
▪ Facilitator/modeller gave the chance to the participants to recognize problem,
gave comment/feedback and conceptualized the initial model based on the
preliminary conceptual model.
▪ Participants included additional variables that need to be considered in the
WEF model and elicits the reason/argument of each variables and put it in the
sticky notes.
▪ Facilitator/modeller asked the participants to create individual CLD in water,
energy or food security in their blank papers. They walk around during the
session to assist participants in doing their works.
Modelling session II
▪ Facilitator/modeller invited each participant in each sector to put their
variables/CLD in the blank paper in the board. Other participants from the
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Field

Evaluation
criteria

Description
same sector were also invited to do the same thing and discuss it in front of
the room.
▪ They combined their individual variables and CLD under the supervision of
facilitator/modeller.
▪ Modeller digitised the sub-model CLDs in the SD software (Vensim PLE)
and shows it to all the participants.
▪ Facilitator/modeller repeated step 4a to 4c for two other sectors
▪ All the sub-model CLDs were shown to all the participants and modeller starts
to discuss on the integration of those three sub-model CLDs.
▪ Preliminary WEF security model that has been made before by the modeller
was used as general guidance in order to make the participants easy to
understand. Some variables and arrows were changed based on the perception
and opinion of all participants.
▪ The perception and knowledge of participants to the topic and methods need
to be identified by doing short interview, to make sure whether we need to
take longer time for introduction session or not
▪ All the participants have agreed about the effectiveness of group model
building and qualitative dynamics model in analysing the policies and finding
the best solution.
▪ Open questionnaire helps participants in understanding the topic and helps
facilitator in organizing the sessions

Source: the script is adapted from Hovmand et al. 2012

Ten institutions related to the topic participated actively in building the models. The water
sector was represented by Drinking Water Company (PDAM), Irrigation and Reservoir
Authority (Jasa Tirta II public corporation) and Public Work Agency. Agriculture and
Fishery Agencies played a role in providing input regarding the food sector. A local
energy expert, who is a former Energy and Mineral Agency employee, was personally
involved because the authorities of the institution related to mining and energy had been
taken over by the Province. The Development Planning Agency, Singaperbangsa
University and an NGO member were also involved in the workshop to share information
and feedback on both endogenous and exogenous variables in the WEF system.
Differences in point of views and experiences among participants were presented very
dynamically in the interactive discussions guided by the facilitator/modeller. Various
information, ideas, input, and qualitative data were delivered by the participants in the
workshop. A recorder played an important role in documenting all activities carried out
in each session, in the form of photos and videos. After all stages have been carried out,
all participants agreed on the formulation of three sub-models which were then
incorporated into one integrated model so-called Karawang WEF security (K-WEFS)
model, which is the main output from the GMB exercise.
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4.3.4 WEF security sub-models
a.

Water security sub-model

The developed water sector sub-model is shown in Figure 4.4. The source of raw water
in this region comes from surface water (rivers, lakes and ponds) and underground water.
Imported water as the main water source is interpreted as water supply from Jatiluhur
Reservoir whose location is administratively located outside Karawang Regency. On the
other hand, water demand comes from agricultural, domestic and industrial activities. The
supply and demand of water affect water availability in this area. Problems related to
water availability arise in this region during the rainy and dry season. The lack of water
storage in the area leads to flooding in some areas during the rainy season. Conversely in
the dry season, the crop failure frequently occurs also due to the lack of reliable water
supply. In addition to the availability factors, water accessibility and particularly water
quality were discussed intensively in the model preparation. This is due to the fact that
this regency is not only an agricultural area but also an industrial area with potential
pollution to the rivers and other water sources (Figure 4.4), which could impact negatively
on agricultural production. Artificial ponds development is focusing on the green space
in individual housing, industrial and rain fed agricultural areas in this region. Thus, the
enlargement of those sectors’ developments is expected to increase the number of
artificial ponds. In the end, it could enhance local water production and conversely reduce
the imported water demand.
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Figure 4.4. Water security sub-model
b. Energy security sub-models
Figure 4.5 shows the sub-model of energy security developed for Karawang Regency,
which is mostly focused on electricity. The main source of electricity for Karawang
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Regency comes from a hydropower plant located in Jatiluhur Reservoir (and therefore
interpreted as imported energy). In addition, several sources with very small proportions
come from coal and diesel power plants situated in the industrial areas. On the other hand,
electricity demand in this region comes from the domestic, municipality, industry and
agriculture use. The development of solar electricity was one of the main topics in the
discussion either in the form of roof top or larger solar farms. With a considerable
potential, renewable energy is expected to increase local electricity production and at the
same time improving the ecosystem services in the region compare to other fossil-based
electricity. In terms of access, this region has proper electricity infrastructure. However,
the electricity tariffs are relatively unaffordable for low-income people. The development
of solar energy is planned to be carried out in same locations as artificial ponds, namely
in residential, industrial and agricultural areas within the region. So, the higher the
development rate of those three sectors is expected to increase local solar energy
production. It is noted here that the use of crop waste for household fuels was not
mentioned during the GMB process. It was therefore assumed negligible, and was not
captured in the developed CLD. The use of wood for fuel is implicitly captured in the
energy sub-model (local energy production), with 6.77% of households using such fuel
sources (BPS of Karawang, 2016b).
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Figure 4.5. Energy security sub-model
c.

Food security sub-models

The food security sub-model comprises availability, accessibility and quality of food
produced in this region (Figure 4.6). Three types of food sources can increase food supply
in this region, namely food-crops, livestock and fisheries products. On the other side, food
demand generally comes from domestic and non-domestic consumption such as animal
feed, seeds and raw materials for industry. The lack of food availability is met by bringing
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in supplies from outside the region and is classified as imported food. The main focus of
the debate during the modelling session was related to agricultural land conversion. Since
1989, Karawang Regency has been established as one of the industrial development areas
in Indonesia through Presidential Decree No. 53 of 1989 concerning industrial zones.
Agricultural land in the region has shown a massive conversion either directly converted
into industrial areas or indirectly into settlements, trade and services and infrastructures.
The existence of regional regulations related to the land protection policy is expected to
reduce the rate of land conversion in this area. In addition to availability, the issue of food
accessibility and food quality are also an important to consider in achieving food security
targets.
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Figure 4.6. Food security sub-model

4.3.5 Karawang WEF security (K-WEFS) model
The above sub-models as endogenous drivers have been combined and integrated with
other three exogenous factors in the second modelling session of the GMB workshop.
The developed K-WEFS model is comprised of six sub-models i.e. water, energy, and
food sectors as endogenous drivers, while population, economic, and ecosystem services
were considered as exogenous drivers (
Figure 4.7). Water-related variables in K-WEFS model are shown in blue text, while
energy-related and food-related variables are represented by orange and green text
respectively. In addition, purple variables indicates the exogenous variables. The
relationship among variables in the system is indicated by black arrows with the positive
“+” polarity and the red arrows with the negative “-” polarity.
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The K-WEFS model is composed of 73 variables consisting of 20 food-related variables,
15 energy-related variables, 18 food-related variables and 20 external variables. There are
three main foci of planned interventions to be carried out by the local government of
Karawang to improve WEF security: (i) artificial pond development; (ii) solar energy
development; (iii) regulatory enforcement on sustainable agricultural land to protect it
from a massive conversion. In the K-WEFS model, starting from the “artificial pond”
variable, 277 feedback loops are produced, while solar energy and agricultural land
conversion formed 187 and 213 feedback loops respectively. In the next section, those
three interventions will be further discussed practically in order to understand
qualitatively how the interactions within the system are happening.
In general, the increasing number of residents and economic growth in the region will
directly increase the demand for food, energy and water in terms of domestic and other
uses. Conversely, the population and economic growth will also be influenced by the
availability, access and quality of water, energy and food in this region. From an
economic point of view, the long-term vision of Karawang Regency to achieve a
prosperous region based on agricultural and industrial development may cause impacts to
the local economic situation. In addition, the strategic location of Karawang which is
close to the capital of Indonesia makes this region an important centre of economic
activities besides industry such as residential, infrastructures, trade and services, hotels,
and other supporting facilities. Such growth will potentially increase the interaction
between water, energy and food sectors. Those two variables (population and economy)
including ecosystem services are considered as external factors in the K-WEFS system.
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From the feedback loops indicated in the K-WEFS model, there is one reinforcing
feedback loop (R) and one balancing feedback loop (B) that will be used as examples of
model application to the Karawang Regency’s development planning (Figure 4.8) to
illustrate the advantage of systems thinking for planning purposes.
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Figure 4.8. An example of K-WEFS model application in analysing qualitatively the
planned interventions on water, energy, and food related sectors in the study area.
Coloured variables, connected by thick arrows, highlight the feedback loops explicitly
described in the text. Dark-shaded variables and arrows show all those variables
affected taking a change in “Artificial ponds” as a starting point.
Balancing feedback loop (B)
Artificial ponds →(+) surface water →(+) local water production →(+) water
availability →(+) population →(+) settlement development →(+) agricultural land
conversion →(-) agricultural area →(+) food crop production →(+) local food
production →(+) GRDP →(+) economic growth →(+) industrial development →(+)
industrial area →(+) artificial ponds
One of the planned interventions in the Regency to increase local water production is the
proposed development of artificial ponds. The increase of local water production is
expected to reduce the water demand from the imported source (Jatiluhur reservoir).
Based on data from Jasa Tirta Public Corporation II (PJT II) in 2011, the amount of water
sourced from lakes or artificial ponds in this region was around 61.5 million m 3/year from
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33 scattered locations with a total area of 537 ha. The total volume is around 2.6% of the
total potential water supply that flows in Karawang regency.
The construction of new artificial ponds in both urban and rural areas is expected to
increase the capacity and volume of surface water availability, as well as contributing to
mitigating the impacts of floods in the rainy season and offsetting shortages during the
dry season (see loop B in Figure 4.8 and the box above). This will increase the local water
production from surface sources and reduce the withdrawal of underground water that is
currently critical in this region. The local government continues to make efforts by
enforcing local planning and regulation to develop artificial ponds in residential,
industrial and agricultural areas, especially rain fed agriculture, livestock and fishery
areas. Increasing local water production will increase water availability in all seasons and
all regions in Karawang Regency. However, on the other hand, the availability of water
could also affect the population through mortality reduction and fertility enhancement
due to basic needs of clean water fulfilment for the people in this region. A higher
population would lead to a growth in settlement development, which increases residential
areas. With the implementation of the artificial ponds development policy in particularly
residential areas, the number of artificial ponds that are built may also significantly rise
to serve the growing population, thus giving rise to this feedback process.
On the other hand, increasing settlement development leads to agricultural land
conversion, causing an important impact to the area of agriculture, food-crop production
and local food production. One of the factors influencing GRDP is local production,
including food-related production (Purwanto et al., 2018). However, local food
production can be influenced significantly by land conversion. Karawang comprises
irrigated paddy field (97,353 ha; 50.7%), non-irrigated agriculture area (10.5 ha; 5.5%),
fish pond and aquaculture (18.79 ha; 9.8%) (Statistics Agency/BPS-Karawang 2015). The
Local Regulation of Karawang No. 1 (2018) on protection of sustainable food crops
farmland has set approximately 87,000 ha area in Karawang Regency as sustainable
agricultural land, while another 10,000 ha are subject to be converted into other land uses
until 2030. If the local government can consistently enforce the regulation, then the
negative impact of land conversion to food-crop production in this region will be wellcontrolled. These balanced situations are important to be addressed by decision makers
in Karawang Regency.
One measure to analyse economic growth is GRDP, where all outputs from economic
activities in an area are calculated and considered. This covers all goods and services
produced in an area. If the government of Karawang is able to maintain economic growth
continuously, it may trigger investors to do their business in particular in residential and
industrial sectors along with the increasing demand for goods and services. From 25
industrial estates that already have permits in Karawang Regency, only six of them are
fully operated, while the rest have not carried out their operations, even the construction
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phase. Thus, if the regional government is to optimize artificial pond construction
according to the local planning in industrial and housing estates through the regulation
enforcement, the planned target to increase local water production is expected to be
achieved. Such a growth in these sectors would lead to increased water demand, which
could be serviced via the construction of yet more ponds, again forming a feedback
relationship.
Reinforcing feedback loop (R)
Solar energy →(+) electricity production →(+) local energy production →(-) imported
energy →(+) energy availability →(+) population →(+) settlement development →(+)
agricultural land conversion →(-) agricultural area →(+) food crop production →(+)
local food production →(+) GRDP →(+) economic growth →(+) industrial
development →(+) industrial area →(+) solar energy
Another interesting interaction loop is reinforcing feedback loop (R; Figure 4.8, and box
above), the main focus of which regards policy interventions in solar energy development.
The availability and accessibility of energy is required to increase food production. The
main issue that was raised in the topic of the energy sector is creating additional solar
electricity via either roof-top installations or solar farms at any scale. The national energy
target in 2025 comprises renewable energy of 23%, and around 6.5 GW of the target
should come from solar-based electricity. The manufacturing industry consumes
significant electricity, and the local drinking water company (PDAM) of Karawang uses
electricity for water filtering and to purify raw water into drinking quality water. The
increasing development of solar electricity in Karawang Regency will increase the local
electricity production in a carbon-neutral way. In addition, its utilization as a
complementary electricity resource can improve environmental conditions relative to
fossil-based electricity generation. The construction of solar electricity in Karawang
Regency can be carried out in industrial, residential, agricultural, livestock and fishery
areas as a complementary source of electricity from the installed Electrical State
Company (PLN). The increase in the use of electricity from solar energy is expected to
reduce the electricity supply from PLN, so that it can be allocated for other purposes such
as electric vehicles. In the long term, it will contribute to improving the environmental
quality and reducing greenhouse gas emissions in the Regency.
The development of solar energy (roof top and large-scale solar farms) is expected to
increase the overall availability of energy. In the feedback loop R (Figure 4.8 and the box
above), the interconnection between solar energy and population is clearly indicated. The
increase in population may promote the development of residential units in this region,
and eventually could bring a positive impact to the development of solar energy in
Karawang Regency by utilising the additional rooftop area for solar-electric generation.
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In the same way, there is a causal feedback interaction that shows that development of
new factories in this region may lead to increased development of solar energy for
electricity, energy that can also be utilized by industry as an alternative energy sources to
fulfil part of their electricity demand.
Two additional feedback loops (not explicitly shown in Figure 4.8) explain the impact of
population and economic growth (i.e. exogenous drivers) on the WEF related sectors. As
the number of residents in the region increases, it could lead to domestic water
consumption increases as well as increases in food and energy consumption. The increase
of water consumption, apart from increasing the pressure on these resources, will also
raise the energy consumption in the region, because most of the water consumed comes
from the sources that require electricity in the process of extraction, purification and
distribution. The energy consumption increase could decrease the availability of energy
resources in the region. These joint effects could feedback to impact future population in
the region. The population in this region is not only influenced by birth rate and the
declining of mortality, but also by migration from other regions in Indonesia. This is
happening because of its attractiveness of economic development, especially the
industrial sector development. In addition, the trade, services, hotels, culinary and
construction sectors stimulate visitors and workers to come and settle in this region
temporarily. Reductions in water, energy and food security due to large population
increases (leading to supply stresses) could detrimentally impact in-migration to the
region, which offers an important economic contribution.
In addition to the examples above, Figure 4.8 also highlights (in dark shading) all the
nexus connections associated with a policy aimed solely at altering the area of artificial
ponds. This highlighting indicates just how complex nexus interactions are in this
Regency, and demonstrates the importance of whole-systems thinking and mapping.
There are for example, indirect links from artificial pond area to energy consumption,
links which may not even have been thought about or anticipated without such a nexus
model.
The above discussion demonstrates the considerable added value of a qualitative causal
loop mapping approach to better understand the complexity of the local water-energyfood security nexus, thus achieving the main objective of this study. Without recourse to
computational modelling, stakeholders have greater appreciation of WEF nexus system
complexity, and during the GMB process realised the potential impacts (positive and
negative) of measures in their area of expertise across the whole nexus. Figure 4.8 shows
that adjusting a single variable in the nexus could impact on more than 75% of other
variables. Many of these connections are high-order and were unanticipated. Some
feedbacks were shown to have consequences on their own sector, but were not considered
initially due to the complexity. As a result, local planners are now better equipped to break
silo thinking mentalities, and using such a nexus mapping can better understand the
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whole-system response to proposed objectives and measures. Through these examples,
tracing the nexus using the K-WEFS model using real proposed plans and exogenous
drivers in the Karawang Regency as a starting point, the added value of such a nexus
mapping exercise is clearly demonstrated. Nexus-wide synergies and trade-offs are
identified, many of which may not have previously been thought of. As a result, planners
can act to modify potential plans and objectives to exploit potential synergies while at the
same time minimising detrimental trade-offs, or where this is not possible, prioritising
actions such that those with negative impacts are given less priority. Therefore, nexuswide benefits can be achieved while minimising detrimental effects. Measures can be
prioritised for synergy. Future studies can seek to ‘convert’ the causal mapping developed
here into a quantitative computational model in order to get insight into the magnitude of
potential impacts, however such an exercise would require a considerable volume of data.
Regarding previous studies, this work contrasts with many of those examples and adds
scientific and practical value to them, thereby providing complementarity of approaches.
For instance, the research conducted by Ma et al. (2019), Liang et al. (2019), Daher and
Mohtar (2015), Bala et al. (2014) and other quantitative and qualitative nexus analyses
will be more comprehensive if stakeholder engagement process is also included either in
the beginning or in the end of the study. On the other hand, these findings further support
the previous studies such as Inam et al., (2015), Kotir et al., (2017), Rich et al., 2018),
etc. that underlined the effectiveness of GMB to improve problem understanding and
decompose the a complex system.

