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Abstract 

 

Access to safe drinking water is recognized as a fundamental social right in Fiji and is stipulated under 

section 36 of the amended 2013 constitution. This right creates a conducive, and empowering environment 

for its citizen’s to access safe drinking water. The various water policies of Fiji have addressed certain 

aspects of the management of freshwater sources, however, none specifically outline the different 

strategies and alternatives that the government is committed to in ensuring that everyone has accessibility 

to safe drinking water nor does it recognizes the dynamics of change that the socio-economic and 

environment undergoes overtime as some of the policies are of colonial origins and is outdated. The 15-

year time frame of the Sustainable Development Goal gives Fiji an opportunity to formulate and enforce 

effective policies and adaptive approaches that will not only ensure that the 6th SDG is achieved, but the 

availability of safe drinking water sources for future generations. To have a holistic approach would require 

the merger of   the Integrated Water Resource Management (IWRM) and Adaptive Management (AM) 

Concepts.  The Driver, Pressure, Impact, State and Response (DPSIR) is a cause and effect framework of 

the IWRM that was used to identify and describe the interconnectedness of Fiji´s socio-economic and 

environment status in terms of availability and accessibility to safe drinking water. The inclusion of Adaptive 

Management involves modelling future scenarios, projected population and the corresponding water 

demand. The results from the two approaches resulted in the adaptation of the Adaptive Water Resource 

Management for Fiji. 

Keywords: Safe drinking water, accessibility, Integrated Water Resource Management, Adaptive 

management, Sustainable Development Goals 
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1.0 Introduction 

 

1.1 Research background 

Seventy percent of the Earth's surface is covered by water. Of all the water on Earth, 97.5% is salt water, 

while the remaining 2.5% is fresh water as shown in the first bar of figure 1. The composition of freshwater 

is shown in the middle bar which clearly demonstrates that most of it is frozen (68.7%) while the rest is 

stored underground. Only 1.2% of the total amount of freshwater available sustains life on earth of which 

0.49% is made up of rivers. However, irrespective of the fact that rivers account for only a small amount of 

freshwater, it is where humans get a large portion of their water from to cater for their needs. (Shiklomanoy 

I and Gleick P.1993).  

 

Figure 1: Distribution of Earths Freshwater (Shiklomanoy I and Gleick P.1993). 

 

Water is pivotal to the survival of humanity as 75% of the human body is made up of it. The role of water 

circulating through land is similar to its role in humans as it is involved with the transportation and 

replenishment of nutrients while it simultaneously removes waste material. Addition roles in the body 

include regulation of fluids, tissues, cells, lymph, blood and secretions from the glands.  Its importance has 

contributed to the development of civilizations as it is evident that most mega cities and human settlements 

are usually concentrated around water bodies (lelava.cc) Therefore, in situations where there is an excess 

or lack of water would require a temporal and spatial management to ensure its reliability in catering for 

human needs.  
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In 2010, the right to water was recognized as a human right (UN (2010). This does not imply that drinking 

water should be free of charge, however it reiterates the importance of not only having the freedom to 

access good quality drinking water, but, also the ability to acquire it in adequate quantitates and the 

capability to pay for it. Unequal opportunities to access to safe drinking water still remain a problem after 

the Millennium Development Goals (MDGs) era (i.e. 2000-2015). This is due to the fact that several regions 

namely Caucasus and Central Asia, Northern Africa, Oceania/Pacific and sub-Saharan Africa were not able 

to achieve the MDG target on water. i.e.  Target 7c - Halve, by 2015, the proportion of the population without 

sustainable access to safe drinking water and basic sanitation. Currently, it is estimated that around 748 

million people (9% of the world’s population) still don’t have access to an improved drinking water source. 

(MDG Report,2015). Globally, it became clear that the allocation of fresh water in most areas is less a 

problem of physical water scarcity than more a problem of economical water scarcity. It has been identified 

that the mismanagement of water sources and poor governance are the core factors that give rise to the 

world’s water crisis (Rogers & Hall 2003). To address this issue, world leaders convened at the United 

Nations Sustainable Development Summit on 25 September 2015 and adopted the 2030 Agenda for 

Sustainable Development Goals (SDG´s) comprising of a set of 17 SDGs which are to be achieved by 

2030. The SDGs provides a window of opportunity for the developing countries to improve their status in 

terms of access to safe drinking water due to the following reasons:  

 the SDGs is the outcome of global collaboration and detailed international negotiations which 

involved middle-income and low-income countries in contrast to the MDGs which were largely 

determined by the Organization for Economic Co-operation and Development (OECD) countries 

and international donor agencies. (Development Co-operation Report 2015). 

 The SDG´S take human rights into account by giving priority to challenging systemic patterns of 

discrimination and violations of rights which has kept many people in poverty. 

Goal 6 of the SDGs is solely dedicated to access to safe drinking water and it expands on the efforts and 

focus of the MDGs by incorporating the entire process of the water cycle and the management of water, 

wastewater and ecosystem resources. 

1.2 Scope & Objective 

This study will highlight the global and regional efforts to access to safe drinking water however the main 

focal point will be on Fiji. Two management approaches i.e. Integrated Water Resource Management 

(IWRM) and Adaptive Management (AM) were used to probe the questions that were guiding the research 

which are: 

 What are the economic, social and environmental characteristics of Fiji that will affect the 

quantitative and qualitative properties of its drinking water?  

 What are the conditions, structures, stakeholders and interrelations promoting the mismanagement 

and insufficient access to safe drinking water? 
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 Is the current response sufficient to mitigate the challenges posed and does it ensure sustainability 

of this limited resource? 

The dissertation aims to learn and understand more about IWRM by utilizing the Driver, Pressure, State 

Impact, Response (DPSIR) framework that was proposed by the European Union to map out the cause 

and effect relationship of unsafe and inaccessible drinking water in Fiji and the current response to address 

it. It will also integrate the AM concepts of the inclusion of uncertainty to ensure that the governments 

approach to sustainability is a holistic one. Hence, through the synergy of these two management 

approaches coupled with recommendations from   previous studies carried out by Medema M &Jeffery 

2005, who have identified the possibility of combining the two, and the participatory studies carried out by 

Narayan D, 2003) the end result is a single framework known as Adaptive Water Resource Management 

(AWRM). 

The objective of this study is to adapt an AWRM Framework for Fiji that will guide its policy makers on 

addressing the various socio-economic and environmental changes that must be taken into consideration 

before formulating safe and accessible drinking water policies that will enable Fiji to meet the 6th Sustainable 

Goal. 

1.3. Methodology 

In order to achieve the objective, the various components that influence access to safe drinking water in 

Fiji must be clearly understood. In this study, the methodological approaches in its sequential order are: 

I. Give clear definitions on the terms safe drinking water and accessibility after which the connection 

between the importance of access to safe drinking water to sustainability is then made which will 

lead to the Sustainable Development Goals (SDG´s). The scope will be narrowed to the 6th Goal 

paying particular attention to “ensuring availability and sustainable management of water for all” 

with its associated targets.  

II. To ensure sustainability of natural resources, there is a need for holistic management approaches. 

As mentioned, the two management approaches applied in this study are the IWRM and AM. IWRM 

has been advocated as the most sustainable means to incorporate the multiple competing and 

conflicting uses of water resources ever since the first UNESCO International Conference on 

Water. The other management method is AM in which natural resources management need to be 

adopted altogether, recognizing that ecosystems are complex systems, which are ‘adaptive’ or 

‘self-organizing’ and that management systems must be able to readjust to change in the system’ 

(Gunderson and Holling, 2001).  After choosing this two management approaches, the next step is 

to conduct a literature review whereby clear definitions of the IWRM and AM are made which 

enables one to gauge what both concepts are about and the processes involved. Furthermore, the 

loopholes of these two management approaches will also be highlighted. It also brings to light 
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studies made by Medema & Jeffrey, 2005 on the benefits that the will arise through the synergy of 

the two management approaches.   

III. The third approach is to analyze the status and approaches that the Pacific Region will undertake 

in its efforts to improve its status of access to safe drinking water and the challenges faced. 

Although some PICs were able to achieve the MDG on water, the Oceania/ Pacific region as a 

whole was failed to achieve it as it only achieved a 57% coverage safe drinking water instead of 

the MDG requirement of 88%.  

IV. In order to adapt an AWRM framework that will be applicable in Fiji, the fourth approach involves 

two activities whereby Fiji´s current position is analyzed through the DPSIR framework – a cause 

and effect indicator of IWRM (UNECE,2003) This involves identifying the drivers of unsafe drinking 

water in Fiji, the pressures that arise from it and how it affects the current state of the environment, 

identify the impacts arising and investigate the current responses to mitigate it. Furthermore, it will 

also highlight the governmental institutions that are involved in the management of water and 

identify the challenges that hinder their effectiveness. 

V. The fifth approach is to undertake the Adaptive Management Strategy which require forecasting 

the anticipated safe drinking water demand during the sustainable development goal period i.e. 

2016-2030. This is carried out by using figures gathered from the DPSIR analysis and current 

population census from the Fiji Bureau of Statistics, the forecasted population with its 

corresponding demand on safe drinking water were then calculated using the relevant 

mathematical formulae. The Microsoft Excel software was then used to translate the figures into 

graphical representation which makes it easy for anyone to relate and understand what will be the 

future prospects of access to safe drinking water in Fiji.  

VI. The sixth approach is to conduct a case study on one of the informal settlements in Fiji and to 

highlight the daily struggles that its inhabitants go thorough when it comes to having access to 

drinking water. The Veiraisi informal settlement was chosen because it is located at the outskirts of 

the most densely populated town in Fiji. Furthermore, due to its close proximity to the sea and to 

the fact that the majority of its inhabitants use wells and rainwater as their drinking water sources, 

the impact of climate change and its effect on their drinking sources will also be investigated. The 

approach that was undertaken was issuing a questionnaire to each household and collating all the 

answers. A copy of the questionnaire can be found at the appendix section. 

The final step is to build on the general AWRM model that was proposed by Medema & Jeffrey, 2005 and 

merging the findings from the IWRM and AM sections of chapter 4 along with the recommendations of 

Narayan D,2003 results in the adaptation of the AWRM framework that will be applicable to Fiji. Figure 2 

summarizes the methodology opted to fulfil the scope of the thesis. 
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Figure 2: Methodology of dissertation. 

1.4. Structure 

The dissertation is divided into six chapters. The introductory chapter is the first and current one which 

presents the context of the work, the different definitions involved and the methodology used to achieve the 

objective of this dissertation. 

The second chapter is the state of the art which contains a literature review on the terminologies used, and 

the concept of the SDG´s, IWRM and AM. It also explores the prospect of having a synergy of IWRM and 

AM and how this will create a shift in paradigm resulting in an integrated and adaptive in the management 

and sustainability of access to safe drinking water. 

The third chapter looks at the Pacific Region where the current status of Safe drinking water is highlighted 

and its efforts in achieving the SDGs. 

The fourth chapter contains both the IWRM and AM approaches to analyze and understand Fiji´s current 

and future prospects in terms of access to safe drinking water. It also explores and highlights the current 

monitoring techniques used and if the results have caused a change in attitude or encouraged learning and 

adaptation for its people.  

The fifth chapter presents the discussion and the development of the AWRM Framework.  

The final chapter concludes the study by providing challenges that might be expected in the implementation 

of the AWRM framework, offers some potential improvements and further development. Furthermore, all 

the sourced documents such as journal articles, books and so on that were used in the thesis are available 

in the bibliography section which follows the conclusion. 

 

Literature Review IWRM (Using the 
DPSIR Framework)
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Future Population Projections 
& corresponding water 

demand

Case study : Informal 
Settlement
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2.0. State of the Art.  

2.1 What is meant by access to safe drinking water? 

 2.1.1. Definition of Safe 

Drinking water can be defined as water used for domestic purposes including drinking, cooking and 

personal hygiene. It is labelled safe when its microbial, chemical and physical characteristics meet the 

World Health Organization (WHO) guidelines or national standards on Drinking Water Quality. Furthermore, 

it must not represent any significant risk to human health over a lifetime of consumption, including different 

sensitivities that may occur between life stages. (WHO Drinking Water Guidelines, 2014). Table 1 

summarizes the physical and chemical characteristics of water with the accepted WHO quality standards. 

It also highlights the problems that arise when the water qualities deviate from these standards.  

Table 1: Physical, chemical and biological components of drinking water and possible problems 

caused by them (DWSS, HWTS Fact Sheet,2007). 

 

 2.1.2. Definition of Accessibility  

Access to safe drinking water is expressed by the proportion of people using improved drinking water 

sources. In order to classify the water source as accessible, monitoring organizations have set a criterion 
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that the distance between the improved water source to the users dwelling should be less then 1km. 

Furthermore, it should be possible for the user to efficiently acquire 20 liters per inhabitant per day which is 

the estimated volume of water required to meet the basic human need and the time allocated to collect the 

water (MDG Report, 2015). 

2.2. The importance of Access to safe drinking water and sustainability 

 Access to safe drinking water and energy provide the backbone to life sustenance and is therefore 

universally accepted as the panacea for sustainable development (Butuala, Vankooyen & Patel, 2010 

Tissington, 2012; Showkat & Ganaie, 2012). Human settlements have from early days revolved around the 

availability and accessibility of water. Its qualitative and quantitative state is a determinant of health, 

standard of living conditions and well-being of people. (WHO Report, 2010). The importance of water is 

revealed through the incidence on health issue of low water quality. Table 2 identifies the microbes i.e. 

virus, bacteria and protozoa present in contaminated waters and the diseases caused by them. 

Table 2: Microbes present in contaminated waters and diseases they cause (DWSS, HWTS Fact 

Sheet,2007). 

 

From the table above, it can be seen that diarrhea is caused by both virus and bacteria hence the chances 

of people suffering from it is high. Every day, approximately 2,195 children die from diarrhea, this is a 

staggering amount as it claims more lives than those dying from AIDS, malaria, and measles combined. 

(Liu et al. Lancet,2012). Figure 3 shows the various leading causes of death in children globally for children 

under five years old. Studies carried by Hunter et al., 2010 concluded that deaths from waterborne diseases 

are preventable, and can be made possible through the access to safe, reliable drinking water that is 

available in sufficient quantities. 
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Figure 3: Causes of children deaths worldwide (Liu et al. Lancet,2012). 

 

2.3 Current status of Access to Drinking water at the Global Scale. 

Water scarcity affects more than 40 % of people around the world. Since 1990, 2.1 billion people have 

gained access to improved water sanitation, however, dwindling supplies of safe drinking water is a major 

problem impacting every continent. In 2011, 41 countries experienced water stress, which are close to 

depleting their supply of renewable freshwater and must now rely on non-conventional sources. (UNDP 

Report,2015). 

Action must now be taken to conserve and protect our water resources by preventing water pollution, 

treating waters that are already contaminated, and restoring the quality and health of rivers, lakes, aquifers 

and wetlands. This will ensure that our waters meet the broadest possible range of human and ecosystem 

needs and uses. One of the major elements for effective water governance is the interaction between water 

and law as well as the many complex social aspects to water. This is often inclusive of cultural and religious 

beliefs and expectations of modern societies and their high regard for water resources as an element for 

recreation and aesthetic value (Wallace et al., 2003) 

At the international level, the response to this today is in the marshalling of resources to make progress 

towards the agreed targets outlined in the Sustainable Development Goals. This comes to light after the 

Millennium Development Goals (MDGs) came to an end in 2015 which saw that there was variation in the 

progress towards the attainment of the eight MDGs and associated targets. However, despite this slow 

progress, there is no doubt that the lives of millions of people today have greatly improved, which can be 

attributed to the efforts in attaining the goals.  

In 2010, the global MDG target for drinking water was achieved which meant that 89 % of the world’s 

population, or 6.1 billion people now use improved drinking water sources. The progress towards the goals 

is conducted by the Joint Monitoring Program (JMP), the official mechanism of the UN system which is 

mandated to monitor and produce biannual reports on the global progress of achieving the MDG Targets 
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which also highlighted that this achievement is 1% more than the 88 % of the MDG target. (WHO and 

UNICEF,2012). 

 Despite the fact that the world met the MDG drinking water target, several regions didn’t achieve the target 

as earlier stated. Furthermore, it was also highlighted that there is a huge discrepancy between the urban 

and rural dwellers who were able to access improved water services (MDG Report, 2015). Several authors 

(Clasen, 2012; Shaheed et al., 2014) have highlighted that the method in which the JMP uses is also a 

contributing factor to this failure in achieving the water targets.  

Shortcoming of the JMP Monitoring Method  

JMP monitoring has been criticized on several grounds, firstly for overestimating coverage in both rural and 

urban areas through the exclusion of water quality, affordability, and sustainability dimensions from the 

improved/unimproved typology (Clasen, 2012; Shaheed et al., 2014). It has been identified that access 

alone does not fully reflect inequalities between rural and urban areas as water may be unsafe or not 

available in sufficient quantities. Differences in access can be attributed to disparities in the other aspects 

of water service such as, quantity, accessibility, affordability, continuity of supply, and quality issues (WHO, 

2011). 

