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Abstract
The strain on water resources is escalating owing to burgeoning global population, globalization
and climate change; all of which acts synergistically to impel the urgency of sustainable water
resource management. With limited landmasses, which do not allow for extensive surface water
bodies or for large underground water storage, water scarcity and stress is more profound for
small island developing states (SIDS). Bequia Island exhibits many features common to small
coastal communities that reflect their fragile and challenged water sector. Bequia has no surface
water reserves, limited groundwater resources and a climatic regime which results in seasonal
water shortages and drought like conditions. The island rely almost exclusively on rainwater
harvesting, however, increasing intensity and frequency of this drought like condition acts as an
impediment to the continued utilization of rainwater as the primary source of supply. The
diminutive size of Bequia means that sustainable socio-economic development and water
resources are interdependent, further highlighting the exigent need to identify early feasible
water augmentation strategies.
Conforming to the ideologies of integrated water resource management, this study develops a
methodological framework to select a feasible water augmentation strategy for Bequia, and one that
can be applicable to the context of various small islands. The research first employed multi-

criteria decision making with emphasis on the Analytic Hierarchy Process (AHP) as a
prioritization model to rank a set of non-conventional sources such as submarine pipelines,
desalination, dual distribution system and a government cistern project, under the evaluation
criteria of economic expediency, social acceptance, environmental integrity, reliability and
technical propensity. The preferred alternative was then subjected to an economic assessment
where the financial viability was evaluated by calculating the levelized water cost (LWC) to test
the competitiveness of the water resource. Finally, the research maps the social desirability of the
community through a survey by eliciting the likelihood of success of different strategies as well
as society’s ideologies of criteria selection for selecting a water project.
The environment has been credited a very high value in project selection for Bequia. In the AHP
analysis, stakeholders awarded the environmental criterion precedence with a weighing of 37.4%
while 30% the community specified their preference for this criterion, second to the economic
iv
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criterion of only 41%. Desalination was selected as the most suitable alternative to augment the
water supply from the AHP analysis, owing to its dominance in the reliability criterion, and as
74% of the community conveyed support for desalination, the chance of success for this strategy
is improved. A calculated LWC of US $2.87 per cubic meter indicates that this strategy can be
cost competitive. Further economic assessment indicates that there are additional benefits to be
derived such as: improved access to water resulting in improvement in water related socioeconomic standards and sufficient availability for consumption. Although desalination is widely
accepted among the community, careful consideration must be given in implementing this cost
and energy demanding strategy given the history of self-supply water on the island. The prospect
of mitigating water scarcity and its socio-economic challenges by venture of a water market is
realistic for Bequia as 58% of the community articulated their support for a regulated water
supply network.

Keywords: AHP, Climate change, Desalination, Integrated water resource management, Multicriteria decision making, Small island developing states, Water scarcity.
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Chinese Abstract
由於新興繁榮的全球人口，全球化運動和氣候變化現象對水資源的壓
力不斷上升；並且由於以上所有協同增效作用，更加推動了永續性水資源管
理的緊迫性。小島嶼發展中國家（SIDS）的有限陸地上缺乏豐富的地表水體
或大型地下水層，水資源短缺和壓力是更加嚴峻的。
貝基亞島具有共同的特色的小型沿海社區，反映出他們的脆弱和具有
挑戰的水務部門。貝基亞島沒有地表儲水，僅有有限的地下水資源和易導致
季節性缺水和乾旱般情況的氣候系統；因而島內幾乎是完全是依賴集雨的。
然而，像這樣越來越強的乾旱強度和頻率增加形成了持續利用雨水作為供應
的主要來源的阻礙。貝基亞島礙於面積狹小，也意味著社會經濟的可持續發
展和水資源是相互依賴生存的，因而更進一步地突顯出及早確定可行的水資
源策略的迫切需要。因此，為了符合水資源綜合管理的思想，本研究發展一
種方法架構來為貝基亞島選擇一個可行的水資源供水策略，其同時也可以適
用於各種小島嶼的環境中。
本研究首次採用層級分析法（AHP）的多準則決策，根據經濟的權宜計
算，社會的接受度，環境的完整性，可靠性和技術傾向的評價標準之下，做
出一個優先次序模型來排名一套非傳統的供水來源；如：海底管道，海水淡
化，雙管線制度和政府蓄水池計畫等。 至於偏好的選擇必須受到經濟的評
估；在評估中，通過平準化水成本（LWC）的計算以測試水資源的競爭力，
給予財政上的可行性進行了評估。最後，用此研究，透過一個利用不同策略
的可行性調查,以及選擇水資源計畫的社會意識形態標準，以對應整體社會
的期望。
在貝基亞島的預期選擇中，環境已被評計為一個非常高的價值。在層級
分析法(AHP)中，利益相關者同意以環保優先標準的比重已達 37.4%；而社群
中也有 30%以此為偏好標準，僅次於只有 41%的以經濟標準為主。海水淡化
從層級分析法(AHP)被選定為增加供水的最合適的選擇，是由於它的可靠性
標準中的主導地位，並因為 74％的社會群眾轉達了對他們對海水淡化的支
持，這一策略的成功機會大為改善。計算每一立方米 2.87 美元的平準化水
成本(LWC)，這種策略可說是具有成本競爭力。至於更進一步的經濟評估結
iii

果則表明，還有額外的好處可以得到；如：整體供水改善的結果也改善了與
水有關的社會經濟標準和提供充足的消費使用。
雖然海水淡化已被社會廣泛接受，面對島上的自給自足的供水歷史，我們仍
必須給予認真的考量如何實施成本和能源策略。對於貝基亞島而言，有 58％
的社群明確的表示對於供水網規劃管理的支持，以緩解未來水資源短缺和水
資源市場風險的社會經濟挑戰，都是存在於現實的，

關鍵詞：
層次分析法，氣候變化，海水淡化，水資源綜合管理，多準則決策，小島嶼
發展中國家，缺水問題。
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Chapter 1 Introduction

1.1 Background on water resources and water development
The Earth surface has abundant resources of water, but the amount that is easily accessible for
sustaining human life is minute by comparison. In principle, the amount that is accessible is
sufficient to meet human needs but the problem is its spatial and temporal distribution is
uneven – a decisive factor for water scarcity. The pressure on water resources is intensifying due
to the combined effects of land use change, climate change and population growth. Increasing
water demand, at more than twice the rate of population increase (UN-Water, 2007), for
economic development and societal ambitions further exacerbates the problem. Resultantly,
many international organizations have established that water scarcity is among the main
problems to be faced by many societies and the World in the 21st century.
With the awareness of growing water scarcity and the knowledge that water development
projects have unintended social and environmental consequences, it is becoming increasingly
inefficient to manage water as previously done in the past - sectorial management. Consequently,
a holistic approach which stimulates an integrated water resources management (IWRM) is being
promoted to nurture a sustainable water future. As a result, water resource management now
focuses on incorporating social, economic and environmental dimensions. The inclusion of these
dimensions in water resource planning and decision making has thus served as a test bed for
many of the methods and tools developed to analyze costs and benefits. These traditional tools
such as cost benefit analysis (CBA) and cost effectiveness analysis (CEA) are constrained to
revealing only the economic efficiency of projects. Indeed, water resources problems with their
endemic externalities necessitate techniques that are capable of accommodating the multidimensional aspects of a problem such as Multi-criteria Decision Making (MCDM) techniques.
MCDM defines a collection of a wide variety of sophisticated methodological tools which
provides a sound theoretical framework to structure and model the decision-making process.
MCDM provides a flexible way to deal with both qualitative and quantitative multi-dimensional
effects of a given problem, where conflicting and incommensurable criteria exist. Thus, it is
ideally suited for the evaluation of water augmentation strategies where there exist competing
1

alternatives and consideration must be given to the criteria for human development projects:
social, environmental and economic along with reliability of the water system and technical
workability. Furthermore, global doctrines on sustainable development (SD) emphasize
stakeholder’s participation as a tenet of environmentally responsible development. Resultantly,
the need to include these key informants in the decision making of water planning complicates
the procedure further; a situation that MCDM can accommodate.
One of the most widely used MCDM technique employed in water resource planning and
management is the Analytical Hierarchy Process (AHP). This technique has the versatility to
accommodate the many facets of a problem, by use of a decision tree which decomposes the
problem into sub-problems. Furthermore, recognizing that all organizations ultimately use CBA,
it has been suggested that a decision support system which includes a data structure to monitor
the effectiveness of a decision, through the use of AHP, CBA analysis, and statistical analyses is
an efficient strategy to employ in important decision modeling (Kengpol and O’Brien, 2001).
With regards augmentation strategies, the AHP can be used to prioritize options, CBA or CEA
can be employed to assess the financial viability and the statistical analysis can be used to
investigate society’s desirability – a prerequisite for success.

1.2 Small Island Developing States with special focus on the Caribbean
Small Island Developing States (SIDS) are islands or low-lying coastal communities that are
small in terms of population, physical area, and/or size of the economy. The United Nations has
classified 51 countries as SIDS; 23 are located in Latin America and the Caribbean, 22 are in
Asia and the Pacific, and 6 in Africa. Although these islands are classed together, there still
exists a common denominator which distinguishes among the islands. There are high income
countries such as Aruba, the Bahamas and the United States Virgin Islands, while there are lowincome countries such as Haiti, Maldives and the Solomon Islands (Abeyratne, 1999). Despite
this distinction, these islands tend to share similar SD challenges.
SIDS faces a greater risk of marginalization from the global economy that renders them less
competitive than many other developing countries. A short list of factors contributing to this
2

problem, extracted from the Barbados Programme of Action1 (BPOA) include: small land size
with growing populations, remoteness and fragile environments. Resulting from the small land
size; there is limited space in a competing world of usage, a narrow range of resources, problems
of high population density - which increases the pressure on the already limited resources - and
high dependency on imports such as fossil fuels and food. Isolation and remoteness of the islands
place them at a disadvantage economically and prevent economies of scale. The economy is
tested and weakened as many of the islands rely heavily on international trade which is
compounded by high transportation expenses. Overuse of resources aimed at economic
expansion, and vulnerability to natural disasters places a binding strain on the environment and
this increases the fragility of the islands’ economy. In the context of this research, increasing
water scarcity is a fast growing concern for many SIDS as it relates to natural resources.
Another area of concern for many small islands is the weak and limited institutional capacities
and inefficient decision making processes. Many SIDS are faced with the formidable challenge of
identifying and implementing strategies towards the goal of SD under the circumstances of lack of
reliable and readily available data and information, especially on the environment (Alcaraz & Perch,
2003; BPOA, 1994). This is especially the case in the developing Caribbean (Alcaraz & Perch, 2003)
where the central tendency of government is to apply a top-down approach in decision making.
Alcaraz & Perch (2003) further highlighted that there is an urgent need to create mechanisms for
strategic decision making, including stakeholders’ inclusion, in the developing Caribbean for the
long-term management of environmental resources if the goal of SD is to ever be achieved.

1.2.1 Water resources and vulnerability to Climate Change
Given the amount of water accessible to humans, the amount available to SIDS is underscored
resulting in a fragile water sector. By deﬁnition, SIDS has limited landmasses which do not
allow for extensive surface water bodies or for large underground sources of water. Compounded
with factors such as poor management, saline intrusion, high population density, pollution of
water resources and an expanding tourism industry, water scarcity is a near term and eminent
1

In 1994, a Global Conference on the SD of SIDS held in Barbados conducted by the United Nations resulted in the
BPOA, which is a policy document that both: comprehensively addresses the economic, environmental, and social
developmental vulnerabilities facing islands; and outlines a strategy that seeks to mitigate those vulnerabilities. In
September 2002, the World Summit on Sustainable Development (Johannesburg, South Africa), in its Plan of
Implementation (para.55) acknowledge and approved the BPOA, requesting the United Nations General Assembly
at its 57th session to consider convening a new international meeting on the Sustainable Development of SIDS.

3

threat for many SIDS (Mimura, et al., 2007). Changes in economic strategies and a growing per
capita use of freshwater further aggravate the challenges (BPOA, 1994). Furthermore, sustained
urban water supply and sanitation systems are restricted by a lack of human, institutional and
financial resources (CEHI, 2007). Martin (2002) also highlighted that for the Caribbean region,
low levels of awareness about water resource problems among the public, which in turn results in
a lack of commitment among decision makers contributes to water related problems. To further
compound the problem, climate change, climate variability and rising sea levels are issues of
grave concern, especially as most islands rely entirely on a single source of water supply.
Compared to other SIDS on a per capita basis, the Caribbean region has the least water available;
13.3% and 1.7% of that available in the Indian Ocean and South Pacific SIDS respectively
(CEHI, 2007). For example, the island of Barbados2 has been classified by the World Health
Organization as being in the top ten most arid countries in the world. In addition, Haiti, the
Bahamas and Antigua and Barbuda are below the 1700 m3 per capita per year Falkenmark 3
indicator of water stress (Mejia, 2008). Countries such as the Dominican Republic and Trinidad
and Tobago mingles about the 2500 m3 benchmark of vulnerability (as indicated by UN-Water,
2007) (Mejia, 2008); see Figure 1.1. Years of unsustainable management has left many islands
with a fragmented water industry and as conditions are worsening, the region’s water sector has
been the recipient of a lot of attention in an effort to quickly minimize the potential consequences.
The future prospect of the water sector for the developing Caribbean appears to be laced with
many challenges. It is anticipated that climate change will cause increases in temperature
resulting in rise in sea levels for this region leading to more saltwater intrusions into the already
limited aquifers (Mimura, et al., 2007; Bueno, et al., 2008). In addition, the increase in sea levels
may shift the water tables to the surface, causing evapotranspiration and eventually diminishing
this resource (Mimura, et al., 2007). While the popular press has focused on the threat of
inundation of the island’s coastal areas by rising sea levels, perhaps the most critical near- and
long-term threat to these nations is the possible impacts of climate change on freshwater quality
2

An island in the Eastern Caribbean, located 109 miles east of SVG.
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The Falkenmark indicator is a common and widely used metric of water scarcity. It proposes that a threshold of
1700 m3 per capita per year to characterize water stress at the country level. It has been criticized however because it
does not take into consideration the actual consumption of the people in an area, nor the efficiency of water use. In
addition, proponents against this indicator argue that the threshold is region dependent.
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and availability. It is expected that the Caribbean will experience more frequent droughts and
many of these islands would be exposed to severe water stress (Mimura, et al., 2007; Bueno, et
al., 2008). In fact, the Caribbean analysis of data from the late 1950s to 2000 has shown that the
number of very warm days and nights is increasing dramatically and the number of very cool
days and nights are decreasing, while the extreme inter-annual temperature range is decreasing
(Tompkins, et al., 2005). The Caribbean Sea has warmed by 1.5ºC over the last century and there
is a trend towards an overall decrease in precipitation, with prolonged dry spells having occurred
over the last few decades (Tompkins, et al., 2005). This phenomenon will have a profound effect
on the long-term sustainable socio-economic development of the islands. Additionally, smaller
islands of these island States are even more susceptible to the water issues previously described.

Figure 1.1: Fresh water availability for some Caribbean countries (m3 per capita)
Source: Data compiled from Mejia (2008) and World Bank (2009)

1.3 Scope and objectives
Bequia is a Grenadine island of the island State Saint Vincent and the Grenadines (SVG) where
fresh water resources are very limited and delicate. Characterize by low annual rainfall that is
heightened during the dry season, no surface water for development and saltwater intrusion into
limited aquifers, the island is under severe water stress (Joslyn, 2007; Durrant, et al., 2008). With
the primary source of water supply being rainwater harvesting, residents are placed under severe
strain to manage the gap between demand and supply under the circumstances of seasonal water
shortages. It is reported that water consumption decreases by 35 % (CWSA, 2005) during the dry
5

season which amounts to approximately four months of severe water stress (Durrant, et al., 2008).
This yearly water issue is becoming more problematic as there is an observable increase in
intensity and frequency of drought conditions for the island (Durrant, et al., 2008; Joslyn, 2007).
Against a background of increasing demand for potable water, a need to improve the socioeconomic conditions and an expanding tourism industry, reliance on this mode of water supply is
challenged in the context of climate variability and climate change. Thus, there is a need to
identify early feasible solutions to augment the water supply.
The main objective of this research is to select a feasible water source to augment the water
supply in Bequia by means of a holistic approach which is promoted by IWRM. Given the
limited water options for the island, and assuming that all available water resources have been
utilized to the maximum and efficiently, this research draws on non-conventional sources such as
water transportation pipelines, desalination, dual distribution system and a government cistern
project as possible sources. The research employs an integrated approach in selecting this
alternative. In particular, the research uses three approaches in an attempt to fulfill the objective:
•

Prioritize the options by means of assessment from a group of important stakeholders’ in
SVG. In this vein, the AHP multi-criteria decision making technique is employed as the
prioritization model.

•

To evaluate the economic feasibility of the preferred option. The financial viability is
assessed by means of cost competiveness by determining the levelized water cost based
on a set on empirical cost equations for the water source.

•

Model the social desirability of the water resource. Ultimately social acceptance is a
precondition for augmentation strategies success. Hence, a statistical approach is
employed to gain insight as to the community preferences, rationale and concerns and to
identifying recommendations that can be made to increase acceptance.

The outcome of this research is to develop a methodological framework that will provide
decision making support applicable to selecting augmentation strategies for SIDS. In addition,
the findings would gauge the chance of success of augmenting strategies should a reticulated
water supply network be constructed for the island of Bequia.

6

Chapter 2 Literature Review

Awareness of growing water scarcity has led to increasing interest in global modeling of water
resources, both in terms of supply and demand, with the aim of developing and implementing
appropriate water resources infrastructure and management strategies. These models aim at
incorporating socio-economic and environmental changes as scenarios in the water related
processes; a situation that can lead to complex decision making. The literature in this section is
geared towards discussing the models which captures the attributes of decision making for the
utilization and valuing of water resources. The literature is divided into four sections: the
evolution of decision modeling of water resources, Multi-criteria Decision Making (MCDM) –
with special attention to the Analytic Hierarchy Process (AHP), the economics of water
resources and social modeling of water resources.

