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ABSTRACT 
The physical environment in which we live and on which our continuing existence depends 
has limited capacity, therefore people should not consider it as a resource to be exploited for 
short-term maximised profits. If we are to enjoy a safe and a successful life on the planet 
Earth then we must use the limited resources at our disposal wisely by being good stewards 
of our own environment. Our environment has been dominated by our actions and the need to 
better manage it has been debated widely and vigorously in recent years. In many developing 
countries, including the insular island nations of the Pacific, economic development and 
environmental conservation are often in conflict. Conservation is often viewed by economists 
and some politicians as a constraint to a nation’s economic development aspirations. This 
paper argues that decision makers, especially in traditional societies ignore expert advice 
provided by Geographic or Spatial Information System (GIS, or SIS). The capability of GIS 
has been extended to include modelling and visualisation of terrain features in order that 
decision makers will be able not only to see the current state of the resources that they 
managed but also see the impacts of their decisions and the future state of those resources. 
The paper examines the impact of economic development activities on the coastal ecosystems 
in exemplar developing countries, in the Pacific, and proposes GIS-Visualisation strategies 
for moving beyond subsistence and economic development aspirations to socially, 
economically and environmentally sustainable development activities.  
 
KEYWORDS: Visualisation, GIS and PPGIS, natural resources, coastal ecosystems, 
sustainable development. 
 
1. INTRODUCTION 
Land, the sine qua non for the continued existence of mankind is also the habitat or the 
platform on which the resources, both renewable and non-renewable, that are needed for 
human survival are found. Resources of economic value are scarce and are seriously 
threatened with irreversible depletion in the Small Island Developing States (SIDS) of the 
Pacific. Resources which took nature many years to nurture are now obliterated in days and 
those which were regarded by the islanders as being capable of endless exploitation are now 
being annihilated at an alarming rate. With limited areas of land, population densities ranging 
from 8.2 persons per square kilometre in the island of Niue to 587 persons per square 
kilometre in Nauru, and an average projected rate of population growth of 3% annually in the 
first decade of the 21st century, SIDS in the Pacific face such acute problems of land 
shortages and population pressure as in other small island nations around the world.  

Moll et al. (2008) state that while we all intuitively understand land or the physical 
environment as a system, businesses, governments, and even watchdog groups have never 
truly addressed the subject in a systemic fashion. The authors claim that businesses have seen 
the environment as a resource to be exploited for economic gains, governments have tried to 
formulate legal instruments to manage its use, and environmental activists have endeavoured 
to protect it. Because of the conflicting goals and aspirations decision makers usually develop 
policies depending on the prevailing political atmosphere ranging from laissez-faire to 
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inflexible regulations and the end result is a piecemeal, ad hoc, and inconsistent 
land/environmental policy.  

The author argues that appropriate and suitable policies can only be formulated if 
policy-makers have access to, and are able to interpret relevant information. However, 
information needs to be presented in appropriate formats (spatial and/or aspatial; analog 
and/or digital; textual and visual) in a timely fashion. To do this ICT experts need to 
understand the culture, economy and the way people do things in traditional societies so that 
a suitable, affordable, maintainable and appropriate ICT solution can be successfully 
developed, implemented, introduced to and used by people in the islands to sustainably 
manage their environments for both social and economic activities. According to ESRI 
(2008), GIS is a special type of ICT that integrates hardware, software, and data for 
capturing, managing, analysing, and displaying all forms of geographically referenced 
information for comprehending geography and making intelligent decisions. However, Gorr 
and Kurland (2006) argue that there is not just one definition of GIS and the prevailing 
definitions reflect a particular stage in GIS development. They define GIS as “A computer–
based, dynamic mapping system with spatial data processing and querying capabilities”. 
Bonham-Carter (1994) broadly defines GIS as a computerised system comprising hardware, 
software, data and applications for managing spatial data in the form of maps, digital images 
and tables of geocoded data elements. 

Chorley (1987) has stated that geographic or spatial information is information that 
can be referenced to specific locations on, above or below the earth’s surface and the 
referencing mechanism can be a two (X and Y Cartesian coordinates or North and South 
latitude and East/West longitude coordinates); three (X, Y and Z or Latitude, Longitude and 
Height (+/- depending on the height datum) or four (X, Y, Z and T or Latitude, Longitude, 
Height and Time) dimensional reference system. Geographic information covers a wide 
range, including the distribution of natural resources, description of infrastructure, pattern of 
land use, employment, housing, health and voting habits of the people.  