4.4 CONCLUSION
GMB and other participatory modelling approaches held in local institutions may have
its own challenges compared with the same processes conducted in an academic
environment. It is not always easy to handle dominant personalities, strong opinions and
conflicting point of views from different participants. In this regard, the facilitator and
modeller play an important role in ensuring the whole processes of modelling take place
properly according to the agreed initial objectives. Open questionnaires help participants
in grasping the topic and methods discussed in the workshop. In this case study, all
participants agreed about the effectiveness of system dynamics GMB in analysing the
policies and finding the best solutions not only in this topic but also in other development
programmes, and see the value of CLD development for more coherent policy making,
all without the need for quantitative model development. System dynamics GMB is
important in improving better understanding of the problem, aligning perception, building
strategy to improve performance of the WEF system, and developing more
comprehensive qualitative-based model due to the involvement of multi-disciplinary
experienced group of researcher, planner and policy-makers during its development.
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The developed K-WEFS model provides an extensive and coherent overview of the
complex water, energy and food systems in the Karawang Regency, Indonesia. All the
feedback causal loops and variables can be used as a consideration not only by all related
stakeholders in GMB workshop but also other stakeholders in any levels and scales to
address all potential impacts that may occur. In addition, this model can also map clearly
the positions, tasks and authorities that should be owned by each stakeholder. It will
strengthen the efforts to carry out the institutional reforms and avoid overlapping
authorities to achieve WEF security targets in the future.
This study has demonstrated the effectiveness of qualitative causal loop mapping of the
WEF nexus in a GMB setting in decomposing a complex system by involving all related
stakeholders. The added value of a qualitative approach, without recourse to
computational modelling, in better understanding a complex system is clearly
demonstrated. As more studies of this nature are developed, the opportunity arises for
more general statements and conclusions for be formulated. Further study is
recommended to be undertaken in investigating the interdependences of each variable and
feedback loop in the K-WEFS model using a quantitative approach if so desired, although
this will require considerable data. Quantifying this K-WEFS qualitative model is
expected to bring more added value for the users in simulating the behaviour of the system
over time, analysing every variable in the model more precisely, and getting an idea of
the magnitude of potential changes.
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5
5

QUANTITATIVE SIMULATION OF
WEF SECURITY NEXUS

Abstract
The process of planning and evaluation for local development, especially in the critical
sectors of water, energy and food (WEF) should be conducted using a holistic, integrated
approach in an attempt to bring the improvement in water, energy and food security in a
region. System dynamics models are one of the tools for simulation and assessment of
the system-wide impacts caused by local interventions. This research develops a stockflow diagram (SFD) of WEF security in a local context to be used in analysing the impacts
of implementing three planned policy interventions in Karawang Regency, Indonesia.
STELLA Professional software is employed to build the SFD and conduct simulation of
the WEF security nexus, and is based on a previously developed qualitative causal loop
model of the same system (the Karawang WEF security (K-WEFS) model). In the
quantitative SFD, four scenarios are developed and assessed in this study; (i) population
growth changes; (ii) agricultural land conversion rate changes; (iii) changes in the
development of artificial ponds and solar energy; and (iv) per-capita resource
consumption changes. The results show several interesting findings related to the WEF
security nexus, available resources per person (APP) and self-sufficiency levels (SSL) of
resources in business as usual conditions and under planned interventions. Potentially
unanticipated detrimental indirect impacts of policy interventions are highlighted. This
dynamic support tool could be applied in other local regions to improve the evaluation
and planning process of water, energy and food sectors in a holistic manner.
Keywords: system dynamics, water-energy-food (WEF) security, nexus modelling,
policy analysis, evaluation and planning, Karawang, Indonesia
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5.1 INTRODUCTION
Integrated management of water, energy, and food (WEF) is essential for human life
and resource sustainability. Food production, food accessibility and food quality are three
key elements in determining food security. Similarly, water security is described as the
condition where people in a region are able ‘(1) to safeguard sustainable access, (2) to
adequate quantities of acceptable quality water for sustaining livelihoods, human well being, and socio-economic development, for ensuring protection against water-borne
pollution and water-related disasters, and for preserving ecosystems in a climate of peace
and political stability’ (UN-Water, 2013). In terms of energy security, the International
Energy Agency (IEA) defined it as ‘an uninterrupted availability of energy sources at an
affordable price’. All three resources must be managed in an integrated way, accounting for
mutual dependencies. For example, De Fraiture and Wichelns (2010) underline that
increasing water demand will escalate competition with the rising need of water for
agriculture. Globally, energy demand will increase almost twofold, while the demand of
water and food are foreseen to escalate by more than 50% in 2050 (IRENA, 2015). Due to
the interconnectedness of the WEF nexus (de Fraiture et al. 2014; Endo et al. 2015; El Gafy
et al., 2016), a coherent and holistic modelling approach is best suited to explore nexus
behaviour, especially in response to various policy objectives, and climate and socioeconomic developments.
System Dynamics Modelling (SDM) is defined as ‘the investigation of the informationfeedback characteristics of (managed) systems and the use of models for the design of
improved organizational form and guiding policy’ (Forrester, 1961). SDM is used to
analyse complex feedback-driven systems by imitating the system to the level of detail
required (Sušnik et al., 2012) and is used as a practical tool to assist policy makers in
solving challenges in their organizations (Sterman, 2000). The SD modelling process
begins with the construction of conceptual models and Causal Loop Diagrams (CLDs),
which are then ‘translated’, quantified and simulated using Stock and Flow Diagrams
(SFDs) (Sterman, 2000). CLDs and SFDs in system dynamics analysis are
complementary. CLD gives qualitative understanding on the system structure and of the
main connections between system components, and are very useful for understanding
qualitative behaviour and the potential nexus-wide impacts of imposed (policy) changes
(Purwanto et al., 2019). SFDs are the process of quantification and simulation of the
system using CLDs as a start point for model development. Stakeholder participation is
sometimes used to ensure the level of complexity of the issues to be analysed.
SDM therefore offers a holistic approach to investigate WEF systems. SDM research
related to WEF security has been carried out at many scales and from many perspectives.
Prasad et al. (2012) develop a framework considering climate change impacts in rural areas
in South Africa, developing tools and using locally-based scenarios. Zhang and Vesselinov
(2016) built a model for predictive analysis to define trade-offs between sectors (water-
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energy-food-environment) and assess cost-effectiveness in planning, strategies and policies.
Water-related research has been conducted by several scholars (e.g. Sušnik et al. (2012,
2013); Sun et al. (2015), Kotir et al. (2016)). Generally, they apply causal loop diagrams
(CLD) and stock-flow diagrams (SFD) in parallel to model feedback process, dynamic
behaviour, and interactions among sectors including water resources, population, domestic,
industry and agriculture. SDM is successful in helping stakeholders in mapping problems
and managing water resources (Martinez et al., 2018). Bala et al. (2014) modelled causality
among variables in a rice system, and delays and non-linearity were analysed to assess
complex and problematic conditions regarding food security in Malaysia. In the energy
field, Feng et al. (2016) applied SDM to model water supply, power generation and
environment relationships in Hehuang region, China, finding close connections between
sectors’ future trajectories. Pan et al. (2017) develop an SDM to assess the oil supply system
in China in terms of over-capacity and energy security. Research by Daher and Mohtar
(2015) on the “Water-Energy-Food Nexus Tool 2.0” describe a tool for analysing the WEF
nexus, and evaluated and demonstrated the use of the tool for decision-making guidance in
Qatar. Guo et al. (2001) simulated the complex interactions in Lake Erhai basin, China,
supporting planning system for the basin. (Bakhshianlamouki et al., 2020) develop and
apply an SDM to explore the potential impact of proposed restoration measures in the
Urmia Lake Basin, Iran, demonstrating that some measures may have detrimental impacts,
and that careful selection and combination of other measures could prove more useful in
achieving habitat restoration in the long term.
Despite the progress made, there is still a relative lack of research to explore the potential
impacts of real policy directions and national objectives across all nexus sectors in a
coherent way, and using such results to thus inform effective policy formulation. Hoff
(2011) underlined the lack of harmonized ‘nexus database’ or analytical framework for
monitoring or trade-off analyses as one of knowledge gaps in WEF security nexus.
Additionally, there is no sole technique that able to be applied for every specific
circumstance suitably (Endo et al., 2015). To deal with different and specific situations in
different regions, deconstruction of the nexus approach (Lele et al., 2013) and specific
context elaboration (El Gafy et al., 2016) have to be considered in order to make more
effective and contextualized solutions to assist decision makers in managing WEF
resources. This results in a continuation of sectoral approaches to policy making, when it is
clear that coordinated efforts to needed so that many goals can be simultaneously reached.
This study starts to fill this knowledge gap by developing and applying a coherent,
quantitative SDM for WEF security nexus in a local planning context to analyse the
implications of planned policy interventions in water, energy and food based on
Indonesian national ambitions. The model is applied in the Karawang Regency, Indonesia.
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5.2 METHODS
5.2.1 Stock Flow Diagrams (SFDs)
SFDs comprise stocks, flows, auxiliary variables (also known as convertors) and
definition of the system boundary (Binder et al., 2004). Stocks accumulate material, and
change due to material flowing into or out of the stock. The flows are functions that move
material into and out of stocks (Sterman, 2000). Convertors act to influence flow rates.
These objects are linked by connectors, which transfer information in the model, and form
feedback loops. Due to complex structures, feedback, delay and non-linearity emerge
(Sterman, 2000). Exponential growth (positive feedback), goal seeking (negative
feedback), and oscillation (dynamic equilibrium) are the most basic behaviours modes
observed. Other typical dynamics that also commonly occur are S-shaped growth, growth
with overshoot, and overshoot and collapse (Figure 5.1). In this study, SFD representation
of the Karawang WEF nexus was implemented in STELLA Professional®
(www.iseesystems.com), a dedicated SDM modelling framework. Therefore, all
modelling languages, notations and formulas are based on the STELLA system.

Source: Adapted from Sterman (2000)

Figure 5.1. a) Main elements of stock-flow diagram, and b) basic modes of dynamics
behaviour

5.2.2 Study area
Indonesia has considerable resources to achieve water, energy and food security, including
oil, coal, natural gas, high solar power potential, abundant water resources, and land
resources to produce food. However, considerable attention has been paid to the level of
security in Indonesia regarding water, energy and food, and how these resources are not
being optimally managed, leading to scarcity situations. For example, the Asian
Development Bank (ADB) ranked the National Water Security Index of Indonesia as 27
out of 48 Asian Countries (ADB, 2016b). An unfavourable ranking was obtained regarding
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energy security, where Indonesia ranked 85 of 125 countries in the Energy Trilemma Index
(WEC 2016). Indonesia ranked 71 out of 113 countries for food security, behind other
Southeast Asian countries like Singapore, Malaysia, Thailand and Vietnam (EIU 2016),
while in the Global Hunger Index 2016, Indonesia was categorized as ‘serious’ (IFPRI,
2016).
The challenge of resource security is increasing, particularly in countries with decentralized
governance systems such as Indonesia, where local government institutions have strong
authority in managing natural resources, planning, and utilizing land use. Quincieu (2015)
emphasizes the need for clearer roles, responsibilities, programmes and policies among
district, provincial, and central government in Indonesia. Local governments have a
significant role in determining the achievement of national targets in WEF security. Thus,
the process of evaluation and development planning should be managed optimally at the
regency (local) scale where decision making happens, but within the context of
nationally-set objectives.
Karawang is located downstream of the Jatiluhur Reservoir, West Java Province,
Indonesia (Figure 5.2). Geographically, Karawang is situated between 107º02’–107º40’
East Longitude and 5º56’–6º34’ South Latitude. Karawang Regency consists of 30 subdistricts, 297 villages and 12 special villages. Karawang Regency plays an important role
as a major rice producer in Indonesia. Beside rice production, this region focuses on
industrial development as stated in its long-term (twenty-yearly) planning for 2005-2025.
The population of Karawang Regency in 2018 was 2,336,009 with a population density
of 1,332 people/km2 and a population growth between 2010-2018 of 1.17% (BPS of
Karawang, 2019).

Figure 5.2. Karawang Regency map
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5.2.3 Model development process
The WEF security nexus concept introduced by Hoff (2011) was used as the main
reference in developing the system dynamics model. Available water resources as the
central of the WEF system play an important role in supporting the security of other
resources. By understanding the endogenous sectors of WEF and exogenous variables
such as population growth, urbanization, climate change, economic development and
improving all the enabling factors, the WEF security, sustainable growth and citizen
resilience can be promoted. Figure 5.3 outlines the main stages in developing both the
qualitative and quantitative Karawang WEF security (K-WEFS) nexus models.

Figure 5.3. K-WEFS model development stages
The qualitative modelling process is characterized by group model building (GMB)
involving local stakeholders related to the water, energy and food sectors to build an
integrated CLD. The water, energy and food sectors were considered as endogenous
sectors, and were integrated with three exogenous factors during the GMB workshop. The
K-WEFS qualitative model is comprised of six sub-models i.e. water, energy, and food
sectors as endogenous drivers, while population, economic, and ecosystem services were
considered as exogenous drivers. The K-WEFS CLD described in Purwanto et al. (2019)
was used as a guide for quantitative SDM development, as well as to identify data needs.
The full here, a high-level abstract diagram showing the main system dynamics is shown
in Figure 5.4. The increasing population and economic growth in the region will directly
increase the demand for WEF resources. Conversely, population and economic growth
are influenced by the availability, access and quality of WEF resources. The long-term
vision of Karawang Regency to achieve a prosperous region based on agricultural and
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industrial development may bring impacts to both endogenous variables of WEF and
exogenous variables such as population, economy and environment quality.

Figure 5.4. High-level dynamics mechanism of WEF security nexus in Karawang
Regency, Indonesia. The blue arrows represent positive causalities (i.e. a change in
variable X causes a change in variable Y in the same direction), while the red arrows
indicate negative causalities (i.e. a change in variable X causes a change in variable Y
in the opposite direction)
The quantitative SDM is represented by the development of the K-WEFS SFD in
STELLA Professional. The SFD was developed to mimic as closely as possible the CLD
such that examination of the implications of several planned policy interventions could
be assessed. Data from 2010 was used as the base year in the analysis, and the model is
run starting in 2010 and ending in 2030, with an annual time step. Table 5.1 shows the
main initial data and parameters in the K-WEFS model, while all remaining data,
including terms, definitions, and equations are presented in the Supplementary Material.
Table 5.1. Initial data of K-WEFS stock flow diagrams (base year 2010)
Variables
Population
Total GRDP
Agriculture area
Housing area
Industrial area
Aquaculture area
Forest area

Initial
Unit
Source
value
2,127,791
people
BPS of Karawang (2011)
99,641,319 million Rp BPS of Karawang (2011)
108,695
ha
Statistic of Agriculture Land 20142018, MoA (new release)
24,121
ha
Rafiuddin et al. 2016
7,440
ha
Spatial Planning of Karawang 20112031
18,748
ha
Rafiuddin et al. 2016
7,104
ha
Rafiuddin et al. 2016
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Initial
value
25,919

Variables
Other area
Available land

191,864

Unit
ha
ha

Source
Rafiuddin et al. 2016; Spatial
Planning of Karawang 2011-2031
Rafiuddin et al. 2016

Two main resource indices are evaluated in this study: resource availability per person
(APP); and resource self-sufficiency level (SSL) (Table 5.2). These indicators highlight
the level of availability and the level of local resource production in the study area
respectively. In addition, the Ministry of Environment of Indonesia established an
environment quality index (EQI) to measure the performance of environmental protection
and management (MoE-RI, 2018). EQI consists of three main components: a water
quality index (WQI); air quality index (AQI/IKU); and land cover quality Index (LCQI).
Two variables, WQI and AQI, are constants due to data limitations. Both water and air
quality can be influenced by industrial development and other economic activities as
captured in the K-WEFS CLD (Purwanto et al. 2019). The Water Security Index (WSI;
Table 5.2) is adopted from the Water Security Framework developed by the Asian
Development Bank (ADB, 2016b) and modified from the River Basin Water Security
Index by PUSAIR, Ministry of Public Work (Hatmoko et al. 2017). It comprises five
parameters (household WS, urban WS, economic WS, environmental WS and resilience
to water-related disasters). The Energy Security Index (ESI) is modified from the RANDWEF security index (Willis et al., 2016) consisting of energy availability and energy
accessibility. The Food Security Index (FSI) is modified from the Food Security Agency,
Ministry of Agriculture of Indonesia (BKP-RI, 2018) with three main parameters: food
availability, food accessibility and food utilization. A weighting approach is used to
determine the relative importance of the indicators. The weight for each indicator reflects
the significance of the indicator in the security index. The score of each index is calculated
within the range of 0-5, where 0 indicates poor, while 5 is excellent in terms of resource
security. Unfortunately, due to data limitations at the local level regarding WSI, ESI, FSI
and EQI, no calibration measures were done to these indices, and they are not included in
the results. With better data, they can easily be incorporated however. Full details of each
index are found in the Supplementary Information.
Table 5.2. Indices in K-WEFS stock-flow diagrams
No.
Index
1 Availability per
person (APP)
2

Self-sufficiency
Level (SSL)

3

Water Security
Index (WSI)
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Definition
Ratio between the resources supply
(including imported resources) and
total population
Ratio between local resource
production and resource
consumption or demand
Household WS, urban WS,
economic WS, environmental WS

Reference
Own analysis

Own analysis

Adopted and modified
from (ADB, 2016b)
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No.