Secondly, it is argued that merging and classifying peri-urban areas or slums as ‘rural’ has occurred and 

results in an over-estimation of urban progress towards targets. Some further argue that the use of a single, 

common set of indicators to assess and monitor both rural and urban progress is misguided (Schäfer et al., 

2007). In a recent systematic review by (Bain et al., 2014), it was discovered that water quality is generally 

worse in rural areas due to fecal contamination than those in urban areas (Miranda 2010). While these 

studies concern fecal contamination of drinking-water, and diarrheal disease associated with such 

contamination dominates the water borne burden of disease, it is likely that other water borne diseases are 

also disproportionately borne by rural populations. This includes the high levels of fluoride and arsenic, 

which the WHO indicates to be the principal chemical contaminants of global concern.  

Another problem contributing to the underestimation of the population served by unsafe water is the 

contamination of water during its distribution to homes via pipes or carriers which was overlooked. (WHO 

Report,2014). 

Why is access to safe drinking water expected to decline? 

Globally, fresh water is becoming an endangered resource. The quality of the world’s water is increasingly 

threatened due to the accelerating populations growth and expansion in industrial and agricultural activities. 

In addition, climate change poses a major challenge as it can cause major alterations to the hydrologic 

cycle which will result in drastic effects on the state of freshwater. Contaminated waters threaten the health 

of people and ecosystems, reduces the availability of safe water for drinking and other uses, and limits 

economic productivity and development opportunities.  
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Furthermore, the global consumption of water is doubling every twenty years, which is twice the rate of 

population growth. It is estimated that in 2025, at least 3 billion people will be living in areas where it will be 

difficult or even impossible to meet basic water needs. (WHO Report,2014) 

The Sustainable Development Goal (SDG) specifically on Water 

Building on the UN Millennium Declaration and its eight Millennium Development Goals (MDGs) which 

ended in 2015, the 2030 Sustainable Development Goals (SDGs) agenda expands the MDGs and now 

covers all aspects of sustainable development in all countries of the world. Officially known as Transforming 

our world: the 2030 Agenda for Sustainable Development, it comprises of 17 universal aspirational goals 

with 169 targets and indicators that the UN member states will be expected to use to frame their agendas 

and political policies over the next 15 years i.e. (2015-2030). The goal designated specifically for Water is 

the 6th Goal titled “Ensure availability and sustainable management of water and sanitation for all" (UN 

Water, 2013). 

To facilitate understanding of the multiple functions water plays in society, the framework is structured into 

five measurable and interconnected targets which encompass the entire water cycle. The short versions of 

these targets are: 

Targets 6.1 and 6.2 focus on the MDG targets on drinking water and basic sanitation, providing continuity 

while expanding their scope and refining definitions. 

Targets 6.3 to 6.6 address the broader water context such as water quality and wastewater management, 

water scarcity and use efficiency, integrated water resources management, and the protection and 

restoration of water-related ecosystems. These areas were not explicitly included in the MDG framework, 

however, its importance was acknowledged at the Rio+20 Conference. 

 Targets 6.a and 6.b acknowledge the importance of an enabling environment, addressing the means of 

implementation and aiming for international cooperation, capacity-building and the participation of local 

communities in water and sanitation management.  

In this dissertation, the focus will be made primarily on ensuring water availability and its sustainable 

management and although sanitation goes hand in hand with water availability, it is an area that will not be 

explored into detail. 

 3.2 Links between SDG 6 and other SDGs 

The importance of water for a healthy life and for development links SDG 6 directly or indirectly to most 

SDGs. This sub-section will highlight this relationship by classifying the links as direct when water and/or 

are directly or indirectly referred to in the targets of a specific SDG. 
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3.2.1 Other SDG´s in direct references to SDG 6 

SDG 3 is about “Ensuring healthy lives and promote well-being for all at all ages” and it is closely linked 

with SDG 6 as Targets 3.1 and 3.2 compliments Targets 6.1 and 6.2 due to the fact that without proper 

access to clean water and adequate sanitation, there will increase maternal mortality and deaths of 

newborns and children. Furthermore, Target 3.3 makes a direct reference by advocating the end of water-

borne diseases by 2030 whilst Target 3.9 is in direct linkage linking with target 6.3 with the quest to “reduce 

by 2030 the number of deaths and illnesses from water pollution and contamination.” Therefore, the 

mismanagement of water and sanitation not only leads to serious environmental harm, it also causes 

irreparable environmental health hazards. (UNESCO-IHP,2016). 

SDG 12 focuses on ensuring sustainable consumption and production patterns where Target 12.4 

mandates to “significantly reduce the release of chemicals and all wastes to receiving water bodies in order 

to minimize their adverse impacts on human health and the environment.” This is closely affiliated with 

target 6.3 which addresses water quality and pollution.  

SDG 15 deals with the protection, restoration and promotion of sustainable use of terrestrial ecosystems, 

the sustainable management of forests, combating desertification, and to halt and reverse land degradation 

and halt biodiversity loss. This goal links with SDG 6 as a whole as it deals not only with water quality and 

water scarcity, but with the greater need to manage water resources. 

3.2.2 Indirect references to water and sanitation 

SDG 1 is focused on ending all forms of poverty everywhere and therefore access to water should be 

considered as part of “the basic services” in reference to target 1.4.  

The goal of SDG 2 is to “End hunger, achieve food security and improved nutrition and promote sustainable 

agriculture” and although its associated targets do not specifically mention water or sanitation, access to 

water is particularly relevant due to the fact that agriculture is a highly intensive water sector and “resilient 

agricultural practices” is highly dependent on targets 6.3 and 6.4. 

SDG 4 looks at “Ensuring inclusive and equitable quality education and promote lifelong learning 

opportunities for all”. In some countries, women and children cannot get an education or attend school as 

they bear the burden of fetching water by walking long distances to reach freshwater sources. Therefore, 

by improving access to water, women and children will have a better chance to get an education.  

SDG 7 goal is to “Ensure access to affordable, reliable, sustainable and modern energy for all “and although 

there is no explicit reference to water, it can lead to competition over water uses which places added stress 

on the already water scarce countries. For this reason, SDG 7 is inherently linked to the water goal, and in 

particular to target 6.4 on increasing water-use efficiency. 
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SDG 8 seeks to “Promote sustained, inclusive and sustainable economic growth, full and productive 

employment and decent work for all”. This goal is in close relation to SDG 6 especially for those water 

scarce countries that are reliant on water intensive practices e.g. agriculture to boost their economies. 

SDG 9 is primary focused on “Building resilient infrastructure, promote inclusive and sustainable 

industrialization and foster innovation”. This SDG is related to the use of water and is linked to target 6.4 

which addresses the problem of water scarcity. Furthermore, Target 9.4 calls for industrialization practices 

“with increased resource-use efficiency”, which includes water use, and “greater adoption of clean and 

environmentally sound technologies and industrial processes”. (UNESCO-IHP,2016). 

SDG 11 aim is to “Make cities and human settlements inclusive, safe, resilient and sustainable”. It is 

envisioned that thorough this goal, all people living in cities will have access to “basic services” and slums 

will be upgraded by 2030. Since access to clean water and adequate sanitation are considered to be basic 

needs, then there is a clear link between SDG 6 and SDG 11.  

SDG 13 looks at “Taking urgent action to combat climate change and its impacts”. Water and climate 

change are inherently linked due to the fact that water related disasters, e.g. floods and cyclones, are 

reinforced by climate change. In addition, good surface water and groundwater governance can make 

countries more resilient to climate change and can be critically important for climate change adaptation.  

SDG 16 is focused on “Promoting peaceful and inclusive societies for sustainable development, provide 

access to justice for all and build effective, accountable and inclusive institutions at all levels”. It is evident 

that mismanagement of water resources can lead to conflict and tension especially in case when access to 

water is not equitable and affordable. This end result is that the most vulnerable segments of society end 

up being denied access to what can be considered a basic service. (UNESCO-IHP,2016). 

2.4 The Way Forward: The need for Sustainable Water Management systems 

To clearly define sustainable water systems, the definition that will be used is that of Loucks (1997) in which 

it is described as: “Sustainable water systems are those designed and managed to fully contribute to the 

objectives of society, now and in the future, while maintaining their ecological, environmental and 

[engineering] integrity.” 

To achieve this quest, there has been a worldwide movement towards integrated and sustainable 

approaches which will provide solutions to the management of freshwater resources. In order to adapt a 

holistic water management framework for Fiji, two renowned management approaches i.e. Integrated Water 

Resources Management (IWRM) and Adaptive Management (AM) will be analyzed. The main reasons that 

these two approaches are chosen is that in order to have an integrated approach to water management, 

actions will always have to proceed with an incomplete understanding of the changing environment or 

system and the need to formulate holistic and flexible approach to manage it. This paves the way for the 

inclusion of adaptive management approaches which is designed and guided by hypotheses that focuses 
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on human adaptive capacity and management interventions to address the uncertainty caused by the 

changing dynamics of the environment system. 

To better understand the IWRM and AM, the first approach is to define the terms, understand their 

importance and the approaches used. Furthermore, within this framework, indicators will be used because 

they are a means to summarize, focus and condense complex information to a meaningful and manageable 

amount to assist policy and water managers, (Lundin, 2003; Singh et al., 2009). Finally, the loopholes of 

each management approach will be highlighted and how the synergy of the two management approaches 

complement each other. 

2.4.1. Integrated Water Resources Management (IWRM). 

IWRM is an empirical concept which was built up from the on-the-ground experience of practitioners and 

was made the object of extensive discussions as to what it means in practice after Agenda 21 at the World 

Summit on Sustainable Development in 1992 in Rio.  

IWRM has been given a lot of definition but the most appropriate that will be used in this is the definition 

given by (Thomas and Durham (2003) who describe the IWRM concept as a sustainable approach to water 

management that recognizes its multidimensional character – time, space, multidiscipline and stakeholders 

– and the necessity to address, embrace and relate these dimensions holistically so that sustainable 

solutions can be brought about. It is often referred to as the Dublin-Rio principle because it highlights an 

important principle developed during the Dublin Conference: that fresh water is finite, vulnerable and that it 

is essential to sustain life, economic development and the environment. (Thomas & Durham (2003). 

 

The three pillars of IWRM as described in the GWP-TAC (2004) are: 

_ moving toward an enabling environment of appropriate policies, strategies and legislation for sustainable 

water resources development and management; 

_ putting in place the institutional framework through which the policies, strategies and legislation can be 

implemented; 

_ and setting up the management instruments required by these institutions to do their job. 

 

The IWRM concept stresses the fact that water resources management should include a participatory 

approach which involves large groups of stakeholders (Jeffrey and Geary, 2004). The application of IWRM 

involves several steps as listed in the (GWP Report, 2008) are:  
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1.Establish status and Overall Goals (water resources issues seen in national context) Progress towards 

management framework is charted within which issues can be addressed and agreed, and overall goals 

achieved. 

2. Build Commitment to reform Process (Political will, awareness, multi-stakeholder dialogue) 

3.Analyse Gaps (IWRM Functions required and management potential constraints 

4.Prepare strategy and action plans 

5.Build commitment to actions 

6.Implement Frameworks 

7.Monitor and Evaluate Progress. 

 

Within the framework of IWRM, indicators are used as tools for gathering, simplifying, quantifying, 

communicating and creating order within complex data (UNESCO-WWAP, 2003). An indicator is defined 

as a variable that quantifies a matter of importance for the environmental stability of a region or makes 

perceptible a trend or phenomenon that is not immediately detectable (Hammond et al, 1995). The indicator 

that will be used in this dissertation, is the cause-effect indicator most commonly known as the Driving 

Force-Pressure–State-Impact-Resource (DPSIR) (UNECE,2012). The DPSIR framework was developed 

by the U.S. Environment Protection Agency in 1995 and was further expanded by the European 

Environmental Agency replacing the previous forms of Pressures-State-Responses (PSR) proposed by the 

Organization for Economic Cooperation and Development (OECD)and Driver-State-Response (DSR) 

proposed by United Nations (UN, 1996). (EEA, 1999; Carr et al., 2007; Tscherning et al., 2012). 

It gives new insights on the origins and consequences of environmental problems, and allows decision 

makers to analyze the current mitigation response by determining if it will ensure sustainability in the future. 

(Pinter et al., 2009; UNEP, 2009a). This framework enables the description of the natural and anthropogenic 

conditions or driving forces that exert pressure on drinking water resources which will ultimately affect its 

qualitative and quantitative state. The deterioration in the state of the safe drinking water sources will result 

in negative socio-economic and environments impacts. To minimize these negative impacts will require a 

proactive governmental response that will not only safeguard the quantitative and qualitative properties of 

this limited resource, but most importantly ensure its sustainability.  

 

Although most developing countries have adopted IWRM and were in the process of implementation, it is 

widely recognized that implementing IWRM is invariably a long-term process which involves many 

challenges (Swatuk, 2005; van der Zaag, 2005; Jonker, 2007). In their study, (Swatuk & 

Motsholapheko,2008) highlight problems faced by most developing countries when attempting to 

communicate, operationalize and implement IWRM. Focusing on communities residing in an area in 

Botswana where there is very little water infrastructure developed for domestic water supply, they 

discovered that there was a misperception about IWRM from the communities and some of the water 

resources planners and managers as they thought that it would mean development of water infrastructure 
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for productive purposes. Thus, there are different expectations of adopting IWRM. Merrey DJ, 2008 raises 

fundamental questions about the feasibility of simultaneously achieving IWRM objectives particularly in 

developing countries with very little or no water management infrastructure. He highlights that this 

misconception may lie in the unquestionable belief that if a country adopts IWRM, all the water resources 

supply and management problems will be solved. 

Furthermore, according to (Medema et al, 2008) the IWRM concept is generally struggling with two major 

weaknesses. Firstly, it has not been paying attention to the flexibility and adaptive potential of a system. In 

their research, they defined flexibility as the potential of a system for structural change and adaptability the 

potential of a system to adapt to changes in external boundary conditions. The second argument they gave 

was that the principles of IWRM do not elaborate on water management under uncertainty. Furthermore, it 

does not explicitly recognize adaptive capacity as a significant feature of water management strategies.  

 

2.4.2. Adaptive Management (AM) 

According to many authors, the concept of AM was created in the 1970s at the International Institute for 

Applied Systems Analysis in Vienna, Austria. This concept was developed to support the management of 

natural resources under uncertainty (Holling, 1978; Walters, 1986; Walters and Holling, 1990; Irwin and 

Wigley, 1993; Parma et al., 1998; Prato, 2003; Ohlson, 1999). 

  

AM is a response to the realization that because managed ecosystems are dynamic, unpredictable and is 

difficult to predict and control its behavior (Gunderson and Light, 2006; Holling, 1978). These changing 

system generates a lot of uncertainty therefore AM being designed primarily to deal with this aspect. It also 

recognizes that it is impossible to foresee future key drivers and issues and the response of system to these 

drivers and issues (Holling, 1978; Walters, 1986; Lee, 1999). 

 

 Adaptive Management has been given the definition as a systematic approach to improving management 

and accommodating change by learning from the outcomes of management policies and practices (Holling, 

1978). Natural resource managers have been encouraged to adopt the AM based on its recognition that 

ecosystems are complex systems, which are ‘adaptive’ or ‘self-organizing’ and that management systems 

must be able to readjust to change in the system’ (Gunderson and Holling, 2001). These systems are 

described as ‘living systems’ and have the following 4 characteristics (Waldrop, 1993; Geldof, 1995):  

1) a network structure in which several agents are active at a parallel level;  

2) several levels of organization and constantly engaged in modifying, revising and rearranging 

structures at different levels;  

3) anticipating future developments;  

4) many niches within the system, which can be filled by agents that have adapted to them  

In AM, policies become hypotheses, management carry out experiments to test these hypotheses and 

scientists assume a ‘‘new role’’ by, shifting from experts to ‘‘one of several actors in the learning and 
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knowledge generation process’’ (Folke et al., 2005). In theory, AM reiterates the promise that Francis Bacon 

articulated four centuries ago: ́ to manage nature, one must understand her.’ Hence management approach 

requires continuous monitoring, evaluation and adjustment of policies where networks, polycentric 

governance and collaboration are prerequisites for good adaptive management (Folke et al., 2005). The 

AM process involves 11 steps as shown below: 

 

1. Establish stakeholder AM Team 

2. Problem Identification 

3. Establish Goals and learning objectives 

4. Specify conceptual model of the system (expressing collective understanding of systems 

functioning including uncertainties and external factors) 

5. Develop hypothesis 

6. Design management experiments (interventions) for testing hypotheses  

7. Design monitoring plan for measuring impacts of experiments  

8. Implement management interventions 

9. Monitor  

10. Evaluate impacts in terms of management goals and hypotheses 

11. Reassess and adjust problem statement goals, conceptual model, interventions and monitoring 

plan 

The decision analysis framework can support the analysis of complex natural resources management 

systems by emphasizing the need to (Walters, 1986; Ohlson, 1999): 

_ explicitly state management objectives (that will inevitably be in conflict); 

_ design and evaluate creative alternatives; 

_ explicitly address uncertainty; 

_ incorporate stakeholder values. 