This paper discusses issues associated with sustainable economic development in the 
SIDS of the Pacific. The paper starts with a discussion about the inhibiting factors to 
economic development in SIDS. It continues on to clarify the concept of sustainable 
economic development and what the concept means to SIDS. A review of the literature is 
presented to examine strategies that had been formulated and implemented in selected islands 
in the Pacific. The roles that GIS-Visualisation plays are explored and finally, culturally 
sensitive and environmentally sound sustainable economic development strategies are 
formulated and proposed for consideration by the people in SIDS for implementation.  
 
2. BACKGROUND  
“Up till the turn of the century, shifts in the relative values of land, labour, and capital led to 
changes in the system of resource allocation away from social and ritual controls to ‘laissez 
faire’ and emotionalism. Resources were ‘developed’ rather than ‘managed’, for their 
production and consumption depended primarily upon willingness to pay and the 
maximisation of net private gain, rather than upon the optimisation of net social benefits” 
(O’Riordan, 1971). 

Barlowe (1972) describes land as the sum total of the natural and man-made resources 
over which possession of the earth’s surface gives control. He describes land as having at 
least seven major attributes: 1) land is space upon which life takes place but it is fixed in 
quantity; 2) land is the natural environment including soil and natural vegetation; 3) land is 
one of the blood-veins of economic production comparable to labour and capital; 4) land is a 
consumption good; 5) land is a situation or a location with respect to markets, other resources 
and other countries; 6) land is property having legal connotations as to rights of ownership 
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and excluding others; and 7) land is capital in a realistic economic sense. In the context of 
this discussion this paper adopts the definition of land resources made by the United Nation 
Secretariat in 1985 as an area of the surface of the Earth together with the water, soil, rocks, 
minerals, and hydrocarbons beneath or upon it and the air above it. It is both a socio-
economic as well as a socio-political resource. It embraces all things fixed to the soil 
including man-made features such as buildings, airfields, wharfs and so on.  

In the Pacific, the carrying capacity of the habitable environment and the quantity of 
natural resources that are needed for human survival are limited. Therefore, while its 
population multiply in size, land and the associated resources cannot be expanded 
proportionally in such a way that for every child that is born there are corresponding 
resources created for him/her. CIEL (1990) reports that humanity is conducting an 
unintended, uncontrolled, globally pervasive experiment whose ultimate consequences could 
be second only to a global nuclear war. The Earth’s atmosphere is being changed at an 
unprecedented rate by pollutants resulting from human activities. These changes represent a 
major threat to international security and are already having harmful consequences over many 
parts of the globe, especially the low-lying islands of the Pacific as shown in Figure 1. 

 

 
Figure 1. Effect of coastal erosion, due to beach sand mining.  

 
On-land aggregates have been mined for road, airport, wharf and other civil 

engineering and construction projects, leaving uninhabitable scars in many small island 
states. 
 
3. ECONOMIC DEVELOPMENT 
Development is defined as the modification of the biosphere and the application of human, 
financial, technologies, living and non-living resources to satisfy human needs and improve 
the quality of life of the human race (Erskine, 1987). The World Bank (1992) acknowledges 
that economic development is about improving the well-being of people. Raising the living 
standards and improving education, health, and equality of opportunity are all essential 
components of economic development. However, due to population pressures, the 
encroachment of human habitations, and other ignorant but destructive activities, on land 
resources which are neither originally allocated nor naturally allowed to be developed 
increase every year. 
 
4. THE NEED FOR SUSTAINABLE ECONOMIC DEVELOPMENTS 
The central aim of economic development is to provide the basic needs of humanity for food 
and shelter, and the capacity to pursue educational, cultural and recreational interests. 
Although economic growth is essential for alleviating poverty, it has often been found to 
cause serious environmental damage. Rain-forests that have been thought of as the lung of 
the planet have been consumed at a rate far greater than that of replanting the trees. As shown 
in Figure 1, above, beach sand and aggregates that protect coastal communities have been 
over-extracted to satisfy the need of the construction industry and the imminence of the rise 
in sea level threatens the livelihood of the people depending on various forms of fishery 
activities. Rapid population growth and increased demands for water from various 
commercial activities put pressure on underground water supply in the small island states.  
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Figure 2. Concrete water tank to provide drinking water to people in low-lying islands since the water 
table is very shallow causing salinity to underground water. The picture to the left shows that means 
for collecting rain water into the tank is needed. 
 