Index

4

Energy Security
Index (ESI)

5

Food Security
Index (FSI)

6

Environmental
Quality Index
(EQI)

Definition
and resilience to water-related
disaster. Score: 0-5
Energy availability and energy
accessibility. Score: 0-5

Reference
and (Hatmoko et al.
2017)
Modified from
RAND-WEF security
index (Willis et al.,
2016)
Food availability, food accessibility Adopted and modified
and food utilization. Score: 0-5
from Food Security
Agency, MoA
(BKP-RI, 2018)
Water quality index (WQI), air
Adopted and modified
quality index (AQI), and land cover Ministry of
quality Index (LCQI). Score: 0-100 Environment (MoERI, 2018)

Verification of the model structure, model result validation and sensitivity analyses were
performed to ensure the fitness of the model to observed data. Policy simulation is the
final step. Using the verified model, four policy scenarios have been developed and
applied to examine the implications of those interventions to the APP and SSL of water,
energy and food.

5.2.4 Model validation and policy sensitivity simulation
a.

Model behaviour validation

To validate model results (Xm) against observed and statistical data (Xd), six measures as
described in Table 5.3 were used, as suggested in Sterman (2000) as best practice for SD
modelling.
According to Sterman (2000), several statistical methods can be used for assessing model
fitness to the observed data; R2, MAE, MAPE, MAE/Mean, RMSE, and Theil’s
inequality statistics. In addition, Kotir et al. (2016) applied three model behaviour tests
namely M, R2 and U0. The explanation of each measure can be seen in Table 5.3. They
suggested also to consider and analyse more on the trend and pattern rather than only
predicted points resulted in that statistical analysis. In this chapter, in order to validate
model results (Xm) against observed and statistical data (Xd), six measures as described
in Table 5.3 were used.
Table 5.3. Summary of statistical measures to test the model behaviour
No.
1

Statistical Measures
Maximum relative
errors (M) (%)

Definition
∑ (Xm -Xd )
M=
∑ Xd

Maximum possible divergence
between model (Xm) and data
(Xd)
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No.

Statistical Measures

2

Coefficient of
determination (R2)
(dimensionless)

3

Discrepancy coefficients
(U0) (dimensionless)

Definition
R2 = (

U0 =

2

COv(Xm -Xd )
)
σXm -σXd
√∑ (Xm -Xd )2

Score 0 to 1 (closer to 1
indicating well-fitted)
COv = covariance; σ = standard
deviation
Score 0 to 1 (closer to 0
indicating perfect condition)

√∑ X2 m +√∑ X2 d
4

Mean absolute error
(MAE) (unit)

5

Mean absolute percent
error (MAPE)
(dimensionless)
Root mean square error
(RMSE) (unit)

6

1
MAE= ∑|Xm -Xd |
𝑛
MAPE =

1 Xm − Xd
∑|
|
n
Xd

RMSE
1
= √ ∑(Xm − Xd )2
n

The average of the absolute
errors and weights all errors
linearly
Provide dimensionless metrics
for the error and indicate the
prediction accuracy
RMSE weights large errors
much more heavily than small
ones

Source: adapted from Sterman (2000); Kotir et al. (2016)

b.

Sensitivity analysis

In this study, policy sensitivity on birth rate are applied to the model using Monte Carlo
simulation and incremental distribution provided by Stella Professional ®. Dynamic
confidence intervals can be generated using monte-carlo simulations for the trajectories
of the variables in the models (Sterman, 2000).
The number of total simulation samples is 1,000 runs for three sensitivity parameters i.e.
birth rate, industrial growth, and agriculture shrink rate and with all starting and ending
value of 0 and 1 respectively. By specifying incremental distribution, it will automatically
create values that incremented evenly from the start to the end values and then distributed
over the number of simulation samples with the confidence interval of 50%, 75%, 95%
and 100% including the mean value of six parameters to be tested namely APP and SSL
of water, energy and food.
c.

Policy analysis

There are four policy scenarios that have been proposed by policy makers and other
stakeholders in the study area which will be analysed in this study. These four comprise
of: (1) population growth assumptions; (2) differing levels of agricultural land conversion;
(3) changes to artificial pond development and solar energy development; and (4) changes
to resource consumption patterns. Table 5.4 shows the main features of the scenarios
applied to the model. Each category is explained below.
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Table 5.4. Policy and scenario analysis
No
1
2

3

4

Scenario
(SCE#1) In migration
rate increase
(SCE#2) Agriculture
land conversion rate
(SCE#3) Artificial pond
development growth
Solar energy development
growth

(SCE#4) Percapita water
consumption (m3/cap/y)
Percapita electricity
consumption (kWh/cap/y)
Percapita staple food
consumption (ton/cap/y)

Baseline
(2010)

Change

↑20%
↑40%
SCE#1.1 SCE#1.2
0.0204
0.0238
SCE#2.1 SCE#2.2
0.0085
0.0099
↑200%
↑300%
SCE#3.0 SCE#3.1 SCE#3.2
0.001
0.003
0.005
0.001
0.003
0.005

↑60%
SCE#1.3
0.0272
SCE#2.3
0.0114
↑400%
SCE#3.3
0.007
0.007

↑80%
SCE#1.4
0.0306
SCE#2.4
0.0128
↑500%
SCE#3.4
0.009
0.009

SCE#4.0

SCE#4.1
↑20%

SCE#4.2
↑30%

SCE#4.3
↑40%

SCE#4.4
↑50%

55
634

66
761

72
824

77
888

83
951

0.118

0.142

0.153

0.165

0.177

SCE#1.0
0.017
SCE#2.0
0.0071

Scenario #1: Population increase
The first scenario is related to population growth. As one of the satellite cities of Jakarta,
economic growth of Karawang is relatively high. Aside from being supported by
industrial development, its strategic location makes this region a main destination for
business, trade and services expansion, including infrastructure development. This
situation attracts people to the region. In migration rate (i.e. the number of residents
coming into Karawang) is predicted to increase over the increase of economic
development, in particularly industrial, trade and services development in this region. By
2010, the rate of in migration was 0.017. Increases in this rate by 20%, 40%, 60% and
80% from the base year were evaluated to examine the impacts to the APP and SSL of
water, energy, and food. This scenario explores the implications of the growth of
urbanization.
Scenario #2: Agricultural land conversion
In scenario 2, agriculture land conversion was considered. This issue is becoming a major
concern not only for the local government of Karawang but also for provincial and
national government. The average agriculture conversion rate in Karawang is around
0.71% to 1.43% per year (Spatial Planning of Karawang 2011-2031; Rafiuddin et al.
2016). Most of the agricultural land was converted into residential and industrial areas
(Nadia Putri Utami and Ahamed, 2018; Widiatmaka et al., 2013). The changes in this
scenario consider increases of 20% to 80% from the base year.
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The Local Regulation of Karawang No. 1 Year 2018 on the protection of sustainable food
crops farmland has set a target of approximately 89,411 ha area in Karawang Regency as
sustainable agricultural land, while the remaining areas are subject to be converted into
other land uses until 2030. If the local government can consistently enforce the regulation,
the negative impact of land conversion to food-crop production in this region will be wellcontrolled. These balanced situations are important to be addressed by the decision
makers in this region for overall resource security.
Scenario #3: Artificial pond and solar energy development
Scenario 3 is designed to examine the implications of planned interventions in the
construction of artificial ponds and solar electricity on the APP and SSL of water, energy
and food. As these interventions are not major government initiatives, the growth is
designed to increase significantly relative to a very low starting point (i.e. from 200% to
800% of the base year value of 0.1%). Artificial ponds development in both urban and
rural areas is expected to increase the capacity and volume of surface water availability,
as well as contributing to mitigating the impacts of floods in the rainy season and
offsetting shortages during the dry season. This will increase the local water production
from surface sources and reduce the withdrawal of underground water that is currently
critical in this region as stated in the long-term planning (RPJPD) of Karawang 20052025. The local government continues to make efforts by enforcing local planning and
regulation to develop artificial ponds in residential, industrial and agricultural areas,
especially for rain fed agriculture, livestock and fishery areas. Increasing local water
production will increase water availability in all seasons and all regions in Karawang
Regency. From calculation, referring to the letter of Ministry of Public Work No. 7/2018,
the potential of water from an artificial pond that can be utilized per ha area is about 3,000
m3/ha by assuming 1,500 m2 maximum area and 2 meter maximum depth.
Many provinces in Indonesia have high potential for solar power output, including West
Java Province. This high potential can be optimized for meeting local energy needs,
especially with the use of solar panels on rooftops in various buildings (IESR, 2019). The
development of roof-top solar electricity is expected to increase the availability of local
energy source, and may offset fossil-fuel dependant sources. The industrial development
growth may promote the development of residential units in this region, and eventually
could bring a positive impact to the development of solar electricity in Karawang Regency
by utilising roof-top area for electricity generation. In the same way, electricity from solar
can also be utilized by industries as an energy alternative sources to fulfil part of their
electricity demand.

88

5.3. Results

Scenario #4: Resources consumption
This scenario attempts to depict the impact of resource consumption relative to the APP
and SSL of water, energy and food in the Regency due to the possibility of per capita
resources consumption increase of 20% to 50% from the base year.
The relationship between income and consumption is used to describe economic trends
in the household sector. When income increases, disposable income rises and thus people
consume more goods and services, including water, energy and food consumption
(Muhammad et al. 2017; Chang 2014; Gamage and Jayasena 2018). This is mostly caused
by the change of people’s life style and habits. Based on statistical data, per capita income
of people in Karawang Regency is increasing over time (BPS of Karawang, 2018).

5.3 RESULTS
5.3.1 K-WEFS nexus model structure
The K-WEFS SFD consists of three endogenous sectors: water (blue), energy (orange)
and food (dark green) (Figure 5.5). This quantitative K-WEFS SFD is based on the
qualitative K-WEFS CLD that developed and fully described by Purwanto et al. (2019)
and briefly described above (Figure 5.4). Exogenous factors driving changes in the WEF
sectors comprise population, land, economic and ecosystem services (dark purple; Figure
5.5). The water sector consists of 48 converters and 2 stocks, while the energy and food
sectors comprises 30 converters and 2 stocks, and 43 converters and 2 stocks respectively.
The model contains 14 converters and one stock in the population sector, 11 variables and
seven stocks in the land sector, seven variables and one stock in the economic sector, and
nine converters in the ecosystem services sector. Pink variables labelled WI1 to WI13
(Water Indicator 1 to 13; Figure 5.5) in the water sector represent normalized values and
weighting scores regarding water security (e.g. WI12 is a normalised index for water
quality in the Regency). Similarly, EI1 to EI3 and FI1 to FI9 indicate Energy Indicators
and Food Indicators regarding energy and food security. Each of these indicators is
described in the Supplementary Information. The energy sector is limited to electricity
production and consumption due to data limitations and because the authority of fuel
management is under the control of the national government rather than local government.
Not all of the variables in the K-WEFS CLD are covered in the SFD due to data
limitations (e.g. infrastructure, fuel production, local revenue, and employment).
However, there are variables in the SDM not in the CLD. The number of variables in the
SFD is greater than compared with the K-WEFS CLD.
Supplementary data associated with this K-WEFS SFDs can be found in Appendix and
downloadable through http://doi:10.1016/j.spc.2020.08.009 (Purwanto et al., 2020b).
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Figure 5.5. Stock-flow diagram of K-WEFS nexus model. Square boxes indicate stocks,
thick arrows with ‘clouds’ indicate flows, and circles indicate connectors (auxiliary
variables). Thin connecting arrows transmit information between model elements. This
SFD is based on the CLD developed and fully described in Purwanto et al. (2019)
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5.3.2 Model behaviour test results
The results of the baseline simulation are presented in Table 5.5 and Figure 5.6 comparing
simulations with observed data for the period 2010-2019.
Table 5.5. Model testing of selected variables (2010-2019)
Selected variable
Population (people)
Agriculture land (ha)
Paddy production (ton)
Energy Supply (kWh)

Model testing
M
R
U0
MAE
(%) (dmnl) (dmnl)
(unit)
2.56% 0.974
0.018
61,947
1.35% 0.882
0.008
1,406
3.38% 0.419
0.021
49,228
2.74% 0.771
0.126 1,374,163,806
2

MAPE
(dmnl)
5.362
2.716
6.858
59.510

RMSE
(unit)
81,110
1,603
62,654
1,455,446,349

Figure 5.6. K-WEFS nexus model validation: a) population; b) agriculture area; c)
paddy production; and d) energy supply
The model shows good agreement with observation, both in terms of absolute numbers
and historically observed trends. This result can be considered as one of the validation
methods demonstrating that the model is able to adequately capture the dynamics of the
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historical evolution of the WEF system in Karawang Regency, lending support for further
validation test results and scenario analysis.

5.3.3 Quantitative K-WEFS model analyses under BAU conditions
Figure 5.7 shows the results using BAU assumptions, with the model running for 20 years
from 2010 to 2030. The population is expected to increase to 3,077,850 people in 2030.
Population increases alter water, energy and food availability per person (APP) until 2030
(Figure 5.7a). The APP water drops to 830 m3/cap/y compared with 1,115 m3/cap/y in
2010. A similar trend is expected in the food sector, where APP food decreases by 46%
from 0.413 tons cap-1 yr-1 in 2010. Slightly different variations are shown in the energy
sector where there is an increase in APP energy from 2010-2014, but after this a
decreasing trend is observed from 2,901 kWh/cap/y in 2014 to 2,546 kWh/cap/y by 2030.

Figure 5.7. Model results of selected variables at base run: a) availability per person
(APP); b) self-sufficiency level (SSL) of water, energy and food
Figure 5.7b shows the trends of water, energy and food SSL. The energy and food sectors
have decreasing trends (SSL Energy from 0.034 to 0.028 and SSL Food from 2.553 to
1.774). In contrast, SSL water shows an initial decrease followed by an increasing trend
92

5.3. Results

from 0.516 in 2014 to 0.574 in 2030, most likely influenced by a declining irrigation
water demand due to agricultural land conversion. The fluctuation of SSL values can be
caused by the increase of local resources production and/or the decrease of resource
consumption.
The K-WEFS model is able to capture variables related to water, energy and food security,
and can calculate the relationship between variables to highlight the impact of planned
interventions on the APP and SSL of water, energy and food in Karawang Regency.
Major trends in water, energy, food, and ecosystem services under BAU conditions are
shown in Figure 5.8.

Figure 5.8. (a) water supply, water demand and imported water trends in m3/year, (b)
energy supply, energy demand, and imported energy trends in kWh/year, (c) food
supply, food demand and imported non-staple food in tons/year, (d) environment
quality index, water security index, energy security index, and food security index
(dimensionless)
a.