 

Therefore, it is important to not only gain understanding about the natural world, but also the dynamics of 

the natural system as a whole, taking into account the influence of human activities on it. Gunderson and 

Light (2006) argue that AM is not just trial and error management or management by objective with 

evaluation and updating. AM requires large-scale experiments and an acceptance that failures occur but 

they offer learning opportunities. 

Indicators that measure AM property are termed as adaptive capacity which are indicative of the ability of 

the system to adapt to stress indicators. The adaptive capacity of a system is essential to maintain 

resilience, where resilience is defined as (Walker and Meyers, 2004): “The capacity of a system to absorb 

disturbance and re-organize while undergoing change so as to still retain essentially the same function, 

structural identity and feedbacks”.  
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Adaptive capacity indicators are economic, social, institutional and environmental conditions that can either 

facilitate or constrain development. According to studies carried out by (Spiller, M, 2016) the four thematic 

areas with their associated adaptive indicators are:  

1) Economic: - willingness to pay is an indicator that provides information on the maximum amount 

an individual is willing to pay for service improvements. This indicator implies that there are financial 

resources available to cope with potential service price increases. In this this study, there is a clear 

distinction between willingness to pay and affordability as the latter does not reveal capacity to 

absorb a price increase, but only that it is currently affordable.  

2) Environment-  indicators are related to the different water recovery methods such as prioritizing 

investment in infrastructure to reduces losses from leaking pipes, monitoring the quantitative and 

chemical properties of groundwater reserves, construction of reservoirs and encouraging rainwater 

harvesting as a backup during the disruption of water service or during periods of drought. In 

addition, the reuse of grey and waste water techniques to reduce their biochemical impacts on the 

environment. 

3) Socio-cultural: awareness/participation, institutional requirements/capacity, competences and 

education, willingness to change behavior and plan making are indicators in this category. 

Awareness and participation’ have been shown to be crucial to ensure an equitable society by 

ensuring the necessary diversity and redundancy of institutions through multi-actor involvement. 

(Carden and Armitage,2013) suggested that interdepartmental integration and institutional 

effectiveness of water service providers are determinants of adaptive capacity. Similarly, the 

building of ‘competences and education’ represented by access to information, education, certified 

management and participation in voluntary initiatives (van Leeuwen et al,2012) and Ashley et al. 

(2004); Molinos-Senante et al. (2016)), support the development of self-organizing systems that 

are crucial for adaptive capacity. 

4) Technological: two adaptive capacity indicators can be identified, namely flexibility/adaptability and 

ease of construction. Spiller et al. (2015) proposes that a ‘flexibility/ adaptability’ indicator is ‘ease 

of construction as easy and simplified construction can reduce the demand on skills, knowledge, 

human and natural resources required for installation of an infrastructure. Furthermore, it enhances 

the opportunities for self-organized bottom-up change by which the demand on human skills as 

well as cost and natural resources required can be reduced (i.e. increased ease of construction) 

then technological system are more likely to be changed. In addition to this, the operation and 

maintenance of water delivery system is important because without the right equipment and skills, 

the operation will not work. 

 

Despite the appeal and attractiveness of the AM concept, there is a widespread agreement among 

researchers that several obstacles have obstructed its successful implementation which limits its 

effectiveness as a management approach (Levine, 2004). An analysis of implementation of the AM 
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framework in the Florida Everglades, by (Gunderson ,1999) concluded that obstacles for its successful 

implementation are: inflexibility in social systems, little resilience in ecological systems, and technical 

challenges associated with experiment design. 

After a thorough analysis of the two management system, it can be seen that the IWRM is primarily 

concerned with reform of water governance arrangements changing the way in which water is managed. It 

does this by reformulating the problem or re-bounding the “system” of concern. Adaptive Management on 

the other hand is primarily concerned with the reform of responsible authorities, which may entail 

stakeholder participation or coordination with other agencies. This will demand responsible authorities to 

change their vision and management action on learning as a key way of combatting uncertainty and 

promoting adaptively. The failure of including flexibility and adaptive capacity to cope with the changing 

dynamics of the environment will continue to be a challenge especially in developing countries where there 

is insufficient water infrastructure to cater for all the population. Although the ideal solution is to install and 

expand the reticulated water system, financial constraints will always be a barrier. Therefore, in areas where 

communities don’t have access to reticulated water system, efforts should also be made on enhancing the 

adaptive capacity and resilience in the improving the status of access to safe drinking water. 

In terms of governance reform, IWRM is less detailed in its prescription than AM, which demands for reform 

of organizational process. The notion and act of reforming entire governance systems is a significant and 

costly task. It requires a robust statement of failure in existing arrangements, an as-yet unknown causal 

theory of governance arrangements and natural resource management outcomes as necessary 

preconditions. Table 3 is a summary of what the IWRM and AM systems are all about. 

 

Table 3: Summary of the IWRM and AM systems (Medema W & Jeffery, P, 2005). 
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2.5. IWRM and AM synergies 

Sustainability is usually linked to a clear understanding of the dynamics going on in natural systems. 

However, it is much more crucial to have understanding about the interconnectedness and links between 

the different elements of the human and natural system. According to Ohlson (1999) the AM approach 

offers a path to learning to challenges of IWRM, by: 

 

(1) focusing on key uncertainties to simplify the problem(s)  

(2) over time improve quality of information over time which in turn will allow understanding of the changing 

ecosystem 

(3) committing to a program of structures learning and continual adjustment to solve multi-stakeholder 

gridlock over controversial facts and assumptions. 

The central contribution of AM to IWRM is that it provides added value through explicitly embracing 

uncertainty and accommodating change through a learning process, taking into account the outcomes of 

implemented measures and involving learning to manage by managing to learn (Gleick, 2003). 

AM, as a concept, has been designed to support managers in dealing with uncertainties. In relation to the 

water sector, AM is considered an approach that could improve the conceptual and methodological base 

and promote realization of the goals of IWRM. However, it will require a lot of institutional capacity and 

flexibility.  

Using the AM approach to IWRM holds the promise of constructing resilient systems built on principles of 

equity and efficiency which encourages social learning defined as ‘learning in and by groups to handle 

shared issues.’ (Ridder et al, 2005). It builds the capacity for good governance which is transparent, 

equitable, accountable and thus more fair, and reasonable and effective. To manage together, stakeholders 

need to learn more than just technical aspects of their river basins in question but also recognize each 

other’s concerns and points of view. For the communities, it encourages changing people’s perceptions 

and behavior as it directs attention to the performance of the water management system, rather than to 

prescriptive routine activities. Consequently, it can assist processes of transformation by supporting 

adaptive management’s exploration of mutually beneficial outcomes and pool resources to implement this 

agreement. 

Participatory studies carried out over a period of 15 years by (Narayan D, 1993) in the area of managing 

change of water listed 3 main thematic areas that will ensure an integrated and adaptive approach are 

sustainability of the water system, effective use and replicability.  

The integration of IWRM and AM according to studies carried out by (Medema & Jeffery, 2005)   is one that 

begins with the establishment of strategies to meet that goal. The next step involves the adaptive 

management approach which include making conceptual models and developing hypothesis on which 

management experiments will be designed. This follows identifying the specific aspect on which the 
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commitment will be made e.g. rural area of which the adaptive approach will be implemented. The progress 

is then monitored, evaluated and assessed and the results determine the adjustments that must be made 

to the existing framework or policy. The conceptual model that shows whole process is depicted in the 

figure shown below. 

 

Figure 4 : Integrated framework of the IWRM and AM approaches (Medema & Jeffery, 2005). 
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3.0 The Pacific Region and its efforts to access to safe drinking water  

The South Pacific Region consists of fourteen developing Pacific Island Countries (PICs) namely Cook 

Islands, Federal State of Micronesia, Fiji, Kiribati, Marshall Islands, Nauru, Niue, Palau, Papua New Guinea, 

Samoa, Solomon Islands, Tonga, Tuvalu and Vanuatu. These PICs have approximately 1 000 islands which 

are scattered over a range of 180 million square kilometers across the Pacific Ocean as shown in Figure 

5. There are approximately 10 million people living in the Pacific region of which 81% of the total population 

dwell in rural areas (Tryoll 2006, UN Water, 2014).  The ecosystems supported across these islands are 

unique and among the most endangered in the world (UNEP, 2012). 

    

 

Figure 5: Map of the Pacific Island Countries (http://www.pacifichub.co.nz/) 

3. 1. Overview of drinking water sources in the Pacific 

The Pacific Region has only approximately 20% of piped water coverage which makes its inhabitants to 

have the least access to improved drinking-water than anywhere else in the world. (WHO, &UNICEF, 2015) 

This can be attributed to factors such as their small size, geography, limited freshwater resources and 

inadequate capacity for water resource management. Additional constrains faced by PICs are small 

economies, high material and service costs, and challenges in upskill training and retaining human 

resources. Furthermore, the high transaction costs in the region hinder the national capacity for service 

delivery. 
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3.1.1. Freshwater sources 

For many Pacific island countries, the availability of freshwater resources is confined to groundwater lenses, 

small streams and rainwater collected from roofs. In this region, 34% of the population rely on freshwater 

directly sourced from rivers, ponds and lakes. The quantity of water available in thin groundwater lenses in 

atolls and limestone islands is a complex balance between recharge, exchanges with seawater and 

abstraction for use. Many of these lenses are very sensitive to rainfall variability, and are also particularly 

vulnerable to salinization due to over pumping (Falkland 1993). In addition, increasing pressures exerted 

from economic development and urbanization together with climate change has resulted in catastrophes 

such as flooding, drought, soil erosion and deterioration of water quality (SOPAC, GWP, 2007). 

The limited freshwater resource is vulnerable to overexploitation and contamination, land use activities and 

inappropriate sanitation facilities particularly in atolls1. Studies carried out in Majuro (Marshall Islands) and 

Tarawa (Kiribati) highlighted that septic tank seepage from densely populated urban areas overlying 

shallow aquifers have greatly compromised its quality and safety standards (Falkland 2002). In all the PICs, 

fecal waste from animals (mostly pigs and cattle) are sources of pollution to surface waters and water 

supplies. This is due to the construction of pig pens in close proximity to rivers and creeks and in some 

cases the pigs are left to wander freely in the villages. In addition, eutrophication of waters from these 

sources and agricultural chemicals has been identified as the major environmental threat to Pacific aquatic 

ecosystems. This has given an increase in water borne diseases especially diarrhea. (COS,2009). 

 Fiji standing in the context of the Pacific islands 

 Fiji stands out in the context of Pacific Islands as the volume of freshwater resource available in it amounts 

to 34,690cubic meters per capita as shown in figure 6 which makes it one of the highest in East Asia and 

the Pacific. (WBED, 2004). As mentioned earlier, its constitution has incorporated the DWP and the 2013 

amended constitution recognizes the right to water. The next chapter will explore current management of 

freshwater in Fiji and what are its future prospects within the timeframe of the SDG. 

 

Figure 6 : Freshwater Resource Available in Fiji compared to East Asia and the Pacific (WBED, 2004). 

                                                           
1 Is an island formed by a ring-shaped coral reef encircling a lagoon. 
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3.1.2. Water borne Disease-Diarrhea 

Diarrheal diseases and malaria are a leading cause of death of children under 5 years old in the Pacific 

region and this can be linked to lack of hygiene and safe drinking-water. Over 1000 people in the Pacific 

region still die annually due to diarrheal disease with the highest death rates among children occurring in 

Papua New Guinea, Federal states of Micronesia and Kiribati as shown in figure 5. (CHERG, 2012) 

According to WHO, if global estimates are valid for this region, about 54% of diarrhea cases is attributed to 

consumption of unsafe water, inadequate sanitation and poor hygiene (WHO Report, 2014b). The incidence 

rate of diarrheal disease has decreased minimally over the past decades. This indicates that although there 

is improvement in case management approaches and practices, prevention approaches in areas of 

hygiene, drinking-water are not progressing effectively (WHO et al., 2010). 

 

Figure 7: Deaths caused by diarrhea in Pacific Island Countries for 2010 (CHERG, 2012 &population from 

UN, 2014) 

3.1.3 Improved Drinking water coverage 

Since 1990, improved drinking-water coverage in the Pacific region has only increased by 6%. Coverage 

has increased only for other improved drinking-water sources; the proportion of people with piped water on 

their premises has actually decreased and has not improved in more than two decades and this is due to 

the fact that the extension of water delivery infrastructure is not keeping up with the increased population 

growth. While improved drinking-water coverage is above 90% in nine Pacific island countries, a few 

countries have much lower coverage as shown in figure 8. The situation of the Pacific region now is similar 

to that of sub-Saharan Africa in 1990. Today, Sub-Saharan Africa’s regional coverage of improved drinking-

water is 10% higher than the Pacific region. (UNICEF&WHO, 2015). 
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Figure 8 : Freshwater sources for Pacific Island Countries (UNICEF &WHO,2015). 

 

3.1.4 Current Status of the Pacific Region in terms of accessibility to safe drinking 

water. 

The Pacific Island countries are part of the Small Island Developing States (SIDS) which at a global scale 

share similar sustainable development challenges. At the individual country level, most PICs achieved their 

respective MDG drinking-water target, however, Kiribati, the Federated States of Micronesia and Papua 

New Guinea weren’t able to do so as depicted in figure 9. Overall, the Pacific region was not able to achieve 

the MDG drinking-water as it only managed to have a coverage of 52% which is a deficit of 21 % of the 

required target of 73%. This implies that achieving the target, would have required an additional 2.1 million 

people to be served in 2015 in addition to the 5.2 million that currently has access to safe drinking water. 

The number of population without access to safe drinking water in the region increased from 3.2 million in 

1990 to 4.8 million in 2015. Even if the target was achieved, about 2.7 million people would still have no 

access to safe drinking water. These marginal improvements indicate missed opportunities for water and 

sanitation in Pacific island countries for more than 20 years Moreover, there is a huge discrepancy of safe 

drinking water sources available between urban and rural dwellers i.e. high accessibility in urban areas but 

low rural coverage resulting in low overall coverage for the region. (WHO &UNICEF,2015) 
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Figure 9: Pacific Island Countries and their individual positions in achieving the MDGs (UNICEF&WHO, 

2015). 

The complex water governance and a lack of prioritization of sector investments has resulted in the general 

lack of development of the water and sanitation sector in the Pacific region. Water governance is highly 

complex due to the specific socio-political and cultural structures of traditional community, tribal and inter-

island practices, rights and interests. Sector policies and approaches have generally been fragmented and 

often lacked ownership. (WHO &UNICEF,2015) 

3.2 Implications of the SDGs targets to Pacific island countries 

The achievement of universal coverage with “basic drinking-water sources” of the SDG targets by 2030 will 

demand enormous effort for the Pacific region. From 1990 to 2015, water service provision in the region to 

an additional 100,000 people annually has been made possible. However, the failure of achieving the MDGs 

targets for the region would demand that this number be quintupled to 500 000 additional people by 2030. 

(WHO, & UNICEF 2015).  

SDG target 6.1 aims not only to achieve universal coverage with basic drinking-water services but also to 

progressively improve access to ‘safely managed’ drinking-water facilities located on premises, available 

when needed and free of fecal (and priority chemical) contamination. The implication of this target to the 

Pacific region is huge as this would require an increase in the population served of about 7.1 million people 

in just a span of 15 years. Against this background, if the current trend is confirmed, the additional numbers 
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of people served from 2015 to 2030, will be only 1.9 million- a mere increase of 19% coverage for the total 

population living in this region. (WHO &UNICEF, 2015) 

3.3 Efforts in the region towards ensuring safe drinking water. 

3.3.1. The Drinking-Water Safety Plan (DWSP)  

In the Pacific region, although several countries have achieved high levels of coverage with improved 

drinking-water sources, there is little information about the quality and safety of the water delivered to the 

population. A crucial aspect of efforts towards water sector development is the preparation and 

implementation of Drinking-Water Safety Plans (DWSPs) which was introduced to the region in 2006. It is 

supported by the Australian government and is being implemented by SOPAC and WHO, with ‘in-kind’ 

technical support from the New Zealand Ministry of Health. (SOPAC&WHO 2009) 

The promotion and implementation of DWSPs will ensure that health benefits accrue from the efforts to 

achieve universal drinking-water coverage in Pacific island countries. Currently, 12 Pacific island countries 

have implemented DWSPs, for urban water supplies and rural and community-managed schemes. In the 

Marshall Islands and Tonga, a simplified version DWSPs, called Sanitary Surveys, have been developed 

and implemented for rainwater harvesting systems at the household level. In addition, there has been a 

collaboration between the Australian Government Department of Foreign Affairs and Trade with WHO to 

expand the DWSP approach to rural and community-run water-supply schemes in four countries: Cook 

Islands; Samoa; Tonga; and Vanuatu until 2016.  