2.1 Decision modeling of water resources
Decision making concerning environmental projects and natural resources management are
usually complex, primarily because of the inherent trade-offs between socio-political,
environmental, ecological, and economic factors. Water is a natural resource that is: multifunctional, threatened, a source of competition and conflict and an economic good. Consequently,
proper management, protection and exploitation of water resources impose a challenge to many
decision makers and engineers. Approaches to solving water related issues have thus migrated
from traditional curative solutions to an integrated approach because of the potential economic
and environmental repercussion and social impacts and influences.
Traditional solutions of water resource planning is (was) typically sector-oriented focusing on
satisfying the perceived demands within each sector, and the tools usually employed to aid in the
decision making process have often relied on the sole criterion of cost by conducting Cost
Effectiveness Analysis (CEA) and Cost Benefit Analysis (CBA). In fact, water resource planning
lead to the development of the CBA technique in the 1930s in the United States to determine the
benefits and costs of all water resource projects, regardless of who the benefit or cost could be
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attributed to (Turner, 2006). CBA and CEA techniques set out to measure and compare the total
costs and benefits of different projects that are competing for resources by means of a market
approach, the approval of which is hinged on monetary gain. These techniques therefore allow
decision makers to determine the optimal project based on economic efficiency. However, in the
dynamics of an evolving environment and in the context of sustainable development (SD),
optimal management of resources based entirely on a uni-dimensional criterion is insufficient,
and other criteria such as environmental sustainability and social influences are being considered
in the determination of projects viability. The inclusion of these other criteria escalates the
complexity of the decision making process and tools such as CBA and CEA are often too
simplistic to indicate the ‘best’ alternative, as they capture only the economic dimension.
The integrated approach towards solving water related issues attempts to take a cross-sectorial
and interdisciplinary approach incorporating the three pillars of SD: social, economic and
environmental. “Integrated Water Resources Management (IWRM) is a process, which promotes
coordinated development and management of water, land and related resources, in order to
maximize the resultant economic and social welfare in an equitable manner without
compromising the sustainability of vital ecosystem” (Calizaya, et al., 2010). Resultantly,
strategic management of water resources often involves competing objectives and multiple,
usually conflicting, criteria some of which cannot be easily condensed into a monetary value, and
this limits the effectiveness and ability of common decision making techniques. Therefore,
attaining optimal benefits of water resources necessitates a holistic approach if the goal of SD is
to be received. There is a growing consensus among decision analyst and policy makers that a
transition towards optimum decision modeling of water and other natural resources can be
achieved by using a set of techniques known as MCDM (DETR , 2009; Garfi, et al., 2011; Jaber
& Mohsen, 2001; Rossi, et al., 2005).
The theory of MCDM conforms to internationally accepted principles of IWRM and SD; “it
allows decision makers to integrate a full range of environmental, social and economic aspects
into the design of sustainable strategies and planning, in order to increase the contribution of the
environment and natural resources to improving socio-economic standards” (Garfi, et al., 2011).
MCDM techniques are accommodating to both qualitative and quantitative data and it does not
necessarily rely on monetary valuations or tangible factors. Resultantly, it is often seen as a
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technique that can complement CEA and CBA (DETR , 2009; Qureshi, et al., 1999). Another
important feature of MCDM is that it provides a comprehensive framework for formal
involvement of stakeholders in water resource management. Until recently, decision making was
conferred to only ‘experts’, but the realization of public participation and support as a tenet of
environmentally responsible development has demanded the inclusion of parties with vested
interest.

2.2 Multi criteria decision making
Proper understanding and governance of water resources is a precondition for solving water
related issues, such as those of providing clean water supply in municipalities. Selection of
appropriate water sources for augmentation projects requires transparency into answering
question such as: what will the total demand for water be in the coming decades? How much
supplies will there still be? What technical options for supply and water productivity exist to
close the water gap? What resources are needed to implement them? Will the general public
support the project? And can the project fulfill its designed purpose while still providing
economic and environmental health? These questions related to the selection of an alternative
water supply in the presence of multiple criteria are thus ideally suited for MCDM techniques.

2.2.1 Multi criteria analysis
Multi criteria analysis (MCA) is characterized by the need to evaluate a finite set of alternatives
with respect to multiple criteria. MCDM draws upon knowledge from many theoretical areas
resulting in its use as a strategic decision making tool diversifying into many practical fields over
the recent decades. To highlight a few of particular interest for this research; Garfi, et al. (2011),
Qureshi, et al. (1999) and Munda, et al. (1994) discuss the significance of using this technique in
complex environmental issues; Dalalah, et al. (2010) and Al-Harbi (2001) illustrates the
effectiveness of this technique in project management; Salgado, et al. (2009), Rossi, et al. (2005)
and Jaber & Mohsen (2001) highlights the efficiency of this methodology in water resources
planning and management. Its application has also been extended to finance, agriculture,
geographic information system (GIS) and energy planning and management. Regardless of the
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field, MCDM provides a flexible way to deal with both qualitative and quantitative multidimensional effects of a given problem, where conflicting and incommensurable criteria exist.
MCDM defines a collection of a wide variety of sophisticated methodological tools that provides
a sound theoretical framework to structure and model the decision-making process. Although the
data is not limited to quantitative information, quantitative analysis is often executed through
scoring, weighting and ranking. Applicable to all stages of decision making and all kind of
impacts, the analysis relies on the exercise of experts and stakeholders judgments.

MCA

therefore improve the effectiveness of decision making by harmonizing efforts of several
stakeholders with diverse opinions and motivations (Garfi, et al., 2011; Gamper & Turcanu,
2007). By using MCA, the subjective judgments of each stakeholder make a distinct contribution
to the overall preference and conclusion. Therefore, this methodology contributes to the
minimization of subjectivity in policy or project decisions and produces more objective results
(Rossi, et al., 2005; Salgado, et al., 2009). Rossi, et al. (2005) further acknowledges that this
technique has the versatility for guiding a transition towards SD as it aids with actual
implementation of integrated evaluation of social, economic and environmental aspects. Other
strengths and some identified weaknesses of using MCA are presented in Table 2.1.
An interesting attribute of MCA is that it does not necessitate a solution to a problem (Salgado,
et al., 2009). Instead, it can either better inform decision makers to a set of attributes
complicating the problem and the possible solutions (Salgado, et al., 2009) or depending on the
type of decision problem, rank a set of possible options on the basis of a set of evaluation criteria
(Garfi, et al., 2011). The former description implies that MCA provides insights into the nature
of conflict of allocation of resources among stakeholders (Qureshi, et al., 1999) while providing
information about the trade-offs among different alternatives (Rossi, et al., 2005). The latter
approach effectively mitigates the complexity of the problem. By ranking a set of possible
options, the solution becomes more apparent as rejection of lower ranks promotes the more
promising solutions, which can then be further analyzed to achieve the optimal solution by
further MCA or complimenting with CEA and CBA techniques. In the context of this research,
the latter approach is taken as it allows for recommendations to choose one alternative to the
defined problem.
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Table 2.1: Strengths and weakness of employing MCDM techniques in decision making

Strengths of MCA
Openness to divergent values and opinions
Capability to tackle qualitative, quantitative and
intangible data

Weakness of MCA
Technical complexity- elicitation of
parameters
Choice of stakeholders and timing of
participation

Learning process, stimulates discussion and
brings a common understanding of the problem

Difficult inter-comparison of case studies

Conflict resolution; aids in achieving a
compromise

Potentially time consuming process

Supports a broad stakeholder participation

Experts' reluctance to share their
knowledge/power

Helps legitimize decision makers’ behavior

Decision makers may prefer exemplary
decisions

Preferences revealed in a more direct and
practical way
Source: Gamper & Turcanu (2007)

Information bias from certain stakeholder
groups to strengthen their power

2.2.2 MCDM technique adopted for this research
The wide applicability of the MCDM model has led to the development of a large number of
different MCDM techniques, each with its own merits and demerits, and in numerous cases
many applicable to the same decision problem, a situation seen as either a strength or weakness
(Figueira, et al., 2005; DETR , 2009; Hajkowicz & Higgins, 2008). However, this large portfolio
of MCDM techniques has not limited the employment or effectiveness of this decision model in
real-world decision problems.

For example, in the United States (US) MCA is implicitly

required for water resource planning (Gamper & Turcanu, 2007) while in the United Kingdom
(UK) it is used explicitly for the appraisal of transport projects and proposals (DETR , 2009).
Each MCDM method has certain inherent strength and weakness, own procedure of selecting
and organizing criteria and own technique of computing weights, scores and ranking. Hajkowicz
& Collins (2007) reviewed some of the most commonly used MCDM techniques employed for
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water resource planning and management, with the most commonly used techniques in order
being fuzzy set analysis, compromise programming (CP), the analytic hierarchy process (AHP),
ELimination and Choice Expressing REality (ELECTRE) and Preference Ranking Organization
Method for Enrichment of Evaluations (PROMETHEE). The study also highlighted that from
some of the comparative studies conducted, different MCA methods are in close agreement and
there is no clear methodological advantage to any single technique.
In selecting the MCA technique for this research, close attention was paid to the characteristic of
the problem: the nature of the problem, the features of the study area, the options available for
the study area, the type of data needed and available, and the feasibility of stakeholder’s
participation in the specific method. After reviewing the characteristics of the most commonly
used aforementioned MCDM methods employed in water studies, the AHP method was selected
for this research because of the following advantages:


The simplistic nature. AHP is a relatively simple method to collect data as it relies on
pairwise comparison that is engaging and the analysis procedure is fairly straightforward.



The capability to work with both qualitative and quantitative data. This therefore enriches
the decision making process, especially for developing countries where accurate, reliable
and timely data is often deficient (Garfi, et al., 2011).



Usefulness for both individual and group decision making. Group decision making is
particularly important for strategic assessment of projects viability and hence this
research, since multiple stakeholders with diverse expertise and motivations are directly
involved in the assessment thus promoting a more holistic and sustainable result.



As described by Garfi, et al. (2011), AHP analysis is transparent to participants, resulting
in more objective results as it accommodates intuitive evaluation by participants.



It is impartial toward specialized skills or knowledge (Grandzol, 2005).



Practicality. It can be applied to nearly any aspect related to evaluation of alternatives and
the decision making process.
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2.3 Analytic Hierarchy Process (AHP)
2.3.1 Basic characteristics and background
The AHP is a structured technique for organizing and analyzing complex decisions. Based
mainly on mathematical principles, it is one of the most widely used MCA techniques in a
diverse portfolio of fields, which can be considered as a measure of success, because of the
previously noted characteristics. AHP has also been used in combination with other tools. For
instance, Kengpol and O’Brien (2001) suggested a decision support tool that includes a data
structure to monitor the effectiveness of a decision, through the use of AHP, CBA, and statistical
analyses. This is on account of the observation that all organizations ultimately use CBA, but
none of them use this analysis in order to analyze the impact of the project before or after the
target date (Kengpol & O’Brien, 2001). It has also been used in unison with GIS for siting water
harvesting reservoirs (Jabr & El-Awar, 2004).
Although AHP has been widely accepted and utilized, it has provoked resistance from some
decision analysts (DETR , 2009; Holder, 1990). The main criticism levied against AHP is the
‘rank reversal’ phenomenon caused by the addition or deletion of an alternative. This addition or
removal of an alternative can result in the changing (reversing) of the ranking between two
alternatives. This fallacy questions the theoretical basis of the AHP as it is regarded as
inconsistent with rational evaluation of options. Consequently, in an effort to preserve this
methodology and the benefits it contributes to the list of MCDM techniques, research has been
targeted towards addressing this problem (Saaty & Sagir, 2009; Wang & Elhag, 2006). Other
concerns voiced by scholars regarding the explicit use of AHP include: the 1-9 scale used for
comparisons and assignment of weights and scores - which is labeled as being illogica1 and
lacking theoretical foundation; the lack of empirical validation; and the possibility of internal
inconsistency – resulting from the limited 1-9 scale (DETR , 2009; Holder, 1990; Al-Harbi,
2001).
These doubts however have not been sufficient to deter the wide application of AHP in resolving
real life problems in countries around the world. Li (2008) highlights some of these applications
in countries such as Sudan – cotton allocation to different sectors, US - education, Israel – sports
and UK- selecting operating systems (see also DETR , 2009 & Gamper & Turcanu, 2007).
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2.3.2 Application of the AHP in water resources planning and management
Water resource planning and management have different avenues of which decision makers must
satisfactorily deal with a number of fundamental concerns. Basic needs of the population of the
region involved must be considered and fulﬁlled. The carrying capacity of supporting water
systems must not be exceeded. Essential natural resources and environment must be maintained
and conserved. This difficulty of efﬁciently fulﬁlling the water requirements of society under
sustainable water resources management have permitted the use of the AHP technique to be
adopted in many of these avenues, a selection of applications shown in Table 2.2.
Table 2.2: Some applications of AHP in water resource planning and management

Water
application
field

Country

Comments

4-level AHP structure is applied to examine 24 water
Beijing,
policies to solve the water shortage crisis in Beijing.
Policy and
Under the evaluation of 8 criteria and 8 sub-criteria, the
management China
main outcome was to construct Zhangfang reservoir.
3-level AHP structure to select the best nonJordan,
Water
conventional water resource to alleviate the severity of
augmentation Southwest
water scarcity. Subject to 5 evaluation criteria,
Asia
strategy
desalination was the preference over three other options

Decision
support for
IWRM

Bolivia

Source

(Mei, et
al.,
1989)
(Jaber &
Mohsen,
2001)

To identify the best strategy for conflict resolution in
the Lake Poopo basin under assessment of economic,
social and environmental criteria. Evaluated by 8 (Calizay
organizations, education and training programs a, et al.,
followed by formation of local water management 2010)
organization was identified as the most effective
instruments.

The AHP and other MCDM techniques has also been applied to water management fields such
as catchment management, groundwater planning, water allocation, water quality management
and marine management (Hajkowicz & Collins, 2007). This technique is thus well suited for the
scope of this research.
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2.3.3 AHP axioms
The AHP employs four basic principles for problem solving: construction of a decision hierarchy
tree; collection of decision maker’s judgments by conducting pairwise comparisons; hierarchical
synthesis - prioritization of elements; and performing consistency check.

The decision hierarchy tree and selection of criteria
The underlying feature of the AHP is the construction of a decision hierarchy tree. The hierarchy
tree decomposes the decision problem into its constituent parts, usually into more easily
comprehendible sub-problems (criteria), each of which can be analyzed independently and
methodically. AHP arranges the alternatives and criterion into several levels of a tree-structured
hierarchy system as shown in Figure 2.1. At the topmost level, the goal is specified, at the second
level and other intermediate levels all the criteria - parameters or objective measures of the goal are listed, while the bottom level presents all the decision options.

Figure 2.1: AHP structure

Arranging all the components in a hierarchy has some distinct advantages. It provides an overall
view of the complex relationships and helps the decision maker to assess whether the elements in
each level are of the same magnitude so that they can be compared accurately. The use of levels
does not necessitate the relationship of elements in a given level or all the elements of the level
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directly below, therefore allowing the use of tangible or intangible factors (Saaty, 2008).
Evidently, AHP provides a comprehensive and rational framework for structuring a decision
problem, for representing and quantifying its elements, for relating those elements to overall
goals, and for evaluating alternative solutions.

Comparative judgment
Pairwise comparison is used to collect stakeholder’s preferences at each level of the hierarchy,
which can be envisaged as a trade-off of important aspects relative to the goal. Here, decision
makers analytically evaluate elements by comparing them to one another two at a time, with
respect to their impact on an element above them in the hierarchy. These comparisons capture
the relative significance of all the elements in the hierarchy. In general, the comparison takes the
form: How important is one element when compared to the other with respect to a common
element in the hierarchy. The judgment of the comparison by the stakeholder may arise from
concrete quantitative data of the elements or subjective judgments about the elements' relative
meaning and importance. Thus, the usage of human judgments to reflect relative importance
incorporates reasoning strategies in the decision making process, ultimately leading to an
improved decision making process (Rossi, et al., 2005; Garfi, et al., 2011).
Saaty (1980) established a linear scaling method of quantifying pairwise comparisons. Although
not restricted to, the most commonly used numerical values in the pairwise comparisons, and
hence utilized in this research, is Saaty’s 9 point scale. This scale, shown in Table 2.3 with the
relative meanings, is used to numerically codify decision maker’s verbal judgments or
preferences. It owns the advantage of allowing the decision maker to incorporate subjectivity,
experience and knowledge in an intuitive and natural way (DETR , 2009; Li, 2008). Additionally,
the scale allows the rational comparison of incommensurable elements.
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Table 2.3: Saaty nine-point fundamental scale

Intensity of
importance
1

Definition

Explanation

Equal importance

Two activities contribute equally to the
objective
Experience and judgment moderately favor one
activity over another
Experience and judgment strongly favor one
activity over another
An activity is strongly favored and its
dominance demonstrated in practice
The evidence favoring one activity over another
is of the highest possible order of affirmation

3

Moderate importance

5

Strong importance

7

Very strong importance

9

Extreme importance

Intermediate values
between the two adjacent When comprise is needed
judgments
If activity i has one of the above numbers assigned to it when compared
Reciprocals
with activity j, then j has the reciprocal value when compared to i
Source: Saaty (1990)
2, 4, 6,8

Matrices are often employed in the AHP methodology to secure each decision maker judgments
of importance for every level of the hierarchy formed from the pairwise comparison. As
described by Saaty (1990) and Li (2008), this matrix has two special characteristics. First, the
diagonal of the matrix will always be equal to one as any element compared to itself for a
common element will always rank equally. Thus, it is only necessary to make
comparisons for a matrix of order n. And secondly, the matrix is a positive reciprocal matrix. By
this means, for any n x n matrix say A, with entry aij - the decision maker judgments, aij =
for all i, j = 1, 2,..., n. Thus, a typical AHP pairwise matrix, takes the form:
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Saaty (1980) further established that the matrix A is theoretically consistent. Although the proof
is beyond the scope of this research, Satty (1980, 1990) theorizes that A satisfies two necessary
conditions leading to this premise: A is reciprocal and the principal eigenvalue4 (λ) of A is equal
to n, the order of A. First, the reciprocal axiom of the AHP ensures that perturbations of a ratio
scale are themselves reciprocal. The second axiom, referred to as the homogeneity axiom, states
that any two elements being compared should not have a large difference on the order of
magnitude. This increases accuracy whilst decreasing any chance of inconsistencies. Thus for
cases of inconsistencies, as in practice, the homogeneity axiom ensures that the perturbations
would be small and increases the validity of the results by sanctioning a consistency check.

Hierarchical synthesis
This refers to the establishment of priorities by synthesizing the result of the pairwise
comparison. Synthesis must be performed for all matrices developed in the pair-wise comparison
stage and the procedure involves the determination of weights, determining the local
priorities/scores and finally the determination of the global priorities for the alternatives. In
general therefore, the overall preference scores for each option Ai, and hence the order of ranking,
is obtained by the simple weighted summation indicated by the following relationship:

where: n - number of criteria, wj - weight for each criterion and sij = the preference score for
alternative i on criterion j.
Many methods for estimating the priority values from the pairwise comparison judgment matrix
have been proposed which can be divided in two groups: the eigenvalue approach and methods
minimizing the distance between the user-defined matrix and the nearest consistent matrix.
(Ishizaka & Lusti, 2006; Bajwa, et al., 2008). From these, the two most commonly used methods
in the literature are: the right principal eigenvector method and the geometric mean method.

4

In matrix theory, eigenvalues are a set of scalars that preserves the identity of the matrix, say A. In general,
eigenvalues are associated with eigenvectors, say x; the non-zero vectors such that Ax = λx. So λ is an eigenvalue of
A if and only if det (λIn – A) = 0.
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Saaty (1980, 1990) established that the normalized right principal eigenvector for each matrix
becomes the desired vector of priorities for that matrix. It is calculated with the following
mathematical expression:
Aw = λmaxw

(2)

where: A is the pairwise comparison matrix, λmax is the maximum eigenvalue of A and w is an
eigenvector of A, and hence the desired priorities.
Accordingly, this approach will always yield a unique priority vector. Even in cases where the
elements of the matrix are slightly perturbed on account of the subjective assessment, this
approach is still suited for the determination of priorities because slight variations in a consistent
matrix imply slight variations of the eigenvector and the eigenvalue (Ishizaka & Lusti, 2006).
Additionally, employing this procedure provides a means of measuring the deviation from
consistency, and thus the determination of ‘acceptable errors’ for human judgments. The main
criticism surrounding the eigenvalue/eigenvector method is that despite being descriptive, the
AHP is based on a normative interpretation of the human experience and as such the
mathematics itself are made to reflect human thinking process (Holder, 1990).
The geometric mean method provides another means of estimating priorities from the
comparison matrices. There are several characteristics of this method that makes it appealing: the
statistical procedure is theoretically justified (DETR , 2009), it is easier to calculate and it gives
rise to estimates of utility with known statistical properties allowing statistical tests (Bajwa, et al.,
2008). In this approach, the priorities (wi) are given by the geometric mean which minimizes the
logarithmic error (Ishizaka & Lusti, 2006). Here, the geometric mean of the elements of the rows
of a pairwise comparison matrix is determined by the formula:

There are several other methods of obtaining priorities, such as the least squares and the
weighted least squares, with no clear exhibit of absolute superiority of one method over another
(Ishizaka & Lusti, 2006). With reference to the two previously described approaches, Saaty
(1990) perceives that the geometric mean method as an approach to eigenvector only in cases of
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little inconsistences, which is difficult to foresee. Additionally the eigenvector method has a
consistency test in AHP method, but the geometric method does not. On the other hand, Barzilai
(1997) establish that the geometric mean is the better method for deriving weights from pairwise
comparisons because it nullifies the rank reversal issue, it is independent of orders of operations
and it preserves the strong algebraic structure of the problem. Nevertheless, there are numerous
illustrations in the literature (DETR , 2009; Ishizaka & Lusti, 2006; Bajwa, et al., 2008) in which
the results vary only slightly in the two previously described approaches.