Water-related issues

The five main parameters of water security (WS) according to ADB (2016) and Hatmoko
et al. (2017) include household, urban, economic, and environmental WS, along with
resilience to water-related disasters. Here, the main issues of concern are related to water
supply and demand. Water demand is dominated by industrial and domestic users.
Groundwater extraction is permitted by regulation with several restrictions. However,
other efforts are needed to meet local demand by utilizing surface water to reduce
groundwater overexploitation.
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The results of water availability (Figure 5.7a) can be related to the Water Stress Index or
Falkenmark Index which consist of two main parameters: water shortage and water stress
(Falkenmark et al., 1989; Kummu et al., 2016). The APP water is comparable to water
shortage, while the ratio between water consumption and availability is equivalent to
water stress. Under BAU conditions, in 2010 this region was in ‘high water stress and
medium water shortage’ and tends to ‘over-exploit’ resources with an APP water of 1,115
m3/cap/y. The situation worsens by 2030 without any intervention (APP water = 830
m3/cap/y), suggesting decreasing water availability.
Figure 5.8a shows a decreasing trend of water demand related to agricultural land
conversion. The stakeholders in irrigation water supply can make adjustments in
allocating water for agriculture so that water for other users (industries, domestic users)
can be fulfilled. At the same time, water supply is shown to decrease at a similar rate,
compromising demand fulfilment. The water security score is in the range of 2.35-2.38
out of 5, indicating a lack of water security. This is despite predicted reductions in
agricultural water demand. There are several other causes for the low WS score. First is
the low piped water coverage to households which in 2010 was 11.43% (score 1) but
increased to 23% (score 2) in 2019. The second factor is the low environmental WS
related to water quality with a score of 1.
Another important aspect is a possible increase in per capita water consumption as living
standards improve along with household connections. The quality of surface water is
another major concern for policy makers. Water quality factors are important in
influencing water security and environment quality (hence the low river water quality
score of 1). Another interesting issue is the influence of energy and food sector variables
in the water sector, including hydropower capacity, water use intensity, energy for water,
paddy production, and rice self-sufficiency. Such connections demonstrate the
interconnectedness with other nexus sectors.
b. Energy-related issues
The energy security components are less complex than water and food security,
considering only availability and accessibility as local level data on energy quality was
not available. The biggest electricity users in Karawang are industrial and business
activities (81%), compared to households (18%), government buildings (0.5%) and social
uses (0.6%) (BPS-Karawang 2016). Almost all supply in 2019 (±6.29 billion kWh) came
from the electricity state company (PLN), while the rest was generated from local sources
such as diesel, steam, coal and small solar power plants.
Figure 5.8b shows that under BAU conditions, energy demand will increase to 7.62
billion kWh by 2030, in line with population and economic growth, implying PLN must
plan to provide additional electricity to meet most of the demand increase. Increasing
electricity self-sufficiency through the development of renewable energy options should
become a major issue for policy makers. In addition to reducing dependence on external
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sources, greenhouse gas emissions resulting from fossil-based energy sources can be
reduced if renewable sources are increasingly used. The energy security score is 5 of 5
because the index only considers availability and accessibility without looking at level of
self-sufficiency and local energy production. The linkages among endogenous variables
are also seen in the energy sector, where water and food variables such as water for energy,
energy water intensity and paddy production affect demand in the energy sector.
c.

Food-related issues

The index to determine food security refers to the Food Security Agency, Ministry of
Agriculture of the Indonesia (BKP-RI, 2018) with adjustments to match available data.
Food security is influenced by three main components: food availability, accessibility and
utilization. The score for food security is 3.73 of 5. Food production is more than three
times domestic demand, yet does not guarantee a maximum food security score because
of other influencing factors, such as toddler stunting prevalence and the level of women's
education that both need improvement. In the food sector, non-staple foods (NSF) such
as livestock and fisheries products were included in the KWEFS model in addition to
staple food.
According to Rafiuddin et al. (2016), c. 960,000 tons rice were produced in 2010 in
Karawang, while the domestic rice consumption was c. 450,000 tons, in line with the rice
development roadmap of Karawang Regency 2007 which states that rice production
should be in surplus and contributes to national rice sufficiency (Widiatmaka et al., 2013).
Food supply will gradually decrease due to land conversion from agricultural land (Figure
5.8c), a point for policy makers to take note of as it has national-level food sufficiency
implications. Crop failure due to floods and droughts will reduce rice production, though
the extent of such impacts was not evaluated in this study. Figure 5.8c indicates that there
is no requirement to import rice and other staple food (corn, cassava, sweet potato) for
domestic demand under BAU conditions. Nevertheless, the trend of imported non-staple
food (NSF) such as fish and livestock products increases significantly until 2023 after
which it levels off. Increasing the local production of non-staple food products is expected
to reduce supply dependence from outside the region. Considering the local regulation of
Karawang (Perda) no. 1 (2018), if the conversion rate of agricultural land to other uses is
maintained at 0.71% per year, by 2030, the agriculture land will be around 94,294 ha,
meeting the minimum target of 89,411 ha. However, by assuming the highest conversion
rate in scenario#2 (1.28%), the remaining agricultural land is only around 84,111 ha (less
than the target). Therefore, the rate of agricultural land conversion must be kept strictly
in check with regulations and measures.
d.

Environment-related issues

Water security, energy security, food security and the environment quality index (EQI)
are presented in Figure 5.8d. Water and air quality problems become a major problem
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due to the development of industry, transportation and settlements. The water quality
index value is 20 out of 100 (single-year value). The low value comes from river water
monitoring results of seven parameters (TSS, DO, BOD, COD, total phosphate, faecal
coli and total coliform), with these being compared with national standards on river water
quality and calculated into a pollution index (PI) (MoE-RI 2018; see Supplementary
Information for details on the PI). The air quality index of 56/100 refers to the score of
this index in the Annual Performance Report (LAKIP) in 2017 for Karawang Regency.
The EQI gradually decreases from 40.4 to 40.2 of 100 in the period of 2010-2030. The
EQI is almost constant with only a negligible change in values over the simulation period
because it is only influenced by the land cover quality index. However, there are two
additional parameters that influence EQI (water quality index and air quality index). An
example can be seen in the change of land cover index due to land conversion. Although
single figures are available for water and air quality, analysis of trends in water quality
and air quality were not considered due to only a single data point being available.
Development and other economic activities may cause negative impact to ecosystem
services if it is not well managed. Ideally, there would be a quantitative feedback here as
is suggested in the K-WEFS CLD, but a lack a data prohibited such quantification. The
ecosystem service condition will influence and be influenced by the WEF system.

5.3.4 Sensitivity and policy scenario analysis
a.

Sensitivity analysis

Based on simulations (SENSA-1a to 1f and SENSA-2a to 2f; Figure 5.9), changes in birth
rate significantly alter APP water, energy, and food (Figure 5.9a-c). APP water (Figure
5.9a) and APP energy (Figure 5.9b) are very sensitive to changing birth rate. In the
national mid-term planning (RPJMN), the target fertility rate (TFR) is expected to reach
0.0028, a decrease of 90% from baseline. Under an increase of 20% and 40% in birth rate
however, APP water will decrease 5%-10%, APP energy decreases 4%-8%, and APP
food decreases 6%-11% (Figure 5.9a-c). A decrease of 60% and 90% in birth rate from
baseline, in line with RPJMN expectations, leads to APP water increases of 20%-29%,
APP energy increases of 17%-24%, and APP food increases of 22%-32% (Figure 5.9ac).
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Figure 5.9. Sensitivity analysis of APP water, energy, and food parameter to the
positive and negative changes in the birth rate (a-c) and industrial growth: (d-f). The
bold lines in graph a-f represent the baseline results.
Figure 5.9 d-f show expected changes in APP water, energy and food due to changes in
industrial growth rates. APP water decreases by 0.4%-10%, APP food decreases by up to
11% and APP energy increases by 3% due to increases of 20% to 40% in industrial growth
rates. This is due to the growth in industrialisation is expected to increase solar electricity
production and therefore raise APP energy slightly. Decreases of 60% and 90% in
industrial growth only cause a decrease in APP water of 1%-2%, and a decrease in APP
energy of 7%-11%. APP food does not experience changes with decline in industrial
growth.
b. Scenario #1
Results of Scenario 1 (Table 5.4) show that changes in in-migration rate have an impact
on APP and SSL of water, energy and food (Figure 5.10a-f). Significant reduction (18%
to 24%) occurs in APP water, energy and food, as well as on SSL food to 2030 (Figure
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5.10a, b, c and f). Reductions in SSL water and energy are relatively small, only 3% to
7% compared with the baseline (Figure 5.10d and e) demonstrating the unequal impact
of the effects of in-migration. The difference between sectors is because food demand
mostly comes from domestic consumption which is heavily affected by total population.
In contrast, water and energy demand are mostly from agricultural and industrial activities
in the region, and are less impacted by the changes in population (cf. Figure 5.5).

Figure 5.10. The implication of scenario #1 (in-migration rate increase) on the APP
and SSL of water, energy and food in the period of 2010-2030
c.

Scenario #2

Unlike in Scenario 1, APP and SSL of energy are not significantly affected by agricultural
land conversion (decreasing around 2% by 2030; Figure 5.11) because energy demand
within the agricultural sector is relatively less important (Figure 5.11b and e). The SSL
of water and energy increase relative to the baseline (Figure 5.11d and e) by 2% to 10%
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respectively from 2010 values. This result, especially SSL water, is explained by the fact
that almost 70% of water supply to this region goes to irrigated agriculture (Figure 5.5).
If agriculture land conversion continues, water demand to agricultural areas will drop,
and the water supply authority can allocate this ‘extra’ water for other purposes.

Figure 5.11. The implication of scenario #2 (agricultural land conversion) on the APP
and SSL of water, energy and food in the period of 2010-2030
d. Scenario #3
The development of artificial ponds and solar electricity will significantly impact on SSL
water (4%) and SSL energy (279%), while having a small influence on APP energy
(0.3%), even with a significantly increased growth rate (Figure 5.12b, d, and e). The
significant effect on SSL energy is because almost all electricity supply comes from the
state electricity company, and only about 3% is generated from local sources. Meanwhile,
the proportion of local water supply is relatively high (c. 50% of the total). One
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explanation is due to inadequate support from policy makers in terms of regulation and
financial measures to link these two interventions with food production. If industrial and
residential areas are able to develop more artificial ponds with government support, the
potential of local water resources could be around 67 million m 3/year (using BAU growth
of 0.1%), and could contribute to additional food production, according to the system
dynamics (Purwanto et al., 2019), Figure 5.4, and Figure 5.5.

Figure 5.12. The implication of scenario #3 (artificial pond and solar electricity
development) on the APP and SSL of water, energy and food in the period of 2010-2030
e.

Scenario #4

The effect of increasing per-capita consumption of water, energy and food on APP and
SSL is considerable (Figure 5.13). Almost all SSL parameters decrease with increases of
between 20% and 50% in per capita consumption. Decreases in in the SSL water, energy
and food of 5%, 11% and 27% respectively are modelled. Conversely, an increasing trend
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is shown in APP water and energy with increases of 5% and 13% respectively. APP food
is influenced by food supply and population (Figure 5.5). However, due to the high staple
rice production in this region, the increase in per capita consumption does not affect this
parameter. This will be elaborated in the discussion.

Figure 5.13. The implication of scenario #4 (water, energy and food per capita
consumption) on APP and SSL of water, energy and food in the period of 2010-2030

5.4 DISCUSSION
The model accommodates variables related to water, energy and food and exogenous
variables including population, economy and ecosystem services (which are affected by
economic growth but which do not impact upon economic growth in this model),
including their links and interactions. Better knowledge of such interactions and their
impact on system response is useful for evaluation, planning, and decision making related
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to resource management and development. This model shows how proposed measures
impact on the WEF nexus, highlighting trade-offs and synergies among the three main
sectors in the study area. Table 5.6 summarizes the policies and their main implications
regarding water, energy and food including practical actions to consider to reach targets
and achievements set by the local government. It also shows two main concerns, first is
“implication” (on indicator results) and second is “possible practical action to be taken”.
All results in “implication” are based on model simulation, while measures suggested in
“possible practical action to be taken” come from both model simulation and from other
considerations such as local planning ambitions, national programmes and local experts
and modeller’s opinion.
Table 5.6. Implication and practical recommendation on WEF-related policy and
planning
Policy and
planning
Water
Artificial ponds
(AP)
development
growth (↑)

Implication

Possible practical action to be taken

APP W (→)*
APP E (→)*
APP F (→)*
SSL W (↑)*
SSL E (→)*
SSL F (→)*

1. Include in the mid and long-term planning to ensure
the target’s achievement**
2. Increase the growth of AP development*
3. Law enforcement and supervision on industrial,
housing and other public facility developments**
4. Involve other stakeholders (not only water-related
agency)**
5. Extend the purpose of AP to flood mitigation, leisure
or tourism, fishery and other people activities**
1. Provide clear rules on SRE development &
investment**
2. Educate people on the potential and importance of
SRE**
3. Prepare a subsidy scheme for SRE*
4. Collaborate with PLN to increase the growth of SRE*
5. Involve other stakeholders (not only government
institutions)**
1. Educate people on water, energy and food resources
consumption and efficiency*
2. Propose food consumption diversification**
3. Prepare a subsidy scheme for substitute foods**
4. Educate people to consume a balanced and healthy
diet*
1. Agriculture land conversion rate, until 2030, should be
kept less than 1% per year to achieve the target in
LP2B*
2. Law enforcement and supervision in land use permit
and land conversion based on regional planning**
3. Increase agro-industrial development to stimulate a
balance growth of industrial and agricultural sector**
4. Improve coordination with PJT II regarding irrigation
water supply based on factual situation of agriculture
area**

Energy
Solar rooftop
electricity
(SRE)
development
growth (↑)

APP W (→)*
APP E (↑)*
APP F (→)*
SSL W (→)*
SSL E (↑)*
SSL F (→)*

Food
Percapita WEF
resource
consumption
(↑)

APP W (↑)*
APP E (↑)*
APP F (→)*
SSL W (↓)*
SSL E (↓)*
SSL F (↓)*
APP W (↓)*
APP E (↓)*
APP F (↓)*
SSL W (↑)*
SSL E (↑)*
SSL F (↓)*

Land &
Environment
Land
conversion (↑)
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Policy and
planning
Population
In migration
rate (↑)

Economy
Industrial
growth (↑)

Implication
APP W (↓)*
APP E (↓)*
APP F (↓)*
SSL W (↓)*
SSL E (↓)*
SSL F (↓)*
APP W (↓)*
APP E (↑↓)*
APP F (↓)*
SSL W (↓)*
SSL E (↓)*
SSL F (→)*

Possible practical action to be taken
1. Increase the provision of WEF resource to meet
demand*
2. Distribute the centre of economic growth by making
collaboration with other regions to anticipate excessive
urbanization**
3. Introduce vertical settlements to avoid land conversion
from agriculture to the housing and trade sectors**
1. Increase agro-industrial development to improve the
value added of agricultural products**
2. Promote water and energy efficiency in industrial
sector*
3. Increase water and energy production in industrial
estate through AP and SRE policies*
4. Coordination with national and other local
governments**

Notes: ↑ (increasing trend), ↓ (decreasing trend), → (less or no influence), PLN (state electricity company),
PJT II (state water authority), LP2B (sustainable food crop agriculture land policy), AP (artificial pond),
SRE (solar rooftop electricity), * (model- based), ** (other evidence-based)