The benefit of developing and implementing a DWSP has been demonstrated by Palau through a cost-

benefit analysis conducted by SOPAC, which estimates a return of US$ 6 for every US$ 1 invested in 

DWSP implementation. (UNICEF, WHO, SPC &UN Habitat, 2015). The program is also influencing national 

drinking-water policies e.g. in Fiji where its Constitution acknowledges the value of the DWSP approach 

and encourages community-run schemes (especially all new drinking-water scheme development) to 

implement a water safety management plan (Hasan and Gerber, 2010). 

3.3.2 Pacific Integrated Water Resource Management (IWRM) 

Since 2009, the Pacific IWRM program has supported 13 countries in its efforts to reduce stress on 

vulnerable freshwater and coastal resources, strengthen the national coordination of water and sanitation, 

and reform national water and sanitation policy and planning. Knowledge sharing between countries has 

resulted in an active regional IWRM network that has potential to progress innovative solutions to the 

region’s water and sanitation challenges. Efforts to achieve SDGs water and sanitation targets in the Pacific 

must consider the water cycle as a whole, and use IWRM approaches from “ridge to reef” to protect the 

sustainability of fresh water resources ((WHO &UNICEF, 2015). 

The PICs governments together with the four organization i.e. World Health Organization (WHO), The 

United Nations Children’s Fund (UNICEF), The Pacific Community, The United Nations Habitat (UN-
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Habitat) monitor the status of safe drinking water in the Pacific. Together they provide and manage 

sustainable water and sanitation services in the face of human and financial resource constraints by 

creating a better environment for investment in both the public and private sector, the use of sustainable 

technology and institutional arrangement to develop a shared national vision for managing water resources 

in a sustainable manner. Furthermore, they enhance the resilience of Pacific communities to the increasing 

threats of climate variability, climate change and natural hazards through water resource management and 

awareness. 

However, since there are more dispersed islands, more needs to be done to empower small, isolated and 

informal communities to safely and sustainably manage their own drinking-water. To address this issue, 

leaders from Asia and PICs convened in the Second Asia-Pacific Water Summit that took place in Chiang 

Mai, Thailand, on May 2013. The outcome of this meeting was the Chiang Mai Declaration which calls on 

Heads of State, governments and high-level representatives to: Accelerate the progress of incorporating 

integrated water resources planning and management, as appropriate, in the framework of the national 

socio-economic development planning process while supporting the best practices and traditional treatment 

of water resources (Asia-Pacific Water Summit ,2013). 

The Pacific Region has fully embraced IWRM and has not made any efforts in exploring the prospects of 

AM. The sole use of IWRM could create problems in attaining the SDGs as studies carried out by 

(Ohlson,1999 and Geldof 1997) highlight that IWRM creates significant challenges such as: ambiguous 

boundaries and complex linkages- simply because as more component are taken into consideration; the 

more interactions that must be described, resulting in the need for more information. It addition to these, it 

also causes difficulties with objectives, alternatives and consequences; pervasive uncertainty; and, multiple 

stakeholder conflict.  

Using AM to complement IWRM would help address the above mentioned challenges as it allows policies 

to be treated as experiments with the option of trying different policy actions in informative contexts, creating 

experimental designs with controls where possible, avoiding costly failures, monitoring and evaluating 

outcomes, and selecting a basis for judging what has been learned (Holling, 1978; Walters, 1986; Gleick 

2003 and McDaniels & Gregory, 2004). It’s a process that allows policy makers and resource managers to 

acquire knowledge about ecological relationships enhancing information flows among policy makers hence 

creating a shared understanding among scientist, policy makers, and managers. Moreover, it also curbs 

the lack of data availability which is one of the main issues in the Pacific due to the frequency in monitoring 

and evaluation that must take place. (McLain and Lee, 1996; Wondolleck and Yaffee, 2000). This enhances 

the notion of learning to manage by managing to learn and holds the promise of constructing resilient 

systems built on principles of equity and efficiency which encourages social learning defined as learning in 

and by groups to handle shared issues (Ridder et al, 2005).  
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4.0. Analysis of Fiji Using the IWRM and AM approaches. 

Fiji is located in the South Pacific Ocean, about 1,700 miles east of Australia, 1,300 miles north of New 

Zealand and 3,100 miles south of Hawaii (Fiji Report, 2012). It is an archipelago of more than 330 islands, 

of which 110 are permanently inhabited, and more than 500 islets, amounting to a total land area of about 

18,300 square kilometers (7,100 sq mi). Fiji became an independent state in 1970, after gaining its 

sovereignty from United Kingdom. The two major islands are Viti Levu and Vanua Levu, and they are home 

to 87% of its total population of almost 890,000 people. The population is concentrated on Viti Levu's coasts, 

either in Suva (Capital city) or in smaller urban towns like Nadi (for tourism) or Lautoka City (sugar cane 

industry).  

  

Figure 10: Republic of Fiji Islands on the world map (www.mytrip.com) 

In order to critically analyze Fiji´s current position in terms of accessibility to safe drinking in water, this 

chapter is divided into two parts- each employing two different management approaches. The first part 

involves assessing the current situation using an integrated assessment framework known as, a Driver, 

Pressure, State, Impact and Response better known with its acronym (DPSIR). The second part is to 

determine the future prospects of Fiji through the Adaptive Management approach using mathematical 

formulas, excel graphs and highlight the adaptive capacity of an informal settlement in an peri- urban area. 
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Part 1: IWRM Approach using the DPSIR Framework 

4.1 Drivers 

Drivers are changes in the economic, social and ecological system that directly or indirectly exert pressure 

on the state of the environment. The EEA defines drivers as ‘the social, demographic and economic 

developments in societies and the corresponding changes in lifestyles, overall levels of consumption and 

production patterns’ (EEA, 2007). The three non-hierarchal but interacting driving forces to safe driving 

water that will be analyzed are the economic development activities, social and environmental drivers. 

4.1.1 Human activities that drive the economy 

Among the Pacific Island Countries (PIC´s), Fiji has one of the largest economies. The provisional Gross 

Domestic Product (GDP) of Fiji for 2014 shows an increase of 5.3% over 2013 with estimated earnings of 

FJD $6.4 billion.  (Fiji Bureau of Statistics, 2016). The sectorial contribution to the Gross Domestic Product 

are divided into three main sectors i.e. Agriculture, Industry and Services as depicted in Figure 11, all of 

which involve freshwater extraction in their operation and production process. 

 

 

Figure 11 : GDP of Fiji at Basic Growth Rates for 2012-2014 (Fiji Bureau of Statistics) and GDP of Fiji by 

sector in 2011 (Fiji Report to UNFCC, 2011) 

The highest contributor is the Service Sector (59.7%) whereby tourism is a main component generating an 

earning provisionally estimated at FJD$408.9 million. (Fiji Bureau of Statistics, 2016). Within the Agricultural 

and Industrial sectors, sugar production and processing are by far the most important economic activities. 

Seventy percent of Fiji´s workforce is employed in the agricultural sector particularly in the sugar industry. 

(Fiji´s Report to UNFCC, 2011). In addition, bottled water companies’ produces around 3.5 million liters of 

bottled water per month which constitutes 20 % of Fiji’s exports with a 3 % contribution to its Gross Domestic 

Product.  
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In order to maintain or increase the Gross Domestic Product, the contribution from all the sectors must be 

maintained or increased resulting in high demands the use of freshwater. The problems associated with 

these three human activities on freshwater sources will be discussed later in this report under the pressures 

section.  

Land use 

Land is an important factor in the development of the economy. Much of Fiji’s arable land has been 

transformed and utilized for housing, industrial and commercial developments. (UNCCD,2007). Land use 

changes can be significant leading to increased problems of erosion and sedimentation; compaction and 

sealing of surfaces leading to increased surface runoff, and sometimes flooding, loss of potential recharge; 

alteration of coastlines and construction of channels. These may lead to changes in groundwater storage 

and the natural pathways of surface water. (UNCCD,2007). 

4.1.2 Societal Drivers 
In this section, the societal drivers identified are population growth, and urbanization of which the growing 

trend of informal settlements emerges, and will also be investigated.  

Population growth 

Fiji comprises of a multicultural society with a population of 869 458 people and an average population 

growth of 0.75 % that was observed in the past five years. (Fiji Islands Bureau of Statistics 2008). 

The implications of the increasing population growth will result in the increase in the demand for safe 

drinking water consumption and this will entail an increase in wastewater production. In addition, the 

increasing population also shifted the demand for more agricultural land which has consequently placed 

significant amount of pressure on arable land and the state of the freshwater water bodies within its 

boundaries as previously mentioned in the land use section. (UNCD,2007) 

Urbanization 

Today, the urban population in Fiji constitutes 53.3% of the national population and is growing at a rate of 

1.7 per cent per year. In contrast to this, the rural population is declining at a rate of 0.1 per cent per year 

which can be attributed to rural–urban migration. (Fiji Islands Bureau of Statistics 2008 & World Bank 2015).  

This internal movement of people increases pressure for land and housing as the capacity of the towns and 

cities to accommodate them are exceeded resulting in many of the new migrants living with relatives or 

finding themselves in informal settlements. Just over 90% of the urban population is reputed to have access 

to clean piped water supply, in terms of reliable supply. This coverage is expected to decrease as 

urbanization increases the household demand for the volume of water to cater for its needs. This in turn 

places more pressure in the urban water supply and reticulation system which has resulted in the frequent 

interruptions of supply or in long periods with no supply in many places. (Fiji National Report 2012). 

 Informal settlements 

In 2007, it was estimated that about 140,000 people (15.7% of the national population), were living in 200 

informal settlements around Fiji. Almost all informal settlements are commonly situated on marginal lands 
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such as mangrove swamps and lack access to basic services such as piped water, improved sanitation, 

drainage, and solid waste management. Furthermore, their location makes them to be vulnerable to flooding 

and coastline storm surges. (Fiji National Report 2012).  

4.1.3. Ecological drivers 
Ecological drivers are those factors that directly influences the biodiversity or ecological systems. (GLOBio, 

2016). The three ecological drivers that will be highlighted are Geology and topography, the Hydrological 

Process and Climate Change. 

Geology and topography 

Rock type can influence water availability in terms of both its quantity and quality. The high conductivity of 

Fiji´s volcanic soils makes water drain quite quickly, resulting in the increase in water levels further 

downstream. (Fontesa, 2003).  The highly intense tropical cyclones that often ravage Fiji certainly contribute 

to infiltration excess, however, overland flow will not easily occur due to the high infiltration capacity. Never 

the less, surface sealing can occur quite quickly, especially on some bare fields, causing runoff to be 

produced resulting in flash flooding of low lying areas contaminating boreholes, wells and damaging water 

infrastructure.  

Hydrological Process. 

Hydrology is the science that incorporates the occurrence, distribution, movement and properties of the 

waters of the earth and their relationship with the environment within each phase of the hydrologic cycle. 

(USGS,2016). In order to understand the hydrological process and climatic conditions of Fiji, the rainfall 

process, South Pacific Convergence Zone and climate change will be analyzed.  

 Rainfall Process in Fiji. 

The frequency and intensity of rainfall determines the quantity and at which the waterbodies will be 

replenished. In Fiji, two factors that strongly influence the event for rainfall are the orography of the islands 

and the prevailing South East Trade winds.  

The mountains on the main islands i.e. Viti Levu and Vanua Levu are located about the center of the islands 

and this creates Wet and Dry Climatic zones. The Southeast trade winds are often saturated with moisture 

which lifts as it passes over the windward side of the island, and as it rises it cools producing clouds and 

providing rain to the windward side of the island. By the time this air moves over mountain ranges, most of 

the moisture condenses and is removed as rain. The wind descends on the other side and is dryer than it 

was, when it first arrived.  Therefore, the main islands have pronounced dry and wet zones with little climatic 

differentiation occurring on the smaller islands. In the dry zone, the annual rainfall averages around 1500-

2000mm, whereas in the wet zones it ranges from 3000mm around the coastal area and up to 6000mm on 

the mountainous sites. The smaller islands receive various amounts according to their location and size, 

ranging from around 1500mm to 3500mm. (Fiji Meteorology, 2008). From these values, it can be deduced 
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that Fiji receives substantial amounts of rainfall however there is clearly poor management and rainwater 

harvesting mechanisms set in place to take advantage of this freshwater source.  

 

Figure 12: Orographic Process of Fiji (NaDraki, 2009) 

 

 Seasons and the South Pacific Convergence Zone 

Fiji has only two distinct season i.e. the Dry and Wet season that is controlled largely by the North and 

South movements of the South Pacific Convergence Zone (SPCZ) which is the main rainfall producing 

system for the Pacific region.  The Wet Season is from November to April and is the period where heavy 

rainfall is experienced and the occurrence of Tropical cyclones are high. On the other hand, the dry season 

is from May to October and it is when the temperature ranges are high and at times it is where drought is 

experienced. The variation in the monthly totals between the two zones during the wet season is little. (Fiji 

Meteorology, 2007) 

Both the situations of very low or high intensity rainfall affect the infiltration rate and runoff of water. If the 

occurrence of rainfall is frequent and is intense will result in floods ranging in magnitude from moderate to 

very severe however if there is less rainfall, the end result is the reduction in freshwater volumes. The 

problems associated with floods and droughts are discussed later in this report under the pressures section. 

 Climate Change 

Water is the primary medium through which climate change influences the Earth’s ecosystem and this has 

repercussions on the livelihood and well‐being of societies. It affects the natural availability of water in terms 

of its quantity and quality hence it is considered a driver because of its influence in the increase and the 

severity of extreme metrological events and air temperature, whist its effects i.e. droughts, flooding and 

saltwater intrusion are categorized as pressures.  

Fiji has a fragile environment because of its location, geographical isolation and endemic vegetation and 

life forms which will renders it to be vulnerable to the projected climatic changes. Analysis on the maximum 

South East 
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temperature experienced from 1962 to 2012 showed that there was an increase of 1.15 ̊ C at an incremental 

rate of 0.022˚C/year. (Fiji´s Report to UNFCC, 2011). 

The variation in temperature and rainfall can greatly affect the accessibility and consumption of safe drinking 

water of its citizens. With projections of heat waves and droughts becoming more frequent and intense will 

lead to the accelerating rates of evaporation from water surface and the huge reduction of volume of water 

retained in water bodies. 

As rainfall patterns shift, floods and cloudbursts will increase. Sea levels are expected to rise and storms 

are expected to become more severe hence the aftermath resulting from this are damages to storm-water 

infrastructure and disruption in the drainage system through blockage or excessive water flow. Studies have 

proven that there is a direct relationship between the increase in the intensity and frequency of 

meteorological events and the degradation of water quality with the health impacts that entails it. These 

negative effects include increase in the concentration levels of associated parameters such as micro 

pollutants, Dissolved Organic Matter and pathogens (UNEP 2005). 

4.2. Pressures  
Pressures include both anthropogenic factors and natural processes that induce environmental change or 

impact. (Pinter et al 2009). These pressures usually result from drivers but also can be affected by societal 

responses to environmental problems. 

 In order to grasp the full extent of these pressures, five distinct areas that will be explored are the economic 

pressure, household pressure, waste water pressure, institutional and environmental pressures. 

4.2.1 Economical pressure arising from Human Activities 
Water is an integral part of many industrial processes and increasing demand for water for industrial uses 

will result from increasing economic activity.  

 Agriculture 
The agricultural sector withdraws a substantial amount of freshwater amounting to 78 % of all the water 

abstractions as depicted in Figure 13. This can be attributed to the investment made by the government on 

infrastructure for irrigation and crop production. The irrigation method used is the pumped sprinkler system 

which utilizes surface and unconfined ground water sources of which no charges for water are levied. The 

infrastructure in the form of pumps and piping installed by government, once commissioned and operational 

is taken over by farmers and whether they want to engage in sustainable management is up to them as 

there is no water monitoring mechanism in place. (Fiji National Report 2012). 
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Figure 13: Freshwater Withdrawals by sector in Fiji (World Bank, 2004). 

 Tourism 

Most of Fiji´s tourist is concentrated in the Western side of Fiji. The Water Authority of Fiji currently supplies 

50,0623,7 million liters annually to the population people residing in this region, however, with the increasing 

tourist numbers, the demand for water will also increase and this will require the expansion of the current 

reticulation system and to increase the volume of water serviced to not only cater for the water demands of 

the residents but also the tourist. (WAF,2016).  

