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1. Introduction  

Planet earths is covered by 70% of water comprising of 2.5% fresh water and 97.5% is salt water. [1] 

Freshwater is indeed a very limited resource it is increasingly threatened by the accelerating populations 

growth and the expansion of industrial and agricultural activities. In addition, climate change poses a great 

challenge as it can cause major alterations to the hydrologic cycle which will drastically affect the state of 

freshwater bodies.  Globally 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 [2]. Unequal access opportunities 

to drinking water remain a problem after the Millennium Development Goals (MDGs) era i.e. 2000-2015. 

Currently, it is estimated that around 748 million people (9% of the global population) still don’t have access 

to an improved drinking water claiming more lives.  In 2010, the right to water was recognized as a human 

right [3], and efforts now are concentrated in the marshalling of resources to make progress towards the 

agreed targets outlined in Goals 6 of the SDGs which is solely dedicated to access to safe drinking. 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. 

The scope of this is to use two management approaches i.e. Integrated Water Resource Management 

(IWRM) and Adaptive Management (AM) to probe the questions that guided this research: 

● 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? 

●Is the current response sufficient to mitigate the challenges posed and does it ensure sustainability of this 

limited resource? 

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. 

This paper consists of 4 parts. The first part is the state of the art which contains a literature review on the 

terminologies used, and the importance and approaches of the SDG´s, IWRM and AM. The second part 

focuses on the development of the AWRM framework which contains both the IWRM and AM activities that 

were used to analyze and understand Fiji´s current and future prospects in terms of access to safe drinking 

water. The third part presents adapting and expanding the AWRM Framework that was proposed by 

Medema & Jeffrey, 2005 [4]  and incorporating the recommendations made by Narayan. D 1993 [5]and the 

results from DPSIR and AM activities that was carried out in the previous part.  

Literature Review  



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

universally accepted as the panacea for sustainable development [6].In this paper, drinking water has been 

given the World Health Organization (WHO) definition 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 guidelines or national standards on Drinking Water Quality and must not represent 

any significant risk to human health over a lifetime of consumption, including different sensitivities that may 

occur between life stages [7].  

Access to safe drinking water on the other hand is defined by the proportion of people using improved 

drinking water sources with the criterion that the distance between the improved water source to the users 

dwelling should be less then 1km enabling the efficient acquisition of 20 liters per inhabitant per day [6]. 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. Despite the fact that the world 

met the MDG drinking water target, several regions namely Caucasus and Central Asia, Northern Africa, 

the Pacific and sub-Saharan Africa didn’t achieve the target [8]. Narrowing the scope to the Pacific Region, 

the fourteen developing Pacific Island Countries (PICs) has only approximately 20% of piped water 

coverage making its inhabitants to have the least access to improved drinking-water than anywhere else in 

the world. As earlier highlighted, 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% [8]. Efforts 

towards water sector development is the implementation of Drinking-Water Safety Plans (DWSPs) that was 

introduced to the region in 2006 and the Pacific IWRM program. 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 

making it one of the highest in East Asia and the Pacific [9]. To safeguard this status, Fiji needs integrated 

and sustainable approaches. 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. 

2.1 IWRM Concept  

IWRM concept is described 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 [10]. IWRM is founded on three pillars [11]which 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 [12]. However, 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. The second argument is that the principles of IWRM do not elaborate on water 

management under uncertainty. Furthermore, does it explicitly recognize adaptive capacity as a significant 

feature of water management strategies [4].  

 

2.2 AM concept 

 Adaptive Management is defined as a systematic approach to improving management and accommodating 

change by learning from the outcomes of management policies and practices [13] This concept recognizes 

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

systems must be able to readjust to the change in the system’ [14]These systems are described as ‘living 

systems’ and have the following 4 characteristics [15], [16] 

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  

Despite the appeal and attractiveness of the AM concept, the hindrances for its successful implementation 

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

with experiment design [17]. 

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 

while AM on the other hand is primarily concerned with the reform of responsible authorities, which 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.  