Logical consistency
Another key aspect of the AHP is the ability to perform consistency check of the judgments
made by decision makers. Undeniably, practical pairwise comparison will inevitably lead to
inconsistencies or poor judgments in the decision making process. Consequently, the AHP
provides a consistency test to determine the degree of inconsistency in the decision maker’s
judgments. The Consistency Ratio (CR) is a measure of inconsistency in judgment which is
dependent on the Consistency Index (CI) given by the relationship:

where:

, is a representation of the deviation from consistency and RI is the average

Random Index based on the matrix size as shown in Table 2.4.
Thus, Saaty (1980, 1990) established that decision makers should not expect perfect consistency
but a percentage of inconsistency that is considered acceptable or tolerable in the expression of
personal preferences. These inconsistencies are tolerable if the CR is less than 10% or within
close limits.
Table 2.4: The Random Index

Size of matrix, n

1

2

3

4

5

6

7

8

9

10

Random index, RI 0.00 0.00 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.49
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2.3.4 Group decision making and the AHP
The resolution of problems, especially for communal services such as water augmentation
strategies, often necessitates the involvement of several decision makers and other stakeholders.
Although this undoubtedly has many positive attributes, it can complicate the problem further as
individual members often have their own motivations and insights. Thus, effective techniques for
involving all stakeholders allowing for meaningful participation are imperative for tailoring
sustainable solutions to water problems. Group AHP analysis is one effective technique that
captures individual insights and preferences from several stakeholders and merges these opinions
to formulate a final decision.
In group AHP analysis, the aggregation of individual judgments (AIJ) is one approach towards
achieving a group valuation in decision making (Escobar & Moreno-Jiménez, 2007). In the AIJ
procedure, a new pairwise comparison judgment matrix for the group is obtained by aggregating
the individual judgments for all participants. In this scenario, individual identities and priorities
are lost with every stage of aggregation (Escobar & Moreno-Jiménez, 2007). To illustrate the
principle of this approach, consider a group of r decision makers and let A be the pairwise
comparison matrix of the k-th decision maker, where Ak = aijk (k = 1,…,r) is obtained by
comparing n elements (i, j = 1,..,n). Then the entries of the pairwise comparison group matrix,
AG = aijG, is achieved by using the geometric mean relationship:

2.4 Economic evaluation of water resources
Until very recently, water has been looked upon in a fragmented manner. The increasing pressure
placed on this vital resource in a mature water economy has demanded that more attention be
paid to the way society view and threat water, and perhaps more importantly, the value we place
on water. This was sanctioned more formally with the declaration of the Dublin Water Principles
in 1992 claiming ‘‘water as an economic good’’. This aimed to mitigate the issue of water
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supply being a basic need whilst also protecting it as a scarce resource, that is, global water
resources are to be protected in the interest of SD. Therefore, water is to be treated as an
environmental resource and consideration must be made about its impact on the surroundings.
This allowed for a transparent path to distinguish between the economic feasibility of water
projects and the financial viability.
Financial feasibility is based on the ability of individuals and/or investors to pay the costs
associated with the project. The financial evaluation of municipal water supply from an
investor’s standpoint is often executed by determining benefits and cost on a monetary scale,
which entails the use of tools such as CBA and CEA. The appeal of CBA is that by monetizing
the benefits, it is possible to compare and/or aggregate many different categories of benefits with
one another and with the costs of the project under appraisal. Hence, CBA recommends choosing
the alternative with the largest net benefits. On the other hand, CEA seeks to find the best
alternative that minimizes the costs of achieving a desired result; often employed when the
objectives have been identified and the only remaining inquiry is to find the least cost-option of
arriving at these objectives. The employment of these techniques in water governance is widely
accepted and demonstrated throughout academic literatures.
Financial feasibility can also be viewed from a water user perspective, which should reflect the
affordability for the users. The unit cost of supply, levelized cost of water (LWC), is usually a
good indicator to assess user’s standpoint (Piper, 2009). According to Piper (2009), “if water
users have the financial resources to pay the full cost of a project, including construction and
operation and maintenance (O&M) costs, then the project could be considered financially
feasible”. Additionally, the determination of LWC can be regarded as a positive step for the
modeling of sustainable water supply system because it is a basic measure of cost effectiveness
and competitiveness (Fane, et al., 2007). In the context of this research, the LWC is used as a
basis for gauging the financial viability of water projects.
Economic valuation of water services extends beyond financial appraisals and considers the
trade-offs involved in: the allocation of water resources between competing wants, the
environment and other socio-economic activity. With regards to municipal water supply, an
analysis of economic feasibility evaluates the value of a water supply to society and answers the
question: “do the benefits of improved municipal exceed the costs of the improvements?” (Piper,
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2009). In this regard, the economic value of water not only covers the common numeracies of
money but its value also needs to be commensurable in terms of place, form and time. Rogers, et
al. (2002) further reasoned that the value of water should go beyond the tariff of matching the
costs of supply, but should also capture the external costs and be compared to all the derived
benefits for a comprehensive economic assessment. The relationship is displayed in Figure 2.2.

Figure 2.2: The economics of water resources
Source: Rogers, et al. (2002)

Estimation of the economic feasibility of municipal water supply is more difficult than an
internal financial cost. Beyond the engineering cost, the estimation of other cost factors shown in
Figure 2.2 is often complex task due to its nature of non-market (Piper, 2009). Additionally,
benefits are harder to identify and measure than cost because of their non-monetized nature
(Piper, 2009). Further complicating this avenue is attributing a value to long term benefits in
light of dwindling water resources. However, the absence of an explicit market for some
benefits and cost is by no means and indication that they have a zero value.
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2.5 Social modeling of water resources
Awareness of increasing water scarcity has driven efforts to model the social dimensions of
water resources for improved insight into water resources infrastructure and management. Global
drivers such as climatic changes and poverty, health, equity and gender outlined by the Dublin
Water principles, as well as localized factors such as: population pressures, religion, aesthetic,
law, politics and lifestyles, can complicate strategies aimed at alleviating water supply stress.
Consequently, designing and managing water systems for human needs must divert from
technical and engineering solutions towards an integrated approach that also considers a social
development perspective. This means understanding factors such as attitude, perception and
willingness that would mediate the transition of supporting augmentation strategies and
responding flexibly towards the users concerns.
Water has had a significant influence on the cultural development of many societies and has
shaped individual, as well as collective, patterns of perceptions, values and behaviors (Burmil, et
al., 1999; Loucks & Beek, 2005). Therefore, implementing change to the traditional methods of
securing and utilizing water for many communities would inevitably present a social challenge,
even though it documented that the earth’s hydrologic cycle and available water resources is
changing. Uncertainties surrounding climate change only compound the problem, especially for
smaller populations. Therefore, discovering the demands and cultural propensity of the local
community of which the augmentation strategy is to be instigated will help in moderating the
difficult transition and amplifying the chance of success (WELL, 1998; Dolnicar & Hurlimann,
2010).
When water augmentation projects are introduced, it is not only the technical solutions or
economic feasibility that determines whether their implementation will be successful or not.
Success also depends on the acceptance of the water augmentation project in the community and
as posited by Hurlimann, et al. (2009), history has shown that the adoption of alternative water
sources to address water scarcity has succumbed to the strength of public willingness to support
and accept. For instance, Eid (2009) discusses how several domestic use water infrastructure
failed in some water deficit communities in Cameroon due to lack of support, owing to the water
supply systems not corresponding to the village’s tradition. This clearly demonstrates that
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augmentation strategies must be integrated in the local context, even in the most extreme water
scarcity cases, to ensure the project’s sustainability. Decision makers must be cognizant of the
public perception about alternative water sources and must therefore involve the social
dimension in mapping successful sustainable water augmentation projects (WELL, 1998;
Hurlimann, et al., 2009).
The focus of research regarding the acceptance of non-traditional water resources for
augmentation purposes mainly surrounds large scale recycled wastewater systems and
desalination (Dolnicar & Hurlimann, 2010), a smaller body surrounding post-implementation
research (Hurlimann, et al., 2009), and an even smaller amount concerning SIDS. It is well
established by many authors that the use of sources such as storm water, grey water - household
wastewater treatment systems and dual distribution systems to name a few, can be potential
augmentation strategies (Dolnicar & Hurlimann, 2010; Hurlimann, et al., 2009; Raucher &
Cotruvo, 2004). These authors also highlight the lack of extensive research into these strategies,
while stay paying attention to the conventional strategies of desalination and recycled wastewater.
However, it must be noted that the research executed by these authors were intended for
developed nations and as such still reflect the knowledge gap for SIDS.
Several factors have been identified as prime movers governing social acceptance of alternative
water supply; socio-demographic factors such as income and education; knowledge and
awareness; population pressure that is, social norms; marketing interventions and attitudes
(Loucks & Beek, 2005; Hurlimann, et al., 2009). Although factors such as age and especially
women have been highlighted as strategies to promote IWRM by the Dublin Water Principles,
some literature suggest that these factors does not significantly affect household’s willingness to
pay for improved water services (Dolnicar, et al., 2011; Whittington, et al., 1990). Both
quantitative and qualitative market research methods can be conducted to gain insight into
community attitudes and key issues regarding augmentation strategies. Many empirical studies
have sought to measure the factors affecting public acceptance of non-traditional water sources
as supplemental water sources (Dolnicar, et al., 2011; Dolnicar & Hurlimann, 2010). These
studies use econometric methods to investigate the relationship between the level of acceptance
and how influential the factors are. So far to knowledge, no research has targeted public
acceptance of a reticulated water supply from its traditional means of self-supply.
25

Chapter 3 Background of Study Area

3.1 Physiography and demographics
Saint Vincent and the Grenadines (SVG) is an archipelago of 34 islands and cays, which lie at
the southern end of the eastern border of the Caribbean Sea that intersects with the Atlantic
Ocean (see Figure 3.1). With a total territorial area of 389 square-kilometers (km2), the region
experiences a tropical climate with little seasonal temperature variation and a distinct dry and
wet season. The population growth rate for SVG is 0.8% per annum and is reported to have the
highest population density in the Eastern Caribbean of 293 persons per km2 (CIA, 2012). In SVG
the top contenders of highest income generator is the service and light manufacturing industry
accounting for 67% and 25% of the Gross Domestic Product (GDP) respectively (CIA, 2012).
The GDP per capita is estimated at US$11,700 in 2011 (CIA, 2012).
Although geographically close, there are distinctive physiographical features and hydrological
and climatic regimes between St. Vincent the ‘mainland’, and the extended Islands of the
Grenadines. St. Vincent (344 km2) is predominantly volcanic in origin. The volcanic nature of St.
Vincent is revealed by its characteristic mountainous terrain with a plethora of ridges and spurs
and peaks rising to its highest point at La Soufriere volcano with a height of 4048 foot (1234 m).
This mountainous topography with dense tropical forest has a well-defined system of watersheds
through the island’s landscape.
In stark contrast, the Grenadines extending 96 km to the south of St. Vincent has much gentler
relief, a semi-arid appearance, no rivers or stream and a much drier climate. There are eight
inhabited Grenadine island of which Bequia the largest dependency unveils special
physiographic and socio-economic features that characterize SIDS. Bequia is a low-lying coralbased island with an extremely small land mass, 18 km2, and it is located 15 km from the capital
of St. Vincent situated at 13o N and 61o14’W (see Figure 3.1). Majority of the population of only
4800 is confined within coastal areas. The economy is based heavily on sectors that are water
related such as tourism (40 %), agriculture and aquaculture (17 %) and construction (16 %)
(CWSA, 2005). The average size per household is 4.4 persons earning an average household
income of EC $2660/month (≈ US$1003) (CWSA, 2005).
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The temperature across Bequia varies only a few degrees over the year; the mean annual
temperature varies from 23o C (70 0 F) to 32o C (92 0 F). The rainy season, running from June to
November, is often characterized by periodic rain showers such that it is hard to distinguish from
the dry season and above the average ‘dry spells in the rainy season’ than most Caribbean Islands
(Joslyn, 2007; Durrant, et al., 2008). In addition, the dry season is often plagued with significant
reduction in rainfall amounts, further exposing the abnormal drier climate than St. Vincent.

Figure 3.1 : Map of St. Vincent and the Grenadines.
Source: http://www.hopebayestate.com/location.

3.2 Water resources
The small landmass of the island of Bequia makes it extremely susceptible to water challenges.
First, the small area limits the orographic influences that are responsible for heavy rainfall
amounts over many Caribbean islands, resulting in marked spatial variation in rainfall pattern.
For instance, the average annual rainfall for the island is approximately 1000 millimeter (mm)
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where records amount as low as 460 mm have occurred (Simmons & Associates Inc, 2000). This
is in striking contrast to the precipitation on mainland St. Vincent where the average annual
rainfall ranges from 1700 mm at the coast to about 7000 mm in the dense forest, averaging 5100
mm per year (Simmons & Associates Inc, 2000). Furthermore, during the dry season which
extends from December to May, precipitation decreases significantly where the monthly average
rainfall is often less than 40 mm (Simmons & Associates Inc, 2000). This rainfall pattern gives
rise to arid conditions experienced throughout the Grenadines, and extended dry periods and
drought5 conditions are not uncommon (Durrant, et al., 2008).
Additionally, the small landmass of the island limits its physical availability of freshwater
reserves. The island’s freshwater resources exist only as groundwater in aquifers as there are no
rivers or streams and springs are almost non-existent. In fact, the only significant aquifer deposits
on the island exist in the alluvial and colluvial units which represent only 10% of the surface area
(BCEOM, 2009). The use of these aquifers as a potential reliable water supply is curtailed due to
their limited horizontal extent and the risk of salt water intrusion owing to their close proximity
to the sea (BCEOM, 2009). For any region, anthropogenic activities pose a major constraint to
the use and reliability of groundwater as a potential water resource. Joslyn (2007) identified
some localized pollution point sources as septic tanks–untreated sewage, runoff from animal
feedlots and hotels waste discharges. These factors restricting the potential use of the
groundwater resources is intensified by the fact that the services of the main water body on
mainland St. Vincent, the Central Water and Sewage Authority (CWSA)6, does not extended to
the water resources on the island of Bequia, resulting in poor management or protection for these
scarce resources.
Some of the limited water in the underground aquifers previously discussed has already been
tapped into in the form of boreholes and dug wells. There exist forty dug wells (public and
private) on the island, with average water depth ranging from 1 – 9 meters. However, only 32%
(12) of these wells yield freshwater (BCEOM, 2009). Similarly, there are five operational
boreholes on the island (3 recently dug in 2008 for monitoring purposes) with water depth

5

The definition for drought is arbitrary and region specific since precipitation is highly variable from region to
region. Drought definitions can be conceptual or operational, but the literatures used in this section have attributed
metrological drought and socio-economic drought to the island of Bequia.
6
CWSA only extends its service in waste collection on the island. There is no other water governing body in SVG.
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ranging from 4-14 meters, and only two yielding freshwater (BCEOM, 2009). Of the wells and
boreholes that yield freshwater, it cannot inferred that they are all sufficient at providing large
scale potable water as they have to battle with over exploitation, slow replenishment from
precipitation and contamination. Furthermore, some of these sources are privately owned
constraining its potential island wide use.

3.3 Water issues and socio-economic challenges
With limited fresh water resources and a general low annual rainfall, in an unconventional
manner, the primary source of water supply for all domestic needs on the island of Bequia is
almost exclusively rainwater water harvesting. Rainwater is harvested by the use of underground
cistern, rooftop tanks or a combination of both where monetary resources are available.
Resultantly, an adequate water supply is highly dependent on the timely arrival of the rainy
season, the activity of the hurricane season, the dynamic weather system and adequate tanking
size. Clearly, the success of this mode of water supply is threatened as the first three
aforementioned factors are at the disposal of nature’s forehand. Consequently, severe strain is
place on the only controllable factor, adequate tanking size to attempt to meet demand.
Sizing of the cisterns is done arbitrarily as the central government does not mandate any design
plans for the tank to be included in housing/building plans subject to approval by the Housing
and Planning department of SVG before construction begins. Furthermore, so far to knowledge,
the government does not provide any guidelines for optimal tanking for the Grenadines.
Consequently, this can result in cases where cisterns are oversized resulting in unnecessary
mortgage burdens, or undersized creating inadequate water supply. Clearly, for a community that
is highly dependent on rainfall that is already plagued by natural weather challenges and lack of
water reserves, the lack of instructive optimal tanking size by the government contributes to the
water stresses of this island.
There exist a few public supply catchments on the island of Bequia. These catchments are mainly
used to supply water to public buildings such as schools and government buildings. Their main
intent is not for domestic use. Even in these cases, its use as an effective water supply source is
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constrained because of limited storage capacity, poor maintenance, poor water quality and
possible contamination as the water is not chlorinated (Joslyn, 2007). As there is no public water
supply network on the island, residents and businesses’ including hotels are forced to retreat to
other methods of obtaining water especially in cases of extreme water shortages.
In the residential sector, public wells described above provide 13% of the water requirements.
However, its effectiveness at being a reliable source of water supply especially during water
shortage times has been unsuccessful as 92.5% of the Bequia community cannot access this
water (Joslyn, 2007). It is also not uncommon for residents to resort to other residents for water,
which usually provides up to 10% of the requirement in less extreme cases of water stress
(CWSA, 2005). Furthermore, water is also obtained by purchase from either private water
distributors who buy water from the mainland St. Vincent and transport them via water tanks by
boat or from private desalination plants owned by hotels. For instance, on the island of Canouan7
it is common for residents to purchase desalinated water to help supplement their harvested
rainwater. The CWSA also embark in water distribution via transport from the mainland during
extreme water shortages.
Characterized by low annual rainfall that is heightened during the dry season, sometimes
reaching as low as 25 mm per month, extreme dry conditions or drought like conditions are not
uncommon for the island of Bequia. The island experiences seasonal water shortages that amount
to approximately 3 to 4 months of water stress (Durrant, et al., 2008). This yearly water issue is
becoming more problematic as there is observable increases in intensity and frequency of these
conditions, and the island is now labeled as being extremely water stressed (Durrant, et al., 2008;
Joslyn, 2007). Table 3.1 presents some of the more severe water shortage periods over the last
decade for SVG. A noteworthy observation from the table is that Bequia is not the only affected
island. The mainland St. Vincent is oftentimes subjected to similar pressure and given that it is
sometimes used to provide water during water shortage, this jeopardizes the reliance on the
mainland to adequately supply water in times of need. In addition, the table indicates only the
more severe cases, recorded cases, of drought for SVG. It does not reflect the less extreme cases
that have been known to affect the island.