 

4.2.2 Household Pressure 
The total number of housing units in Fiji Islands is estimated to be 173,500. According to the Water Authority 

of Fiji, the average daily water consumption for one person is 100 liters per inhabitant per day and it 

increases to 150 liters per inhabitant per day in the workplace, industry, shops firefighting and community 

uses (water of parks and gardens) (Water Authority of Fiji, 2014). This increase in household numbers 

places more pressure on the supply of drinking water. 

4.2.3 Pollution Pressure 
The quality of the freshwater in Fiji has degraded over the years due to point source pollution which are 

usually from the discharge of untreated wastewater along with associated pathogenic organisms into 

streams, rivers and coastal estuaries. Studies highlighted that the major source of pollution are due to runoff 

of waste matter from less formalized urban and village pigpens (UNEP, 2000). This has resulted in the 

contamination of many water systems, producing high levels of diarrheal and other infectious diseases 

(Falkland 1999b). 

Diffuse flows are usually generated from on-site sanitation systems within urban areas of surface water 

catchments, agricultural chemicals i.e. pesticides and herbicides, timber treatment chemicals and 

laboratory chemicals. Table 4 summarizes the types of pollutant present in Fiji with its sources. 
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Table 4: Pollutants present in freshwater sources of Fiji and possible sources (Fiji Bureau of 

Statistics.2008) 

 

4.2.4. Institutional Pressure 
The Water Supply and Sewerage Department (WSSD) declared a public reform enterprise in June 

2006.This resulted in the establishment of the Water Authority of Fiji in 2011 as a commercial statutory 

authority that will supply water to all towns in the country. It is responsible for providing access to quality 

drinking water and waste water services to over 144,000 residential and non-residential metered customers 

residing largely in urban areas. It also includes setting up water supply systems in rural schemes, reaching 

over 700,000 people nationwide. 

Operation and Maintenance 
The operation of the Water Authority of Fiji encompasses an area of 18,274 square kilometers of water 

network and more than 4313 kilometers of wastewater network pipes. Water supplies are pressured by 

aging and poorly installed infrastructures which give rise to leaking distribution mains and service pipes. 

Additional strains include malfunctioning meters and old pumps. (SOPAC, 2001b). 

Finance 
Whilst the Water Authority of Fiji has greatly improved the delivery of water supply and sewerage services, 

it faces financial constraints that greatly hinders its viability.  The WAF is classified as a regulated industry 

under the provision of the Commerce Commission Decree (2010), therefore, if it wants to increase water 

and sewerage tariffs it depends on approval from both the Commerce Commission and the Government. 

(Country Partnership Strategy: Fiji,2014–2018). 

With this situation, the WAF is fully dependent on grants from the government to meet its capital and 

recurrent costs. Water supply and sewerage tariffs were last amended in 1999 where Value-Added Tax 

(VAT) was removed. However, with the increase in demand for water, the Water supply tariffs are now 

significantly below the cost of production i.e.  costs associated with raw water extraction, treatment, and 

conveyance to consumers). This was prominent in 2013 as the revenue generated by water and sewerage 

charges was equivalent to 44% of WAF’s operating costs. Attempts to request for an increase in tariffs 

remain futile as both the Government and the Commission refuse to consent to it. The Asian Development 
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Bank identified this need and has been providing monetary assistance to improve the delivery of water 

supply and Sanitation services in Fiji since 1988.  

Human Resource 

Like any other country in the Pacific, Fiji faces the problem of “brain drain” as its inhabitants depart for 

greener pastures overseas creating a lack of qualified personnel in many technical areas.   A thorough 

analysis conducted with regards to the Water, Sanitation and Hygiene, (WASH) in Fiji, show that there are 

constraints in the financial resources for staff costs and the availability for training to upskill personnel. In 

addition, it highlighted that people were reluctant to live and work in the rural areas and also there was 

hindrances in the recruitment processes. Furthermore, rural authorities are not equipped in the 

management skills in terms of water management in peri urban areas. (GLAAS,2014) 

Table 5: Human Resource analysis in the area of Sanitation, Drinking Water and Hygiene in Fiji 

(GLAAS,2014) 

  

A report by SOPAC highlights that in terms of water, technical expertise is needed in areas of Hydro-

geology, Hydrologic modelling and Environmental modelling and assessment of ecosystems in the areas 

of limnology, wetland management and protection (SOPAC, 2007). The lack of knowhow and technical 

expertise, will render the people to be more vulnerable to negative impacts of unsafe drinking water. 

 Lack of coordination between institutions. 

The government administration of Fiji does not explicitly identify water resources management. There are 

several ministerial departments responsible for water supply, irrigation, power generation, agriculture and 

environment with which their responsibilities can be seen in Table 6.  
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Table 6: Matrix showing Fiji´s ministerial departments and their respective roles in safeguarding freshwater bodies 

Ministries Roles Surface Water 
Quantity 

Surface Water 
Quality 

Groundwater 
Quantity 

Groundwater 
Quality 

Mineral Resource 
Department 

Monitoring and protection of GW    x x 

Borehole Drilling   x x 

Ministry of Agriculture, Land 
and Water Management 
Division 

Irrigation development and operation   x x 

Rural drainage x x x x 

Land reclamation x x x x 

Flood control works and flood management x x  x 

estuarine dredging and flow gauging,  x x x 

Water Authority of Fiji 
 

provision of water supply and sewerage in 
all urban centers and also monitors river 
flow gauging, and information needed to 
increase supply 

x x x x 

Department of lands administration of the Rivers and Streams 
Act 

x x x x 

Riverine excavation x x x  

Fiji Energy Authority operation and management of dams for 
hydropower generation, and regulation of 
upstream catchments. 

x    

Ministry of Local Government provision of rural water supply and 
sanitation schemes; 

x x   

Ministry of Environment data collection (mainly water quality and 
environment), wastewater discharge 
permits and monitoring; 

x x x x 

DISMAC disaster warning and response, for flood, 
drought and other disasters 

x x x x 

Town and Country 
Planning  

development plans for urban areas, 
approval of development proposals, which 
must comply with EIA guidelines; 

x x x x 

Ministry of Health monitoring and investigation of water 
quality for sources of drinking water. 

 x  x 
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The Coordination between the different governmental ministries is provided by the National Water 

Committee, an ad hoc committee established by Cabinet in 2001 made up of the heads of the key water 

resources agencies of the government.  However, looking at the Matrix table 6, it can be seen that most of 

the role of governmental ministries overlap especially in areas of agriculture and irrigation and monitoring 

of urban growth with the integration of spatial planning which could result in a conflict of interest which in 

turn can affect the quantitative and qualitative properties of safe drinking water. 

The report by (SOPAC, 2007) highlighted that conflicts have occurred over surface water availability 

between water for irrigation and water for other purposes. The conflicts arise in part because there is no 

coordinating mechanism to ensure that water use for one sector (i.e. agriculture and irrigation) is recognized 

and that other sectors (i.e. town water supply, tourism or industrial water demand) do not adversely affect 

an existing development by other sectors.  

4.2.5. Ecological pressure  

Pressures generated from climate change which can affect drinking water sources are flooding, drought, 

groundwater recharge rates and sea level rise. 

Flooding 

The high rainfall, steep topography and relatively large catchments combined with intensive agricultural use 

of lowlands by village communities have made Fiji generally susceptible to flood disasters over the years. 

Flooding combined with sewer system overflows and other problems stemming from inadequate sanitation 

infrastructure can lead to disease outbreaks from water-borne bacteria. 

Drought 

El Nino events, which lead to a northeast positioning of the South Pacific Convergence Zone, is the major 

cause of drought in Fiji. During an ENSO event, conditions drier and hotter than normal can be expected 

from December to February and drier and cooler conditions can be expected from June to August. While 

lower than normal rainfall can be expected over most of Fiji, the most severely affected areas tend to be in 

the western part of the main islands. (SOPAC, 2007) 

Groundwater Recharge Rates 

In terms of groundwater availability in Fiji, it was found that of its total freshwater resources, 24 % is 

groundwater with an internal volume per capita of 638.8[m3/ (capita yr.)] and a recharge rate of 288 

mm/year (P. Doll and K. Fiedler,2008) 

Sea level rise 

The authoritative International Panel on Climate Change (IPCC), predicted that as the result of the 

enhanced greenhouse effect, sea level will rise (relative to its 1990 level) 18 cm by the year 2030 and 44 

cm by the year 2070. (Australian Bureau of meteorology, 2011). In Fiji, satellite data revealed that since 

1993, sea level has risen by about 6 mm per year. This is larger than the global average of 2.8–3.6 mm per 
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year. By 2030, under a high emissions scenario, this rise in sea level is projected to be in the range of 3-

16 cm. The sea-level rise combined with natural year-to-year changes will increase the impact of storm 

surges and coastal flooding. Ocean waves may overtop small low-lying islands, contaminating freshwater 

lenses with saltwater for months and damaging rainfall collection systems, Falkland 1999b). 

 

4.3 State 

State corresponds to a range of features highlighting the quantity and quality of resources, living conditions 

for humans, exposure to the effects of Pressures on humans, to even larger socio-economic issues. The 

combination of the current State and the existing Pressures explains Impacts. 

 4.3.1. Types of freshwater resources available in Fiji. 

However, due to the fact that the 330 islands exhibit considerable differences in their geographical 

characteristics, the availability and accessibility to the freshwater resource also differs. 

The large islands are mountainous and have significant permanent surface water sources whilst the many 

small islands (both inhabited and uninhabited) have little or no permanent surface water and so the 

inhabitants rely on groundwater and rainwater only. In the latter case, groundwater resources may be very 

vulnerable to overexploitation and contamination and rainwater harvesting has to be promoted much more 

actively. 

Issues for large islands differ considerably from those on small islands include flooding, inter-user conflict, 

urban water services and more extensive and intense sources of pollution (industrial, urban drainage, 

sewage). The smaller islands on the other hand experience saltwater intrusion in drinking wells during storm 

surges, and water scarcity during droughts. 

 Surface Water 

Surface water is used as the main source of supply for all major towns on the larger islands of Fiji (i.e. 

islands with higher elevation), as well as industrial and irrigation uses. However, the combination of surface 

water and groundwater is used to supply the smaller settlements not supplied by the major water utility. 

Fiji has numerous small islands, some of which are low in elevation and also inhabited. Surface water 

availability is a problem in some islands which depend exclusively on groundwater and may or may not 

attempt to use rainwater. Rainwater harvesting using roof systems is widespread in Fiji but the mindset of 

most rural people is that water will always be available and so they fail to anticipate the possibility of extreme 

climate events and drought that could affect the quality and quantity of their drinking water sources. 

(Falkland,2002) 

Groundwater 

Groundwater occurs on both the large islands and small low-lying islands and is found in superficial and 

medium-depth strata on the larger islands of Viti Levu and Vanua Levu.For other islands, it is contained in 

either fractured rock or sedimentary formations. Significant groundwater deposits, such as the Nadi Valley 
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coastal aquifer, are under pressure for irrigation. Groundwater resources on small islands play a very 

different role. There are cases in Fiji of islands with superficial groundwater lenses in sand beds or coral 

formations, which lie on marine water and can be readily exhausted due to over extraction. (SOPAC,2007). 

4.3.2 Utilization of drinking water sources 

The overall state of access to safe drinking water in Fiji is complex due to the different types of water 

sources and the geographical characteristics between the larger and smaller islands. The urban 

infrastructure for water distribution to consumers is sometimes so inadequate that infiltration of 

contaminated water can occur due to pressure drops and other intermittent pressure changes, or to 

deteriorating, open or leaking conveyances, illegal connections and other distribution system deficiencies, 

which leads to an increased risk of waterborne diseases (Sobsey, 2002). 

For reference purposes, Figure 14 shows the location and the boundaries of the four divisions of the four 

divisions in Fiji. 

 

Figure 14: Boundaries of the four major divisions in Fiji (Fiji Bureau of Statistics, 2008). 

In order to have a fair idea on the water infrastructures that are available in Fiji and their locations, the 

following table shows the inventory of the water assets that is provided by the Water Authority of Fiji in the 

four major divisions. 
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Table 7: Water Infrastructure Assets and its location in the four divisions of Fiji (WAF, 2016) 

 

State concerning water consumption per capita 

The volume of water that is produced by the Water Authority of Fiji on a yearly basis totals 116,342 mega 

liters. Table 8 shows the water production for each division, it can be seen that it is higher in the 

Central/Eastern and Western divisions i.e. between 50 000-60 000 mega liters of water as this is where 

most of the population and water infrastructure are concentrated. Furthermore, it is where the bulk of water 

is used in the agricultural, industries and tourism sector as the two divisions are the locations in which these 

sectors operate. The Northern and Maritime/ Eastern Divisions have less water consumption due to less 

number of people and is usually for daily needs such as washing, cooking and bathing. 

Table 8: Annual Water Produced by the WAF for the four divisions (WAF, 2016) 

 

Urban drinking system  

Surface water is used as the main source of supply for all major towns on the larger islands of Fiji as well 

as industrial and irrigation uses. Over 80 % of Fiji´s population have access to full coverage of reticulated 

water supply which are treated and metered. This high percentage is due to the high concentration of its 

population in urban settlements and urban corridors such as between Lautoka-Nadi and Nausori-Suva.  

Informal settlement 

In many cases, water and sanitation services are not extended to informal settlements. Utilities are not 

provided with these services, partly because they do not have a clear obligation to serve informal 

settlements and the power to do so. 

 A study carried out in the Pacific showed that for all the Pacific Island countries, there was no utility or 

government body that had an obligation or budget to provide sanitation services to informal settlements. 

Where authorization to deliver services does exist, utilities tend not to prioritize extending services because 
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they are technically, legally, and commercially more challenging to serve relative to formal urban 

communities. Utility investments are also influenced by internal, government, and donor technical 

preferences which tend to favor investments in piped water infrastructure systems to formal areas. Their 

illegal status of the inhabitants of informal settlements deems them not to be entitled to the reticulated water 

supply provided by the government therefore, they resort to other sources of freshwater such as borehole, 

wells and rainwater harvesting. Water supply is typified by crowded standpipes with an irregular 

unpredictable supply, low pressure, illegal connections, or unimproved sources such as open wells. 

(Schrecongost A& Wong K,2015) 

Rural Water Supply 

The situation in the rural areas and settlements is different, with supply options through subsidized small 

rural surface or borehole schemes. However, a combination of surface water and groundwater is used to 

supply the smaller settlements not supplied by the major water utility. 

Outer Islands 

At the village level on many small islands, freshwater is generally obtained in traditional ways include 

rainwater collection at the household level, groundwater withdrawal from privately owned wells and, on high 

islands, collection of water from small streams and springs. In addition to fresh (potable) water, non-potable 

water (brackish water and seawater) is utilized on some islands in order to conserve valuable freshwater 

reserves. (IWRM Synopsis - Pacific Island Countries 2007). 

 

4.3.3 Time taken to access to safe drinking water 

The accessibility to drinking water sources varies considerably throughout the different divisions of Fiji. 

Earlier studies conducted by the Ministry of Health investigated the number of people that were able to 

access drinking water sources within a time frame of less than 30 minutes. Their findings show that 100% 

of the inhabitants in the Suva and Central Eastern Division were able to do so however only 95.4% of the 

population in the West and 89.5% in the Northern Division had the privilege to do which meant that some 

people took longer to access freshwater sources. (WHO & Fiji Institute of Environmental Health.2005).) 

The next time span that was investigated was the percentage of population that took 30 minutes to 2 hours 

to access the drinking water sources, and it was discovered that 8.3% of those were from the Northern and 

4.6% were from the Western Division (WHO & Fiji Institute of Environmental Health.2005).). Most of 

inhabitants are those living in the sugarcane belt areas and living in the highlands of Vanua Levu and Nadi. 

The task involved in abstracting water for drinking involves drawing their bullocks loaded with 44 gallon 

drums to withdraw water from the water tanks before transporting it back to their individual homes. The 

figure below shows the walking distance to water sources that are undertaken in each division in Fiji with 

the corresponding time taken to reach it. 
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Figure 15: Time taken to access safe freshwater sources by the four divisions in Fiji (MOH, 2012). 

4.3.4. Quality of drinking water 

There are variations in the form and nature of drinking water treatment processes in Fiji. The major 

municipalities use the conventional treatment processes of Sedimentation, Filtration and Disinfection. 

The water in the rural areas are not so fortunate when it comes the compliance with the WHO standards. 

The methods used to purify this water are usually through boiling, settling, or exposure to sunlight. However, 

boiling water can be an economic burden as it will involve the use of fuel which is an expensive commodity. 

Studies have also shown that the perception of the people determines the approach ensuring that they are 

consuming safe water. Most have the assumptions that as long as the water has a clear appearance it is 

clean and therefore is safe for drinking. However, they have fail to take into consideration the various 

microbial organisms present in the water that causes a lot of water diseases. 