Development that does not last is destructive to the environment upon which the 
resources needed for development are founded. Such exploitable actions should be called 
annihilation instead of development. In addition, if the benefits from raising the incomes of 
the low income earners are offset by the costs imposed on the quality of life by contamination 
of the environment and threatened future productivity which can jeopardise the possibilities 
for earning incomes tomorrow, then this cannot be considered as development. The World 
Commission on Environment and Development (WCED) refers to the phrase “sustainable 
development” to mean development that meets the needs of the present without 
compromising the ability of future generations to meet their needs (WECD, 1987). Chandra 
(1995) states that some people refer to sustainable development as a type of development that 
is ecologically, economically, socially, politically and culturally sustainable. The Economic 
and Social Commission for Asia and the Pacific (ESCAP) maintains that improvement in 
environmental conditions caused by sustainable development activity is the best indicator of 
implementation progress (ESCAP, 2000).  

Chandra (1995) and Briguglio (1995) claim that SIDS of the Pacific have been 
disadvantaged by the problems associated with smallness, insularity, ecological fragility, 
vulnerability to disasters, and dependence. In support, FAO (2008) confirms that SIDS have 
in common their smallness and insularity which, often, also indicates their vulnerability. 
Moreover, ESCAP (2000) states that small islands are ecologically fragile and vulnerable and 
since they have limited economic resources and are isolated from the potential metropolitan 
markets, they are in an economically disadvantaged situation. NZAID (2002) asserts that the 
Pacific Island states are environmentally fragile and vulnerable to the impact of pollution, 
waste disposal, logging, and depletion of marine resources. 

Hiebert (1977) rightly points out that rivers do not drink their own waters, trees do not 
eat their own fruit and clouds do not consume the crops that they water. In this paper, the 
notion of managing the land resources better and the concept of ‘sustainable development’ as 
used by the environmentalists are used interchangeably. Both concepts are used here to mean 
developing the resources that are nurtured by nature and accumulated in the physical 
environment for the improvement of the quality of life of the current generation without 
compromising the needs of the future generations. Furthermore, the concepts refer to the way 
in which development activities are being managed so that the future generations will be 
better off than we are today.  

The world has been littered with reports regarding failed development. Most of these 
disappointing projects were founded on poor planning and control mechanisms, having little 
or no regard at all to long term sustainability, and no provisions were made to changing 
circumstances. These are all part and parcel of a management strategy which was formulated 
based not only on relatively short term economic influences, but also on little or no socio-
economic studies and inappropriate appreciation of the impacts of human activities on the 
surrounding environment. 
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In order that realistic sustainable land resources management strategies can be 
formulated, land developers and planners must have detailed knowledge of the tenure, 
quantity and the state of the resources that they are authorised to manage. Moreover, 
economic development and conservation must not be separated. Any attempt to separate 
conservation of renewable and non-renewable resources from preparing economic 
development plans should be strongly opposed. 

Many natural resources, including land, in the under-developed world have received 
inadequate or no sustainable management at all. The resources may have been managed on 
short sighted commercial terms, but that was how the word management was used in the past 
(Nix et al., 1987). In the past, land managers always endeavoured to maximise the outputs 
and make the net return on any investment surpass those of the expenses. While production of 
goods and services may continue to increase for many decades, the adverse effects of the 
production processes on the resources which have made greater output possible are gradually 
catching up with all of the available resources. Many of production resources do not have the 
remedies to make good the damage which has already been done to the resources. 

In order that a reliable strategic framework can be formulated and successfully 
implemented, adequate inventories of factual information on the conditions of the available 
resources need to be in place. These include acquiring information on physical, social and 
economic characteristics of the land and its resources, information on various uses of the land 
and the resources, and a thorough assessment of the socio-economic development potentials.  

Economic development should be environmentally conscious and national and 
international laws should facilitate the integration of environmental considerations into the 
development processes. However, it should be remembered that good and sustainable 
development activities cannot be created by making laws, however good these laws may be. 
Therefore, just as not too great a reliance should be placed on law alone as a mechanism to 
bring about fundamental change in the economic development process, so environmental 
regulation is only part of what a more integrated approach to managing the resources on 
which socio-economic development depends. As Bromley and Cernea (1989) suggest: 

 
“.... as any agriculturalist knows, no one can recommend, 
invent, or impose resource management regimes that preclude 
any human use of the ecosystem. The ability to use - 
productively and sustainably - the ecosystem depends critically 
on the management pattern at work under one or another 
property regime - whether common property, state property, 
individual property, or some combination thereof”. 