7

Canouan is another Grenadine island lying approximately 25 miles (40 km) south of St. Vincent.
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Table 3.1: Extreme water scarcity cases for Bequia from 2001 – 2010

Period (year)
2009 – 2010*

Severity
Severe to extreme
drought.
Lasted ≈ 6 months

Comments
Period of extreme water deficit.
Observed reduction in stream flow on mainland
St. Vincent; water rationing prevalent. Little
water for Grenadines.
Intense dry period widespread throughout the
entire Caribbean region. Drought alerts were
enacted for the Eastern Caribbean, including
SVG.

2006

Severe dry period

Very intense dry period for the Grenadines.

Lasted ≈ 5 ½ months

Severe water shortage on St. Vincent; water
rationing prevalent

2005

Meteorological drought
Lasted ≈ 3 ½ months

Short period thus intensity was less pronounced.
Only Grenadines affected.

2003*

Dry season was very
pronounced

Extended dry season with extreme reduction in
rainfall.

2001

Long period of intense
drought.

Severe water shortages in the Grenadines
Noticeable reduction in stream flow on St.
Vincent; water rationing prevalent with little to
no surplus water for the Grenadines.

Source: Durrant, et al. (2008) and *Direct correspondence with SVG meteorological office (2010)

Bequia is also prescribed to suffer the vagaries of climate change (Durrant, et al., 2008; Joslyn,
2007). In fact, many of the near term impacts are arguably already being experienced and these
will be further exacerbated by the future climate scenario (Durrant, et al., 2008; Joslyn, 2007).
The island is experiencing higher temperatures, observed damage in local coral reefs and more
severe drier climate resulting in a decrease in rainfall activity and an increase in the number of
dry days (Joslyn, 2007). In the long term, sea-level rise is an area of major concern for this low31

lying island as it threatens the already limited groundwater aquifers. In general, Bequia is
extremely susceptible to climate change induced water reduction, and this would be a major
impediment to the continued utilization of rainwater harvesting as the main mode of water
supply.
The island of Bequia also displays two features that are known to be challenges in many SIDS in
the water sector. First, due to its geographic isolation from the mainland, the island has suffered
from relatively low-keyed attention from the central government as water issues are not (were
not) considered a high priority (CEHI, 2007). This is evident by the severe damages done to
some of the limited groundwater resources present. Joslyn (2007) noted that many of the
irreversible damage observed resulted from anthropogenic activities including overexploitation.
Some of this can be attributed to the fact, as previously noted, that there is no management of
water resources on the island as the CWSA does not extend its services to the Grenadines in the
water sector.
And secondly, the island has a low socio-economic status (SES) (CWSA, 2005). Measurements
of SES have varied over the last century and from region to region. Traditionally, SES is
measured under the criteria of occupation, monthly household income and education. However,
it is now being accepted that a person’s “well-being” can be a surrogate to measurement of SES
(WELL, 1998). This is emphasized by global doctrines such as the Millennium Development
Goals. In the context of water, factors such as: water shortage, access to clean drinking water,
water borne diseases and water quality are all indicators of a region’s SES. Some countries also
use household durables as measurements of SES. In 2005, the government of SVG and the
CWSA sanctioned a project to measure the SES of Bequia, under some of the factors given
above. Table 3.2 highlights some of the main findings of the study as it relates to this research. In
general, the absences of piped water for houses and for purposes such as sanitation are indicators
of low SES. In addition the water used by residents is of questionable quality as they have to
resort to their own means of purification.
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Table 3.2: Some water related socio-economic challenges for the island of Bequia

Factors

Findings

Daily per capita consumption of
water
Rainy season
Dry season
Piped water to dwelling
of which do not have toilet
facilities with flushing

24 gallons*
15.6 gallons
60 % of
households
30 %

of which do not have a bath or
shower with running water

28%

of which uses booster pumps

41%

Remarks
Water scarcity in dry season has a major
influence on the consumption behavior. Reduce
by 35%.

Most homes are still equipped with outside
latrines. Even for those homes with flushing
facilities, it is common for residents to resort to
latrines during dry season.

Some households with piped water still suffer
low pressure flow due to lack of pumps. The
booster pumps are very energy demanding.

Source: CWSA (2005). * Refers to US gallons

The high dependency on rainfall significantly increases the vulnerability of the island of Bequia
and its residents to water related pressures. Future changes in the distribution of rainfall, that is,
less rainfall coupled with accelerated sea-level rise further compounds this threat. Lower rainfall
typically leads to a reduction in the amount of water that can be physically harvested and a
slower rate of recharge of the scarce freshwater lens on the island, which can result in prolonged
drought impacts. In addition, consideration must be paid to the need of supplying water for
improving the SES of the Bequia community. In that context, sound long-term management
strategies for the water industry are imperative for the sustainable development of Bequia and its
residents. Given that there is no surface water for development, all strategies need to take into
account the possible constraints to the water supply from the implication of climate change. Such
strategies must integrate: the economics of water, the environment, social preferences and
customs and a holistic approach to water supply development and management.
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Chapter 4 Methodology

A secure, reliable supply of water requires the selection, prioritization and delivery of
infrastructure in a cost-effective and timely fashion. It is crucial that water infrastructure
planning processes and the associated governance lead to the identification and delivery of
effective, economical and efficient solutions. Most water resources models focus explicitly on
water systems and represent socio-economic and the environment as external drivers. As water
sources are decreasing and the threat of climate change omnipresent, water systems are
becoming more complex and densely intertwined with the human social environment. As such,
models that reflect the social, economic and environmental dimensions of water systems are vital
for mapping a sustainable water future.
This research developed an integrated approach to determine an alternative to augment the water
supply for the study area, and one that can be utilized in the small island context. The approach
integrates four models; a prioritization model for ranking a set of feasible alternatives; an
economic model for assessing the economic feasibility; a social model for mapping the
community willingness to support; and an environmental model for identifying potential adverse
environmental effects and risk of the using the water supply source. The model and hence the
steps undertaken in the research methodology is depicted in Figure 4.1. In essence, the model is
tested by using the alternative that ranks first in the prioritization model. The research employs
the AHP methodology as the prioritization model as it mirrors a decision support system8, thus, it
serves as a means of promoting IWRM for SIDS. The environmental model is based on a
literature review and is entwined with the economic model for this research. Hence, discussions
regarding

the

environmental

externalities

reserved for Chapter 5

of

using

the

preferred

alternative

are
.

8

The normative approach is to consider a decision support system (DSS) as a computer-based information system
that supports organizational decision making activities. By this definition, AHP is not a DSS as it is a theory of
prioritizing and ranking. Although the software Expert Choice simulates a DSS, it still implements the basic
principles of the AHP and some disregard it as a DSS. However, as AHP allows the interaction of several
stakeholders and aids in the compilation of useful information, other author regards the technique as in integrated
DSS.
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Select feasible water
augmentation strategy

Prioritization model for ranking
water resource alternatives
Access water demand
and plant capacity

No
Economic Viability
Literature
Review

Data

Yes
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Strategies for improvement

Social Modeling

Environmental Model
Identification of environmental
externalities & risk
 Strategies to minimize impacts

Attitude &
perception

Willingness to
pay/accept/
support

No

Final scenario and recommendation

Figure 4.1: An integrated model for selecting a water augmentation strategy

 Education
 Public awareness
 Benefits

4.1 Prioritization model
The AHP methodology was employed to rank a set of alternatives to augment the water supply
for the island of Bequia, based on several stakeholders’ judgments. The structural steps
employed in using this technique in this research methodology are depicted in Figure 4.2.

Problem and
Goal Definition
Evaluation
Criteria

Constraints

Construction of
decision matrix

Identification of
Alternatives
Stakeholder’s
preferences
Decision
Analysis

Sensitivity
Analysis

Recommendation
(prioritizing)

Systematic guide for
decision making

Figure 4.2: Steps of AHP methodology

36

4.1.1 Design of AHP model for case study
The development of the AHP model for this research constitutes the processes of; problem
definition; identification of feasible alternatives, sustainable criteria and stakeholders; and
construction of the decision matrix. Each of these is subsequently discussed. In all cases, the
development was achieved through rigorous literature review.

Problem and Goal definition
Much would not be deliberated here about the problem as it was thoroughly discussed in Chapter
3. This sub-section therefore serves as a means of reiterating and making a formal problem/goal
statement for the study area. The goal/problem definition is one of (if not) the most crucial step
in the decision making process as its frame determines what solution, and the validity of the
solution obtained. As noted by the Albert Einstein “the formulation of the problem is often more
essential than its solution” and by Charles Kettering “a problem well defined is half solved”.
Therefore, reviewing the discussion presented in Chapter 3, the problem and goal adopted for
this study is:
Bequia is a small water stressed island with no surface water for development, limited
groundwater to exploit, low socio-economic status and extremely vulnerable to climate
change induced water reduction. Select a feasible augmentation strategy to ensure a safe
and reliable water supply at an acceptable cost and in an environmentally sensitive
manner for the benefit of the present and future generations.

Identification of Feasible Alternatives
Solutions to manage shortfalls between water availability and demand can be categorized into
two approaches: increasing supply and decreasing demand. Supply side solutions may be either
small-scale decentralized approaches such as, informal reuse of water and household level
wastewater treatment systems or larger scale centralized solutions such as wastewater recycling
systems and desalination plants. On the other hand, demand-side solutions include initiatives
such as increasing efficiency of appliances - water-saving household appliances such as using
low flush toilets and low flow shower heads, and water use restrictions. This research adopts the
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former. Identification of alternatives for supplementing the water supply is very site specific, and
careful consideration was maintained in choosing the alternatives for the study area.
In selecting the alternatives, much emphasis was placed on its adaptability and suitability to the
small surface area, history of successful implementation in other Caribbean islands, cultural
acceptability by small communities and effectiveness of the alternative technology. The lists of
alternatives subjected to these requirements were selected from the “sourcebook of alternative
technologies for freshwater augmentation in SIDS and Latin America and the Caribbean”
(UNEP-IETC, 1998 a,b). Infeasible options were deleted (screened out) from further
consideration upon failure to meet the above requirements. The list of alternatives used in this
study is presented in Table 4.1, and as can be observe, each alternative has its characteristic
advantage and disadvantage.
Table 4.1: Water augmentation strategies

Alternative

Brief Description

Strength


Desalinated
seawater

Removal of salt and
other minerals from
saline water





Construction of large
Government storage reservoirs. Can
cistern
be decentralized and
project
developed in each
community or a large
centralized option





Relative mature
technology.
Can be used to provide
a yearly round supply
of freshwater.
Can be a very reliable
means of securing
water.
Low O&M cost.
Medium to high capital
cost.
Not very technically
demanding.
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Weakness








Very high operating and
maintenance (O&M)
cost and capital
investment.
Can result in high water
tariff rates.

Vulnerable to climate
variability and climate
change.
Questionable reliability



Submarine
pipelines

*

Dual
distribution
system

Business as
usual

Incurs minimal
 Investigation, design,
and construction of
operational costs if
pipelines require highlyproperly designed.
specialized engineering
 No special operational
inputs and costs.
requirements.
 Susceptible to damage
However, periodic
due to heavy seas and
inspection must be
tidal flow.
performed to maintain
 Can only be used where
integrity of the system.
conditions are suitable.
 Can be a relatively
reliable means of
providing water.
 Use of lesser quality
 Can result in high
Two water supply
waters for non-potable
operating and
distribution systems,
purposes reduces the
maintenance costs
consisting of one fresh
use of limited
especially in cases
water system for
freshwater resources
where sea water is used
potable use, and
for such purposes.
as the non-potable
another for non-potable  O&M resembles that of
system
normal
piped
uses.
 Risks of cross
reticulation system.
connections.
 Can be easily
 There is also a risk of
integrated with homes
misuse, especially by
that already have a
children.
piped water supply.
‘In status quo’. Although not a direct solution to the problem, this alternative was
retain to aid in maintaining a level of consistency in the comparison. It’s result
(ranking) can also be used as an indirect measure of the decision makers value to the
problem and consistency as it would be up to the decision makers to eliminate
(lowest ranking) this alternative (Al-Harbi, 2001).
Bequia is
approximately 15 km
from mainland St.
Vincent thus pipelines
can be installed
underwater and used to
import water

Source: UNEP-IETC (1998 a,b). *It is proposed that the government take the initiative to
conduct this project and provide the non-potable water to avoid a fragmented supply system that
may occur if developers are allowed to individually invest in and service their developments.
Selection of sustainable criteria
The criteria are the performance measure of the goal. Each criterion represents an attribute that
complicates the problem while still portraying a desirable attribute of the goal. According to
DETR (2009), the evaluation criteria should exhibit the following qualities:
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Able to discriminate among the alternatives and to support the comparison of the
performance of the alternatives.



Completeness – complete to satisfy or aid in solving the problem statement. Criteria
should reflect all major category of performance and capture all the key aspects of the
issue and goal.



Operationality - each option can be judged against each criterion. The criteria can
accommodate both objective and subjective assessment.



Non-redundancy - irrelevant criteria or those judged to be duplicates should be removed.

Using these guidelines, the problem of choosing the best water source to augment the water
supply in Bequia was evaluated using five criteria given in Table 4.2. Clearly, using these basic
categories provides a complete and objective evaluation. It can also be observed that these
categories are general but they provide a full representation of the reality of water augmentation
strategies as well as the perspective of SD. Although each category can be further broken down
into sub-criteria, sub-criteria were intentionally omitted for several reasons in this research.

Table 4.2: Performance measures

Criteria
Economic cost
Technical
Factor
Social Factor

Remarks
This is a reflection of the investment cost and operation and maintenance cost.
System must be economically viable to both producer and consumer
Consideration of technological options, design features and operation and
maintenance requirements. A reflection of technical workability.
Social acceptance – community acceptance. This is a parameter that can hinder
any augmentation strategy proposed.

Reliability

This criterion accounts for the water available to meet current and projected
demands and the ability of the system to deliver the water when and where it is
needed. It is simply a reflection of the dependability of the water resource
considering past and present information and future predictions

Environmental
Impact

Natural resource protection
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First, as previously noted, there is an urgent need to re-address the approach to decision making
in the Caribbean to methods that offer inclusion of stakeholders, and methods that offer a holistic
assessment in project evaluation to encourage sustainable practices of natural resources (Alcaraz
& Perch, 2003). By virtue of this observation, it was hypothesized that MCA (and AHP) was an
uncommon technique employed by many SIDS in project appraisal. Thus, in an effort to procure
more accurate and reliable results, the number of criteria was kept as minimal as possible so as
not to overwhelm the participants. The hypothesis was tested in Section 2 of the survey
distributed to the identified stakeholders as shown in Appendix A. Secondly; the model was
designed simple as a means of ensuring participation. It is well documented that the AHP though
simple requires meticulous assessment which can be extremely time consuming and tedious and
may present a daunting task for stakeholder’s exercise. Therefore, as a means of economizing the
analytical effort in assessing the data, the number of criteria modeled was design to immediately
capture stakeholder’s preferences. Another reason for generalizing the criteria results from the
proposed model shown in Figure 4.1. As can be observed, the AHP would first rank the
alternatives based on the set of criteria given, then the first option would be subjected to further
analysis before it can be judged viable.
Additionally, Latinopoulos (2007) cautioned about the trend of complicating MCDM models by
involving too many decision criteria because of the desire to generate fully integrated models
which can potentially leading to unreliable results. In addition, the lower the amount of criteria
included the less likely the chance of rank reversal and the inconsistency in the pairwise
assessment (Latinopoulos, 2007). Heeding this caution and considering that each option would
have distinct attributes that needs to be addressed, thereby contributing many variables to the
model should sub-criteria be considered, the researcher opted for a simplified model. In general,
the data collection method had to be easy to understand and implement while ensuring
confidence in the results. It could not be a time consuming elaborative process, taking into
consideration the busy schedule of stakeholders. It is worth noting that studies analogous to this
research - evaluation of water resources to augment the water supply – such as Jaber & Mohsen
(2001) and Sikder & Mashfiqus (2010) also utilized simplified model with a limited number of
criteria as done in this research. Perhaps this is a reflection of the difficulty of constructing subcriteria for the desired goal without prejudice towards any option
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4.1.2 Data Collection
In order to collect data, a survey was created and distributed to key informants/personnel across
SVG. The design and data acquisition is subsequently discussed.

Questionnaire Design
The questionnaire was designed in three parts: general information (Section 1), decision making
(Section 2) and AHP survey (Section 3). Appendix A shows a copy of the questionnaire. The
questions were designed as closed type.
Section 1 was designed to obtain information regarding the informant’s perception of the
severity of the water issue for the study area, as well as a means of testing the awareness of the
informants to the issue. Indeed, this would aid in the validity of the results.
Section 2 was constructed as a means of accessing decision maker’s awareness to the use of
decision support system and MCA in project appraisal and to seek information regarding the
most commonly used decision making technique. This section was used to test the researcher
hypothesis about the unfamiliarity of the technique employed, as previously noted.
Section 3 was designed to obtain information regarding stakeholder’s preferences about the
relevant importance of criteria and alternatives. It consists of the pairwise comparison, in tabular
form, needed for the attainment of weights and scores. Therefore, it is within this section
stakeholders expressed their preferences and judgment. An illustration was provided within the
section to make the instructions more lucid so as to secure more accurate and reliable results. In
addition, an accompanying sheet describing the relative meanings of each criterion and
alternative water options, previously presented, was provided for clarity. This was done to
promote consistency and thus as a means of securing accurate data by ensuring participants
meanings are sync.

Selection of participants and data acquisition
Increasingly it has been recognized that for any project to be truly sustainable a bottoms-up
approach to the decision making process is essential, at-least in the planning stage. The bottoms42

up approach encourages participation of different stakeholders (be it active involvement or
passive involvement) in the decision-making process, thereby enhancing the process and the
knowledge received and utilized as it captures a citizen-centric solution. Stakeholders are people,
groups, or institutions, which have a vested interest in the project because they are likely to be
affected and/or can affect the outcome of the project.
In the selection of participants for this research, efforts were made to strike a balance between
the types of stakeholders used. The survey population was confined to three target groups
identified as being suitable for creating a diversified but comprehensive range of opinions and
knowledge. The three major categories employed are:


Environmental Government Sector – this sector represents the Ministry of Environment in
SVG. This group represents important decision makers regarding the execution of projects
concerning natural resources in SVG, including officials required to undertake an
environmental impact assessment.

In addition, it is essentially the group that has the

potentiality and affiliation for sponsoring and establishing the project.


Experts – this group represent personnel with the technical aptitude for dealing with water
resources. It represents members from the only water organization in SVG, CWSA.



Private Sector – this group is a representation of non-governmental organization. It reflects
private researchers and citizen organizations. Here private researchers refer to climate
specialist and academic researchers. With regards to citizen organization, information was
received from the Bequia Tourism organization and Teachers Union.

In the data acquisition process, the person in charge (directors, managers and head engineers)
within each group was used to help identify persons to take part in the survey. After a list for
each group was compiled, the convenience sampling method was used to secure the final list of
respondents. Before this stage, it was deduced that a sample size of thirty five respondents would
be adequate for the research to embrace a wide range of opinions and knowledge, which was
successfully achieved. Figure 4.3 shows the breakdown of participants within each of the three
categories. As shown, majority of the survey respondents represent the expert group. It was
important to get a high amount of participation from this group because they are familiar with the
water resources, or lack thereof, in SVG, and would be the group to exercise research and
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ultimately manage any implemented water supply in Bequia. Government participation was also
credited high importance because they are the ones that can provide the institutional capacity.