 Tests conducted by water, sanitation and hygiene experts from the US in 2014 showed that water quality 

in Fiji was actually worse than Uganda in Africa. (Fiji Times,2014). This demonstrate that there is lack of 

monitoring to detect the deterioration of the water quality. After any event of natural disaster, the state of 

the quality and quantity of drinking water for all the areas in Fiji greatly deteriorates as water infrastructure 

and water sources gets into contact with contaminated waters or pollutants. (Live&Learn,2002) 

There are currently four major organizations that carry out water quality monitoring programs in Fiji checking 

to see if the quality of drinking water is in compliance with the WHO guideline as shown in Table 9. 
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Table 9: Drinking water Parameters with the corresponding WHO guideline Value (WHO,2004) 

 

Overall, the surveillance of water quality is under the responsibility of the Water and Sewerage Department 

and the Department of Environmental Health under the Ministry of Health. Bacteriological tests and 

monitoring of drinking water supplies is carried out at the Pathology laboratory of the Colonial War Memorial 

Hospital and the Lautoka hospital. Testing and monitoring of the chemical properties of water on the other 

hand is conducted at the National Water Quality Laboratory in Kinoya and the Water Unit of the Institute of 

Applied Science of the University of the South Pacific. The frequency of sampling drinking water sources 

to determine its qualitative state varies according to location. Water samples are collected on a weekly 

basis in Suva (Central Division), fortnightly in the Western division, and once per month in Northern division 

and Southern parts of Vitilevu. The methodology used to check the microbiological properties of this water 

samples on site is carried out using portable testing kits or is dispatched to the nearest major Hospital. 

However, to ascertain the chemical properties of the water sample, it is sent to the Institute of Applied 

Science laboratory at USP (IAS) or Agriculture Department Research Station in Suva for analysis. (WHO 

& Fiji Institute of Environmental Health.2005). Records from the Department of Environmental Health 

indicated that an average of 15 samples are collected per month from all divisions. In the year 2000, The 

sources of drinking water samples were collected which varied from treated water to unprotected surface 

water sources. The results show that 82% of untreated drinking water deviated from the WHO Guideline 

values. Interestingly, it was also discovered that 17% of the water samples from treated supplies were also 

contaminated as depicted in figure 16. Aging infrastructure made up of cast iron pipes, which could have 

breaks allowing penetration of polluted water. (WHO & Fiji Institute of Environmental Health.2005). 
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Figure 16: Treated and untreated water and their compliance with WHO standards 

 

A major concern that was highlighted is that there is no regular monitoring carried out to determine the 

levels of pollutants from agriculture, domestic and industrial activities which may be present in surface water 

and groundwater. The presence of pesticides, fertilizers and herbicides has therefore not been recorded as 

a problem simply because there are no tests carried out due to the limited knowledge on the testing methods 

and equipment to determine the presence and levels of these chemicals in freshwater sources. The Institute 

of Applied science is currently developing their capacity to test for pesticides. (WHO & Fiji Institute of 

Environmental Health,2005). 

4.4. Impacts 

Impacts can be defined as the changes in environmental functions affecting social, economic and 

environmental dimensions, which are caused by changes in the State of the system. Impacts also include 

changes in environmental dynamics and the services it provides such as resource access, water quality 

and quantity and the health and socio economic impacts that are linked to it (Maxim et al., 2009).  

Compromised water source 

When the water gets contaminated, the options for safe drinking water sources shrinks and this critical 

conditions render the people to be more vulnerable to diseases and economic hardships. In February this 

year, Fiji was hit by a Category 5 cyclone (Cyclone Winston), the strongest cyclone to ever hit Fiji and with 

some of the highest wind speeds at landfall ever recorded globally. It severely affected around 40% of the 

population causing an estimated 29,000+ people to live in 722 evacuation centers, including in 71 schools 

(Evacuation centers in Central Division closed). At the wake of the cyclone, it is estimated that up to 250,000 

people were in need of water, sanitation and hygiene (WASH) assistance due to electricity, water and 

sewerage service disruptions. Furthermore, the destruction of household water sources means that many 

families are dependent on unsafe water sources (UNICEF,2016) 

18%

82%

Water Samples Collected from the major divisions in Fiji and
their Quality Status

Treated drinking water not
complying to WHO standards

 Untreated drinking water not
complying to drinking WHO
standards
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Increased incidence and severity of water-borne diseases 

A well -known study of diarrhea carried out by (Singh et al., 2001) in Fiji showed a positive association 

between incidence of diarrhea, very low and very high rainfall as water supply and safety, are compromised 

during periods of droughts and flood. Figure 17 shows the relationship between cases of diarrhea in Fiji 

and the volume of rainfall between a period of 15 years i.e. 1195-2010.  

 
Figure 17: Correlation between the cases of diarrhea and rainfall in Fiji between 1995-2010. (Singh et 

al, 2001). 

Although rainfall is not responsible for the spread of disease, it however enhances it, as pathogens get 

transported at a wider scale during this period. 

 Potential impacts to water supply 

After any natural disaster, restoration of water supply may take days and people resort to fire hydrants to 

get water which may not be safe. The Water Authority of Fiji distributes water during water cuts by storing 

water in water tanks and distributes it via trucks however the water that is distributed is not chlorinated. 

WAF organizes water trucks which carry about 5000litres of water to cart water to affected areas. The 

frequency of the carting of water is usually constricted to once per day due to the extensive area that must 

be covered and the population that must be served. (FBC,2014) 

 

Women and children are the most impacted by poor water and sanitation services 

The burden on women includes time and physical labor required to collect water. The impact of poor water 

services falls disproportionately on women as they usually bear the full responsibility for all household water 

and sanitation related tasks such as cooking, cleaning, washing, and caring for the children.  Furthermore, 

when families lack access to an adequate supply of water, women and children are the most likely to bear 

the economic and financial burden of seeking alternative water supply sources. 
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Psychosocial impacts due to population displacement and income loss 

Studies show that displacement during natural disasters such as flooding is associated with subsequent 

unemployment, long-term earnings losses, and lower job quality; declines in psychological and physical 

well-being; loss of psychosocial assets; social withdrawal; family disruption; and lower levels of children’s 

attainment and well-being (Brand, J,2014) 

Losses in infrastructure due to extreme events  

Cyclones, droughts, storm surges and other extreme weather events could damage storm-water 

infrastructure and disrupt drainage through blockage or excessive water flow and this will require substantial 

amounts of money to be set aside for repairs as this meteorological events (especially cyclones and flood) 

occur every year. On average, Fiji is estimated to suffer 10 fatalities and around FJ$20 million worth of flood 

damage per year to infrastructure, agriculture and homes These losses do not include social impacts such 

as trauma. (SOPAC 2006). 

Ecosystem Service 

The ecosystem can be negatively affected due to the compromised state of the quantity and quality of 

potable and non-potable water supply that is caused by decreased rainfall, sea level rise, and saltwater 

inundation/ intrusion and change in land use; 

4.5. Responses 

Responses are the policy actions which are directly or indirectly triggered by the perception and evidence 

of Impacts. Responses address issues of vulnerability of both people and the environment, and provide 

opportunities to improve their conditions. These responses can in turn influence trends in the Driving 

Forces, Pressures, State and Impacts. 

In terms of policy formulated to cater for the different water services in Fiji, there are legislations covering 

urban water supply (Water Supply Act), irrigation (Irrigation Act), use of water by mining enterprises 

(Minerals Act), and the extraction of water from rivers and streams (Rivers and Streams Act).  

The Rivers and Streams Act, originally a colonial ordinance, provides for the Lands administration to 

approve water abstraction from rivers and also allows traditional activities to be conducted by native Fijians 

in small streams. Importantly, the Act contains provisions that imply the right to water resources to be in the 

power of the government. 

The Environment Management Act (EMA), of 2000, further introduced protection powers relating to water 

quality (both for freshwater and marine) and the protection of features of environmental importance. 

It is important that a clear understanding be established as to the powers of the government to control and 

allocate water and its power to protect water resources, because native land owners are arguing for their 

own right to determine how water is allocated. (SOPAC, 2007). 

Recent legal developments have been 

 (ii) draft amendments to the Minerals Act, which  
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● establish a requirement to obtain a permit to extract groundwater (and to install bores and wells) 

within declared areas, and  

● to limit polluting activities in declared areas, for the purpose of protecting the quality of groundwater. 

These drafts have been given cabinet approval to proceed, although they have not been through 

the parliamentary process. 

In addition, some drafting has been undertaken for a possible water resources statute which demonstrates 

that the government has the power to allocate water and undertake related activities. 

➢ The People’s Charter (Government of Fiji’s five-year development plan), 2008/Roadmap for 

Democratic. Sustainable, Socio-economic Development (RDSSED) 

➢ Fiji Sustainable Economic and Empowerment Development Strategy (SEEDS), 2008-2010. 

➢ Fiji National Strategic Development Plan (SDP), 2007-2011 

➢ Draft National Water Resources and Sanitation Policy, 2011 

➢ Rural Water Policy (Draft), 2011 (Provision of Sustainable Rural Water Supplies) 

➢ Disaster Management 

➢ Natural Disaster Management Act 1998 holistic 

➢ Disaster Risk Reduction and Disaster Management: A Framework for Action 2005-2015 

Policy for Long Term Development 

The Fiji’s Green Growth Framework sets out a holistic vision for Fiji’s long-term development priorities, and 

is intended to guide future national development planning by continuing the framework for Roadmap for 

Democracy and Sustainable Social and Economic Development which came to an end in 2014.  

This planning framework sets out specific strategies to improve access to safe drinking water and sanitary 

waste disposal systems placing priority on the expansion of centralized sewerage networks, upgrade 

treatment facilities which in turn will improve discharge standards, as well as reductions in nonrevenue 

water from 44% to 25%. 

Recently, government has committed to appoint/strengthen a National Water and Sanitation Committee 

with a technical secretariat tasked to assist it and the Government in the development of comprehensive 

water legislation (National Water and Sanitation Act), relevant sub-policies and regulations, as well as serve 

as a national forum to discuss water resources issues in general. This policy is in line with the Fiji Peoples 

Charter Pillar 5 - “Achieving Higher Economic Growth while Ensuring Sustainability” and targets the 

promotion of sustainable management and utilization of natural resources i.e. forestry, marine, water and 

minerals. (SOPAC 2007). 

In 2014, the government allocated close to $40 million for capital investments directed to upgrade water 

supply distribution networks, implement nonrevenue water reduction programs, install replacement meters, 

and upgrade wastewater treatment plants however there was no mention on upgrading accessibility of safe 

drinking water to informal settlements.  
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Rural and Remote Island Water Scheme.   

In its bid of extending its services to communities living in rural and outer islands, the Government has a 

rural and remote island water scheme which is administered by the Ministry of Provisional Development. 

As an incentive to encourage safe drinking water, the government is offering to pay 2/3 of the construction 

and installation costs of water while the remaining 1/3 is paid by the community. To be entitled to this 

scheme, the first step requires the community to convene, establish its water goals and elect a Water 

Committee which must have a Village Headman (Turaga Ni Koro) and at least one female as its members. 

The role of the water committee is to act on behalf of the community by gathering the required documents 

and seeking consent from the implementing agency e.g. WAF or Non-Governmental Organization (NGO) 

before registering for the Rural and Remote Island Water Scheme.  

Informal settlements 

In terms of providing water to informal settlements, WAF has an established alternative institutional and 

hardware approach to serving settlement customers in Suva. It does so by placing customer meters at the 

edge of a settlement rather than at the customers’ household. The customer then completes the installation 

by providing its own piping connection from the meter to the house. This reduces WAF’s meter-reading 

costs and infrastructure risk however this places more responsibility on the household and community to 

monitor water theft. However, households use PVC pipes to transport water between the meter and their 

home; these pipes are vulnerable to damage hence it increases the chances of water contamination at the 

point-of-use. 

WAF has also established a clear arrangement for circumventing land tenure requirements for water 

connections. It does so by allowing customers to submit government-issued identification credentials and 

can provide “temporary water connections” with formal permission from the Department of Housing and/ or 

the landowners. 

 

DPSIR Framework 

After a thorough analyses of the different categories under the DPSIR framework, the following conceptual 

model (depicted in figure 18) was formulated which clearly identifies the economic, social and 

environmental drivers of unsafe drinking water, the different types of pressure exerted from it affecting the 

quantitative and qualitative states of safe drinking water in Fiji. In addition to the increase in demand for 

freshwater consumption, it will also result an increase in generation and discharge of wastewater which 

also affects the quality of the receiving water body. The increasing population growth, urbanization and 

informal settlements places influences the current state of the operation and maintenance of the reticulated 

system and incurring losses such as leakage, illegal connection etc. The impacts that are generated from 

these activities are also highlighted and examples include reduction in the quantity and quality of freshwater 

sources, increase in waterborne diseases, and the added stress on women and children as they will need 

to travel longer distances to get water etc. The governmental response to curb the deterioration of the state 

in water bodies are the Water Act, Irrigation Act, Rivers and Streams Act etc. A major concern is that there 
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is no endorsed groundwater policy and this raises serious concern as the quantitative and chemical 

properties of GW can be greatly compromised as there is no law that protects it. The lack of a system for 

releasing pollution permits and monitoring makes it difficult to understand the extent of the impacts of the 

pollutants released. Furthermore, institutional roles are not sufficiently well-articulated and is hampered by 

a lack of knowledge of resource conditions expert personnel, financial constraints, patterns of use, a lack 

of coordination mechanisms between governmental ministries and across sectors (e.g. in terms of land and 

water management) is very limited. Moreover, technology and budget for monitoring the quality and 

availability of both surface and ground waters are insufficient. In addition, the linkages between 

data/information and decision making and planning processes were found to be poor or even non-existent 

especially in rural and remote areas. Finally, since there is no clear policy that addresses the water needs 

of marginalized communities, their right to attain to safe drinking water maybe compromised as there is no 

clear mandate provided by the government on its commitment to them. Therefore, the construction of the 

DPSIR Framework provides a snapshot of what are the causes of unsafe drinking water and its effects 

reiterates the need for more efforts to be done to improve the existing freshwater management system in 

Fiji. 
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Figure 18: The DPSIR Framework for Fiji. 
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Part II. Analysis of Fiji using Adaptive Management 
Adaptive management probes the functioning of a system by identifying uncertainties and encourages 

management to learn about the changing environmental system. In order to critically analyze Fiji´s position 

in terms of access to safe drinking water by year 2030, the two activities carried out are:  

1. Model future scenarios in terms of population growth in Fiji and its implications on the demand for 

safe drinking water. 

2. Investigate the Adaptive capacity of disadvantaged groups that don’t have access to the reticulated 

water system through the Case study of an Informal Community- Veiraisi Settlement 

4.1 Modelling scenarios 

4.1.1. Population growth trend 

To better understand Fiji’s demand for safe drinking water within the 15 years’ timeframe of the Sustainable 

Development Goal, the geometric population growth formula (equation 1) was used to determine the 

anticipated population trend.                            

𝑷𝒋
𝒊 = 𝑷𝟎

𝒊  (𝟏 + 𝒕𝒈
𝒊 )𝑻𝒋−𝑻𝟎                                                                               (Equation 1) 

Where: 

 𝑃𝑗
𝑖 – Population of the urban settlement i in year 0; 

 𝑃0
𝑖 – Population of the urban settlement i in year j; 

 𝑡𝑔
𝑖  – geometric rate of annual change in the population. i.e.0.007 (obtained from Fiji Bureau of 

Statistics 2016) 

 𝑇𝑗 – year for which it is intended to estimate 

 𝑇0 –year 0 (zero). 

 

After calculation, the population numbers for a given year was determined and the results were then plotted 

onto a graph as depicted in figure 1. It is projected that by 2030, Fiji´s total population will amount to 

approximately 972,580 inhabitants. Currently, the total population comprises of 53.3% of people living in 

the urban area whist the remaining 46.6% live in the rural area. Hence with this information and assuming 

that there are no variations in proportions, by 2030, it is estimated that 519,360 people will be living in the 

urban area while 453,220 people living in the rural. 

The following graph shows the estimated population growth trend for the total, urban and rural population 

that Fiji is expected during the Sustainable Development Goal period. 
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Figure 19: Projected growth trend for the total, urban and rural populations of Fiji by 2030.) 

2.1.2. Demand for Water 
The implications of the increasing population growth will result in the increase in demand for safe drinking 

water. The average daily consumption is defined as the ratio between the total annual amount by the 

number of inhabitants and the number of days per year (L / (hab.day).  

However, the relationship can be influenced by certain factors such as population lifestyle, the method of 

wastewater disposal, climatic conditions, personal hygiene habit, the system of conservation status, the 

water tariff structure, the increase of commercial activities and industries that require huge amounts of water 

and also losses due to leakage and illegal connections.  