Although artificial ponds (AP) have no significant effect on APP water, this policy does
improve SSL water. Based on the model, the main water source for domestic purposes
comes from the reservoir. Additionally, population growth in this region influences the
APP water result since APP water is the ratio between water supply and population.
However, according to the local government’s experiences and local expert opinions
during the process of qualitative group model building (Purwanto et al., 2019), AP
development may contributes in reducing flood events, improving the fishery sector, and
increasing local income from tourism activities. Increasing the coverage of piped water
by the local water supply company, law enforcement, and fines for violation of water
quality regulations may also help contribute to improving water security in the region. On
the other hand, there is no impact from the population to SSL water, thus the increase of
local water production due to AP development significantly increases the ratio,
Solar rooftop electricity (SRE) policies have a considerable impact in increasing SSL
energy (279%) and a slight change in APP energy (3%). The population in the region
means that APP energy was not significantly increased. To improve on this, several
practical steps have been set out in Table 5.6, such as providing clear regulations
regarding SRE development and investment in various sectors. Collaboration with
stakeholders regarding subsidy schemes, increasing the use of SRE and awareness raising
are other actions that can be considered to maximise SRE uptake and therefore impact of
this policy.
The increase of per-capita resource consumption causes a decrease of SSL values on one
side, but an increase of APP on the other side. This is because SSL is defined as the ratio
between local resource production and demand that is strongly influenced by per-capita
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consumption (Figure 5.5). APP however is defined as the ratio between resource supply
and population, and as such, per-capita demand does not influence APP. APP food, water
and energy increases because most supply comes from outside the region and is therefore
under the control of the national government and not considered as an endogenous
variable. Thus, if demand increases, supply will adjust to meet demand as ascertained by
national agencies. Per-capita resource consumption is influenced by personal income and
the level of accessibility to sources (e.g. Muhammad et al., 2017; Chang, 2014; and
Gamage and Jayasena, 2018). Increasing consumption may become a concern for policy
makers and other stakeholders in providing sufficient water, energy and food to meet
demand. Food consumption diversification especially in staple foods is expected to be
implemented to avoid over-dependency on rice locally and nationally. Increasing
consumption negatively impacts on the security of all three resources, something to
highlight for policy making, especially in the context of meeting multiple SDGs, national
targets, as well as environmental protection targets. Increasing food demand also conflicts
with the expected reduction in agricultural land.
The decrease in agricultural land on the one hand reduces local food production,
impacting negatively on regional food security targets, as shown by this study. However,
it also reduces agricultural water demand and improves energy security, positively
impacting on progress in these sectors. This demonstrates a choice to be made: if
agricultural land loss is beneficial in other sectors, what level of land conversion is
acceptable before food production is too adversely impacted? As an example of a benefit,
the water supply authority could allocate ‘extra’ water resulting from agricultural water
demand decreases for other uses (e.g. growing domestic demand) to better fulfil demand
in other sectors. Such trade-offs can be useful when making decisions related to land
conversion in the region, and aligning with medium and long-term planning in other
sectors at both local and national level. Results suggest that low levels of agricultural land
conversion may be beneficial across nexus sectors (still allowing food production targets
to be met and also reducing the stress on water and energy resources), especially if other
beneficial measures such as artificial ponds and solar electricity are implemented
simultaneously, enhancing synergy amongst policy implementation. These findings
support the idea of de Fraiture et al. (2014) on an integrated approach to WEF
management. They argue that an integrated approach is necessary not only to ensure
sustainability, but could lead to increased economic benefits. This result is surprising
because it gives a new limit and a different perspective about agricultural land conversion
in this region. The result also indicates that the impact of this policy not only influences
the food sector, but also water, energy, and other sectors, issues that were not previously
considered locally.
In-migration rate increases due to the indirect implications of regional economic
development. With increasing in-migration, there is a need for greater provision of WEF
resources. In-migration leads to lowering of the security of all three resources due to
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increased demand, as shown by model results (Figure 5.10). Distributing the centres of
economic growth across the country may reduce excessive urbanization and resource
burdens on one region. It is shown (Figure 5.12d and e) that some measures locally such
as development of APs and SRE could aid in meeting the increased demand for certain
resources without further pressure to the natural resource base.
The nexus approach aims to simultaneously improve the security of water, energy and
food by increasing efficiency, reducing trade-offs, exploiting synergies, and improving
governance across sectors (Hoff, 2011). From simulated policy scenarios (Figure 5.10 to
Figure 5.13) trade-offs and synergy among nexus sectors can be analysed further
(summarised in Table 5.6). For instance, the negative impact of moderate land conversion
on food production is partially offset by its positive impact for water and energy
availability, which can be further enhanced through simultaneous implementation of AP
and SRE to increase SSL water and energy (cf. Figure 5.12d and Figure 5.12e). Another
example is of the detrimental synergies between industrial growth (Figure 5.9d-f), percapita consumption (Figure 5.13), and in-migration rate (Figure 5.10). Industrial growth
in Karawang triggers an increase in in-migration rate which increases the population,
which in turn increases the demand for water, energy and food, especially if per-capita
consumption also rises. This leads to reductions in APP and SSL of all resources. These
results highlight the need for strong links among institutions related to the three factors
(economic growth, migration, consumption) in order to mitigate the negative impacts that
these factors lead to, as indicated in this study.
The lack of interaction between industry and agriculture policy may cause agriculture
landowners to no longer develop land to produce food, preferring to sell land to be
converted into settlements, trade or industrial areas, further reducing food production.
New industrial developments could be directed into agro-industries to enhance the value
added of agricultural products, increasing the gross reginal domestic product (GRDP) of
the agricultural sector. In general, industrial growth leads to detrimental implications for
all resources (e.g. Figure 5.9d-f), and conflicts with other objectives, but is beneficial for
economic development.
Regarding national mid-term planning targets in water, energy and food, these results are
consistent with those of Purwanto et al. (2018). It was proposed to conduct strategic
options regarding combining industrial and agricultural (agro-industry) activities, where
the industrial sector should focus on food processing to absorb existing agricultural
products and increase value added for the region. The national government’s target is to
increase rice production by 26% within the five year planning period. Taking into account
the conversion away from agricultural land, the trend of rice production in Karawang
showed a decline, conflicting with the national targets and possibly causing issues for
food security. However, this scenario reduces agricultural water demand, giving an
opportunity to reallocate water and increase domestic access to clean water from 65% to
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100% within five years as stated in government planning. The development of artificial
ponds could further augment local water supply from 2% to 20% in five years, indicating
a nexus wide synergy to be exploited. In the energy sector, the electrification target of
100% can be achieved with almost all the supply coming from PLN. The development of
solar rooftop electricity may increase solar energy production from 2% to 19% within
five years, far from the national target of a 238% increase, but still an important step
towards decarbonisation. Additional efforts to develop solar farm electricity throughout
the region instead of only solar rooftop may support the achievement of this target.

5.5 CONCLUSION
The main objective of this research was to analyse quantitatively the implications of
planned interventions on APP and SSL of water, energy and food in Karawang Regency.
Based on K-WEFS nexus model simulation results, several important results describe the
conditions of water, energy and food sectors in the study area including possible actions
to be considered. In the simulations, the development of artificial ponds in industrial and
settlement areas will increase the SSL of water, but did not significantly affect the SSL
food and energy, nor the APP of water, energy and food. The development of solar roof
top electricity will only increase APP and SSL of energy. These two policies are expected
to be integrated in the medium and long-term development plans by involving related
stakeholders so that results are more beneficial for people and ecosystems. Regulation
enforcement, subsidy scheme provision, and education for citizens are key to making
these policies successful in a sustainable manner. On one hand, agricultural land
conversion will lower the SSL food and APP of water, energy and food. However, it will
increase the SSL of water and energy. To achieve Regency targets in the Sustainable Food
Crops Farmland (LP2B), agricultural conversion rate until 2030 should be less than 1%
per year, which can be achieved by enforcing the law and regulations on permits and
regional planning. Agro-industrial development is an issue to stimulate a balanced growth
between those two sectors. Coordination with irrigation water supply authorities can
reduce the trade-offs and improve the accuracy of water allocation.
Trade-offs will always be present in every process of policy making, but reducing the
trade-offs and building synergies among institutions and stakeholders will improve the
ability of policy makers to take advantage the positive sides and reduce the negative
impacts of one or more policies. Policy-makers and other stakeholders can make use this
framework, including information generated from this model as one of considerations in
the process of evaluation, planning and decision-making related to the supply, demand
and security of water, energy and food in the region.
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SYNTHESIS AND

RECOMMENDATION
This chapter comprises general conclusions, main contributions, further research
suggestions, and practical recommendations for policy-makers and other stakeholders
taken from the whole stage of analysis in this study. In addition, all the results and
findings related to the existing water, energy, and food (WEF) nexus studies and
frameworks, the economic perspective of WEF sectors, participatory model building,
qualitative model development, and quantitative simulation are synthesized and broadly
discussed in this part.
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6.1 GENERAL CONCLUSIONS
The major objectives of this research is to grasp the WEF security nexus in the local
context and evaluate the implications of planned local scale interventions in WEF sectors
by developing a qualitative and quantitative analysis framework together with local
stakeholders. In accordance with the above main objectives and also five specific
objectives of this research, it is now possible to state several general conclusions.
WEF sectors are closely interrelated in any levels and scales, including at the local level
and scale as can be found through some analysis in this study. Its complexity is even more
challenging to be understood and resolved by all related stakeholders due to several
reasons among others the lack of local WEF-related datasets, the lack of capacity of local
policy- and decision-makers in grasping the complexity of problems and trade-offs in the
WEF sectors, the silo mentality in many WEF-related institutions which causes a lack of
coordination in managing WEF resources, and overlapping authority and regulations
related to WEF resource management. This study addresses these knowledge and
practical gaps via several stages of analysis using various methods such as economic base
analysis, stakeholder participation, group model building, and system dynamics
modelling. The findings are expected to improve understanding and raise awareness
regarding WEF security nexus, including assisting local planners and decision-makers in
managing WEF resources.
From economic perspective, this PhD work also investigates the agglomeration and
competitiveness of WEF-related sectors and other sectors in three different characteristic
local regions in Indonesia and WEF-related sub-sectors in an agriculture–manufacture
based region. Using the combination of Location Quotient (LQ) techniques and
competitive position (CP) charts, a first assessment of the current levels of growth and
agglomeration in WEF sectors based on the gross regional domestic product (GRDP) in
the year 2011–2015 and 2000–2015 has been done to bring a better understanding and
more comprehensive insights for the planners and policy-makers. Some possible
strategies for future sustainable development regarding WEF-related sectors are also
formulated and expected to be considered in the future local planning and be employed
in conducting preliminary evaluation, particularly the availability of WEF resources to
meet local and national WEF security targets.
Stakeholder engagement is strongly suggested in many WEF nexus-related studies and is
crucially needed to manage WEF resources, although it is also critical to prevent the
delays and slowness in the decision-making processes that may be caused by
ineffectiveness of time allocation to accommodate the various kinds of stakeholder’s
interests. This study demonstrates the effectiveness of qualitative causal loop diagram
(CLD) of the WEF nexus in a group model building (GMB) setting in decomposing and
understanding a complex system by involving all related stakeholders and the
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involvement of multi-disciplinary group of researcher, planner and decision-makers
during its establishment. It also shows the added value of a qualitative approach, without
recourse to computational modelling. The developed qualitative K-WEFS model serves
an extensive and coherent overview of the complex WEF systems in the study area that
can also be used as a map to clearly depict the positions, tasks and authorities that should
be done by each stakeholder to avoid overlapping.
The implications of planned local scale interventions in WEF sectors on the WEF
availability per person (APP) and self-sufficiency level (SSL) in the study area are
investigated through the developed quantitative K-WEFS model (stock-flow diagram).
Trade-offs will always be present in every process of decision-making especially in
agricultural sector, land use, and water supply, and industrial development. Reducing the
trade-offs by building synergies among institutions and stakeholders will improve the
ability to prevent unexpected impacts. The improvements of WEF security in a region
can be achieved through some measures among others increase resource supply and
efficiency, reduce trade-offs among sectors, establish synergy among related institutions,
and improve WEF resource governance.

6.2 SYNTHESIS
6.2.1 Increasing resource supply and efficiency
Based on the results of the quantitative analysis using the K-WEFS model and simulations
(Purwanto et al., 2020a; see Chapter 5), one important point is regarding increasing the
production and supply of water, energy, and food resources in particularly from local
sources. Enhancing the supply of WEF resources locally will strengthen the selfsufficiency of these three resources in the region. Simultaneously, it will also reduce
significantly the dependency of WEF resources originating from outside the region or
even outside the country (imported resources). In addition, the ability of each local
government to ensure its local resources production will give advantage to the national
government in achieving WEF security and finally WEF self-sufficiency.
Resources exploitation without balanced and proper management which considers other
related factors and sectors is the main challenge and may cause resource insecurity in
Indonesia, including in this region. For instance, the agricultural land conversion will
decrease rice production but also reduce the amount of irrigated water demand. If planners
and policy-makers are able to identify the amount of this reduction, the water supply
reallocation can be conducted to meet other water demands such as industry, domestic
and other purposes. Another aspect that needs to be considered is the environmental
condition and carrying capacity of the region to provide resources. Carrying capacity
issues are not specifically discussed in this study. However, ecosystem services as part of
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a given environment are partly discussed in Chapter 5 although a lack of data prohibited
such a comprehensive quantification.
a.

Water supply

Several strategies and techniques are available to increase the supply of water from local
sources, particularly to balance water availability during the rainy and dry seasons. Such
strategies have been discussed in several studies, and include rainwater harvesting,
artificial ponds, infiltration wells, groundwater recharging, dam construction,
desalination, etc. (Hoff, 2011; ADB, 2016). These techniques, all of which are applicable
in Karawang, will provide a significant positive impact if their efficiency can be improved
and their contribution maximised.
In this study, scenario analysis shows that artificial pond development a viable option to
increase local water supply, especially by considering its relationship with agricultural
land conversion, energy generation and food production. However, the scenario results
reveal that implementation of artificial ponds will not give a notable impact to the
availability per person or the self-sufficiency level of other resources except the water
resource itself. Despite this, it may still represent a way for Karawang to be more selfsufficient in terms of water by better exploiting the natural resource potential.
This study suggests several measures to increase the development of artificial ponds in
the region, such as: (1) to include in a clear way artificial pond development plans and
targets in the mid and long-term planning; (2) increase the developmental growth of
artificial ponds especially in the housing, industrial and agricultural areas within the
region; (3) to ensure law enforcement and supervision of pond development by industries,
housing developers, and other public facilities development and; (4) to extend the
purposes of pond development to include flood mitigation, leisure or tourism facilities,
fishery potential and other activities, so stakeholders like private companies and
communities can be involved to develop, protect and maintain the use of ponds in
Karawang.
These steps can be applied in other strategies to increase water supply, so that the
acceleration of enhancement of water availability can be done in a better and sustainable
way.
b. Energy generation
Energy generation, especially electricity in this region, does not experience such big
problems in quantity, because the amount of power produced by the state electricity
company (PLN) is expected to be sufficient and even exceed the existing needs. However,
with the continuous development of the industrial and trade sectors and the concomitant
demand increase, electricity generation must also be the concern of all stakeholders,
especially local government. Apart from that, the quality factor due to the low
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contribution of renewable energy in the local and national energy mix must be a priority
in the future. Options for considerable renewable power generation should be considered.
This research addresses this quality issue in electricity generation by considering solar
rooftop electricity (SRE) to improve both the quantity and quality (i.e. non-fossil based)
of electricity generation. In general, based on simulations, these options do not have a
significant effect on other resources (water, land/food). However, by looking at the
existing potential and demand, these local and integrated steps related to SRE are
expected to make a positive contribution at the national level.
Some possible actions to be taken to optimize the SRE development strategy include: (1)
Provide clear rules on SRE development & investment; (2) Educate people on the
potential and importance of SRE; (3) Prepare a subsidy scheme for SRE; (4) Collaborate
with PLN to increase the growth of SRE; (5) Involve other stakeholders (not only
government institutions).
c.

Food production

Staple food production, particularly rice, does not experience major constraints in
Karawang Regency due to the large of rice harvest area and sufficient irrigation support.
However, the continued reduction of agricultural land due to conversion to industrial and
residential areas and also the increasing demand for rice must be a serious concern of all
stakeholders. In addition, the need for non-staple foods such as meats, fish, vegetables,
fruits and others that still relies on the support from outside the region should also be
considered with an integrated solution. One of the examples is collaborative planning and
action among institutions such as Agriculture Agency, Fishery & Livestock Agency, and
Planning Agency within the region and also with other local regions to improve
production of non-staple foods.
Increasing food production and diversifying food production and consumption are the
measures that can be taken simultaneously to prevent the food self-sufficiency and food
security in the region. In addition, maintaining an agriculture land conversion rate of less
than 1% per annual until 2030 by improving the process of development planning and
supervision will ensure that food production can meet the increasing food demand due to
population growth.

6.2.2 Reducing trade-offs
Trade-offs often appear in policy-making processes where they cannot be avoided.
Reducing trade-offs and building synergies amongst institutions, policies, and
stakeholders will improve the ability of policy makers to take advantage the positive sides
and reduce the negative impacts of one or more policies.
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a.

Agricultural land conversion into industries and settlements

Agricultural land conversion, especially irrigated paddy fields on one hand will decrease
rice production overtime. However, it will also reduce the amount of irrigated water
demand as irrigated water is only supplied for paddy fields in this region. If planners and
policy makers are able to identify the amount of this reduction, the water supply
reallocation can be conducted to meet other water demand such as industry, domestic and
other purposes. Continuous synergy and communication between PT. PJT II as water
supply authority under the national government and also Karawang Regency government,
especially Agriculture Agency will greatly help improve the efficiency of the water
supply allocated to irrigated agriculture and other purposes within the region.
The implementation of artificial ponds development policies in industrial and residential
areas will not only play an important role in increasing the amount of local water
production (especially for non-potable uses), but also may reduce flooding events,
increase blue open spaces for recreation and biodiversity, recreational facilities and other
benefits. The growth of AP development is expected to be even higher along with
agricultural land other land uses conversion into industrial and housing areas.
b. Agriculture and industry
The interdependence between these two sectors can be clearly seen in any level of
economic development either in positive or negative ways in this region. The potential
trade-offs between agricultural and industrial developments are among others agricultural
land conversion, the increase of WEF resource consumption, the decrease of irrigation
water demand, and the increase of water for industrial purposes. Ideally, agriculture
serves industrial sectors in raw material provision, while the industry assist agricultural
sector in improving productivity, supplying inputs and technology (Rastegari et al., 2000).
Livingstone (1968) argues the importance of ‘balanced growth’ between agriculture and
industry development to obtain the optimal benefits of food provision and labour
absorption among others. The complex and dynamic situation in the region need to be
understood clearly to ensure the achievement of the development targets sustainably
(Rastegari et al., 2000). The ability in analysing the agglomeration and growth of those
major sectors in local economic development will bring advantages for policy maker and
planner including water-related operators to determine the most appropriate strategies.
Figure 6.1 shows the gross regional domestic product (GRDP) value of agriculture and
industrial sectors in two different periods (year 2000-2010 and 2011-2017) in Karawang
Regency. It can be clearly seen that there is a significant growth of industrial sector
compare to agricultural sector that relatively stagnant in growth. The GRDP growth trends
show an increasing gap among these sectors year by year from 2000 to 2017. It may
indicates that the trade-offs cannot be handled properly.
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Figure 6.1. The trends of gross regional domestic product (GRDP) of Karawang
Regency (a) Year 2000-2010 based on constant price 2000 and (b) Year 2011-2017
based on constant price 2010
The competitive position of the agricultural sector both in the period of 2000-2010 and
2011-2017 were located in quadrant IV (disadvantaged cluster) with LQ value of 0.860.45 (non-basic) and P values of -0.44 and -0.14 (see Chapter 3). This cluster indicates
the sectors with a low concentration, lack of competitiveness and tends to decline in the
sense of sector agglomeration level or concentration. On the other hand, the position of
industrial sectors in the first and second periods were in quadrant I (advantaged cluster)
with the LQ value of 1.09-1.63 (basic) and P values of 0.03 and 0.47. The sectors located
in this quadrant are strong, advanced and expected to become more dominant in the future
(Figure 6.2).