Figure 4.3: Distribution of survey participants

Each respondent was subjected to in-person interview, the objective of which was to help
formally define or diagnose the problem, seek information of how the research – criteria and
water options – could have been improved and to explain the model and pairwise comparison for
their assessment. It was critical that the respondents accurately understood the ranking method
and the scale to be used to ensure that their views were being accurately reflected in the rankings.
The participants were then confirmed to the prepared questionnaire.

4.1.3 Analyzing the survey results
Upon collection of the data, the relative importance or priorities implied by each matrix was
extracted. This task was accomplished by employing the two techniques previously mentioned;
the left principal eigenvector method and the geometric mean method. Both methods were
employed as there seems to be no agreement in the scientific community over the “best” method.
It is expected that the deviation in priorities resulting from each method would be small (DETR ,
2009; Ishizaka & Lusti, 2006). The intent here was to improve the confidence of the results as
each method has a distinct advantage.
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The eigenvector approach
According to Saaty (1980, 1990), the principal eigenvector for each matrix, when normalized,
becomes the vector of priorities for that matrix. The determination of eigenvectors and
eigenvalue of a matrix can be a daunting task, especially for large amounts of options and criteria
and assessment that encompasses a large body of stakeholders, as it falls under the realm of
iterative methods. These methods work by repeatedly reﬁning approximations to the
eigenvectors or eigenvalues until a suitable degree of accuracy is obtained, usually until the
eigenvector solution does not change from the previous iteration. Resultantly, the software
Expert Choice was utilized for extracting the eigenvector and performing the consistency check.
Expert Choice is a decision support software that automates AHP computations for ease and
transparency into the decision making process. Developed in 1983 by Expert Choice Inc., the
software incorporates intuitive graphical user interfaces, automatic calculation of priorities and
inconsistencies and several ways to process a sensitivity analysis. Additionally, another attractive
feature of the software is the ease and convenience of generating group decisions through a
cohesive process by synthesizing individual judgments of all participants. The AHP
methodology and Expert Choice software has been used in many applied research problems. For
instance, Dalalah, et al. (2010) applied this technique and utilize this software to derive a model
for identifying the best crane type for use at construction sites. Li (2008) presented the ideologies
of the rank reversal properties of MCDM models with particular attention to the AHP
methodology, zooming into the many attributes of the Expert Choice software.
Decision modeling, ranking of alternatives, using Expert Choice was executed using five steps:
1. Structuring the decision model. The decision tree for the study area was designed by
entering the goal, criteria and alternatives.
2. Judgment assessment. Here the judgments from each stakeholder were entered. The
software offered several ways in which to enter these data of which the questionnaire
format was used. As shown in Figure 4.4, this is a reflection of the table format presented
to the participants. The priorities for each participant was calculated and displayed.
3. Consistency check. The software automates the calculation and displays the
inconsistencies of each participant; as discussed in Section 2.3.3. It was ensured that the
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consistency ratio (CR) was within the acceptable range of less than or equal to 10%. In
rare instances where the CR was slightly over 10% was the decision maker judgments
allowed. Ultimately, it is the consistency of the group decision matrix that is needed,
however, if the individual stakeholders have an acceptable inconsistency, then so will the
group (Escobar & Moreno-Jiménez, 2007). So this was viewed as a consistency pre-test.
4. Synthesizing. After the judgments from each stakeholder was entered, the individual
judgments were aggregated to a single group decision making result using the
‘Synthesize’ function of the program. This automatically merges all the judgments
entered in the model to single group decision priorities, and hence the ranking of the
alternatives based on all participant judgments. Here, the group CR was checked.
5. Conduct sensitivity analysis. Sensitivity analysis helps to identify how the different
weights assigned to each criterion could affect the outcome of the model. The general
purpose of the sensitivity analysis is to see how the ranking of the alternatives change
with respect to the importance of the criteria.

Figure 4.4: Expert Choice judgment entry of participants.
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The geometric mean approach
The establishment of priorities and hence the ranking of alternatives by means of the geometric
mean method was analyzed in Microsoft Excel. The analyzing process was fairly straightforward,
with the only drawback being the lengthy time taken to record each participant judgments
correctly. In this approach, each stakeholder judgment for each decision matrix, six in total, was
first recorded before the analysis began. The following steps summarize the calculation process:
1. Convert the individual matrices into a single group decision matrix for each assessment.
This was done by using the AIJ technique discussed in Section 2.3. In general, Equation
(5) was used to aggregate the matrices for the 35 respondents into a single group matrix.
2. Determination of weights. This refers to the relative importance of the criteria, resulting
from the comparison of the criteria with respect to each other. The weights for the
criteria group matrix were derived from the row geometric mean relationship given by
Equation (3). The resulting priorities where then normalized. In the normalization
process, the column sum was first determined, and then each entry in the column was
divided by the column total (adopted from Ishizaka & Lusti, 2006).
3. Determine the local priorities/scores. This refers to the calculation of the priority vector
for the alternatives with respect to each criterion. This was achieved in the similar
manner as step 2 – computing the row geometric mean then normalizing the priorities.
4. Determine the global priorities; the aggregation of scores and weights using the linear
additive relationship given by Equation (1) to produce the ranking of alternatives. That is,
local priorities were multiplied by the weights of the respective criterion and the results
were summed up to produce the overall priority of each alternative.

4.2 Economic model
For this research, the cost of importance for the model is the levelized water cost (LWC). The
LWC can be used to determine the water system effectiveness and competitiveness. As would be
noted, the options being evaluated would have different methods of collection, treatment and
transportation. However, for all options the generating cost can be categorized into: capital
investment cost, operating and maintenance cost (O&M) and labor and administration cost. Fane,
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et al. (2007) noted the LWC can be regarded as a positive step for the modeling of sustainable
water supply system, but its calculation should be computed to prevent any bias towards any
option. Within the scope of this research, only the alternative that was ranked first by the
stakeholders from the prioritization model was subjected to a cost analysis to determine its
financial viability.
Desalination was ranked first by the set of stakeholders and to conduct the cost analysis,
empirical cost equations widely utilized and demonstrated in academic literatures were used to
estimate the LWC. The cost of a specific unit of desalinated water depends on various factors
such as plant type, size, feed-water salinity and energy requirements. The determination of the
cost parameters needed to calculate the LWC was obtained through extensive literature review.
The method used to calculate the LWC was adopted from Banat & Jwaied (2008), Djebedjian, et
al., (2007), Ahmed (2006), Zejli, et al. (2004) and Karagiannis & Soldatos (2008). In general,
these literatures arrived at the LWC by determining the specific cost of all major cost
components ($/m3) and annual cost ($/year). Appropriately, Zejli, et al. (2004) and Banat &
Jwaied (2008) demonstrated how the annual cost can be converted into the LWC using the
relationship:

where, Cinv – total investment cost, a –amortization factor, COM – annual operating and
maintenance cost, Cenergy – cost of energy, i – discount rate and QW –annual water production.

The amortization factor is needed to annualize the investment cost. Annualizing capital is a
means of spreading the initial cost across the life time while accounting for the time value of
money. The cost of capital is ‘annualized’ as if it were being paid off as a loan at a particular
interest or discount rate (i) over the life time. The discount rate also takes into account the risk or
uncertainty of the anticipated future cash flow.
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Capital cost estimation
Capital cost for seawater reverse osmosis (SWRO) depends on the process capacity and design
features, and can vary from region to region. Components of the capital cost usually include: the
cost of the RO system and the energy recovery system. Banat (2007) noted that the capital cost
of a seawater RO unit could range from $700 to $1500/ (m3/d) of installed capacity; this value is
also supported by UNEP-IETC (1998). The energy recovery system can also add a substantial
amount to the investment cost, although it would eventually save cost that would otherwise be
attributed to O&M cost (DAFFA, 2002). Although, there are different types and size of
manufactured energy recovery device, DAFFA (2002) provided a cost range in which this
component can be estimated; 20% to 30% of the RO system. The typical cost used for this
research is shown in Table 4.3.

Energy cost estimation
Desalination is an energy intensive process and this factor generally consumes the largest cost
portion of the economics of desalination (Banat, 2007; Eltawil, et al., 2009). Typically, specific
energy requirements for SWRO systems equipped with energy recovery devices falls within the
range of 4.5-8.5 kWh/m3 (Avlonitis, et al., 2003). The energy cost is highly dependent on the
unit cost of power ($/kWh) required to run the plant. The equation used to compute the energy
cost is shown in Table 4.3.

Operating and maintenance cost
The O&M cost of a SWRO system usually comprises the membrane replacement cost, the fixed
maintenance cost (including spare parts) and labor and administration cost. The membranes of
the SWRO system do not have a finite life span, must be replaced every 3 to 5 years under
normal operation, and thus have a significant impact on the O&M cost (DAFFA, 2002). The
annual membrane replacement cost is dependent on the membrane replacement rate (λ) which
depends largely on raw water quality; typically varying between 5% and 20% per year, where the
lower bound applies to low salinity brackish water and the upper bound reflecting high salinity
seawater (Banat & Jwaied, 2008; Atikol & Aybar, 2005). The equation for determining the
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membrane replacement cost given by Ahmed (2006), Banat & Jwaied (2008) and Atikol &
Aybar (2005) is shown in Table 4.3. To determine the membrane cost (MC), the lowest and
highest cost used in literature was used as a cost range. Wilf & Klinko (2001) presented a RO
system cost analysis using a membrane cost of $700 per element while Avlonitis, et al. (2003)
used $1500 per element. The annual maintenance cost varies according to system and location.
However, Atikol & Aybar (2005) noted that the maintenance can constitute a value of 2% of the
direct capital, while Eltawil, et al. (2009) noted that it can claim up to about 7% of the direct
capital. Thus, using this range, the annual maintenance cost was calculated as demonstrated by
Atikol & Aybar (2005) and Banat & Jwaied (2008) using the relationship given in Table 4.3. The
major maintenance work on SWRO plants, to name a few, consists of: maintenance and repair of
the rotating equipment; replacement of the cartridge filter and cleaning of the membrane
elements. Information regarding the labor and administration cost for annually operating and
maintaining SWRO plant was more difficult to determine. The cost varies widely with the size of
the plant. For instance, UNEP-IETC (1998) described that in the British Virgin Islands staffing
levels are approximately 1 person for a 200 m3/day plant and up to 3 persons for a 4000 m3/day
plant. Djebedjian, et al., (2007) however noted that the average value of labor and administration
costs can be estimated by $0.50/m3 product water.
An Excel calculation tool was developed for the assessment of the LWC; Figure 4.5 presents the
related input and output data.

Output data








Water amount to produce
Plant technical
characteristics
Discount rate
Capital cost
Energy cost
Operating and
maintenance cost

Excel calculation tool

Input data





Amortization factor
(a)
Total annual cost
Levelized water
cost
Sensitivity analysis

Figure 4.5: Representation of the tool input and output data
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Table 4.3: Data to compute the LWC of the system
Parameters/
Typical range

Approximation
used

RO system

$700-$1500/(m3/day)

$1100/ (m3/day)

Energy
recovery
device

20% to 30% of the
RO system

25 % of the RO
system

Cost Factor

Equation needed for cost estimation
(A – represent annual cost)

Remarks

Investment
Qannual is annual amount of
water produced

Qhour is the quantity of water
produced in an hour

Energy cost
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O&M cost
Membrane
replacement
(MRC)

Replacement rate (λ);
5% to 20%.

20%

Membrane cost (MC)
$700 to $1500 per
element

$1100 per
element

Maintenance
and spare parts

2% - 7% of the direct
capital

5% of the direct
capital

Labor and
administration

$0.50/m3 product
water

The MC cost varies according
to type of membrane sellers, so
the widest range found in the
literatures was used.
Using $1100 per element is
supported by Banat (2007) who
noted that membrane cost is
approximately 10 % of the
investment cost as would be
observed in the results.

4.3 Modeling the dimension of social acceptance
Water supply is primarily a communal service and densely intertwined with the human social
environment and social norms. When water supply projects are being considered for small and
remote communities, it is imperative that there exist a coordinated effort between the
organization and the representatives of the community to be served. There must be an
understanding about the need for the water supply, what can be given and what will be accepted.
Socially accepted factors are very critical in ensuring the success and long-term sustainability of
the water project. Therefore, considering the social customs of the study area, self-sustained
water supply by rain water harvesting, it is irrefutably essential to value the social aspect of
water augmentation strategies.

4.3.1 Data assembly and analysis
To understand the social dimension of water acceptance, a survey was prepared and distributed
to residents of the Bequia Community. A sample size of 100 was used at a 95% confidence level.
To capture a wide representation of opinions and to ensure homogeneity by preventing an
overlap of persons from the same household, the random sampling technique was employed and
executed by conducting a door-to-door household survey across the island. A copy of the survey
can be found in Appendix B.
The questionnaire survey was designed to elicit responses in three information categories for
each respondent, namely: attitude, perception and knowledge and socio-demographic
characteristics. Attitude towards water related behavior, such as accepting a reticulated water
supply, consist of people’s beliefs about the consequences of performing a behavior and people’s
evaluations of these consequences (Hurlimann, et al., 2009). Therefore, a number of questions in
relation to the increasing water shortages were asked. Subjective and objective knowledge can
also influence water related behaviors (Dolnicar, et al., 2011; Hurlimann, et al., 2009) and so
questions relating to climate change impacts on water resources and perceived seriousness of the
drought were modeled. In addition, respondents were asked to state their likelihood of using a set
of water supply options. Most of these options are the ones used in the prioritization model.
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Frequency counts and linear regression was used to analyze the survey distributed to the Bequia
community. Linear regression models are extremely powerful, and have the power to empirically
tease out very complicated relationships between variables. SPSS (Statistical Package for the
Social Sciences) software was used to conduct the linear regression. In the questionnaire,
respondents were asked to state their likelihood of supporting and paying for a reticulated water
supply (question 22 from the survey). Respondent’s answers were standardized; ‘No’ was
assigned ‘0’ to be included in the intercept while ‘Yes’ was assigned ‘1’. This variable was then
modeled against factors hypothesized to be correlated with the willingness to support a
reticulated water supply. These independent variables modeled relating to perception, attitude
and personal characteristics was also standardized to have comparable coefficient estimate. The
F-test was used to test the overall statistical significance of the model and in cases where the
variables were statistically insignificant they were removed.
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Chapter 5 Results and Discussion

5.1 Presentation of AHP results
Having discussed the steps to designing the AHP model for the selection of an alternative to
augment the water supply for the island of Bequia, the established hierarchical structure of the
decision making process is shown in Figure 5.1.

Goal: Select an
alternative water supply

Economic
cost

Desalination

Technical
factors

Government cistern
project (GCP)

Reliability

Submarine
pipeline (SP)

Environmental
Impacts

Dual water
system (DWS)

Social
acceptance

Business as
usual (BAU)

Figure 5.1: AHP structure for case study

The prioritization of alternatives using the AHP methodology first necessitates the use of the
aggregation of individual judgments (AIJ) technique to compress individual judgments into a
single group decision matrix. Table 5.1 displays the resulting group matrix of the criteria
comparison from the 35 stakeholders.
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Table 5.1: Estimation of weights from the criteria comparison

Priorities
Economic Technical Reliability Environmental

Social

EV

GMM

Economic Cost

1

2.760

0.585

0.375

1.220

0.168

0.169

Technical

0.362

1

0.473

0.246

0.799

0.090

0.094

Reliability

1.710

2.115

1

0.763

1.902

0.245

0.247

Environmental

2.668

4.059

1.311

1

3.160

0.374

0.374

Social Factor

0.820

1.251

0.526

0.316

1

0.122

0.124

CR = 0.01

The weights of relative importance or priorities of each criterion with regards to the goal were
then established using the two methods described in Section 4.1.3; the geometric mean method
(GMM) and the eigenvector method (EV) facilitated through the use of Expert Choice computer
software. The relative priorities are shown in Table 5.1. It is important to note that the results
obtained by both methods are very much identical, implying the matrix is very consistent. Expert
Choice software also automates the inconsistency (consistency ratio - CR) calculation needed to
ensure validity in the model. The overall inconsistency for the criteria group matrix is 0.01,
which is strictly less than the allowed 0.1, which means the result obtained are within the
acceptable range of consistency, ensuring validity in the model.
The next step towards prioritization was to determine the relative scores or local priorities of
each alternative with respect to each criterion. The analysis was executed in a similar manner to
that previously described, establishing the results shown in Table 5.2. Again, as would be noted
from the table, the inconsistency in all cases is strictly less than 10% indicating the legitimacy of
the model.
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Table 5.2: Presentation of local priorities or scores for alternatives comparison

Respect to:
Economic
Desalination
GCP
SP
DWS
BAU
CR = 0.004
Technical
Desalination
GCP
SP
DWS
BAU
CR = 0.01
Reliability
Desalination
GCP
SP
DWS
BAU
CR = 0.04
Environment
Desalination
GCP
SP
DWS
BAU
CR = 0.006
Social
Desalination
GCP
SP
DWS
BAU
CR = 0.05

Desalination

GCP

SP

DWS

BAU

Priorities

1
1.052
0.528
0.617
0.391

0.950
1
0.915
0.658
0.424

1.071
1.093
1
0.873
0.607

1. 620
1.520
1.145
1
0.584

2.557
2.360
1. 646
1. 711
1

0.278
0.253
0.191
0.171
0.107

1
1.199
0.795
1.017
0.309

0.834
1
0.744
1.087
0.309

1.256
1.344
1
1.408
0.546

0.983
0.919
0.709
1
0.551

3.228
3.227
1.830
1.815
1

0.239
0.257
0.177
0.233
0.094

1
0.164
0.269
0.205
0.123

6.116
1
1.927
2.027
0.264

3.711
0.519
1
0.623
0.189

4.870
0.493
1.605
1
0.231

8.000
3.787
5.276
4.322
1

0.543
0.096
0.182
0.141
0.038

1
1.332
1.120
1.087
1.013

0.750
1
0.555
0.638
0.649

0.892
1.800
1
0.971
0.809

0.919
1.565
1.029
1
0.689

0.987
1.539
1.235
1.451
1

0.177
0.280
0.187
0.195
0.161

1
1.042
0.639
0.320
0.252

0.958
1
0.765
0.423
0.249

1.566
1.307
1
0.476
0.271

3.122
2.360
2.097
1
0.577

3.972
4.005
3.680
1.732
1

0.310
0.287
0.224
0.111
0.068

Finally, after obtaining the comparison matrices of alternatives with their associated priorities,
the global priorities were estimated. The result is shown in the decision matrix in Table 5.3.
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Table 5.3: Decision matrix for optimum water resource

Water
Resources
Desalination

Economic
(0.168)
0.278

Technical
(0.09)
0.239

Reliability Environmental
(0.245)
(0.374)
0.543
0.177

Social
(0.122)
0.310

Global
Priorities
0.306

GCP

0.253

0.257

0.096

0.28

0.287

0.229

SP

0.191

0.177

0.182

0.187

0.224

0.190

DWS

0.171

0.233

0.141

0.195

0.111

0.171

BAU

0.107

0.094

0.038

0.161

0.068

0.104

CR = 0.01

5.1.1 Discussion
Water resources problems with their growing endemic externalities, have demanded the use of
more comprehensive decision making techniques over the last few years and as a result, they
have also lead to the development and inclusion of more multi-criteria decision making (MCDM)
methods in water resource planning and management. Improved decisions about water
infrastructure require careful exploration about what options are available, the efficacies of these
options and how sustainable they are. In this research, four supply side water sources were
evaluated by several stakeholders to elect a non-conventional water source to augment the water
supply of Bequia. The options were evaluated under the general criteria for human development
projects; social, environmental and economic and among technical and reliability aspect - criteria
necessary for a sustainable water infrastructure.
The first noteworthy outcome arises from the assessment of the criteria where the environmental
criterion was awarded the highest relative importance of 37.4 % (see Figure 5.2). This aspect is
interesting because it is usually more common for the economic priority to determine the
decision making process on how to manage municipal water supply. In fact, it was expected that
the economic criterion would be credited a higher weighting given that many developing
Caribbean islands including SVG, still maintain a traditional means of decision making and
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economic potency dictates the selection of projects. In studies analogous to this research, the
reliability (Jaber & Mohsen, 2001; Sikder & Mashfiqus, 2010) and economic criteria (Aravossis,
et al., 2003) were given precedence. Clearly, this is an indication of the localized nature of
selecting augmentation strategies.