In order to ascertain the volumes of water that will be demanded per day for the next 15 years, the following 

mathematical formula is used: 

𝑸𝒎 (𝑳) = 𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑫𝒂𝒊𝒍𝒚 𝑪𝒐𝒏𝒔𝒖𝒎𝒑𝒕𝒊𝒐𝒏 × 𝑷𝒐𝒑𝒖𝒍𝒂𝒕𝒊𝒐𝒏                                Equation 2 

Where: 

 𝑄𝑚 is the daily water demand. 

 Average Daily consumption in [L /(hab.dia)]  

o (150/L/habitant for the Urban Population and 100/L/habitant for the Rural Population.) 

(WAF,2016) 

 population in (hab) 
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Different average daily consumption values were used for the two sectors as the urban as people have that 

easily access water have higher consumption levels. The following tables below show the estimated 

population growth and its corresponding daily water demand for both the Urban and Rural populations with 

a 5-year interval. From the calculations, it can be seen that by 2030, there will be approximately 519,357 

people living in the urban areas which will result in a daily water demand of 77,903, 550 Liters of water. For 

the same year, people living in the Rural areas will be approximately 453,221 with demand of 45,322,100 

Liters per day. 

In addition, losses through leakages should be taken into account therefore the reticulated water system 

should be designed (50%) of the water supply. 

 

Table 10: Urban Population Growth and its corresponding daily water demand till 2030 at 5 year 

intervals 

Year Urban Population (Hab) Average Daily 
Consumption (L/Hab. 
day) 

 Daily Water Demand (L/Day) 

2015 464300  
150 

69,650,000 

2020 481970 72,300,000 

2025 500310 75,050,000 

2030 519360 77,000,000 

 

 

Table 11: Rural Population Growth Trend and corresponding daily water demand by 2030 at 5 year 

intervals. 

Year Rural Population (Hab) Average Daily 
Consumption 
(L/Hab/day) 

 Daily Water Demand (L/Day) 

2015 405,200  
100 

40,520,000 

2020 420,600 42,060,000 

2025 436,600 43,660,100 

2030 453,220 45,320,100 

 

4.1.3. Analysis by Division 

4.1.3.1. Projected population growth for each Divisions 

In order to better understand which parts of Fiji will have high populace concentrations, the distribution of 

total population within the four major division of Fiji i.e. Central, Eastern, Western and the Northern Division 

must be taken into account. As shown in the figure 20, the population trend for all the division will increase 

with the Central and Western division having pronounced growths. By 2030, it is expected that 409,000 

people will be living in the Central Division, 370,500 in the Western Division, 155,620 in the Eastern and 

38,900 people in the Northern Division.   
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Figure 20: Projected population growth trend for the Central, Eastern, Western and Northern Division 

in Fiji by 2030. 

4.1.3.2. Divisional Demand for Water. 

With the growing population trend, the next step that was undertaken was to calculate the volume of water 

that will be needed by each division to cater for the water needs of its inhabitants. Using the same 

mathematical equations but now inserting the population for the respective divisions resulted in the volumes 

of water tabulated below. The numbers were rounded off to the nearest values to account for uncertainty. 

Table 12: Projected Population growth trend for the Central and Western Divisions and their 

corresponding daily water demand at 5 year intervals 

Year Population in the 
Central Division 
(Hab) 

Population in 
the Western 
Division (Hab) 

Average Daily 
Consumption 
(L/Hab/day) 

 Daily Water Demand for 
the Central 
Division(L/Day) 

 Daily Water Demand for 
the Western Division(L/Day) 

2015 365,000 330,400  
150 

55,800,000 49,560,000 
2020 380,000 343,000 56,870,000 51,450,000 
2025 394,000 356,000 59,030,000 53,404,000 
2030 409,000 370,000 55,440,000  

Table 13: Projected population growth trend for the Northern and Eastern Divisions and their 

corresponding water demands at 5 year intervals 

Year Population in the 
Northern Division 
(Hab) 

Population in 
the Eastern 
Division (Hab) 

Average Daily 
Consumption 
(L/Hab/day) 

 Daily Water Demand for 
the Northern 
Division(L/Day) 

 Daily Water Demand for 
the Eastern Division(L/Day) 

2015 140,000 35,800  
100 

13,910,000 3,477,800 
2020 144,400 36,100 14,450,000 3,600,000 
2025 150,000 37,500 15,000,000 3,750,700 
2030 156,000 38,900 15,500,000 3,900,000 
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The graph below shows the evolution of the daily water demand that is expected to be within the next 15-

years. 

 

Figure 21:  Projected water demand trend for the Central, Eastern, Western and Northern Division for 

Fiji by 2030. 

The increasing trends in population growth is directly proportional to the increase in demand for water. and 

this will greatly increase the pressure placed on the existing infrastructure and reiterates the need for more 

sustainable approaches in access to safe drinking water in order to curb the negative effects that arise 

when its qualitative status is compromised. 

It also raises serious concerns, the high volume of water that must be supplied daily for consumption will 

also imply that a substantial volume of wastewater will be generated. This poses a great threat to the 

environment because if it’s not efficiently treated, then the risk of point source and diffuse pollution will be 

greatly accelerated and will have detrimental effects on freshwater sources.  

4.2. Time taken to access drinking water 

The increasing trend in population will also result in a large number of people travelling a great distance to 

access the water sources in rural areas if the current reticulated water system is not extended. Although, 

currently there is no policy that deals with infrastructure expansion This will imply that the expected policies 

must take into consideration the need for infrastructure expansion to cater for the increasing water 

consumption resulting from the increase in population. Based on the findings highlighted in the previous 

chapter, although 100% of the population living in the Central and Eastern Division take less than 30 

minutes to access drinking water sources, people living in the Western and Northern Divisions don’t 

experience the same privilege.  

In the Western Division, 95.4% of its population are able to access drinking water sources take less than 

30 minutes while the remaining 4.6% take 30-120 minutes to access drinking water sources. In the Northern 
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Division, 89.5 % of its population take less than 30 mins to access sources of drinking water, the remaining 

percentage is further divided into 2 scenarios whereby 8.3% of the population are able to collect water 

within the time span of 30 -120 minutes’ whist 2.5 % of the population take more than 2 hours to collect 

water. Figure 14 shows that the number of people that will still have to travel a large distance to access 

water for the next 15 years at an interval of 5 years. If there are no strategic approach employed in lifting 

the standards of Safe drinking water, then by year 2030, 12,916 people in the Northern Division will be 

dependent on water sources that will require one to walk 30 to 2 hours to it whilst 3,890 inhabitants will be 

dependent on water sources that is more than 2 hours by walking distance. For the Western Division, 

17,001 people will be dependent on drinking water sources that will take 30 to 2 hours by foot. 

 

Figure 22: Projected population growth in the Western and Northern Divisions by 2030 in 5 year 

intervals and the corresponding expected time to access drinking water sources. 

 

4.3 Adaptive capacity of disadvantaged groups 

Access to clean, safe drinking water is identified as one of the most fundamental social rights which is 

stipulated under the Bill of Rights in the 2013 Republic of Fiji Constitution: 

36.— (1) The State must take reasonable measures within its available resources to achieve the 

progressive realization of the right of every person to be free from hunger, to have adequate food of 

acceptable quality and to clean and safe water in adequate quantities. (Constitution of the Republic of Fiji 

Islands, 2013) 
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However, since the amended constitution is quite recent, there is no policy formulated that has an inclusive 

approach for all its citizens. The Green Growth Framework touched on the idea of informal settlements 

briefly but it was only confined to conducting a vulnerability assessment conducted till 2019. Actions that 

will proceed after this assessment is not mentioned.  

The following case study is on Veiraisi Settlement one of the informal settlements located at the outskirts 

of the most densely populated town in Fiji. The main aim of including this case study is to highlight how its 

informal settlers are vulnerable to unsafe drinking sources and to reiterate the need of having tailor made 

policies that will help people enjoy the right that they are entitled to.  

 

 

 

 

 

 

 

 

 

 

 

 

 



  

[62] 
 

4.3.1.1. Case study Informal Study: Veirasi Settlement 

Veiraisi Settlement is an informal settlement comprising of 70 households that occupies 326 acres of coastal land located at 

the peripheries of Nasinu Town.  The inhabitants of the Veiraisi Settlements do not have access to safe water as their illegal 

status prohibits them from being entitled to the water services provided by the government hence their supply of drinking water 

is sourced from wells that is located in close proximities to their home. Wells are often unlined, and although it is covered, dirty 

buckets are used to retrieve water hence accelerating the risk to contamination 

The methods of purifying the water is usually by boiling, however, this can be burdensome as it involves buying fuel which is 

an expensive commodity. Another approach is to store water in water bottles where the sediments are allowed to settle. In 

addition, the filled water bottles are placed under the sun where its UV radiation is used as a purifier. 

The settlement is accessible by crossing over a small creek however the increase in rainfall experienced in the recent years 

has resulted in the overflow of this creek causing inundation and contamination of water in the well. Another contributing factor 

in the severity of flooding in this area was the construction of the Garment Factory a few blocks away from the community 

which has changed the natural dynamics of water ways hence contributing to poor drainage system.  

Some of the inhabitants have worked in conjunction with their neighbors who have access to the reticulated water system by 

connecting to their water meter and dividing the monthly water bill. Hence one water meter providing water for two to three 

households. 

 

Figure 23 Aerial view of Veiraisi Settlement (Google Map, 2016) 

Veiraisi 

Settlement 
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4.3.1 Informal Settlement 

Habitants of informal settlements face exclusion and alienation from the reticulated water system and are 

forced to retrieve water from inconvenient and unsustainable water sources. In this regard, the feasibility of 

water provision in informal settlements will be a challenge due to the minimal space between houses which 

will make it difficult to carry out and expedite any infrastructural and engineering works. On the other hand, 

studies have highlighted that the inhabitants of informal settlement inhabitants tend to be unenthusiastic to 

take steps in connecting to the reticulated system due to the fear of possible evictions because of their 

illegal status. From the governments end, to expand the reticulated water services to the inhabitants of 

Informal settlement will result in the amendment of land tenure rights which may contradict their efforts of 

decentralization initiatives in curbing the rural to urban migration. It is therefore crucial that policy makers 

formulate strategies that takes into account the above mentioned factors and adopting tailor made policies 

to target such groups. 

There are currently 200 informal settlements in Fiji. Projections made using equation 1 and shown in Figure 

24 by 2030, there would be approximately 151,876 people living in informal settlements which means that 

a substantial number of people will not have access to safe drinking water. 

 

 
Figure 24: Projected population growth trend for informal settlements in Fiji between 2015-2030. 

With this expected increase in numbers in population and the corresponding demand for water, there is a 

need to tailor made policies specifically designed for Informal settlements that must be formulated and 

enforced to ensure that its inhabitants can exercise the right to safe drinking water. It is also a proactive 

response to reduce the negative impacts that arise from it as already mentioned in the previous chapter.   

In addition to these studies, the work of (Falkland, T,2002) in Fiji also highlight that there is a lack of 

knowledge in areas such as the need to conserve water, use of appropriate waste disposal methods and 

the health risks posed by unsafe drinking water. Furthermore, people who are reliant on rainwater in the 
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rural and remote areas usually don’t have the appropriate facilities for storage and collection. In areas 

where good rainwater collection facilities have been installed, they are commonly not well-maintained or 

regularly cleaned and this greatly increases the risk of contamination and the outbreak of waterborne 

diseases. Moreover, high levels of contamination occur at the household level due to poor handling and 

storage of water which can be attributed to lack of awareness.  

The AM approach can help solve these issues through acknowledging that information is limited and 

uncertain and could be improved by narrowing the focus to ‘what matters’ from different viewpoints and this 

provides a way forward for difficult one-time choices with limited information. In terms of organization, AM 

helps create an organizational routine and measurable outcome for learning; fosters creation of a learning 

plan; facilitates double loop learning which offers opportunities for learning and adjustment; creation of 

alternatives to achieve learning objective; and encourages the consideration of trade-offs between learning 

and other objectives This is different compared to the IWRM approach which so far does not include 

structured approaches for knowledge generation. (Medema and Jefery,2005). 

 

 

 

 

 

 

 

 

 

 

 

 



  

[65] 
 

5.0. AWRM-Synergy of IWRM and AM 

To ensure sustainability one must first recognize that communities and environment are continually 

interlinked and changing and that policies and frameworks need to adapt to current needs and at the same 

time anticipate minor and major future changes. Secondly, participatory approaches must be set in place 

which will encourage social and policy learning. Social learning can be defined as a “composite of individual 

adaptation, such that adaptation comes about through activities which depend on the participation of group 

members in discourse, imitation or shared collective and individual actions” (Adger et al., 1999). Policy 

learning on the other hand refers to the adaptation to external change by formal institutions, which attempt 

to retain and strengthen their own objectives and their domination over existing socio-economic structures.  

Policy learning can be done through the formation of new coalitions of advisors and technical knowledge 

and can either hinder or facilitate social learning.  They also serve as conduits for perceptions of vulnerability 

(Adger at al., 1999). 

 Based on the analysis and results obtained from the previous chapters, 11 steps have been formulated 

which may help me to synergize the IWRM and AM approaches into one management approach known as 

the Adaptive Water Resource Management Approach (AWRM REF)) for Fiji which seeks to address factors 

that may compromise accessibility to safe drinking in Fiji.  

The 11 sequential steps of the AWRM Framework for Fiji are: 

1. Establish Goals and strategies that will ensure availability of freshwater sources 

Establish short, middle and long term realistic and effective strategies that will ensure access to 

safe drinking water for all citizens inclusive of the disadvantaged groups of the WASH Plan. 

2. Build Commitment  

Build commitment to improving and expanding the reticulated water system by setting aside 

budgetary allocations specifically for this purpose.  

Secondly, that has to be clear outline and enforcement on efficient monitoring and feedback system 

to reflect the quality and quantity of safe drinking water with delegation of qualified person (s) with 

clearly outlined roles. Furthermore, there is also a need to have commitment in providing a 

conducive and learning environment.  

3. Design Management Strategies 

Management strategies that will be applicable in different settings should be designed; i.e. Urban 

areas, rural areas, informal settlements, remote and outer island that will help execute the 

established SDG Goal. Furthermore, the approach and timeframe for capacity building and 

knowledge/skills transfer should be recognized with realistic programs. 

4. Partnership with NGOs and Research Institutions 

Working in collaboration with NGO´S and Research institutions at an early stage will improve 

efficiency, sharing of innovative adaptive ideas and success stories. 
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5. Raise Awareness 

Raising awareness on the importance of access to safe drinking water is a critical aspect which 

can be enhanced through media and social network sites. An approach was utilized in Kiribati 

where the Government worked in close collaboration with the church and through its activities 

include raising awareness on the importance of consumption of safe drinking water. (Falkland, 

2002). 

6. Build Commitment 

Once the public and other related stakeholders understand the importance of access to safe 

drinking water, commitment must be focused on sustainability, efficiency and reliability. The 

following are the participatory approaches that Deepa Narayan highlighted during his 15 years’ 

study of participatory approaches. (Narayan D,2003) 

SUSTAINABILITY 

To ensure sustainability of access to safe drinking water, there are 4 aspects that must be taken to 

consideration: 

i. Reliability of systems 

 The reliability of the water system is dependent on the qualitative properties of the drinking water, 

the number of facilities in working order and the maintenance of systems. 

ii. Human capacity development Field Insight 

 Management abilities  

Efficient management abilities that will invest in the training and upskilling of workers and use 

vertical and horizontal transfer of knowledge in the workplace to encourage learning and 

competency. 

 Knowledge and skills 

To address the expertise needed in the areas of Hydrogeology and Hydrologic modelling, 

government can offer scholarships as an incentive for students to pursue studies in this field. 

In the rural and outer island settings focus must be directed in ensuring that the community is 

equipped with the necessary knowledge and skills that will enable them to undertake maintenance 

tasks and repairs. 

iii. Local institutional capacity 

Three main sub-indicators are used to measure progress in building local institutional capacity: 

  Control over financial resources 

 Systems of learning and problem-solving –ability to learn, resource generation and diagnosis 

It is important that the communities have the incentive, commitment, resources and knowledge and 

skills to not only operate and maintain the system but most importantly to identify alternatives and 

adapt to the changing system. 

iv.  Cost-sharing and unit costs  
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 There is a need to Increase in tariffs for those using the reticulated system to help recover operation 

costs 

 Community contribution in the rural and outer setting must be consistent to ensure continual 

maintenance and operation of the installed water system 

 Agency contribution. 

 Collaboration among organizations. 

 

              EFFECTIVE USE 

To see the efficiency and effectiveness of the water system, focus must be on its optimal, hygienic 

and consistent use. Optimal use would require that there is reduction in time to access safe 

drinking water sources by the user and integrative and adaptive management by the providers. 

Hygienic use on the other hand deals with water quality and safe storage practices while consistent 

use focuses on patterns of daily use and periods in which its qualitative and quantities maybe 

compromised especially during periods of flooding and drought. 