 
In addition, the ability to produce appropriate decisions and effectively administer 

services depends, amongst other things, on the availability and the reliability of the 
information regarding the resources being managed. The flow of information among the 
interested parties, including the public, is essential if the primary goal is to sustainably 
manage the resources. This paper contends that part of the management role is to determine 
how much information is necessary, which information is most valuable, how it is to be used 
and how can it be collected efficiently. Therefore, strategies for sustainable use of land 
resources must be predicated on a sound understanding of the social groups that directly use 
those resources as well as of the groups that may benefit from the development of the 
resources. 
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5. THE TRINITARIAN CONCEPT 
As referred to earlier, in this paper, land and the physical environment mean different things 
to different people. Ratcliffe (1976) asserts that, to the agriculturalist, an area of land is the 
means of supporting a certain crop and, to the lawyer, land is the physical dimension to 
which a variety and collection of rights are attached. To the developers, land represents the 
physical medium which permits the co-ordination and manipulation of other factors critical to 
the investment decision. To the individual, land can mean privacy and security, to the 
politician land means the polemics of partisan philosophy. 

Management of the land and the inherent resources can be an easy task if they can be 
treated monopsonically. That is, if we only manage the land from the point of view of 
economic development without considering its environmental characteristics as well as its 
social values. However, since resources’ values are attributable to the whole of the society 
(Ratcliffe, 1976), we cannot exclude the social characteristics of the resources from the 
management process. Moreover, because land is the platform upon which social and 
economic developments take place, its natural (environmental) qualities have to be appraised 
to ensure that the societal values of the land prevail and the future generations have their 
share of the resources that nature gives. 

Natural resources management therefore, should be planned such that land can be 
considered from three different but inter-related perspectives that bind a society together, the 
societal values, the economy and the ecology as illustrated in the diagram of Figure 3. 

 

 
 

Figure 3. The Trintarian Approach to Natural Resources Management (Latu, 1996). 
 

The above diagram shows that natural resources management bridges the gap between 
the three facets upon which resources could be carefully utilised for the benefits of the 
present and the future generations. The diagram demonstrates that the process of land 
resources management acts as the facilitator that ensures that the infrastructures needed for 
socio-economic developments may not have detrimental effects on the cultural and the 
environmental values of the resources. It does this by assessing, monitoring and controlling 
the use and intended use of the resources. It passes information from one facet to the others 
so that they appraise, make recommendations and communicate those recommendations back 
to the resource managers for final decisions. 

Managers use information as a communique in which one group of people 
(environmentalists) knows what the other groups (sociologists and economists) are doing 
with the resources. Larsson (1991) states that there is a growing need all over the world for 
various types of information, in easy to access and interpret formats, which are the bases for 
planning, development and control of resources. In addition, implementing resource 
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management policy requires the use of appropriate devices and effective administrative 
arrangements which both must be supported by an adequate legislative base whether it be 
codified or customary. 
 
6. INTEGRATE ENVIRONMENT AND ECONOMICS IN DECISION-MAKING 
The amount of damage to the natural environment, through soil degradation and pollution due 
to poor development planning, ranges from moderate, in virgin and less exploited areas, to 
apocalyptic in over-exploited regions. Environmental management and economic 
development are complementary aspects of the same agenda. Like chicken and egg, without 
sound environmental awareness and protective measures to sustain the resources upon which 
development depends, economic development may fail to achieve its objectives. In addition, 
without development, resources that are needed for environmental protection may be lacking, 
therefore environmental and economic goals must be made mutually reinforcing. 

Small insular nations of the Pacific such as Tonga (land area = 750 km2, population = 
100,134 in 2006); Niue (land area = 259 km2, population = 1,500 in 2008); Tuvalu (land area 
= 26 km2, population = 9,652 in 2006) and Nauru (land area = 21 km2, population = 13,528 in 
2007) should be regarded as having special development and environment issues. Their 
environments are fragile and their resource bases are limited but their populations are 
growing dramatically. Therefore, all development projects must be evaluated in terms of their 
impacts on the complex and delicate environment of the islands. The needs of the people 
must be weighed against the needs of the ecosystems for their long-term survival and ability 
to support people’s needs. 