Figure 5.2: Relative importance of criteria

One explanation for the precedence given to the environmental criteria can be attributed to the
fragility of the island’s ecosystem. Given its small size, lack of natural storage, competition for
land use and vulnerability to natural hazards, the island can easily succumb to poor
environmental management. This can then transfer into other socio-economic challenges such as
health and quality of life. Furthermore, as Bequia is a tropical island where tourism and fisheries
are the dominant driving force behind the economy, preservation of the island’s natural resources
is of utmost importance for economic development. Consequently, implementation of any
project on the island warrants sound environmental sustainable practices. The island has been
known to suffer environmental challenges given its low-lying coral based nature. There is
observed destruction of the tourist attracting coral reefs, declining coastlines and increased salt
water intrusion into aquifers (Joslyn, 2007). Resultantly, under these considerations the outcome
of environmental impact having the greatest weight is justified.
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The actuality of reliability given a high priority is warranted because of the nature of the defined
problem; the island is generally water stress which is heightened during the dry season; there are
limited freshwater reserves for development; observed increase in intensity and frequency of
drought like conditions; and predicted climate change induced water reduction (Joslyn, 2007;
Durrant, et al., 2008). Indeed, these factors indicate that any augmentation strategy must be well
defined to the purpose, otherwise the project cannot be considered sustainable as it would
increase cost factors such as opportunity cost and economic externalities. All other priorities are
within the scope of justification; the project must be economically feasible to both the end user
and organization and it must be well received by the local community given the history of selfsupplying by rain water harvesting.
Although the reason previously discussed for the selection of the environmental criterion
dominance is sound and logical, there still exists another factor that might have contributed to its
success. As would have been addressed in Section 4.1.2, the AHP methodology requires
meticulous and analytical deliberations in conducting the pairwise comparison. Some researchers
(Grandzol, 2005; Saaty, 1990) suggest that the methodology is impartial towards specialized
skills or knowledge and it is accommodating to intuitive evaluation by participants (Garfi, et al.
(2011). However, while this may be true to some extent as AHP is a relatively simple procedure
of collecting stakeholder’s preferences, one must consider the purpose of the research, the
problem at hand and the implication of the results. In selecting the stakeholders for this research,
the participants had to be willing and most of all able to execute the pairwise comparison
exercise with a high degree of consistency. This meant that they had to have some knowledge
about the situation, about the alternatives and the importance of all criteria so that the validity of
the research would not be comprised. This therefore means that a bias may have been
incorporated into the research from the selection of the stakeholders which may have steered the
outcome of the environmental criteria taking precedence. This phenomenon has not been
discussed in any literature thus far to the researcher’s findings. However, this does not serve as a
means of nullifying the results obtained. In fact, it shows the heightening environmental
awareness that is surging through the world today and is positive indicator for environmental
sustainable development for SVG.
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The second noteworthy result is the selection of preferences under the economic cost criterion
(see Table 5.2). According to the result, desalination is the preferred alternative but only slightly
preferred over the government cistern project (27.8% to 25.7% respectively). It has been well
established throughout academic literatures that desalination is energy demanding and a cost
intensive mode of water supply. However, the cost associated with desalination has significantly
decreased over the years (Banat & Jwaied, 2008; Reddy & Ghaffour, 2007) and some
stakeholders’ awareness of this aspect may have influenced this outcome. In addition,
desalination has been steadily increasing in the Caribbean region and many other SIDS (Mimura,
et al., 2007; CEHI, 2006) which can be interpreted as its demanding cost in augmentation
strategies is becoming less repulsive stimulating this result. This aspect can also account for
desalination being awarded the preferred choice with respect to the social criteria; its popularity
is not uncommon to the Bequia community.
The preference of desalination over all the other alternatives under the social criterion, especially
government cistern project may be well understood by looking at the culture or history of the
island. Joslyn (2007) noted that 93% of the Bequia community cannot access water from the few
public water sources (catchments and wells). Therefore, social acceptance of a communal based
project may be repressed from years of negligence on the government’s behalf. This notion was
observed by CEHI (2007) who noted that the Grenadine islands water sector and its related
socio-economic sectors has suffered from the lack of government involvement due to their
geographical isolation from mainland St. Vincent. Perhaps a more technological inclined water
augmentation strategy may be better received by the people because it would improve the trust in
the water authority/government, which has been known to significantly affect social acceptance
of water augmentation strategies (Hurlimann, et al., 2009). It is not surprising that dual water
system under social criterion has a low ranking (11%) as the idea of reusing water for nonpotable uses may be met with resistance from the small community.
With regards to the other criteria, the results are easily within justification. Under the reliability
criterion, desalination has outflanked all others (54.3% - see Table 5.2) because one can easily
recognize its potential at reducing the mismatch between water supply and demand. Within the
specifications described in Section 4.1 of the relative meaning of the criteria, desalination can
meet demands under the implications of climate change for the study area. Regarding the
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environmental and technical criterion, the government cistern project was awarded precedence at
28% and 25% respectively. The government cistern project alternative would cause less damage
to the surrounding environment and it is not as technically demanding as the other alternatives.
Under the environmental criterion, the business as usual approach recorded its highest score of
16%. This can be reflection of the models consistency as although the main aim is to select an
option to augment the water supply, the in status quo can be considered to do little to the
environment compared to the other options.
With regards to the overall priorities, the order of preference ascertained for the selection of an
alternative to augment the water supply of Bequia is: desalination, government cistern project,
submarine pipelines and dual distribution system (see Table 5.3 and Figure 5.3). Of note is the
striking similarity and competition between desalination and government cistern project in
almost all cases of criteria evaluation, as previously discussed and shown in Figure 5.3. In
Figure 5.3, the criteria are represented by vertical bars, and the alternatives are displayed as
horizontal line graphs. The intersection of the alternative line graphs with the vertical criterion
lines shows the priority of the alternative for the given criterion, as read from the right axis
labeled Alt%. The criterion’s priority is represented by the height of its bar as read from the left
axis labeled Obj%. The overall priority of each alternative is represented on the OVERALL line,
as read from the right axis. Accordingly, desalination is slightly more preferred than the
government cistern project, 30.6 % to 22.9 % respectively. This result can be attributed to the
high value credited to desalination from the reliability criterion, although it has less relative
importance than the environmental criterion shown in Figure 5.3. The implication of this is the
recognition of the need to implement robust and sound water supply projects for an island with a
subtle water sector. In this manner, it is worth mentioning that the alternatives submarine pipes
and dual water system received a favorable assessment overall with 19 % and 17 % credit
respectively.
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5.1.2 Sensitivity analysis on AHP results

Technical

Technical

Reliability

Reliability

Sensitivity analysis is well known for its importance in the validation and calibration of

Environment
numerical
models. Environment
It is a tool to investigate the robustness of the final outcome against changes
Social
Socialwhich could help reduce uncertainty; hence it is employed to support
to the
previous status,
decision making or the development of recommendations for decision makers. In this context, it
Alternatives Names
aids in establishing confidence to a decision with reasonable certainty. Sensitivity analysis of a
multi-criteria
decision
problem is the analysis on the results, when small change is made to
Desalination
Desalination
alternatives, either their weights or values with respect to criteria (Ishizaka & Labib, 2009). For

GCP

GCP

the AHP, sensitivity analysis addresses the issue of uncertainty of input data concerning weights

SP

SP

DWS

DWS

which arises during decision makers pairwise evaluations.
A sensitivity analysis was executed in Expert Choice to determine which parameters are

Business as

Business as Usual

sensitive in predicting the outcome. That is, to identifying criteria that is sensitive and
dependable to the change of the ranking of alternatives in the model. The sensitivity analysis in
Expert Choice varies the weights of the criteria as input data to observe the effect on the
priorities of the alternatives. The software recalculates the priorities of the alternatives based on
their new relationship. In conducting the analysis, the Dynamic Sensitivity analysis was used to
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change the priorities of the criteria. Of particular interest for this research was how the model
would respond had the economic criterion been awarded criterion of preference. Adopting the
approach of Dalalah, et al. (2010) and Ishizaka & Labib (2009), the weight of the economic
criterion was increased in intervals of 5% stopping either when the alternatives change rank or
when its weight was the highest, whichever came first. In this model, even when the economic
criterion was credited the highest weight, the order of the ranking did not change. This is shown
in Figure 5.4, where the economic criterion was credited a weight of 35% (shown by the arrow)
and the ranking of alternatives remained unaltered (compare to Figure 5.3). Similar analysis was
executed on the technical, reliability and social criterion and in general the result was the same.
That is, in increasing the weights up to 40% the ranking of the alternative was generally the same
and desalination was still the preferred choice. Consequently, this indicates how consistent and
robust the model and decision is.
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Business as Usual

Considering the problem and goal identified in Section 3.3 and 4.1 and under the connotations of
the evaluation criteria, the results are essentially pragmatic. However, even within these
pragmatic reasons, financial constrain would be a decisive factor as to the implementation of
desalination as a sustainable source of water supply for the island of Bequia, hence the need to
further subject this alternative to an economic evaluation.

5.2 The economics of desalination
In the previous section, a set of stakeholders ranked desalination as the preferred option to
provide a reticulated water supply for the small island of Bequia under a set of evaluation criteria.
As would be noted from the literature review, multi-criteria analysis techniques such as the AHP
can then be complemented with an economic evaluation to further appraise the selected option.
Desalination technology remains very costly relative to traditional methods of water supply
because of large capital investment and high operational and maintenance expenses. However, as
the cost of desalination decreases due to technological advances, it is developing into a pricecompetitive water treatment option for more and more communities as its value transcends
beyond financial demands. This section discusses the economics of desalination, and considers
the factors which determine its suitability as a water supply source.

5.2.1 Financial feasibility
Desalination could be considered financially feasible if the financial value (or revenues) of water
generated from it exceed the costs. For desalination, revenue may be generated from sale of the
water and the cost would be the engineering cost. Financial techniques such as CBA can be
utilized to conduct the appraisal. However, for this financial evaluation, the levelized water cost
(LWC), a cost effectiveness measure, is determined and compared to the cost for other Caribbean
islands and other SIDS. The resulting LWC would give an indication of the practicality of
desalination for the study area as well as the competiveness in using this water supply option.
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To model the cost of desalinated water for the study area, the system characteristics of a seawater
reverse osmosis (SWRO) plant designed for the island was used9. The system characteristics of
the plant are shown in Table 5.4. The plant was designed at a pilot scale level and so it was
designed to be small. There is no other detailed information about desalination in Bequia, so the
cost analysis executed had to be restricted to the pilot design. However, this would not render its
financial viability nor it’s suitably as a water supply option at a larger level unsuitable as
economies of scale applies to desalination.

Table 5.4: SWRO plant characteristic for Bequia Island

Production capacity

5 m3/hour for 12 hours a day

Membrane

6 membranes in a single pressure vessel

Size of membrane

40 inches long; 8 inches in diameter

Power requirements

39.24 kW

Energy recovery
device

Yes at 34 % energy saving

Pre-treatment

1 - multimedia filtration system
2 - 5 µm & 10 µmr cartridge micro filtration system

Chemical treatment

No

Post-treatment

Caustic soda dosing and UV filtration system

Permeate TDS

126.15 mg/L

Source: Gilau (2009)

The financial appraisal for the proposed system uses a set of pre-defined empirical equations that
has been widely utilized and demonstrated in literature. Reddy & Ghaffour (2007) noted that cost
equations can provide realistic estimates of desalinated water although the cost of desalination is
site-specific because of the quality of the feed water. This however would have been accounted
9

In 2009, the Government of St. Vincent and the Grenadines conducted a study to determine the system
requirements of a SWRO plant that best suits the Island of Bequia. The study was part of the Caribbean
development plans to identify adaptation and mitigation climate change strategies.
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for in the designed system. Reddy & Ghaffour (2007) also established that computer software
such as WTCost© used for modeling desalination technologies and its associated cost, also uses
default cost equations for determining cost such as membrane replacement, capital requirements
and operation and maintenance (O&M) costs. Hence, this observation improves the confidence
in using this technique.
The cost of the SWRO is a function of a number of collective operations. The main cost
components can be categorized into three groups; capital investment cost – cost of the SWRO
system and the energy recovery device; energy cost; and operating and maintenance cost –
membrane replacement cost, general maintenance and spare parts and labor and administration.
Using the cost equations and parameters established in Section 4.2 and Table 4.3, the LWC was
determined for the SWRO system for the study area. This was calculated using the sum of all the
specific cost calculated and for comparison, the LWC was also calculated from the annual cost
using Equation (6). The result is shown in Table 5.5 .
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Table 5.5: Estimated LWC for Bequia Island
Model Parameters

Estimates

Desalination process - Technical characteristics
Plant lifetime (years)
Hourly nominal water production (m3/hr)
Time plant operated per day (hours)
Daily nominal water production (m3/day)
Annual nominal water production (m3/year)
Power requirements for system operation (kW)
Power required with energy recovery (kW)
Assumptions & Adjustment
Discount rate (%) (GOSVG, 2009)
Plant availability (%)
Annual nominal water production (adjusted)
Annual energy consumption (kWh/year)
Specific power requirements (kWh/m3)
Cost
Amortization factor (using Equation 7)
Capital cost
Investment ($/(m3/day))
RO system ($)
Energy recovery system (25% of RO system) ($)
Total capital investment $
Energy cost
Rate ($/kWh)
Annual electricity investment cost
Operation and maintenance cost
Membrane cost
Membrane replacement rate (%)
Membrane cost ($/element)
Number of elements
Membrane replacement cost
Maintenance and spare cost
% of annual capital investment
Labor and administration cost
Total
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Annual cost
(US$/ year)

Specific cost
(US$/m3)

7192.68

0.36

36,897.12

1.87

1320.00

0.07

359.63
10,950.00

0.02
0.50

56,719.43

2.82

20
5
12
60
21,900
39.24
26
6
90
19,710
102,492
5.2
0.087
1100
66,000
16, 500
82,500
0.36

20
1100
6

5
$0.50/m3

Table 5.6: Bequia estimated LWC compared to the LWC of other small island developing states
Country

Capacity
(m3/day)

Water
source
Rivers,
streams

LWC
(US$/m3)

St. Vincent

-

Bequia

60

Seawater

2.87

Canouan

No data

Seawater

3.05

(CWSA,
2005)
(Bilton, et
al., 2011)
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10

Seawater

5.36

Barbados

30,000

Brackish

1.10

10,446

Seawater

1.51

136,000

Seawater

0.70

4,500

Seawater

1.54

1650

Lake
(600013,000
ppm)

2.02

Antigua & Barbuda
New Providence,
Bahamas

Nassau, Bahamas

7,570

Seawater

Remarks

2

Cap-Haïtien, Haiti

British Virgin
Islands (BVI)
Trinidad & Tobago
(T&T)

References

1.77

(CEHI,
2006)
(Pankratz,
2009)
(Moraris &
Pang, 2004)
(CEHI,
2006)
(CEHI,
2006)

(Sherman, et
al., 2005)

Privately owned and sold to residents of the island.
Energy was assumed to be provided by a stand-alone diesel
generator. Hence, the capital cost of the diesel generator was
included in the analysis.

Government subsidize the electric cost, approximately
$0.66/m3

Old RO system. Plant decommissioned in early 1990’s

Includes cost for chemicals and diesel fuel. Produces water
with a total dissolved solids (TDS) concentration of less than
50 mg/l. The very low TDS of this system results in its
relatively high cost compared to other production.

From Table 5.5, the LWC was estimated to be US$2.82/m3. In addition, converting the annual
cost to a LWC using Equation (6) produces a value of US$2.87/m3 indicating the consistency
and usefulness of either approach demonstrated in the literature. The slight difference is on
account of rounding off errors, and so the latter value is used as the discount rate takes into
account the time value of money and the risk or uncertainty of the anticipated future cash flow.
Table 5.6 compares the LWC calculated for the case study to other LWC for some SIDS, of
which two very important inferences can be made. First, as the calculated LWC is within close
approximation to other values for other neighboring Caribbean islands, the derived LWC by use
of the cost equations can be accepted with a reasonable degree of accuracy. The chemical
characteristics of the Caribbean Sea and the salinity have been known to remain relatively
constant throughout the islands (Gilau, 2009) to ascertain this result. And most importantly, since
the calculated value is comparable to some of the LWC for these other islands the cost is very
competitive and adds to the practicality of using this option as a reliable water source.
Ideally, in conducting a cost competitiveness of desalination as a source of fresh water a
comparison should be made between its costs of operation with the tariffs charged for existing
traditional forms of water supply. However, the very nature of defined problem prevents such an
analysis - the primary source of water supply on the island is obtained by rainwater harvesting.
Consequently, there is no conventional tariff to conduct such a comparison. In this vein, consider
the following comparisons to gauge the potential of an island wide desalination plant as an
augmentation strategy for the island of Bequia. First, desalinated water is produced on the
smaller Grenadine island of Canouan with identical features as the study area at US$3.05/m3
(privately owned), and it is often sold to the residents to complement their harvested water.
Secondly, ‘water-free’ for the community of Bequia does not transform into ‘cost-free’. It has
been estimated that on average the cost of water in Bequia is US$11.5/m3 (CWSA, 2005; Gilau,
2009). This estimation is computed from homes that use electric booster pumps that is very
energy demanding. Finally, on ‘mainland’ St. Vincent the cost of water is US $2/m3. Indeed, the
computed the LWC in this study is cost competitive and can be a workable solution for the study
area.
Additionally, the current practice of rainwater harvesting has an associated cost given the
requirements of investing in rainwater tanks and annual operating and maintenance expenses.
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However, tank selection is done arbitrarily on the island and this prohibits any estimation of the
LWC, as there is no available data on the commonly used tank size and the associated cost of
maintenance and method of purification. Peters (2003) however provides a plausible outlook for
gauging the cost of employing rainwater harvesting. According to Peters (2003), “in the
Grenadines if rainwater is going to be the main source of domestic water, the per capita
consumption would have to remain around the 50 liters per person per day (13.2 US gallons)”.
This is because at a consumption pattern of 50 l/day per person the optimal tanking cistern is
about 15% of the property value and to go beyond that consumption pattern the cost of the
optimal cistern would result in an undesirable burden of property value (Peters, 2003). Compared
to the 2005 estimate of 24 US gallons (CWSA, 2005) and making inferences from Peters (2003)
study of optimal tanking size for the Grenadines, rainwater harvesting is becoming cost
demanding as per capita water demand increases and rainfall decreases. Furthermore,
considering that economies of scale apply to desalination, a larger plant would have more
promising results. As already highlighted, the LWC was calculated for a pilot scale SWRO
system given that there is no detailed information about desalination on the island of Bequia.
Therefore, increasing the production capacity above 60 m3 per day, it can be expected that the
desalinated water cost in Bequia would follow the global competitive trend of declining as
capacity increases. Further indicating that desalination as a source of water supply can be a
viable solution.
Although the cost of a specific unit of desalinated water depends on various factors, universally
the energy cost of desalination remains the greatest challenge. The energy sharing can amount to
30%-50% of total production cost (Djebedjian, et al., 2007). The problem is magnified for
regions that rely on conventional power generation to sustain the desalination plant, and even
more so for islands which have no fossil reserves. This is clearly evident in the case study. Like
many other Caribbean islands, SVG rely on fossil import and hence bear a hefty burden in
electricity rates. The Caribbean has been known to have some of the highest electric rates in the
western hemisphere, and at US$0.36/kWh in SVG (GOSVG, 2009), the energy sharing in the
derived LWC amounts to over 60%. This phenomenon incorporates a risk factor, an economic
externality, in running the desalination plant as the system would be vulnerable to increases in
the cost of fuel.
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Because of the high energy requirements to sustain desalination plants, many regions are taking
strides towards the use of renewable energy to offset the high energy cost of desalination. For
example, Bilton, et al. (2011) showed that the water stressed Caribbean island of Haiti can
improve the financial viability of using desalination as an augmentation strategy by using
photovoltaic-powered RO rather than diesel-powered systems because of the high cost for diesel
fuel and the large solar resource. It has also been well established in literatures that investing in
systems such as wind driven RO systems can provide a desirable financial situation because the
wind farm can potentially contribute to the power grid the equivalent amount of energy that the
desalination plant will be withdrawing, effectively offsetting carbon emissions (Zejli, et al.,
2004). However, use of renewable energy for desalination presents a set of problems common to
all high level technology applications should this option be considered to improve the economics
of the system for the island of Bequia such as lack of capital and infrastructure and the already
small features.