Figure 6.2. The shifting of competitive position of agricultural and industrial sectors in
Karawang Regency in the period of 2000-2010 and 2011-2017
The agricultural sector in Karawang Regency is becoming less competitive compared
with the industrial sector. Several practical measures that can be considered by local
decision makers are, among others: turnaround/retrenchment by changing the
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development targets and; conglomerate diversification by diversifying the products either
agricultural or industrial products in order to support each other and enhance
competitiveness. In contrast, the industrial sectors that are located in quadrant I can be
treated differently using innovation, vertical integration and concentrated growth
approaches (Pearce and Robinson, 2001; see also Chapter 3). Some practical
implementation options such as firm acquisition by local owned enterprises, budget
allocation to develop basic sources, market expansion and product innovation can be
considered to be applied.
The trade-offs between industrial and agricultural development in this region needs to be
addressed carefully to avoid mismanagement of WEF resources and to maintain
agricultural products sufficiency for local citizens while also offering jobs and economic
development in the industrial sector. Integrated planning and appropriate measures are
required to achieve the security of WEF sectors. One of recommendations proposed to
reduce trade-offs by implementing agricultural-based industry is to balance the growth
between these two main sectors in the coming future.

6.2.3 Building institutional and intergovernmental synergies
The achievement of the WEF security targets is still lacking in Karawang due to the large
range of authority and responsibility overlapping among institutions at the district,
provincial and national levels. Synergy and collaboration are keywords that should be a
common concern, so that improvements in the WEF sector can be carried out
continuously in a better way. Such a simple collaboration can be seen in the process of
WEF security nexus model development by involving all related stakeholders within the
region (see Purwanto et al., 2019). Similar things can also be conducted in every stage of
planning, implementation, supervision and continuous improvement of each program
related to the WEF sectors, so that the achievement of the WEF security targets in the
region can be more effectively achieved through better collaboration.
a.

Institutional synergies

Currently, collaborative planning and actions to achieve the targets of WEF security in
the local level are still very limited. Indeed, for food security, there are already institutions
formed in almost all local governments, both province and regency or city who are
responsible to achieve food availability, accessibility and utilization. This is in
accordance with Law Number 18 of 2012 concerning Food and Law Number 23 of 2014
concerning Local Government Affairs with several amendment and derivative regulations.
However, there is no specific authority at the local level to deal with the achievement of
water and energy security targets, creating a mismatch in terms of goals, targets, and
scales.
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The Food Security Agency in a local government is still relatively new and has not been
able to become a coordinating body to carry out such collaborative planning and action
in this single sector. In addition, unclear responsibilities and roles with other agencies that
are also related to food such as the Agriculture Agency, Fisheries Agency, and Animal
Husbandry Agency in terms of production and fulfilment of food demand may cause
ineffectiveness in synchronizing the food security target achievement for a given region.
This complex institutional structure makes meeting targets difficult even within a single
sector.
Furthermore, coordinating agencies in water and energy security have not been
established yet, even though the challenges in this sector are relatively more complex
where a local government has to make such coordination not only with local institution
within the region but also other national level institutions. For example, local
governments must continue to establish cooperation with the PLN and PERTAMINA as
state-owned companies at the national level that provide electricity and fuel to the people
in their regions. In addition, the targets and objectives for energy security to be achieved
must be synchronized towards a harmony across the whole country. From the water sector,
coordination between PJT II as a national water supply authority for irrigation and raw
water must be well established so that the aspects of availability, accessibility and quality
of water can be achieved sustainably.
The number of institutions and agencies involved in achieving WEF security and
overlapping responsibilities and roles as well as the complicated bureaucratic process is
about to continue to be an obstacle to the WEF security targets achievements unless some
immediate improvements such as collaborative planning and actions, institutional reform,
and a harmonized WEF framework are implemented.
The K-WEFS model, both the qualitative causal loop diagram and the quantitative system
dynamics model, is expected to contribute towards a turning point for stakeholders,
especially at the local level, to be able to see this complex problem in a more integrated
manner and better manage it as such. It may reduce the sectoral interests and silo
mentality of each institution in planning, implementing and evaluating the WEF security
in local regions. In addition, this study is expected to be considered by policy makers,
both in the local level and national level, to carry out a comprehensive institutional reform
in the WEF sectors. This institutional reform is made for a better integration between
sectors and their targets, more effective nexus policy making, and considering other
sectoral targets and requirements.
b. Intergovernmental synergies
Each local region has different water, energy, and food resource potentials and demands
which should be harnessed and ‘optimised’ for local, regional, and national resource
‘optimisation’ across the nexus. For instance, Karawang Regency has a high rice
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production level, while the level of rice consumption is not too big. On the other hand,
Jakarta as the capital city of Indonesia has a high level of rice demand, while there is
almost no local rice production. To deal with this issue, the two local regions may carry
out continuous cooperation by implementing collaborative planning and action in rice
procurement with certain terms and conditions. Each region is expecting to analyse the
potential and needs of water, energy, and food resources and then to collaborate with each
other in reaching sufficient availability, access, and quality of the resources.
If this kind of scheme continues, the local production systems of water, energy, and food
will be stronger and may cause other economic sectors such as transportation, trade and
services, and small enterprises to be improved significantly. Meanwhile, the WEF
security targets may also be simultaneously achieved to a greater extent. In addition, the
increase in the local production systems will reduce the dependence on imports of food,
water, and energy at the national level.
The K-WEFS model with several adjustments for other regions is expected to be an
example of an instrument that can be employed by local stakeholders and policymakers
as a basis planning to evaluate the potential and needs of water, energy, and food
resources, so that WEF security or even WEF self-sufficiency can be reached gradually,
in line with the development of other economic sectors within the region. The K-WEFS
model could therefore be refined and rolled out in other Regencies in Indonesia to support
integrated nexus resources decision making.

6.3 MAIN CONTRIBUTIONS
This study provides two major and other specific contributions in the scientific knowledge
perspective and societal and practical aspects to support sustainable development. Those
two main contributions and other specific contributions are compiled in Table 6.1.
Table 6.1. Scientific and societal contributions of the research
A.
1.
2.
3.
4.
B.
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Contribution
Scientific knowledge
The compilation of critiques on the concept,
application, and implication of the WEF nexus
The four principles and one perspective for the
future WEF nexus frameworks and studies
The composite methods of location quotient (LQ)
and competitive position (CP) using GRDP data
The process of qualitative and quantitative KWEFS models development in the local context
Societal and practical implementation

Reference
Chapter 2 (Table 2.3)
Chapter 2 (Figure 2.2)
Chapter 3
Chapter 4 & 5

6.3. Main contributions

1.
2.
3.
4.
5.

Contribution
Possible strategies for WEF-related sectors for all
related stakeholders
System dynamics group model building script;
participatory approach
The K-WEFS nexus causal loop diagram (CLD)
The K-WEFS nexus stock-flow diagram (SFD)
The K-WEFS nexus framework for WEF resource
evaluation and planning

Reference
Chapter 3 (Table 3.6)
Chapter 4 (Table 4.2)
Chapter 4 (Figure 4.7)
Chapter 5 (Figure 5.5)
Chapter 6 (Figure 6.3)

Evaluation and planning are two important measures in resource management to support
the achievement of WEF security targets in a region. The entire series of research carried
out in this work has provided adequate results that can become an important instrument
of evaluation and planning of WEF resources in Karawang Regency. Figure 6.3 shows
several stages of assessment that can be conducted to ensure the effectiveness of WEF
resources evaluation and planning process by involving related stakeholders together to
minimize unexpected impacts and also to reduce silo mentality within each institution.
The principle of “limits to growth” provides different perspective for the policymakers in
reducing trade-offs and building synergies among institutions in any horizontal and
vertical levels.

Figure 6.3. The proposed K-WEFS nexus framework for WEF resource evaluation and
planning
There are six main stages in this framework (Figure 6.3) including; (1) economic base
analysis, (2) WEF resource data analysis, (3) spatial WEF resource analysis, (4)
qualitative model development, (5) quantitative system dynamics model development,
and (6) model implementation and implication in local planning system.
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One common method in economic base analysis is the Location Quotient (LQ) (Wang
and Hofe, 2007). By analysing production-based gross domestic regional products
(GRDP) of this region and West Java Province using LQ method and in combination with
Competitive Position (CP) analysis, the basic and non-basic sectors have been identified.
Under a general assumption, basic sectors produces more goods or services than the local
area needs, so the surplus is possible to be exported to other regions. On the contrary, the
non-basic sector is assumed under the level of self-sufficiency, with imports being
implied. Additionally, it showed that the general characteristics of WEF-related sectors
in a region can be distinguished clearly based on its main economic development focus,
so that several possible strategies can be formulated. This preliminary analysis is expected
to assist policy-makers, planners and other local stakeholders in doing evaluation and
planning of WEF-related sectors in their regions (see Chapter 3), perhaps focussing on
those that are economically most important, or instead perhaps focussing efforts on those
sectors performing less well to improve their contribution.
The availability of WEF-related datasets at the local level is limited and the data are
separated from one another (i.e. not in the same database, another case of a silo-approach).
One of data sources that can be collected are annual statistical data issued by Karawang
Statistics Agency, which is a combination of data from various agencies in the regions.
However, for some specific datasets related to WEF security (i.e. availability,
accessibility and quality), we need to collect it through the technical agencies in the local
regions, provinces and even the central government. These data are sometimes
inconsistent and disconnected each other due to the data updates are not sequential from
year to year. For example, data on paddy fields are derived from several agencies
including the Agriculture Agency at the District and Provincial levels, the Ministry of
Agriculture, District and Provincial Statistics Agency and several sources of research
articles. With all these limitations, it is necessary to re-investigate the validity and
reliability of the data, including direct confirmation of the related agencies as to the
reliability of the data. For some data that is completely unavailable at the local level,
assumptions were used based on the data at the provincial, national and even international
levels such as rice water demand, energy consumption per capita, and per capita nonstaple food consumption in order to scale higher-level values down to the provincial level.
Although spatial WEF resource balance analysis using input-output in combination with
GIS-based analysis was not carried out due to the time limitation, this approach is
beneficial for local policymakers and planner in determining the WEF resource potentials
and future possibilities through maps. For instance, land suitability analysis for food
diversification, water production and solar electricity can be calculated and depicted in a
map using GIS-based techniques. One preliminary work on the topic of spatial WEF
security nexus has been done by Mushayagwazvo (2020). The visualisation method
demonstrated showed that it is sometimes easier to understand data in map form compared
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with models and calculations. The results will bring new perspectives and options to be
taken by local stakeholders to improve WEF security in their regions.
Stages 4 and 5 regarding the development of qualitative and quantitative system dynamics
models are clearly described in Chapter 4 and Chapter 5. Through a group model building
(GMB), a qualitative causal model of a water, energy, and food (WEF) security nexus has
been developed. GMB provides the chance to increase problem understanding, raising
consensus, and building acceptance and commitment among participants. After dealing
with the issues regarding WEF sectors, deriving related variables and eliciting opinions
about the interactions, the next stage was to build a conceptual framework to describe the
nexus and to develop an integrated causal loop diagram (CLD). In this way, a first step
towards breaking silo thinking in local planning, without the need for complex model
development, may be attained (Purwanto et al., 2019).
The next step is the development of a stock-flow diagram (SFD) as quantitative model
referring to the qualitative CLD that has been established beforehand (see pap 5) and
using it as a guide in developing the quantitative model. In this stage the process of model
validation, sensitivity and policy analysis, and model simulation are included to ensure
that the model is able to represent the current condition and any possible situations due
to the planned interventions in WEF related sectors. The incorporation of all stages in this
framework to the local planning system is actually the main goal. It is expected that the
change in mind-set and the way of thinking from silo mentality to integrated and nexus
thinking can help accelerate the achievement of WEF security targets in local levels and
finally influence positively the achievement in the national level.
To summarize, there is added value of this whole study that could be practically
implemented in the local planning and policymaking of WEF resources in Karawang. The
Local Planning Agency (BAPPEDA) may start to involve all WEF-related stakeholders
to design and determine practical rules and regulations by referring to the steps above as
a guidance. Furthermore, local policy makers together with all stakeholders may propose
to the National Government the establishment of a Coordinating Agency of WEF resource
security to replace the Food Security Agency. A digital decision support tool of WEF
security could be developed to ensure all the WEF-related data from all institutions are
integrated and interconnected each other and analysed as a whole, rather than in
disconnected silos.

6.4 RECOMMENDATIONS
6.4.1 Recommendation for further scientific research
1.

Further WEF nexus-related studies and framework developments are still need to
consider four main principles (i.e., to make them more understandable, to ensure
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reliable and valid data, to make them adaptable to many diverse situations, and to be
applicable across scales) to increase the benefits and improve the role of WEF nexus
concept in influencing policy-making and resource planning processes, especially in
grounding the concept from the lowest level of government with the perspective of
“from local to global”.
2.

Some limitations in this study can be further complemented by conducting further
research in locally-based and more specific issues such as spatial WEF security nexus
analysis, WEF security level analysis, and environmental-based and social-based
analysis of WEF security nexus.

6.4.2 Practical recommendation
1.

Industrialization and economic development can no longer be stopped, because
Karawang Regency has been designated as one of the industrial areas in Indonesia.
What must be done is to reduce trade-offs, increase local WEF production, and
improve synergy among agencies at the local level and between local government of
Karawang, West Java Province and the central government to improve WEF security.
This improvement is critical because WEF sectors in this region are handled by many
institutions either at local or national level, and therefore there is still a lack of
coordination and synergy regarding their management. As a result, unexpected
impacts can occur like what is happening at present.

2.

Agricultural and Industrial developments are two major concerns to achieve people’s
welfare in this region as stated in the long-term vision of the Regency. Practically,
this vision cannot be achieved unless both of industrial and agricultural development
are being synchronized and balanced. Agricultural-based Industries approach need
to be considered in the future planning of the region. This balanced growth will bring
the optimal benefits of food provision and labour absorption in the equal way.

3.

The determination of water, energy and food security targets must be clearly stated,
more detail and be incorporated in the local long-term planning (RPJPD) which is
then being further elaborated in the local mid-term planning (RPJMD), including the
measurable stages to ensure the sustainability of its achievement that in line with the
national targets. All the targets should be defined by all WEF-related agencies
together, so they can mutually assess synergy, trade-offs, and possibly optimise
policies.

4.

In regard institutional synergies, Coordinating Agency in Water, Energy, and Food
Security in every local government level is needed, instead of only Food Security
Agency (BKP). This is to assist the government in collaborative planning and actions
and synchronizing the target achievements between national targets and local
government targets in WEF security. In addition, intergovernmental cooperation
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between one and other local regions through the Coordinating Agency can help the
local region in fulfilling the WEF demands in accordance with each region's
potentials.
5.

Breaking the silo thinking is the first measure to make such collaborative actions
plans can be implemented by involving not only governmental institutions but also
private companies and communities to achieve the targets in WEF security. The use
of synchronized methods and standards in measuring WEF security, including data
sharing, results sharing and communication at every level of government in a nexus
approach are highly important. It can be initiated by the national government to
develop and disseminate it to all local regions.

6.

One of the strategies that the local government can implement to increase the
coverage of water supply, especially potable drinking water, is to involve private
sectors in providing drinking water supply through the cooperation between the
government and the private sectors so called Public-Private Partnership (PPP)
scheme. The increase of water coverage with a better quality and an affordable price
for the people will encourage them not to use groundwater anymore for domestic
uses. The expansion of drinking water supply coverage will bring implications to the
costs that must be invested in relation to new installations and operational costs.
However, with this collaboration, it is expected that the target of increasing water
security level through the increasing of access and quality of drinking water can be
achieved continuously.

7.

Many regions in Indonesia have high potential for solar power output. This can be
optimized for meeting local energy needs. The development of roof-top solar
electricity is expected to increase the availability of local energy source, and may
offset fossil-fuel dependant sources to some degree. The industrial development
growth may promote the development of residential units in this region, and
eventually could bring a positive impact to the development of rooftop solar
electricity in Karawang Regency. The role of policymakers in preparing a clear
regulations, incentives, subsidies and other measure will encourage people to use this
kind of renewable energy.