2.3 IWRM and AM synergies 

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

and accommodating change through a learning process which takes into account the outcomes of 

implemented measures and encouraging learning to manage resource through the approach of managing 

to learn [2].Merging AM  and 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 [18].Furthermore, it builds the capacity for good governance which is transparent, equitable, 

accountable and thus more fair, and reasonable and effective. Moreover, it facilitates the processes of 

transformation by supporting adaptive management’s exploration of mutually beneficial outcomes for all 

stakeholders. 

4. AWRM Development for Fiji. 

4.1 DPSIR  

The development of Fiji´s AWRM involved two parts. The first the is the formulation of the Driver-Pressure-

State-Impact-Response (DPSIR) framework for Fiji (depicted in figure 1). It allows one to clearly identify the 

economic, social and environmental drivers of unsafe drinking water in Fiji, understand the different types 

of pressure exerted from it affecting the quantitative and qualitative states and the impacts it causes. The 

governmental response to curb the deterioration of the state in freshwater bodies are the Water Act, 

Irrigation Act, Rivers and Streams Act etc. A major concern is that there 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. Secondly, technology and budget for monitoring the quality and availability of both surface and 

ground waters are insufficient. Furthermore, 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. 

4.2. AM- Projected Population growth trend 

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. The geometric population growth 

formula (equation1) [19]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 of 0.0075 (Fiji Bureau of statistics 2016) 

 𝑇𝑗 – year for which it is intended to estimate 

 𝑇0 –year 0 (zero). 

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)]. 

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) 

The population projections focused on the population trend and expected water demand for the rural and 

urban population and the Central, Northern, Easter and Wester Division. The results all showed that by 

2030 the total population will be approximately amount to 1 million people which will result in the demand 

of 114353772.6 mega liters of safe drinking water per day. 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 treating 

their drinking water which reiterates the need of enhancing adaptive capacity and flexible policies. 

3.0. AWRM Framework for Fiji. 

 The adapted AWRM framework for Fiji is a 11 step process depicted in Figure 2 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 

engaging with the community and reflecting on the changes faced and allowing the process of learning, 

problem-solving, the identification of alternatives and uncertainty and integrate it with planning processes 

and making the relevant changes in the policies that is flexible with the changing environment. This 

framework would be only feasible there is political will authorizing its implementation, allocation of funds to 

support it and commitment from the relevant stakeholder’s. it is also viable because through its learning 

processes, identification of alternatives, inclusion of uncertainty and integration of the planning processes 

timely interventions can be made which allows flexibility and adaptability with the changing environment. 



 
Figure 1: The DPSIR Framework for Fiji 

   



 

Figure 2: The AWRM Framework for Fiji. 
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4.0. Conclusion 

The adapted AWRM framework for Fiji can be a valuable support instrument to guide policy makers in 

formulating integrated and adaptive policies/ strategies that will ensure that not only the 6th SDG is 

achieved, but most importantly sustainability of safe drinking water for future generations. AWRM does not 

only takes into account the current situation, it also incorporates future projections or uncertainties coupled 

with learning by doing which encourages flexibility of policies. It also demonstrates that the IWRM and AM 

are complementary and that their combination has the potential of ensuring adaptability for its users and 

flexibility in water related policies hence ensuring sustainability. However, in order to warrant follow up 

actions, and prove the benefits that the AWRM framework offers, several issues that were highlighted in 

studies [20] needs to be taken into account. Firstly, stakeholders bring different missions and mandates to 

the water management efforts reiterating the of giving clear of role and responsibilities. Secondly, 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 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 .The AWRM Framework should therefore be tested on several sites ranging from 

informal settlements, outer islands, rural and urban setting to enable policy makers, communities and 

related agencies to develop the capacity to evolve with new circumstances, such as changes in demand, 

interest, capabilities, finance, human capacity development-increasing problem-solving ability, confidence, 

management and technical skills, knowledge generation thus becomes the central process in the 

achievement of sustainable accessibility to safe drinking water. 
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