5.2.2 Sensitivity analysis on levelized water cost
Given cost parameters were used to estimate the LWC, a sensitivity analysis was carried out to
investigate the influence of these parameters on the computed LWC. A sensitivity analysis is
important to understand how the base case results might change under different assumptions or
input data values, thereby indicating priority areas for refinement and observation. Figure 5.5
elucidates the sensitivity analysis of the LWC calculations based on the base case parameters
shown in Table 5.7. These parameters were varied from -50% to 50% of the assigned base level.
Table 5.7: Parameters used in the sensitivity analysis

Parameters

Base case

Specific energy consumption, kWh/m3

5.2

Grid electricity price, $/kWh

0.36

RO system specific capital cost, $/m3

0.36

Specific O & M cost, $/m3

0.59

Discount rate, %

6
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Figure 5.5: Sensitivity analysis of levelized water cost

As can be seen from the sensitivity plot in Figure 5.5, as the cost parameters increases from the
base case the computed LWC also increases and vice versa. The greatest effect is caused by the
grid electricity price and specific power requirements followed by the O&M cost, capital cost
then discount rate. The energy factor is the most sensitive because the energy share of the
calculated LWC is the largest, about three times of the capital cost. This implies that any small
change in specific power requirements or electricity rate will have a significant impact on the
cost of the desalinated water. Consequently, given the high electricity rate for the study area,
strategies will have to be put in place to minimize the effect of this parameter on the cost of
desalinated water to ensure its sustainability.
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5.2.3 Economic feasibility
The economics of a municipal water supply transcends beyond the financial viability in
heightened awareness of an evolving environment: increasing water scarcity, climate change and
fragile ecosystems. Desalination might be considered economically feasible if the environmental
and social benefits are greater than the costs. In this aspect, the economic benefits of desalination
include not only the monetary price that consumers might be willing to pay for water but other
socio-economic gains such as: improved health, improved access to water, sufficient availability
for consumption and savings from less bottled water purchases. By comparison the costs of
desalination include the financially adjusted costs of producing the water, as well as any
environmental and economic externalities resulting from the operation. Collectively all these
aspects reflect the economics of water discussed by Rogers, et al. (2002) (see Figure 2.2).
Conventional economic assessment of water supply options normally involve CBA; comparing
the benefits and cost of water supply using desalination with benefits and costs of alternative
means of providing water. Unfortunately the difficulties in predicting and valuing the various
impacts of water supply mean that in some cases it may be practical only to measure and
compare the financially adjusted costs of desalination with those of other water supply options.
In such a case the economic feasibility of desalination may rely on whether it offers the least cost
option. However, a CBA is ideally more suitable since desalination has the potential to generate
a wide range of potential impacts. Critically, CBA is limited because of the endemic externalities
and the intrinsic and incommensurable properties of water resources.
For the island of Bequia, the benefits associated with using desalinated water to provide a
reticulated municipal water supply include direct benefits to the water users and indirect benefits
to all of society. Direct benefits can clearly be understood by looking at the socio-economic
challenges many residents still face presented in Table 3.2. With only 60% of the community
having piped water to the household, of which 30% and 28% still do not have bath and toilet
facilities respectively, using desalination as a water augmentation strategy will undoubtedly
improve these socio-economic conditions. Indirect benefits are derived from the knowledge that
a community that once did not have adequate water supplies and as a result suffered some
hardship over the years does not have to suffer that hardship with the project. In addition, another
very important indirect benefit of desalination is that it is a decentralized strategy. As would have
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been noted before, the island of Bequia has often reverted to the mainland St. Vincent during
times of distress, under scenarios where St. Vincent is sometimes subjected to similar pressure.
This decentralized strategy may in principle be the best management practice under the dire
prescription of the near (and long) term implications of climate change.
An economic evaluation of the use of desalination as a water augmentation strategy dictates the
identification of the environmental externalities. The process of desalination is not per se
environmentally friendly. Seawater desalination plants can increase air pollutant emissions
attributed to the energy demand of the processes and also contribute to the wastewater discharges
that affect coastal water quality. The effluent from desalination plants is a multi-component
waste, with multiple effects on water, sediment and marine organisms; it undeniably affects the
quality of the resource it depends on. This is mostly due to the highly saline brine that is emitted
into the sea and chemical discharges, which may be increased in temperature and contain
residual chemicals from heavy metals corrosion or intermittently used cleaning agents
(Lattemann & Höpner, 2008). Although there are several factors that determine the extent to
which desalination plants can impact the environment, because of the very sensitive and fragile
local ecosystems containing heritage listed coral reefs and exquisite marine organisms, it can be
assumed that a desalination plant on the island of Bequia would have a significant environmental
impact. This may in turn affect other sectors such as the tourism industry and perhaps the most
immediate, the fishing industry. Although the detrimental impacts on the environment may be
hard to prove, quantify and measure, disregarding environmental considerations may undo the
intent of providing a sustainable water supply to the community island of Bequia.
The environmental fallouts of producing desalted water can be mitigated with proper planning
and project- and location-specific environmental impact assessment study to ensure a sustainable
means of water development. For instance, the most publicized consequence of desalination, the
effect of returning highly concentrated brine water to the sea can be mitigated by ensuring that
the brine is dumped in desert areas where the salinity would cause less damage to surrounding
ecosystems (Lattemann & Höpner, 2008). In turn, this would have less impact on other sectors
such as the tourism industry. The tourism industry for any region is a major consumer of
freshwater. In Bequia, the economy is based heavily on sectors related to the tourism industry
such as hotels, restaurants and transportation. This accounts for approximately 40% of the
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livelihood of the community (excluding guest house) (CWSA, 2005). Resultantly, improving the
water sector will have a major part to play in sustainable tourism development. As water
shortages continue to grow throughout the Caribbean region (Martin, 2002) and scientific
researchers believe that the effects of climate change will lead to more severe droughts in the
future (Mimura, et al., 2007), including the study area (Durrant, et al., 2008), then investing in
cost demanding desalination technologies may tip the scale towards indirect benefits than cost as
other water demanding sectors would be less affected.
Running a desalination plant on the small island of Bequia also imposes several risk factors into
using this alternative as an augmentation strategy. First, operating the desalination plant using
conventional energy sources increases the vulnerability of the plant to failure and not recovering
capital investment due to increasing oil prices. Secondly, the high energy demand associated
with operating desalination plants may prove to be a burden in the long run, already evident on
some SIDS. For example, several desalination plants in the Pacific SIDS are now being used
only during the dry season owing to high maintenance costs (Mimura, et al., 2007). This can
result in extremely long pay back periods even in cases where a CBA analysis indicates the
project is financially viable. Finally, the likelihood of failure represents an eminent and realistic
possibility due to the high probability of the lack of public support and acceptance.

5.3 Social acceptance of augmentation strategies
Social distancing between planners and beneficiaries can render any augmentation strategy
unsuccessful, as a result of misjudging consumer demands and preferences. Of the stakeholders
and decision makers assessing the AHP questionnaire 86 % (30 out of 35) of the stakeholders
revealed that there is a need to seek an alternative water source for the Bequia community, while
95 % noted that the island is susceptible to the threats of climate change induced water shortage
(see Appendix A). In fact, during the in-person interviews with these decision makers, most
participants shared the view that it is imperative to identify an alternative water source for the
island of Bequia because of growing experiences with water rationing on mainland St. Vincent
and in the context of climate change mitigation strategies.

75

Given the culture and history of the island, self-sourced water supply, it is very important to
access the community awareness and concerns and integrate the public’s views and perspectives
in mapping a sustainable water future. From the survey study of the Bequia community, 80% of
the respondents are generally concerned about the water shortage experienced on the island,
shown in Figure 5.6, while 89 % perceive that the island is vulnerable to drought, shown in
Figure 5.7.

Figure 5.6: Concern ratings about water shortage

Figure 5.7: Community perception of the island vulnerability to drought
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Additionally, many researchers have highlighted that Bequia is extremely susceptible to climate
change induce water shortage (Durrant, et al., 2008; Joslyn, 2007), of which it is arguably
already evident on the island. This information has been fairly well acknowledged by the Bequia
community as shown in Figure 5.8, as 55% of the respondents’ indicated that they believe
climate change is likely to reduce their access to water.

Figure 5.8: Community awareness and perception of climate change

Principally, these results collectively indicate that the community of Bequia have identified that
there is a need to address the water issue on the island. Resultantly, 58% of the respondents have
expressed their commitment to support a reticulated water supply network. This commitment
improves the prospect of a regulated water supply network and the chance of successful
implementation. Martin (2002) postulates that one of the fundamental water related social
challenges in the Caribbean region exist in the current needs to “increase piped water coverage
rates, especially among low income socio-economic groups and in specific areas where coverage
is low”, indeed, the exposed commitment is edifying, and presents an opportunity for the
Government of SVG to improve the social welfare the Bequia community. Additionally, when
asked about buying water for domestic purposes, over half of the respondents admitted that they
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do, while most indicated that it varies according to the year and the severity of the dry season,
suggesting there exist a potential water market industry.
Although over half of the respondents articulated their likelihood to support a reticulated water
supply network, this percentage does not transform into supporting all augmentation strategies.
For instance, it has been well noted in literatures that many small communities are less likely to
support projects that are of the form of reusing wastewater (UNEP-IETC, 1998; Hurlimann, et al.,
2009) and the general public lack of understanding of the uniqueness of the water sector may
pose a challenge of implementing development strategies (Martin, 2002). Consequently,
respondents were asked to state their likelihood of using a set of alternatives, the same set
modeled in the AHP with the decision makers. The result is depicted in Figure 5.9. As would be
observed, there is a high percentage (74%) indicating their support for desalination and the lower
percentage indicating their willingness to support dual water systems and wastewater treatment.
From this result, one can infer that desalination has greatest chance of success for augmenting
the water supply in Bequia.

Figure 5.9: Likelihood of supporting different augmentation strategies

On the other hand, given that the percentage of commitment is only 58%, water tariff rates and
other factors may in the long run render the project less successful. Resultantly, there is a need to
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investigate the influential factors which can prevent this. Hurlimann, et al. (2009) and Dolnicar,
et al. (2011) noted that some of the drivers of social acceptance of augmentation strategies are
knowledge, perception, attitudes toward causes and effect and personal characteristics. A
statistical analysis was conducted to identify factors that would affect the community willingness
to support (WTS) a reticulated water supply. Indeed, the results have significant implications
with respect to: gauging the chance of success of augmenting strategies should a water supply
network be constructed and identifying recommendations that can be made to increase
acceptance of a reticulated water network. Statistical package for social sciences (SPSS)
econometric modeling software was used to complete a linear regression on factors that are
hypothesized to affect people’s WTS. The dependent variable used in the analysis was the stated
likelihood of supporting a regulated water network asked in the survey (see Appendix B); the
‘yes’ and ‘no’ option was standardized to 1 and 0 respectively. All independent variables were
also standardized. Table 5.8 displays the result of the analysis.
Table 5.8: Factors affecting willingness to support a reticulated water supply network

Dependent variable - willingness to support
Constant
Personal characteristics
Length of time living in the community
(1 < 5; 2 - 5 to 15; 3 > 15)
Perception of desalination
(1 - support & 0 - otherwise)
Attitude
Water conservation practices
(0 - never & only in dry season; 1 – otherwise)
Concern about water shortage
(0 - hardly; 1 - otherwise)
Water shortage affecting lifestyle changes
(0 – hardly; 1 – otherwise)
Perception and Knowledge
Vulnerability to drought
(0 - Fair to none; 1 – otherwise)
Vulnerability to climate change induced water shortage
(0 – no; 1 – yes)
R2 adjusted = 0.605
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Coefficient
Estimate
-0.418

P-value
(Sig)
0.005

0.021

0.652

0.446

0.00

-0.055

0.426

0.206

0.018

0.149

0.108

0.263

0.018

0.253

0.001

The results of the regression model have produced significant relationships between some of the
specified independent variable and the dependent variable. The adjusted R2 value is an indication
of how good one variable is at predicting another. The adjusted R2 of the 60.5 % suggest that the
model has accounted for a fair amount of the variance in the dependent variable. The p-value
(Sig) was used to indicate the importance of a variable in the regression model. In general,
coefficients having p-values less than 0.05 are statistically significant.

From the factors

hypothesized to affect the WTS a reticulated water supply network, the most significant are
peoples positive perception of desalination, their concern about water shortage and their
perception and knowledge about the islands vulnerability to drought and climate change induce
water shortage. The results indicate that 80 % of the population is concerned about water
shortage and hence this concern will influence their decision of supporting the water
augmentation strategy. The same reasoning can be applied to the 89% of respondents who
believe the island is vulnerable to drought. However, the most noteworthy results can be inferred
from people’s perception of climate change induced water shortage. As noted in the table, it is
statistically significant implying that some respondents are likely to support an augmentation
project because of their knowledge of climate change for the Caribbean. Closer observation of
the survey revealed that 55% of the respondents perceive that climate change is likely to impact
the water resources of the island, hence an influential factor for fostering support of an
augmentation strategy.
In modeling society’s ideologies of what should take precedence in selecting a water
augmentation strategy, respondents were asked to rank a set of evaluation criteria. In general,
respondents were asked to assign a rank of 1 to 4 to the criterion of cost, environmental impact,
social acceptance and reliability according to their preference for selecting a water project for the
community. The established result is shown in Figure 5.10. Of importance is the order under the
1st ranking. As can be seen the economic cost criterion is given precedence with 41%; a realistic
result for a remote community. The environmental criterion was given second order of
importance with a creditable score of 30% followed by reliability with 20%. The implication of
this is respondents are concerned mostly about the cost that will be transferred to them and hence
careful consideration must be given by decision makers in selecting a high cost augmentation
strategy. As it therefore relates to desalination, strategies such as investing in renewable energy
driven SWRO plants to offset high cost and can potentially sell to the grid to offset some of the
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cost demands will have to be considered. Another strategy for a region with a high electric tariff
is subsidizing some of the electricity cost. Desalination has been well received by many of the
residents; therefore its chance of success on the island of Bequia as a source of water supply is
improved.

Figure 5.10: Ordering of criteria by respondents

However, the most noteworthy outcome of the ranking is the high value credited to the
surrounding environment by the community of Bequia; 30% of respondents indicated their
preference for this criterion under the 1st ranking while the 2nd ranking received 33%. This result
signifies the community is socially embedded within the avenues of the immediate environments
and intrinsically, would be attentive to the impact of projects in the label of development – a trait
that is debatably less obvious in many developed countries or metropolitan locations as the
environmental consequences is less visible. Additionally, it is an indicator of the intimate
connection formed with the environment in many small islets because of the fragility of the
islands natural resources. Resultantly, the result can be used as a gauge for modeling support. In
this context, the result implies that if the community diagnose their environment is threaten,
especially as it is an integral part of their source of revenue, then any project may be meet with
resistance, even if it is a cost effective strategy. Irrefutably, this maps the sensitive nature of
development planning for SIDS. For this reason, the small size of many SIDS is a key
intermediary variable between decision modeling of environmental projects and level of social
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performance, and hence the requisite to reproach tradition forms of decision making to methods
inclusive of community values.
Modeling social attributes of water projects provide insights into the knowledge gap of
communities, the intricacy of implementing water augmentation strategies and hence identifiable
areas for strategic planning. The result from this study shows that although a high value is
credited to the environment, desalination was still selected as the alternative of preference by the
community. By comparison, desalination is more taxing on the environment than recycling
wastewater or dual distribution system (Satterfield, 2009; Dolnicar, et al., 2011), and so the
results appear contradicting at first. However, there are several plausible explanations for the
results. First, the use of desalination is not uncommon to the Caribbean region and hence
instinctively many respondents would have unveiled support for this strategy because of
familiarity. Desalination is used in neighborhood islands such as Barbados and other Grenadine
islands such as Canouan and Mustique (privately owned). Secondly, the use of recycle
wastewater and dual water system is yet to diffuse on a large scale in the Caribbean region and
so unfamiliarity may have led to the result obtained. Dual water systems have been used
effectively in the immediate vicinity of St. Lucia and US Virgin Islands (Satterfield, 2009;
UNEP-IETC, 1998). Finally, and perhaps more importantly, it is a reflection of the lack of
knowledge and understanding because the negative environmental effects of desalination are not
commonly known and the benefits of using the other strategies are also uncommon.
As emphasized by Satterfield (2009) “we are treating more water to drinking water standards
than we need to treat” and hence we are wasting to much water especially in an era of increasing
water scaricty, climate change and SD. In this context, dual water systems can have a significant
impact on the small communities that face water shortages. Dual distribution system can reclaim
a community’s wastewater and reuse it for non-potable purposes and because of the smallness of
the island of Bequia such a strategy may be well integrated into the current rainwater harvesting
system to place less burden on the current system. However, by virtue of a small percentage of
support for dual distribution system and recycled wastewater (see Figure 5.6), some of which
could be accredited to lack of familarity as would have been observed during the survey
distribution, a strategic dissemination of information by all medium would undoubtedly be
needed to foster communal support.
82