8.

Agriculture land conversion rate, until 2030, should be kept less than 1% per year to
achieve the target in the Sustainable Agricultural Land (LP2B). The regulation and
law enforcements need to be seriously applied by the Local Government including
the supervision of land use permits and agricultural land conversion permit based on
local spatial planning.
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APPENDIX
INITIAL DATA AND VARIABLE OF K-WEFS
STOCK FLOW DIAGRAMS (SFDS)

Variables
Water
Total water supply
(initial)
Water supply
Local water
production
Other water sources

Unit

Initial value
(2010)

m3/y

1,317,081,741

Assumption based on local water production only

m3/y
m3/y

2,487,512,759
1,317,081,741

m3/y

36,528,322

local_water_production+imported_water
natural_water_supply+other_water_sources+
AP_water
local water company, springs and groundwater
sources
IF TIME = 0 THEN 61508750 ELSE PREVIOUS
(SELF, 61508750)+(PREVIOUS(SELF,
(housing_area+industrial_area)*potential_AP_water)
*AP_growth)
AP_area_maximum*AP_depth_maximum
Letter of Minister of Public Work No. 7/2018
Letter of Minister of Public Work No. 7/2018
Assumption based on the local planning document
10*C_value*annual_rainfall*available_land
Statistics Agency of Karawang (2011)
IF (water_difference<0) THEN ABS
(water_difference) ELSE 0
total_water_supply-total_water_demand

AP water (artificial
ponds). The initial
value is the existing
artificial ponds
Potential AP water
AP depth maximum
AP area maximum
AP growth
Natural water supply
Annual rainfall
Imported water

m3/y

61,508,750

m3/ha
m
m2
%
m3
mm
m3/y

3,000
2
1,500
0.1
1,521,714,960
1,960
1,170,431,018

Water difference

m3/y

Total water demand
Water demand

m3/y
m3/y

1,170,431,018
2,343,387,390
2,343,387,390

Agricultural water
demand
Livestock water
demand
large cattle = 40
ltr/day/animal; small
cattle = 6, poultry =
0.6 (SNI
6728.1:2015)
Paddy water demand
Paddy water req
(requirement)
Fishery water
demand

m3/y

2,024,112,958

m3/y

6,800,190

m3/y
m3/ton
m3/y

1,988,055,463
1,432
29,257,305

Source and equation

Data & calculation
agricultural_water_demand+industrial_water_demand
+domestic_water_demand+municipal_water_demand
+water_for_energy
rice_water_demand + livestock_water_demand
+fishery_water_demand
IF TIME=0 THEN
large_cattle_pop*14.6+small_cattle_pop*2.19+poultr
y_pop*0.219 ELSE PREVIOUS(SELF,
large_cattle_pop*14.6+small_cattle_pop*2.19+poultr
y_pop*0.219)+ (PREVIOUS
(SELF,large_cattle_pop*14.6+small_cattle_pop*2.19
+poultry_pop*0.219)*LS_pop_growth)
paddy_water_req*paddy_production
irrigated lowland rice production system
(www.knowledgebank.irri.org)
((fishery_water_req/1000)*365)*(aquaculture_area*
1000)

Appendix

Variables

Unit

Fishery water req
(requirement)
Industrial water
demand
Industrial water req
(requirement)
Domestic water
demand
Per capita water cons
(consumption)
Municipal water
demand

mm/d/
ha
m3/y
m3/ha/y
m3/y
m3/cap
m3/y

Initial value
(2010)
7
115,416,720
15,513
117,028,505
55
23,405,701

Source and equation
Ministry of Public Work (1993)
industrial_water_req*industrial_area
18–67 m3/day/ha. Average: 15,513 m3/ha/y
(ICWA-ADB, 2016)
percapita_water_cons*population
(SNI 6728.1:2015)
15-30% of total domestic consumption (SNI
6728.1:2015). 30% x 117,028,505 = 23,405,701 m3/y.
Actual: 79,416,927 m3/y.
water_supply/population

m3/cap

1,101

dmnl

0.56

local_water_production/water_demand

dmnl

2.38

Environmental WS
Water quality index
(WQI)

dmnl
dmnl

0.1
20

Urban WS
PDAM municipal
coverage
Household WS
PDAM household
coverage

dmnl
%

0.1
9.59

dmnl
%

0.45
11.43

Use of septic tank
Safe drinking water
source

%
%

67.35
44.4

Without safe drinking
water
Economic WS

%

55.6

(household_WS)+(economic_WS)+(urban_WS)+(env
ironmental_WS)+(water_related_disaster_resilience)
*)
maximum value is 5
WI12*0.1
Analysis (calculation based on Ministry of
Environment guideline by considering 8 river water
parameters i.e. TSS, DO, BOD, COD, total
phosphate, faecal coli and total coliform).
Parameter (avg) TSS 67.5 mg/l, Standard class I 50
mg/l; DO 1.9 mg/l, 6 mg/l; BOD 12.2 mg/l, 2 mg/l;
COD 96 mg/l, 10 mg/l; PO4 0.8 mg/l, 0.2 mg/l;
Faecal coli 76500/100ml, 100/100ml; Total coliform
179000/100ml, 1000/100ml. Average pollution index
= 192.7 and >6.88 → WQI = 20
WI11*0.1
Analysis (based on municipal coverage of piped
water)
(WI1*0.1)+(WI2*0.05)+(WI3*0.05)
Analysis (based on household coverage of piped
water). By 2019, the coverage is was reaching 23% of
total population
Welfare Statistics of Karawang, BPS
Safe drinking water sources consist of piped water
(PDAM), water pumps, protected wells or springs and
rain water (not including bottled water and refill
water). *Welfare Statistics of Karawang, BPS
1-safe_drinking_water_source

dmnl

1.229

Agriculture WS
Industrial WS
Energy WS
Broad economy WS

dmnl
dmnl
dmnl
dmnl

0.75
5
1
0.26

APP water
(Availability per
person)
SSL water (Selfsufficiency level)
Water security
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(broad_economy_WS*0.4)+(agriculture_WS*0.3)+
(energy_WS*0.15)+(industrial_WS*0.15)
(WI7*0.045)+(WI8*0.105)
WI10*1
WI9*1
(WI4*0.06)+(WI5*0.06)+(WI6*0.08)

Appendix

Variables

Unit

Water supply
reliability
Ratio of storage to
TWS
Water use pressure
Water related disaster
resilience
High risk floods area
Water for energy
Energy water
intensity
WI1 (water indicator
1) Percentage of
PDAM household
service coverage
PDAM (%)

dmnl

Initial value
(2010)
0.675

dmnl

0.026

Based on average coefficient of monthly rainfall
variation in Java Island (Hatmoko et al. 2017)
AP_water/water_supply

dmnl
dmnl

0.999
0.5

water_demand/water_supply
WI13*0.1

ha
m3/y
m3 /
MWh
dmnl

128.98
51,720,655
13

WI2 (water indicator
2) Percentage of the
use of septic tank (%)

dmnl

4

WI3 (water indicator
3) Percentage of safe
drinking water source
(%)

dmnl

3

WI4 (water indicator
4) Water supply
reliability (%)

dmnl

2

WI5 (water indicator
5) Water use pressure

dmnl

1

WI6 (water indicator
6) Ratio of water
storage and total
water resource

dmnl

1

WI7 (water indicator
7) Productivity of

dmnl

5

1

Source and equation

BNPB-RI (using flood disaster risk index)
energy_supply*(energy_water_intensity/1000)
Indonesia Country Water Assessment-ADB (2016)
IF PDAM_household_coverage>=0.8 THEN 5 ELSE;
IF PDAM_household_coverage<0.8 AND
PDAM_household_coverage>=0.6 THEN 4 ELSE; IF
PDAM_household_coverage<0.6 AND
PDAM_household_coverage>=0.4 THEN 3 ELSE; IF
PDAM_household_coverage<0.4 AND
PDAM_household_coverage >=0.2 THEN 2 ELSE 1
IF use_of_septic_tank>=0.8 THEN 5 ELSE; IF
use_of_septic_tank<0.8 AND
use_of_septic_tank>=0.6 THEN 4 ELSE; IF
use_of_septic_tank<0.6 AND
use_of_septic_tank>=0.4 THEN 3 ELSE; IF
use_of_septic_tank>0.4 AND
use_of_septic_tank>=0.2 THEN 2 ELSE 1
IF safe_drinking_water_source>=0.8 THEN 5 ELSE;
IF safe_drinking_water_source<0.8 AND
safe_drinking_water_source>=0.6 THEN 4 ELSE; IF
safe_drinking_water_source<0.6 AND
safe_drinking_water_source>=0.4 THEN 3 ELSE; IF
safe_drinking_water_source<0.4 AND
safe_drinking_water_source>=0.2 THEN 2 ELSE 1
IF water_supply_reliability<=0.2 THEN 5 ELSE; IF
water_supply_reliability>0.2 AND
water_supply_reliability<=0.4 THEN 4 ELSE; IF
water_supply_reliability>0.4 AND
water_supply_reliability<=0.6 THEN 3 ELSE; IF
water_supply_reliability>0.6 AND
water_supply_reliability<=0.75 THEN 2 ELSE 1
IF water_use_pressure<=0.1 THEN 5 ELSE; IF
water_use_pressure>0.1 AND water_use_pressure
<=0.2 THEN 4 ELSE; IF water_use_pressure>0.2
AND water_use_pressure <=0.4 THEN 3 ELSE; IF
water_use_pressure>0.4 AND water_use_pressure
<=0.8 THEN 2 ELSE 1
IF ratio_of_storage_to_TWS>=0.5 THEN 5 ELSE; IF
ratio_of_storage_to_TWS<0.5 AND
ratio_of_storage_to_TWS>=0.2 THEN 4 ELSE; IF
ratio_of_storage_to_TWS<0.2 AND
ratio_of_storage_to_TWS>=0.05 THEN 3 ELSE; IF
ratio_of_storage_to_TWS<0.05 AND
ratio_of_storage_to_TWS>=0.03 THEN 2 ELSE 1
IF paddy_productivity>=5.5 THEN 5 ELSE; IF
paddy_productivity=4.5 AND paddy_productivity
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Variables

Unit

Initial value
(2010)

irrigated agriculture
land (ton/ha)

WI8 (water indicator
8) Rice selfsufficiency (ratio of
rice production and
rice consumption)

dmnl

5

WI9 (water indicator
9) Installed capacity
of hydropower, micro
HP and mini HP
(MW)

dmnl

1

WI10 (water
indicator 10)
Industrial water (103
m3 )

dmnl

5

WI11 (water
indicator 11)
Percentage of
PDAM* municipal
service coverage (%)
*
PDAM = Local
Water Company
WI12 (water
indicator 12) Water
quality index

dmnl

1

dmnl

1

WI13 (water
indicator 13) Highrisk floods area (km2)

dmnl

5

Energy
Total energy supply
(initial)
Local production
Energy supply
Local energy
production
Other energy source

126

kWh/y

216,500,129

kWh/y
kWh/y

3,481,263,599
216,500,129

kWh/y

181,460,440

Source and equation
<5.5 THEN 4 ELSE; IF paddy_productivity=3.5
AND paddy_productivity <4.5 THEN 3 ELSE; IF
paddy_productivity=2.5 AND paddy_productivity
<3.5 THEN 2 ELSE 1
IF rice_self_sufficiency>=3 THEN 5 ELSE; IF
rice_self_sufficiency<3 AND rice_self_sufficiency
>=1.5 THEN 4 ELSE IF rice_self_sufficiency<1.5
AND rice_self_sufficiency>=1 THEN 3 ELSE; IF
rice_self_sufficiency<1 AND
rice_self_sufficiency>=0.5 THEN 2 ELSE 1
IF hydropower_IC>=1000 THEN 5 ELSE; IF
hydropower_IC<1000 AND hydropower_IC>=500
THEN 4 ELSE IF hydropower_IC<500 AND
hydropower_IC>=250 THEN 3 ELSE; IF
hydropower_IC<250 AND hydropower_IC>=100
THEN 2 ELSE 1
IF industrial_water_demand>=30000000 THEN 5
ELSE; IF industrial_water_demand>=10000000 AND
industrial_water_demand <30000000 THEN 4 ELSE;
IF industrial_water_demand>=5000000 AND
industrial_water_demand <10000000 THEN 3 ELSE;
IF industrial_water_demand>=3000000 AND
industrial_water_demand <5000000 THEN 2 ELSE 1
IF PDAM_municipal_coverage>=0.80 THEN 5
ELSE; IF PDAM_municipal_coverage<0.8 AND
PDAM_municipal_coverage >=0.6 THEN 4 ELSE IF
PDAM_municipal_coverage<0.6 AND
PDAM_municipal_coverage >=0.4 THEN 3 ELSE IF
PDAM_municipal_coverage<0.40 AND
PDAM_municipal_coverage >=0.20 THEN 2 ELSE 1
IF water_quality_index>=80 AND
water_quality_index <90 THEN 5 ELSE; IF
water_quality_index>=70 AND water_quality_index
<80 THEN 4 ELSE; IF water_quality_index>=60
AND water_quality_index <70 THEN 3 ELSE; IF
water_quality_index>=50 AND water_quality_index
<60 THEN 2 ELSE 1
IF high_risk_floods_area<=400 THEN 5 ELSE; IF
high_risk_floods_area>400 AND
high_risk_floods_area <=800 THEN 4 ELSE; IF
high_risk_floods_area>800 AND
high_risk_floods_area<=1200 THEN 3 ELSE; IF
high_risk_floods_area>1200 AND
high_risk_floods_area <=1600 THEN 2 ELSE 1
3,275,308,312 (imported), 3,481,263,599 (total)
Statistics Agency of West Java (2011) & PT. PLN
West Java & Banten Distribution
local_energy_production+imported_energy
other_energy_sources+solar_energy
Coal power plant in industry and other small diesel
power plants

Appendix

Solar energy

kWh/y

Initial value
(2010)
35,039,689

Phousing (Potential
power generated from
housing area)

kW/ha

216

Pindustry (Potential
power generated from
industrial area)
Solar growth
Energy difference

kW/ha

432

dmnl
kWh/y

0.001
3,762,011,802
3,978,511,931
3,978,511,931
1,349,019,494

Variables

Total energy demand
Energy demand
Domestic energy
demand
Per capita energy
cons (electricity)
Industrial energy
demand
Industrial energy

Agricultural energy
demand
Agricultural energy
APP energy
(Availability per
person)
SSL energy (selfsufficiency level)
Energy security
Energy availability
Ratio supply and
demand
Energy accessibility
Access to electricity
Without electricity
Access to household
fuel
Hydropower IC
Energy for water
Imported energy

Unit

kWh/y
kWh/y
kWh/y
kWh/
cap
kWh/y

Source and equation
IF TIME = 0 THEN 0 ELSE PREVIOUS(SELF, 0) +
(PREVIOUS(SELF,
((housing_area*Phousing*11.5*365)+(industrial_area
*Pindustry*11.5*365)))*solar_growth)
This value is based on assumption and calculation:
30% open space, 70% built space regulation, Sun
irradiance 5.25 kWh/m2/day, 11.5 hours
(duration/day); 365 (days per year), 18 modules per
house, module efficiency 14.2%, Losses of cable 2%,
losses inverter 2%, Module size 1.65 (length) x 0.99
(width) m2
Assumed as 2 x Phousing because the rooftop size
and position in industrial area are 2 times compare
with housing area
Assumption
total_energy_supply-total_energy_demand
Data & calculation
Data & calculation
Data & calculation

634

Ministry of Energy and Resources

3,449,832,624

industrial_area*industrial_energy

kWh/ha
/y

450,000

kWh/y

738,857,909

kWh/
ton
kWh/
cap

533

Electricity demand according to BPPT is 0.15-0.2
MW/ha. By assuming 10 hours per day and 300 days
per year, total electricity consumption is assumed as
450,000 kWh/ha/y
paddy_production*agricultural_energy
http://www.fao.org/3/x8054e/x8054e05.htm

1,870

energy_supply/population

dmnl

0.034

local_energy_production/energy_demand

dmnl
dmnl
dmnl

5
2.5
0.630

(energy_accessibility)+(energy_availability)
(EI1*0.5)
energy_supply/energy_demand

dmnl
%
%
%

2.5
99.63
0.37
90

(0.25*EI3)+(0.25*EI2)
Statistics Agency of Karawang
Statistics Agency of Karawang
Statistics Agency of Karawang

MW
kWh/
m3
Kwh/y

6.5
0.37
3,275,308,312

PJT II
(Hoff 2011)
Statistics Agency of West Java (2011) & PT. PLN
West Java & Banten Distribution
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Variables