 

REPLICABILITY 

Replicability of the drinking water system can be measured by to ability to: 

a) Have Additional water/latrine facilities built 

b) Upgraded facilities 

c) New development activities initiated 

d) Transferability of agency strategies 

e) Proportion and role of specialized personnel 

f) Established institutional framework 

g) Budget size and sheltering 

h) Documented administrative/implementation procedures 

i) Other special/unique conditions 

7. Monitor 

Monitoring is a vital and continual component that must be enforced to ensure that safe drinking 

water is safe and is available in sufficient quantities. 

For community-based water quality monitoring in rural and remote islands, cheaper means of 

microbial testing such as the hydrogen sulfide paper-strip test could be used 

8. Establish a database system 

Due to the fact that freshwater utilization falls under several governmental ministries, there is a 

need to set a database which will enable the submit of data under specific categories to help in the 

monitoring of the qualitative and quantitative volumes of safe drinking water. Examples of the 

categories are. groundwater dynamics-porosity, hydro conductivity, volume of water extracted for 
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irrigation, bottled water abstraction, management and adaptive capacity of communities under the 

rural and outer islands schemes etc. 

 

9. Modelling 

In order to have a better understanding of the changing environment hydrological modelling e.g. 

sea level rise, flood risk, groundwater recharge must be carried out. Other environmental modelling 

approaches should be explored along with population projections must be carried out to project 

what the probable future scenarios might be like. This in turn will assist in the formulation of feasible 

approach that could be taken. 

 

10. Develop Hypothesis 

Based on the results obtained from the models, hypothesis must be developed to try and grasp the 

future scenarios and the responses and best practices to minimize the negative effects. 

 

11. Amend the policies 

With the understanding that the community and environment is never in a static position policy must 

be reviewed at after every three years to validate their applicability. 

 

The figure below is a summary of the AWRM Framework for Fiji showing all the different process involved 

in each stage. It promotes stakeholder participation and commitment that will ensure the smooth operation 

and maintenance of safe drinking water sources with efficient monitoring and feedback systems. It also 

reiterates the need for coordination with clear channels of communications and accountability between 

stakeholders. Moreover, it also encourages engagement with the community. This framework would be 

only feasible if there is political will authorizing its implementation, allocation of funds to support it and 

commitment from the relevant stakeholder’s.  

Creating awareness and getting the commitment and implementing the framework in rural and remote 

villages won’t be an issue as the Fijian hierarchal system is quite intact. Generically, each village has a 

Turaga ni Vanua or traditional chief and a Turaga ni Koro or village administrator. Decisions are made at 

the (usually) weekly village meetings chaired by the Turaga ni Koro. Generally, the implementation of 

decisions is allocated according to the various subcommittees as well as along gender roles. Once 

decisions are finalized, the villagers cooperate in carrying out the desired task and are designated roles. 

Usually the men carry out the physical tasks such as soil excavation and laying of water pipes etc. whilst 

the women prepare their meals. (Dumaru P, 2010). Once the pipe is laid out and operation has begun, the 

implementing water agency usually provide training to the chosen village representatives who will now 

oversee the continual operation of the water supply. Through the learning process before the gradual 



  

[69] 
 

handover, the villagers are encouraged to take ownership of the operation and maintenance of the water 

supply network hence enhancing their adaptive capacity.  

In terms of policies, this framework is also viable because through its learning processes, identification of 

alternatives, inclusion of uncertainty and integration of the planning processes timely changes are made 

hence encouraging flexibility and adaptability with the changing environment. However, it will need to have 

a long term timeframe for its implementation and the budgetary allocation to support the different stages 

involved. 
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Figure 25: The Adaptive Water Resource Management Framework for Fiji
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6. Conclusion 

6.1 Final considerations 

The thesis, is focused on offering a holistic perspective to policy makers by creating a conceptual framework 

through the synergy of IWRM and AM approaches resulting in the AWRM Framework. This Framework can 

be used as a tool to offer guidelines in the formulation of effective safe drinking water policies that will 

ensure sustainability of this limited resource for future generations of Fiji. The final framework that is 

presented is the culmination of results obtained from the formulation of the DPSIR Framework of Fiji and 

the adaptive management approach by making population projections with the corresponding water 

demand to analyze Fiji´s position during the Sustainability Development Period. 

The benefit of the AWRM Framework is that it offers a holistic approach through the integration of the 

different aspects concerned with access to safe drinking water, it also anticipates how the water demand 

will increase in the future which encourages flexibility of policies. The framework can also be used to alert 

the relevant stakeholders if water bodies have reached critical conditions through over-exploitation, 

pollution or adverse natural disasters. This in turn encourages them to be more proactive in making prompt 

decisions and timely interventions. 

Furthermore, by first formulating DPSIR Framework at the initial stages give a detailed analysis of the 

current situation identify what are the drivers of inaccessibility to unsafe drinking water, the pressures that 

arise from it, how it changes the state of the environment and the various impacts they impose. It clearly 

reiterates the need for good management approach and practices as Fiji receives high amounts of water 

fall however, it is not channeled in a way that could make it sustainable. Furthermore, it also encourages 

one to critically analyze if the current policies and approaches are applicable in ensuring that the current 

and future state of accessibility to safe drinking water is not compromised. 

Both the DPSIR and AWRM Framework can be also efficient communication tools as they contain reliable 

information that that can be easily transmitted to all related stakeholders. The Adaptive management 

approach that was used to analyze Fiji´s position to accessible to safe drinking water seeks to expose 

uncertainties by making population projections with the corresponding water demand within the 15-year 

timeframe of the Sustainable Development Goal. Population Projections were carried out to portray the 

population trend and expected water demand concerning the rural and urban population and the Central, 

Northern, Eastern and Western Division. The results all showed that by 2030 the total population will be 

approximately amount to 1 million people which will directly result in an increase in demand for safe drinking 

water. The case study provided a snapshot of the reality of an informal settlement and the daily struggles 

that its inhabitants go through in terms of access to safe drinking water. The Policy Gap analysis highlights 

the need for detailed commitment to the nine disadvantaged group of the WASH program, endorse and 
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enforce Groundwater policy and coordination between the various governmental ministries in charge of the 

different sectors of water to minimize repeatability.  

In conclusion, the thesis has proved on the one hand the potential of the synergy of IWRM and AM which 

taps into the potential of learning by doing and being flexibility by adjusting to temporal and spatial changes. 

It shows that AWRM can be a valuable tool that enables policy makers, communities and related agencies 

to develop the capacity to evolve with new circumstances, such as mounting pressures exerted on the 

demand for freshwater sources, finance, and human capacity development-through problem-solving ability, 

confidence, management and technical skills, knowledge generation. 

6.2 Challenges 

To effectively implement the AWRM framework will have to face many hurdles. Firstly, in order to have an 

integrated approach will require the coordination of the various governmental ministries and also research 

institutions which will be a difficult and costly task as it will also require the creation of a shared database 

system that will enable the input and sharing of data.  

Upon the collection of data, a specific department must be created to make statistical, analytical, numerical 

models that will enable the policy makers to gauge the extent at which the environment has changed.  

However, in order to warrant follow up actions, the interpretation and presentation of data must be done in 

a meaningful manner.  

The approach cannot be fully deemed as an integrated approach as there is less work invested for 

groundwater resulting in the lack of data for groundwater extraction which has affected the analysis phase. 

It was impossible to make future projections for the state of groundwater hence it can be this is an area that 

needs much research. In addition, there was no information on the history of the water infrastructure and 

the extent of its network, therefore it was impossible to gauge its conditions in terms of age, monitoring 

system and capacity to support the anticipated population growth.  

With regards to the adaptation management problem firstly, understanding the dynamics of the environment 

and connecting the tasks to elements remains a problem unsolved. This is still today an international issue 

that is debated in the research field.  

6.3 Further developments 

To prove the benefits what the AWRM framework offers, it is best to identify the challenges that were faced 

in its implementation on previous use of the framework, how to address it and the benefits it entails.  

One if the difficulties faced in the initial stages of AWRM that was highlighted in studies by (LoSchiavo, A. 

J. et al 2013), highlight that stakeholders bring different missions and mandates to the water management 

efforts. The second problem raised is the lack of nonintegrated data resulted in communication problems 

for managers regarding understanding the changes taking place and the timely interventions needed. 

Finally, the last challenge faced is the notion of maintaining funding for long-term time frame and the 
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monitoring sector is usually the first area that is phase out to reduce costs or also because the agencies 

responsible for implementing restoration programs are focused on completing and operating projects.  

The lessons learnt from this study is that it is important to establish an adaptive management authority that 

ensure agencies and managers prioritize the resources necessary to develop and implement adaptive 

management programs. Secondly, integrate AWRM into institutional framework where with the roles and 

responsibilities of stakeholders are clearly defined before incorporating it into restoration projects. 

Furthermore, for any AWRM project the team must have representatives from each project discipline 

(engineering, planning, and water management) so that the guidance being developed is understandable 

by multiple technical disciplines and implementable at each phase of the project life cycle. 

Thirdly, develop an applied science framework, by which a more detailed technical guidance is needed to 

describe how adaptive management activities are integrated into the existing project implementation 

process 

Fourthly, to characterize uncertainty and developing management options matrices, and also the 

establishment of robust peer review mechanisms  

Taking this challenges and lesson learned into account, the AWRM Framework for Fiji should be tested on 

several sites ranging from informal settlements, outer islands, rural and urban pilot setting. This would 

encourage both social and political learning through learning by doing and use the results as feedback to 

the policy makers. They will then verify if the tool is useful to alert them when a situation becomes critical 

in terms of quantity and quality of safe drinking water and if it assisted them to make quick and efficient 

decisions. It should also incorporate the study of groundwater dynamics- an aspect that has not been 

discussed during this study. Furthermore, it will also enable the policy makers to reflect on the adaptive 

capacity of the people and the sustainability of the freshwater resources. 

Finally, with the increased risk and vulnerability of water resources to climate change, it is vital to build 

resilience through learning by doing, encourage and share innovative approaches to maximizing the volume 

of available water while also ensure optimal use. The use of available technologies is crucial to developing 

more efficient water management systems. An aspect that could also be tapped into is to purify water 

through renewable energy means, as not only is it less expensive, it is also sustainable.  Furthermore, 

options for enhanced rainwater harvesting and storage, efficient irrigation systems, industrial recycling, 

storm water management, aquifer management all need to be fully explored on a continuing basis. 
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Appendix 
 

Water Samples collected from the major divisions in Fiji and their quality status (Ministry of Health, 

2002) 

 

 

 

Projected population growth  trend for Fiji by 2030. 

 

 

 

 

Year 
Total Population of 

Fiji Urban Population Rural Population 

2015 869458 464290.572 405167.428 

2016 875978.935 467772.751 408206.1837 

2017 882548.777 471281.047 411267.7301 

2018 889167.8928 474815.655 414352.2381 

2019 895836.652 478376.772 417459.8798 

2020 902555.4269 481964.598 420590.8289 

2021 909324.5926 485579.332 423745.2602 

2022 916144.5271 489221.177 426923.3496 

2023 923015.611 492890.336 430125.2747 

2024 929938.2281 496587.014 433351.2143 

2025 936912.7648 500311.416 436601.3484 

2026 943939.6106 504063.752 439875.8585 

2027 951019.1576 507844.23 443174.9275 

2028 958151.8013 511653.062 446498.7394 

2029 965337.9398 515490.46 449847.48 

2030 972577.9744 519356.638 453221.3361 
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Corresponding daily water demand for the projected population. 

Year 
Daily Urban Water 

Demand 
Daily Rural Water 

Demand 
Total daily water 
Demand 

2015 69643586 40516743 110160328.6 

2016 70165913 40820618 110986531.1 

2017 70692157 41126773 111818930 

2018 71222348 41435224 112657572 

2019 71756516 41745988 113502503.8 

2020 72294690 42059083 114353772.6 

2021 72836900 42374526 115211425.9 

2022 73383177 42692335 116075511.6 

2023 73933550 43012527 116946077.9 

2024 74488052 43335121 117823173.5 

2025 75046712 43660135 118706847.3 

2026 75609563 43987586 119597148.7 

2027 76176635 44317493 120494127.3 

2028 76747959 44649874 121397833.2 

2029 77323569 44984748 122308317 

2030 77903496 45322134 123225629.4 

 

Population Growth Trend for the Central, Eastern, Western and Northern Division by 2030. 

Year Central Division 
Eastern 
Division 

Western 
Division 

Northern 
Division 

2015 365172.4 34778.32 330394 139113.3 

2016 367911.2 35039.16 332872 140156.6 

2017 370670.5 35301.95 335368.5 141207.8 

2018 373450.5 35566.72 337883.8 142266.9 

2019 376251.4 35833.47 340417.9 143333.9 

2020 379073.3 36102.22 342971.1 144408.9 

2021 381916.3 36372.98 345543.3 145491.9 

2022 384780.7 36645.78 348134.9 146583.1 

2023 387666.6 36920.62 350745.9 147682.5 

2024 390574.1 37197.53 353376.5 148790.1 

2025 393503.4 37476.51 356026.9 149906 

2026 396454.6 37757.58 358697.1 151030.3 

2027 399428 38040.77 361387.3 152163.1 

2028 402423.8 38326.07 364097.7 153304.3 

2029 405441.9 38613.52 366828.4 154454.1 

2030 408482.7 38903.12 369579.6 155612.5 



  

[xxv] 
 

 

Projected Corresponding daily water demand trend by 2030. 

Year Central Division 
Western 
Division 

Eastern 
Division 

Northern 
Division 

2015 54775854 49559106 3477832 13911328 

2016 55186673 49930799 3503916 14015663 

2017 55600573 50305280 3530195 14120780 

2018 56017577 50682570 3556672 14226686 

2019 56437709 51062689 3583347 14333386 

2020 56860992 51445659 3610222 14440887 

2021 57287449 51831502 3637298 14549193 

2022 57717105 52220238 3664578 14658312 

2023 58149983 52611890 3692062 14768250 

2024 58586108 53006479 3719753 14879012 

2025 59025504 53404028 3747651 14990604 

2026 59468195 53804558 3775758 15103034 

2027 59914207 54208092 3804077 15216307 

2028 60363563 54614653 3832607 15330429 

2029 60816290 55024263 3861352 15445407 

2030 61272412 55436945 3890312 15561248 

 

Time taken to access drinking water sources in the Eastern and Northern Divisions by 2030. 

 Northern Division Population Eastern Division Population 

Year 30-<120min ≥ 120 mins 30-<120min ≥ 120 mins 

2015 11546.40224 3477.832 330394.04 15198.12584 

2016 11633.00026 3503.91574 332871.9953 15312.11178 

2017 11720.24776 3530.195108 335368.5353 15426.95262 

2018 11808.14962 3556.671571 337883.7993 15542.65477 

2019 11896.71074 3583.346608 340417.9278 15659.22468 

2020 11985.93607 3610.221708 342971.0622 15776.66886 

2021 12075.83059 3637.298371 345543.3452 15894.99388 

2022 12166.39932 3664.578108 348134.9203 16014.20633 

2023 12257.64731 3692.062444 350745.9322 16134.31288 

2024 12349.57967 3719.752912 353376.5267 16255.32023 

2025 12442.20152 3747.651059 356026.8506 16377.23513 

2026 12535.51803 3775.758442 358697.052 16500.06439 

2027 12629.53441 3804.076631 361387.2799 16623.81488 
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2028 12724.25592 3832.607205 364097.6845 16748.49349 

2029 12819.68784 3861.351759 366828.4171 16874.10719 

2030 12915.8355 3890.311898 369579.6303 17000.66299 

 

Projected informal settlement population for Fiji  by 2030. 

Year Informal settlement 

2015 136504.906 

2016 137528.693 

2017 138560.158 

2018 139599.359 

2019 140646.354 

2020 141701.202 

2021 142763.961 

2022 143834.691 

2023 144913.451 

2024 146000.302 

2025 147095.304 

2026 148198.519 

2027 149310.008 

2028 150429.833 

2029 151558.057 

2030 152694.742 
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Appendix II: 

Questionnaires 
1) How many people are living in your household? 

___________________________________________ 

2) What is the main source of drinking water? 

_____________________________________________________________________________

_____________________________________________________________________________ 

3) How far do you have to travel to collect it? 

_____________________________________________________________________________

_____________________________________________________________________________ 

 

4) Who is responsible for collecting the drinking water? 

_____________________________________________________________________________ 

5) What are some methods that you use to purify the water before you drink it? 

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________ 

6) What are some of the difficulties faced in purifying water? 

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________ 

7) Have you observed some qualitative and quantitative properties of water? If yes, what do you think 

can be the causes of this changes? 

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________ 

8) What adaptive methods have you undertaken to prepare for  

• Flooding/Extreme Precipitation 

• Temperature Spikes and the Urban Heat Island Effect 

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________ 

 

Thank you very much 