Chapter 6 Conclusion and Recommendation
6.1 Conclusion
Globally, water scarcity is a clear and present threat as civilization expands bringing with it an
ever increasing competition among various sectors of modern society. The scenario and
challenges are even more profound for SIDS as small landmasses prohibit the security of large
water storage capacity. There also exist a narrow base of livelihood options and many islands
lack the economic, institutional and human resource capacity compared to larger countries. Some
of these attributes are ideally reflected on Bequia Island. With no surface water for development,
low annual rainfall with an observed reduction in precipitation and limited groundwater supplies,
the island experiences seasonal water shortages that are increasing in frequency and intensity.
The particular geography of Bequia, a small island of an island State, further compounds the
problem as the island’s water sector has suffered from lack of attention. The diminutive size of
Bequia Island means that socio-economic development and water resources are entwined, further
highlighting the exigent need to identify early feasible water augmentation strategies under the
guidelines conforming to integrated water resources management (IWRM) and sustainable
development (SD).
This research developed a methodological framework to select an appropriate water
augmentation strategy for Bequia. The water source must accede to socio-political acceptance,
market acceptance and community acceptance to ensure its future sustainability. Socio-political
acceptance is the avenue of accepting technologies at the most general level which includes
approval by key stakeholders and decision makers. For the socio-political acceptance the AHP
methodology was employed to rank a set of feasible alternatives under the assessment of all the
SD criteria: social integrity, environmental health and economic expediency, and technical
potency and reliability with respect to water governance. Market acceptance refers to the
economic viability of the water resource. A financial assessment was executed by determining
the levelized water cost (LWC) for the preferred alternative to determine its competiveness.
Community acceptance refers to acceptance of the augmentation strategy at the local level and
understanding the factors influencing the decision.
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Emerging from the research is the paramount value conferred to the environment. In the AHP
analysis the stakeholders awarded the environmental criterion precedence in selecting water
projects with a weighting of 37.4%. Similarly, the relative importance credited to the
environmental criterion by the Bequia community was high as 30% of respondents expressed
their preference for this criterion in selecting water augmentation projects, second to the
economic criterion of only 41%. The implications of these results are enlightening. It is a
reflection of the awareness of the fragility of the islands ecosystem, an understanding of the need
to preserve the natural tropical beauty of the island, especially as a hefty portion of the islands
economy is built around tourism - a major consumer of freshwater, and perhaps more
importantly, it is promising under the scope of preserving of environmental resources for future
generations. In addition, it is a clear indication of the need to implement sound decision making
strategies and holistic approaches into the design of strategies and planning of water resources.
With regards to the alternatives, desalination was selected as the most suitable augmentation
strategy from the AHP analysis. In fact, AHP proved it performance as a strategic tool to aid in
decision making by allowing intrinsic qualities such as the reliability of water systems to have a
significant impact on this result. Resultantly, desalination was then subjected to an economic
analysis to further determine its suitability as a sustainable water resource. The estimated LWC
of $2.87 per cubic meter for a pilot scale 60 m3 per day sea water reverse osmosis plant indicates
that this augmentation strategy can be financially feasible considering economies of scale applies
to desalination. It is a cost competitive strategy given there is few options available for the
development of the water industry for the island. Further, from the economic evaluation
conducted, this alternative can be a sustainable strategy provided proper actions are undertaken
to minimize the adverse environmental impacts and risks associated with investing in such an
energy and cost demanding water supply source. Furthermore, with 74% of the community
supporting desalination then one can perceive that utilization of this water supply source as an
augmentation strategy will be well received by the islanders of Bequia. At the same time,
decision makers must be cognizant of the fact that 41% of the population is concerned first of all
about the cost of the water system, as they perceive it as a case where a high cost would be
transferred to them. Additionally, 58% of respondents exposed that in principle they would be
willing to support a reticulated supply network.
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There may be considerable social costs and benefits from the installation and use of desalination
plants, affecting the degree to which desalination is a workable or sustainable option in any given
situation. For the remote island of Bequia, the lack of availability of alternative sources of water
and the culture and values of the small community are major influential factors, by which all
evidence from this research indicates that desalination as an augmentation strategy will be a
success. As there are limited alternative sources of water to explore for cost effectiveness – least
cost option - to be considered, the indirect social costs to society is very hard to identify. There
are direct social benefits in knowing that desalinated water is safe to drink and is constantly
available, provided the system is well maintained and operated and indirect benefits in improving
the socio-economic status of the community. In addition, this decentralization strategy seems
very realistic and plausible, and may in principle be the best management practice, given the
menacing connotations of climate change for St. Vincent and the Grenadines.

6.2 Recommendations
1. It is recommended that a cost benefit analysis be conducted to further appraise the suitability
of desalination as a water supply source.
2. Given that desalination is accepted by the community strategies such as subsidizing cost of
electricity is encouraged to ensure the success of the water supply resource.
3. In Section 2 (see Appendix A) of the survey distributed to the stakeholders, questions were
targeted to determine how decision makers in SVG make their decision. Most participants
indicated that they still employ traditional consensus building and cost benefit analysis to
determine the suitability of the project. The lack of a systematic approach in decision making
in SVG indicates there is room for more strategic complementary techniques such as multicriteria decision making.
4. Improving the awareness of the climate change induced water shortage for the island can
strategically improve the revenues to be generated from a water supply network.
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5. The research also identified a lack of knowledge/familiarity in/with other supply sources,
such as dual water systems and treated waste water. A diffusion of information is encouraged
to explore the future prospect of these strategies.
6. It is recommended that a willingness to pay study, which aims to determine the amount of
money a consumer will pay for the supply of water, be conducted.

6.3 Limitations


It has been observed in the literatures that in most cases stakeholders needed to assess the
AHP analysis are directly involved in the design of the AHP structure – the set of alternative
and criteria. This was however no possible during this research.



Another problem that was encountered during this research is the lack of awareness for this
decision making technique as only 5 of the key informants indicated they had heard about
multi-criteria decision making.



Because there is (was) no long term goal for the island of Bequia and plans are now being
implemented to try to address the water scarcity issue, the desalination plant subjected to the
cost analysis in this research is not a true reflection of its potential. As economies of scale
apply to desalination one can anticipate that the prospect may be better if a large scale plant
be analyzed.



In conducting the survey some respondents were not so forth coming in sharing information
such as income and education level because of personal reason. This prevented any analysis
to correlate their willingness to support the reticulated water network to income.
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Appendix A
Survey for AHP analysis

Name of Respondent: ________________________________________
Profession: _________________________________________
Working Experience: ___________ (years)
Name of Employer and address:
______________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
Tel. No:______________________(Cell) Tel.No:___________________(Home/Work)
Fax No: ______________________
Email Add/ URL:
_________________________________________________________
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Section 1: General Information
1. Do you think Bequia (and other Grenadine Islands) is subjected to water stress during the
dry season?
Yes

No

2. Are you aware that a recent study (2006) conducted by the University of the West Indies
monitoring the below average rainfall of Bequia concluded that ‘drought like’ conditions
are occurring more frequently and intensely?
Yes

No

3. Are you aware that the Caribbean region is susceptible to the impacts of climate change?
Yes

No

4. Do you believe that Bequia is likely to suffer from climate change induced water shortage?
Yes

No

5. Based on the question/cases presented above, and your experience/knowledge in/of
Bequia, do you think there is a need to seek an alternative water source for the residents?
Yes

No

Section 2: Decision making (only answer if applicable)
6. Have you ever heard about Multi-criteria decision making technique?
Yes

No

7. Have you ever heard about the Analytic Hierarchy Process (AHP) in decision making?
Yes

No

8. When selecting projects for appraisal for your company, what is the most common
method employed?

Consensus followed by cost benefit analysis
Using a decision support system
Stakeholder inclusion in the decision making process
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Section 3: AHP Survey
There are 2 parts in this section, each requiring a pairwise comparison. An example of pairwise
comparison is shown below. In addition, it would be useful to read the accompanying sheet for
clarity. The sheet provides information of definitions/meanings of the concepts used.
Pairwise Comparison Example:
With respect of the objective of ‘comparing criteria’ in selecting an alternative water supply, two
performance measures A and B need to be compared in Table 1:
Table 1: Pairwise comparison
A over B
Performance
Measure A

Performance
Measure B

Very Strong

Strong

Moderate

Equal

Moderate

Strong

Very Strong

Extreme

B over A

Extreme

Objective

Or

Economical Cost

Reliability

9

7

5

3

1

3

5

7

9

Compare the
Criteria

In Table 1, number “7” is marked, which means with respect of the objective “comparing
criteria”, performance measure B (Reliability) is “Very strongly” important over performance
measure A (Economical Cost).
Please do similar pairwise comparisons in Part 1 and 2 (Table 2-4). In each row of any table,
please only check or circle ONE score.
Note: Please pay attention to the meaning of each number given in the table below before
proceeding.
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The Fundamental Scale of Pairwise Comparison
Intensity of
importance

Definition

7

Equal
Importance
Moderate
Importance
Strong
Importance
Very Strong
Importance

9

Extreme
Importance

1
3
5

Explanation
Two elements contribute equally to the objective
Experience and judgment slightly favor one element over the
other
Experience and judgment strongly favor one element over the
other
One element is favored very strongly over another, its
dominance is demonstrated in practice
The evidence favoring one element over another is of the
highest possible order of affirmation

Part 1
You are asked do a pairwise comparison of performance measures in Table 2 with respect to
“comparing criteria”. These criteria refer to the performance against which the alternative water
options would be judged in selecting the ‘best’ option to augment the water supply. In each row
of the table, please only check or circle ONE score.
Table 2: Pairwise comparisons on the “Comparing Criteria” objective.

Performance
Measure B

Strong

Moderate

Equal

Moderate

Strong

Very Strong

Extreme

Comparing
criteria

Performance
Measure A

Very Strong

Objective

B over A

Extreme

A over B

Economical Cost

Technical

9

7

5

3

1

3

5

7

9

Economical Cost

Reliability

9

7

5

3

1

3

5

7

9

Economical Cost

Environmental
Impact

9

7

5

3

1

3

5

7

9

Economical Cost

Social Factors

9

7

5

3

1

3

5

7

9

Social Factors

Technical

9

7

5

3

1

3

5

7

9

Social Factors

Reliability

9

7

5

3

1

3

5

7

9
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Social Factors
Environmental
Impact
Environmental
Impact
Reliability

Environmental
Impact

9

7

5

3

1

3

5

7

9

Technical

9

7

5

3

1

3

5

7

9

Reliability

9

7

5

3

1

3

5

7

9

Technical

9

7

5

3

1

3

5

7

9

Part 2
You are asked do a pairwise comparison of “comparing alternative water options” in Table 2A2E with respect to EACH criterion. Please only check or circle ONE score.

Table 2A: Pairwise comparison for criterion ECONOMIC COST.

Alternative A

Alternative B

Very Strong

Strong

Moderate

Equal

Moderate

Strong

Very Strong

Extreme

Objective

Desalination

Government
Cistern Project

9

7

5

3

1

3

5

7

9

Desalination

Submarine Pipes

9

7

5

3

1

3

5

7

9

9

7

5

3

1

3

5

7

9

9

7

5

3

1

3

5

7

9

9

7

5

3

1

3

5

7

9

9

7

5

3

1

3

5

7

9

9

7

5

3

1

3

5

7

9

9

7

5

3

1

3

5

7

9

Submarine Pipes

9

7

5

3

1

3

5

7

9

Government
Cistern Project

9

7

5

3

1

3

5

7

9

Desalination
Desalination
Compare
alternatives
against
Economic
Cost

B over A

Extreme

A over B

Business as
Usual
Business as
Usual
Business as
Usual
Dual Water
System
Dual Water
System
Submarine Pipes

Dual Water
System
Business as
Usual
Government
Cistern Project
Submarine Pipes
Dual Water
System
Government
Cistern Project
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Table 2B: Pairwise comparison for criterion TECHNICAL.

Alternative A

Alternative B

Very Strong

Strong

Moderate

Equal

Moderate

Strong

Very Strong

Extreme

Objective

Desalination

Government
Cistern Project

9

7

5

3

1

3

5

7

9

Desalination

Submarine Pipes

9

7

5

3

1

3

5

7

9

9

7

5

3

1

3

5

7

9

9

7

5

3

1

3

5

7

9

9

7

5

3

1

3

5

7

9

9

7

5

3

1

3

5

7

9

9

7

5

3

1

3

5

7

9

9

7

5

3

1

3

5

7

9

Submarine Pipes

9

7

5

3

1

3

5

7

9

Government
Cistern Project

9

7

5

3

1

3

5

7

9

Desalination
Compare
alternatives
against
Technical
Factor

B over A

Extreme

A over B

Desalination
Business as
Usual
Business as
Usual
Business as
Usual
Dual Water
System
Dual Water
System
Submarine
Pipes

Dual Water
System
Business as
Usual
Government
Cistern Project
Submarine Pipes
Dual Water
System
Government
Cistern Project

Table 2C: Pairwise comparison for criterion RELIABILITY.

Alternative B

Strong

Moderate

Equal

Moderate

Strong

Very Strong

Extreme

Compare
alternatives
against
Reliability

Alternative A

Very Strong

Objective

B over A

Extreme

A over B

Desalination

Government
Cistern Project

9

7

5

3

1

3

5

7

9

Desalination

Submarine Pipes

9

7

5

3

1

3

5

7

9

Desalination

Dual Water
System

9

7

5

3

1

3

5

7

9
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Desalination
Business as
Usual
Business as
Usual
Business as
Usual
Dual Water
System
Dual Water
System
Submarine
Pipes

Business as
Usual
Government
Cistern Project

9

7

5

3

1

3

5

7

9

9

7

5

3

1

3

5

7

9

9

7

5

3

1

3

5

7

9

9

7

5

3

1

3

5

7

9

9

7

5

3

1

3

5

7

9

Submarine Pipes

9

7

5

3

1

3

5

7

9

Government
Cistern Project

9

7

5

3

1

3

5

7

9

Submarine Pipes
Dual Water
System
Government
Cistern Project

Table 2D: Pairwise comparison for criterion ENVIRONMENTAL IMPACT

Submarine Pipes

Dual Water
System
Government
Cistern Project
Submarine
Pipes
Government
Cistern Project

Extreme

Business as
Usual
Dual Water
System
Dual Water
System

Very Strong

Business as
Usual
Business as
Usual

Strong

Desalination
Compare
alternatives
against
Environmental
Impact

Moderate

Desalination

Equal

Desalination

Government
Cistern Project
Submarine
Pipes
Dual Water
System
Business as
Usual
Government
Cistern Project
Submarine
Pipes

Moderate

Desalination

Alternative B

Strong

Alternative A

Very Strong

Objective

B over A

Extreme

A over B

9

7

5

3

1

3

5

7

9

9

7

5

3

1

3

5

7

9

9

7

5

3

1

3

5

7

9

9

7

5

3

1

3

5

7

9

9

7

5

3

1

3

5

7

9

9

7

5

3

1

3

5

7

9

9

7

5

3

1

3

5

7

9

9

7

5

3

1

3

5

7

9

9

7

5

3

1

3

5

7

9

9

7

5

3

1

3

5

7

9
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Table 2E: Pairwise comparison for criterion SOCIAL FACTOR

Alternative B

Strong

Moderate

Equal

Moderate

Strong

Very Strong

Extreme

Compare
alternativeswater options
against
Environmenta
l Impact

Alternative A

Very Strong

Objective

B over A

Extreme

A over B

Desalination

Government
Cistern Project

9

7

5

3

1

3

5

7

9

Desalination

Submarine Pipes

9

7

5

3

1

3

5

7

9

Desalination

Dual Water System

9

7

5

3

1

3

5

7

9

Desalination

Business as Usual

9

7

5

3

1

3

5

7

9

Business as
Usual
Business as
Usual

Government
Cistern Project

9

7

5

3

1

3

5

7

9

Submarine Pipes

9

7

5

3

1

3

5

7

9

Dual Water System

9

7

5

3

1

3

5

7

9

Government
Cistern Project

9

7

5

3

1

3

5

7

9

Submarine Pipes

9

7

5

3

1

3

5

7

9

Government
Cistern Project

9

7

5

3

1

3

5

7

9

Business as
Usual
Dual Water
System
Dual Water
System
Submarine Pipes

THANK YOU!
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Appendix B
Survey distributed to residents of the Bequia community

Dear Sir/Madame,
My name is Geneille Greaves and I am currently a master’s student at the National Central
University in Taiwan. This survey is part of a research project as a requirement for my ‘Master’s
Degree’.
The purpose of this questionnaire is to capture the respondent knowledge and experience with
respect to the water distress in Bequia (and the other Grenadine Islands), and hence evaluate/rank
a list of possible alternatives to augment the water available to the residents. A Decision Support
System framework, the Analytical Hierarchy Process (AHP) method, is employed in this survey
in an attempt to achieve the desired goal.
I hope that the finding from this survey will provide a structured approach in evaluating water
projects in SVG and assist in formulating a ranking of possible options to augment the water in
Bequia. Structured questions have been formulated to achieve this goal with an illustration of the
AHP method.
Your response to this questionnaire is highly appreciated and will be treated with the strictest
confidence. All the information will be used in academic purposes ONLY.
Thank you for your time and patience.
Sincerely
………………………..
Geneille Greaves
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Section 1: General Information
1. How many persons live in your household? (Please give number on each)

Over 18:

Between 12 and 18:

Under 12:

2. Please select your level of education level

Less than high school

College

Bachelors Higher degree

Master’s degree and above

3. What is your monthly income? Please select a range.

Between EC$ 500 - $1000

Between EC$ 1000 - $2000

Between EC$ 2000 - $3000

Between EC$ 3000 - $4000

Over EC$ 4000

No income

4. How long have you lived in this community? Please check box

Less than 5 years?

Between 5 & 15 years?

More than 15 years?

Section 2: Water Consumption, Conservation and Practices.

5. What type of sewage facility do you use?

Flush Toilet

Outside latrine

If your answer is Flush toilet, please state where the water is obtained from to be used in
this system.

6. Do you use freshwater for agricultural activities? (gardening is included)

Yes

No

If your answer to question 6 is yes, please answer the next 2 questions, otherwise, skip
to question 9.
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7. How often do you use freshwater for your agricultural activities?

Always

Sometimes

8. Do you re-use water from any activities such as washing dishes for your gardening?

Yes

No

9. Do you follow strict conservation practices when utilizing your water?

Always

Sometimes

Never

Only in the dry season.

Section 3: Water Shortage
10. Typically, how was your lifestyle affected with respect to fresh water usage during the
dry season?

A lot

Moderately

Not much

11. How do you rate your level of concern about water shortage?

Very concerned

Moderately concerned

hardly concerned

12. How much do you consider yourself or your community vulnerable to drought?

Extreme

Strong

Moderate

Fair to none

13. From your experience of living on the Island, do you think the water shortage or drought
like conditions have intensified over the years?

Yes

No

14. Do you think this Island is prepared to handle water shortage or drought?

Yes

No

15. Are you aware of the potential impacts of climate change?

Yes

No
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16. Do you believe that climate change will reduce you access to water?

Yes

No

17. Below is a list of options which may be used to address or lessen the effects of water
shortage in your community. Please select from the options those you are most likely to
support. (You may select more than one. Indicate your selections with a  )

Water Options

Your Selection

Desalination
Treated waste water
Government water catchment project in your
community
Submarine water transportation pipes from
mainland St. Vincent
An extra piping system for flushing toilets using
sea water
18. If a water project was to be implemented in your community to address the water
shortage issues, which criteria do you think should be given the highest priority in
deciding the suitability of the project?

(Please rank the following criteria from 1 to 4, where 1 is the highest and 4 is the
lowest).

Criteria

Ranking

Economic Cost
Environmental impacts to the surroundings
Reliability
Social Impacts - Society Acceptance
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Section 5: Economic Cost
19. Do you obtain water from any source beside your rain harvesting method during water
shortage?

Yes

No

If your answer to the previous question is yes, please state where this additional water is
obtained from.
20. Do you spend money on purchasing water for domestic purposes?

Yes

No

If your answer to the previous question is yes, please answer this follow up question.
On average, how much do you spend on purchasing water?
Less than $50

Between $50 & $100

Between $300 & $500

Greater than $500

Between $100 & $300

21. Would you support the idea of a regulated water supply in your community and would
you be willing to pay for it?

Yes

No

Thank you for your Cooperation!
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