Unit

EI1 (energy indicator
1), The ratio of
electricity supply and
electricity demand

dmnl

Initial value
(2010)
5

EI2 (energy indicator
2) Access to
electricity (% of
population with
access to electricity)

dmnl

5

EI3 (energy indicator
3) Access to clean
cooking (% of
population using
LPG/PNG for
cooking)

dmnl

5

ton
ton/y
ton/y

854,892
854,892
854,892

ton/y

1,388,307

ton/ha

6.550

Food
Total food supply
Food supply
Local food
production
Paddy production
Paddy productivity

Cropping intensity

Livestock production

Meat
Egg
Livestock growth
Large cattle pop
Small cattle pop
Poultry pop
Fishery production

128

1.950

ton/y

ton/y
ton/y
%
animal
animal
animal
ton/y

12,941

8,988
4,450
-3.7
17,074
1,884,460
10429569
56,244

Source and equation
IF ratio_supply_&_demand>=0.8 THEN 5 ELSE; IF
ratio_supply_&_demand<0.8 AND
ratio_supply_&_demand >=0.60 THEN 4 ELSE; IF
ratio_supply_&_demand<0.60 AND
ratio_supply_&_demand>=0.40 THEN 3 ELSE; IF
ratio_supply_&_demand<0.40 AND
ratio_supply_&_demand>=0.2 THEN 2 ELSE 1
IF access_to_electricity>=0.8 THEN 5 ELSE; IF
access_to_electricity<0.8 AND access_to_electricity
>=0.60 THEN 4 ELSE; IF access_to_electricity<0.60
AND access_to_electricity>=0.40 THEN 3 ELSE; IF
access_to_electricity<0.40 AND
access_to_electricity>=0.2 THEN 2 ELSE 1
IF access_to_household_fuel>=0.8 THEN 5 ELSE; IF
access_to_household_fuel<0.8 AND
access_to_household_fuel>=0.6 THEN 4 ELSE; IF
access_to_household_fuel<0.6 AND
access_to_household_fuel >=0.4 THEN 3 ELSE; IF
access_to_household_fuel<0.4 AND
access_to_household_fuel >=0.2 THEN 2 ELSE 1
INIT(854,892)
local_food_production+imported_food
(paddy_production*0.58)+CCS_production+livestock
_production+fishery_production
agriculture_area*paddy_productivity*cropping_intens
ity
=graph(time) (2010, 6.550), (2011, 6.842), (2012,
7.079), (2013, 7.140), (2014, 7.219), (2015, 7.254),
(2016, 7.272), (2017, 7.272), (2018, 7.246), (2019,
7.228), (2020, 7.211), (2021, 7.228), (2022, 7.263),
(2023, 7.263), (2024, 7.289), (2025, 7.289), (2026,
7.263), (2027, 7.263), (2028, 7.263), (2029, 7.237),
(2030, 7.211)
=graph(time) (2010, 1.950), (2011, 2.000), (2012,
2.000), (2013, 2.026), (2014, 2.026), (2015, 2.026),
(2016, 2.018), (2017, 2.018), (2018, 2.026), (2019,
2.018), (2020, 2.035), (2021, 2.044), (2022, 2.044),
(2023, 2.044), (2024, 2.044), (2025, 2.044), (2026,
2.044), (2027, 2.044), (2028, 2.026), (2029, 2.026),
(2030, 2.035)
IF TIME = 0 THEN (meat+egg) ELSE
PREVIOUS(SELF, (meat+egg)) +
(PREVIOUS(SELF, (meat+egg))*livestock_growth)
Agriculture Agency of Karawang (2016)
Agriculture Agency of Karawang (2016)
Agriculture Agency of Karawang (2016)
Agriculture Agency of Karawang (2016)
Agriculture Agency of Karawang (2016)
Agriculture Agency of Karawang (2016)
IF TIME = 0 THEN fishery_productivity*
aquaculture_area ELSE PREVIOUS(SELF,
(fishery_productivity*aquaculture_area)) +

Appendix

Variables

Unit

Initial value
(2010)

Fishery productivity
CCS production

ton/ha
ton/y

2.5
13625

CCS growth
Corn prod
Cassava prod
Sweet potato prod
Total food demand
Food demand
Non domestic food
demand
Domestic food
demand
Percapita non staple
food cons
Percapita staple food
cons
Domestic staple food
demand
APP food
(availability per
person)
SSL food (selfsufficiency level)
Ratio of cons to food
avail
Rice self sufficiency
Domestic rice
demand
Per capita rice cons

%
ton/y
ton/y
ton/y
ton/y
ton/y
ton/y

-0.1
6,224
7,061
354
304,337
304,337
27,766

ton/y

276,613

(PREVIOUS(SELF, (fishery_productivity*
aquaculture_area))*fishery_growth)
Strategic Planning of Fishery Agency 2016-2021
IF TIME = 0 THEN
(corn_prod+cassava_prod+sweet_potato_prod) ELSE
PREVIOUS (SELF,
(corn_prod+cassava_prod+sweet_potato_prod)) +
(PREVIOUS(SELF,
(corn_prod+cassava_prod+sweet_potato_prod))*CCS
_growth)
Statistics Agency & Agriculture Agency of Karawang
Statistics Agency & Agriculture Agency of Karawang
Statistics Agency & Agriculture Agency of Karawang
Statistics Agency & Agriculture Agency of Karawang
INIT(304337)
domestic_food_cons+non_domestic_food_demand
0.02*paddy_production

0.032

population*(percapita_staple_food_cons+percapita_n
on_staple_food_cons)
Pola Pangan Harapan of West Java 2018

0.118

Pola Pangan Harapan of West Java 2018

ton/cap
/y
ton/cap
/y
ton/y

236,184

ton/cap

0.4

population*percapita_staple_food_cons
food_supply/population

dmnl

2.533

local_food_production/food_demand

dmnl

0.288

dmnl
ton/y

0.198
219,162

domestic_staple_food_demand/(paddy_production*0.
58+CCS_production)
(paddy_production*0.58)/domestic_rice_demand
percapita_rice_cons*population

ton/cap
/y
dmnl

0.105

Food availability
Food accessibility
Food utilization

dmnl
dmnl
dmnl

1.5
0.825
1.4

Food difference
Imported food

ton/y
ton/y

550,555
0

Total NSF supply
NSF supply (nonstaple food)
Non-staple food
difference

ton/y
ton/y

36,049
64,190

ton/y

-4,379

Food security

Source and equation

3.7

Pola Pangan Harapan of West Java 2018
(food_availability)+(food_accessibility)+(food_utiliza
tion)
0.3*FI1
(0.15*FI2)+(0.075*FI3)+(0.075*(1-FI4))
(0.05*FI5)+(0.15*FI6)+(0.05*FI7)+(0.05*FI8)+(0.1*
FI9)
total_food_supply-total_food_demand
IF (food_difference<0) THEN ABS (food_difference)
ELSE 0
Agriculture Agency of Karawang (2016)
livestock_production+fishery_production+imported_
NSF
total_NSF_supply-total_NSF_demand
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Imported NSF

ton/y

Initial value
(2010)
4,379

Total NSF demand
NSF demand
FI1 (food indicator 1)
Ratio of normative
consumption per
capita to the net food
availability

ton/y
ton/y
dmnl

40,428
68,089
5

FI2 (food indicator 2)
Percentage of
population living
below the poverty
line

dmnl

5

FI3 (food indicator 3)
Percentage of
households with a
proportion of food
expenditure more
than 65% of total
expenditure

dmnl

5

FI4 (food indicator 4)
Percentage of
households without
access to electricity

dmnl

5

FI5 (food indicator 5)
The average length of
schooling of women
more than 15 years
old

dmnl

1

FI6 (food indicator 6)
Percentage of
households without
access to clean water

dmnl

3

FI7 (food indicator 7)
Ratio of total
population per health
worker to population
density

dmnl

5

Variables

130

Unit

Source and equation
IF (non_staple_food_difference<0) THEN
ABS(non_staple_food_difference) ELSE 0
Data & calculation
population*percapita_non_staple_food_cons
IF ratio_of_cons_to_food_avail<0.75 THEN 5 ELSE;
IF ratio_of_cons_to_food_avail>=0.75 AND
ratio_of_cons_to_food_avail<1.0 THEN 4 ELSE; IF
ratio_of_cons_to_food_avail>=1 AND
ratio_of_cons_to_food_avail<1.25 THEN 3 ELSE; IF
ratio_of_cons_to_food_avail>=1.25 AND
ratio_of_cons_to_food_avail<1.50 THEN 2 ELSE 1
IF people_below_poverty<0.15 THEN 5 ELSE; IF
people_below_poverty>=0.15 AND
people_below_poverty<0.20 THEN 4 ELSE; IF
people_below_poverty>=0.20 AND
people_below_poverty<0.25 THEN 3 ELSE; IF
people_below_poverty>=0.25 AND
people_below_poverty<0.35 THEN 2 ELSE 1
IF household_with_65%_for_food <0.2 THEN 5
ELSE; IF household_with_65%_for_food >=0.20
AND household_with_65%_for_food <0.30 THEN 4
ELSE; IF household_with_65%_for_food >=0.30
AND household_with_65%_for_food<0.40 THEN 3
ELSE; IF household_with_65%_for_food >=0.40
AND household_with_65%_for_food<0.50 THEN 2
ELSE 1
IF without_electricity<0.2 THEN 5 ELSE; IF
without_electricity>=0.20AND without_electricity
<0.30 THEN 4 ELSE; IF without_electricity>=0.30
AND without_electricity <0.40 THEN 3 ELSE; IF
without_electricity>=0.40 AND
without_electricity<0.50 THEN 2 ELSE 1
IF women_15_yrs_length_of_schooling>=8.5 THEN
5 ELSE; IF women_15_yrs_length_of_schooling<8.5
AND women_15_yrs_length_of_schooling>=7.5
THEN 4 ELSE; IF
women_15_yrs_length_of_schooling<7.5 AND
women_15_yrs_length_of_schooling>=6.5 THEN 3
ELSE; IF women_15_yrs_length_of_schooling<6.5
AND women_15_yrs_length_of_schooling>=6
THEN 2 ELSE 1
IF without_safe_drinking_water<0.4 THEN 5 ELSE;
IF without_safe_drinking_water>=0.4 AND
without_safe_drinking_water <0.5 THEN 4 ELSE; IF
without_safe_drinking_water>=0.5 AND
without_safe_drinking_water<0.6 THEN 3 ELSE; IF
without_safe_drinking_water>=0.6 AND
without_safe_drinking_water<0.7 THEN 2 ELSE 1
IF health_worker_pop_density_ratio<10 THEN 5
ELSE; IF health_worker_pop_density_ratio>=10
AND health_worker_pop_density_ratio<15 THEN 4
ELSE; IF health_worker_pop_density_ratio>=15
AND health_worker_pop_density_ratio<20 THEN 3
ELSE; IF health_worker_pop_density_ratio>=20

Appendix

Variables

FI8 (food indicator 8)
Ratio of total
population per health
worker to population
density
FI9 (food indicator 9)
Life expectancy at
birth

Population
Population
Births
Birth rate
Deaths
Death rate
Life expectancy
In migration
In migration rate
Outmigration
Outmigration rate
Prevalence stunting
toddler
Women 15 yrs length
of schooling
Health worker pop
density ratio
People below poverty
Household with 65%
for food
Ecosystem services
Environment quality
index
Land cover index

Unit

Initial value
(2010)

dmnl

3

dmnl

5

people
people
%
people
%
year
people
%
people
%
%

2,127,791
34,045
1.6
9,575
0.45
71.35
36,172
1.7
21,277
1.0
34,87

Source and equation
AND health_worker_pop_density_ratio<30 THEN 2
ELSE 1
IF prevalence_stunting_toddler<0.2 THEN 5 ELSE;
IF prevalence_stunting_toddler>=0.2 AND
prevalence_stunting_toddler<0.29 THEN 4 ELSE; IF
prevalence_stunting_toddler>=0.30 AND
prevalence_stunting_toddler<0.39 THEN 3 ELSE 2
IF life_expectancy>67 THEN 5 ELSE; IF
life_expectancy>64 AND life_expectancy<=67
THEN 4 ELSE; IF life_expectancy>61 AND
life_expectancy<=64 THEN 3 ELSE; IF
life_expectancy>58 AND life_expectancy<=61
THEN 2 ELSE 1
Statistics Agency of Karawang
Statistics Agency of Karawang
Health Agency WJ & RPJMD of Karawang
Health Agency WJ
Health Agency WJ
Statistics Agency of Karawang
Statistics of Migration WJ
Statistics of Migration WJ
Statistics of Migration WJ
Statistics of Migration WJ
Statistics of Health

%

5.27

Statistics Agency of Karawang

dmnl

3.27

Statistics Agency of Karawang

%
%

12.21
10

Statistics Agency of Karawang
Statistics Agency of Karawang

dmnl

40.7

dmnl

44.9

HCI (habitat
condition index)
WBC (water body
conservation)
FPI (forest
performance index)
FCI (forest cover
index)
LCC (land cover
condition)
Air quality index

dmnl

30

(0.3*water_quality_index)+(0.3*air_quality_index)+(
0.4*land_cover_index)
0.23*FCI+0.24*FPI+0.30*LCC+0.15*WBC+0.08*H
CI
Ministry of Environment

dmnl

10

Ministry of Environment

dmnl

50

Ministry of Environment

dmnl

27.69

dmnl

79.74

dmnl

56

C value
(Run off coefficient)

dmnl

0.324

100-(84.3((forest_area/available_land)*100)*(50/54.3))
(1- C_value*0.625)*100
Annual Performance Report (LAKIP) of Karawang
2017
((agriculture_area*0.3)+(industrial_area*0.7)+(housin
g_area*0.5)+(aquaculture_area*0.18)+(forest_area*0.
2)+(other_area*0.35))/available_land
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Variables
Economic sector
Total GRDP
GRDP growing
GRDP growth rate
GRDP agriculture
GRDP WE (Water
and energy sector)
GRDP industry
GRDP others
Percapita GRDP
Land sector
Housing area
Housing growing
Housing growth
Industrial area
Industrial growing
Industrial growth
Forest area
Forest reducing
Forest shrink rate
Agriculture area
Agriculture reducing
Agriculture shrink
rate
Aquaculture area
Aquaculture growing
Aquaculture growth
rate
Other area

Available land
Area check
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Unit
Million
Rp
Million
Rp
%
Million
Rp
Million
Rp
Million
Rp
Million
Rp
Million
Rp

Initial value
(2010)
99,964,131
7,443,206
7.47
4,570,801

Source and equation
Gross Regional Domestic Product (Statistics Agency
of Karawang)
(GRDP_WE+GRDP_agriculture+GRDP_industry+G
RDP_others)*GRDP_growth_rate
Statistics Agency of Karawang
Statistics Agency of Karawang

993,521

Statistics Agency of Karawang

68,409,475

Statistics Agency of Karawang

25,667,522

Statistics Agency of Karawang

46.82

Data & calculation

ha
ha
%
ha
ha
%
ha
ha
%
ha
ha
%

24,121
955.19
3.96
7,440
294.62
3.96
7,104
6.39
0.09
108,695
1,554
1.43

Rafiuddin et al. 2016
housing_area*housing_growth
Spatial Planning of Karawang 2011-2031
Rafiuddin et al. 2016; RTRW 2011-2031
industrial_area*industrial_growth
Spatial Planning of Karawang 2011-2031
Rafiuddin et al. 2016
forest_area*forest_shrink_rate
Rafiuddin et al. 2016
Rafiuddin et al. 2016
agriculture_area*agriculture_land_shrink_rate
Rafiuddin et al. 2016

ha
ha
%

18,748
103
0.55

Rafiuddin et al. 2016
aquaculture_area*aquaculture_growth
Rafiuddin et al. 2016

ha

25,756

ha
ha

191,864
191,864

available_land(housing_area+industrial_area+aquaculture_area+agri
culture_area+forest_area)
Rafiuddin et al. 2016
housing_area+industrial_area+aquaculture_area+agric
ulture_area+forest_area+other_area
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The existence of water, energy, and food
(WEF) is critical for people to fulfil their basic
needs, to achieve welfare, and to support
the Sustainable Development Goals (SDGs).
The WEF security topic is becoming widely
discussed in developing and developed
countries. Major components of WEF security
i.e. availability, accessibility, and quality
should be achieved integratedly to avoid
unexpected impacts. The interconnectedness
among endogenous and exogenous variables
such as environmental, socio-economic, and
political factors makes this issue immensely
complex. The nexus approach attempts to
integrate management and governance
across sectors and scales to improve WEF

security. This study aims to grasp WEF
security in a local context and evaluate the
implications of planned local interventions
by developing a conceptual and quantitative
analysis with local stakeholders. Karawang
Regency in Indonesia is chosen as the case
study. Several strategies for WEF-related
sectors are formulated using location quotient
(LQ) and competitive position (CP) methods.
In addition, qualitative and quantitative system
dynamics models are established by involving
related stakeholders through group model
building. Finally, a nexus-based framework
for WEF security is developed to assist local
policymakers in doing the evaluation and
planning of WEF resources in the region.