As a platform for most human activities the physical environment is required for a 
wide variety of individual and public purposes ranging from residential to agricultural, from 
reserves to industries, from schools and hospitals to hotels and super-markets and so on. 
These conflicting land use claims have to be resolved in a way which ensures that the society, 
rather than the individual, benefits from the uses of their resources. Dale and McLaughlin 
(1988) suggest that if land is to be properly utilised and if waste is to be avoided they must be 
carefully managed by efficient and effective land and environmental management strategies. 
NZAID (2002) offers to work together with partner countries, as well as regional 
organisations and New Zealand Government agencies, to promote and support sustainable 
use and conservation of the region’s land and marine resources upon which many Pacific 
Islands rely for survival. 

As used in this paper, the term resource management is defined as a process of 
formulating sustainable resource use policies, culturally acceptable land tenure principles 
and, at the same time allowing people to use the resources for economic gains provided that 
the impacts of the economic development on the environment are carefully assessed. In total, 
the process of resource management is considered to comprise four inter-related 
functionalities: 1) the process start with planning which involves taking a quantitative and 
qualitative analysis of the environment and the inherent resources from the standpoint of the 
society, the economists and the environmentalists; 2) based on the findings of the first 
activity, the next step is policy-making which involves making a strategic plan of action 
based on a social consensus of ideas, attitudes and values concerning how resources should 
be utilised; 3) the third step involves implementing the stated resources policy and, 4) the 
fourth involves monitoring and feedback to make sure that deviations from the planned 
actions are justified and communicated to all stakeholders for consideration. 

Implementing a resources policy involves three steps: a) organising the work to be 
done, and how and with what resources; b) directing and supervising the execution of the 
work and; c) controlling the performance of the implementers to see that the stated objectives 
are achieved. An effective resources policy has to be geared towards increasing the social 
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welfare and economic prosperity of the community while great care should be taken that such 
actions are ecologically sound.  
 
7. SUSTAINABLE DEVELOPMENT: THE ROLES OF GIS 
“Panacea was an ancient Greek goddess of healing; she could cure what ailed you. In her 
latest incarnation she has returned - as ‘[G]IS’” (Grymes, 1987). GIS are information 
systems that have been developed to provide spatial and the associated aspatial 
information for some managerial purposes. Different types of GIS have been in operation, 
utilising different technologies, since time immemorial. Breasted (1905) describes how 
the Egyptian kings, the Pharaohs, who began ruling Egypt in 3400 B.C. kept records of 
the attributes of the parcels of land which had been granted to their subjects for fiscal 
purposes. Breasted states that the Pharaoh’s prime minister or vizier was the immediate 
head of the government. The vizier’s office served as the archives of the government, and 
he was the chief archivist of the country. All the records, including the records of the 
location, how much land being allocated, for what purpose, when, and the quality of all 
the lands being granted were registered in the king’s writings. Therefore, about 5,400 
years ago we see that some sort of information system had been in operation. We learn 
that all the lands granted by the Pharaoh were conveyed by royal decree and recorded in 
the king’s writings at the vizier’s offices. 

After the Romans became the world’s superpower in about 350 B.C. they learned 
from the Egyptians that the king and his government earned a lot of money by the 
institutionalisation of land usage. Consequently, annual censuses were made all over the 
Roman world in which the number of people per household, their crops and animals were 
enumerated for taxation purposes. Around 300 A.D. the Romans established the first 
European fiscal survey for the collection of land tax (Dowson & Sheppard, 1952). Two years 
after the Norman conquest in 1066, the Doomsday Book was compiled in England which 
spatially related human activity to the land. In 1807, Napoleon I instituted the French 
Cadastre, though for fiscal purposes the cadastre was also used for other planning and 
conservation purposes (1991). 

Historically, individual organisations have meticulously gathered, processed, archived 
and maintained geographically related data to enable them to execute their mandated 
functions. Nowadays, GIS development involve a transition from individual organisations 
collecting and maintaining data for their own use to an environment where data are 
considered to be corporate resources. Under the concept of corporate data resources, the 
agencies responsible for maintaining the data are not the owners of the data but are data 
custodians. The data therefore, should be shared among the interested parties (Rainsford, 
1996). Information provides assistance to decision-makers but the decision is made by the 
people and not the information or the information system. Naisbitt (1982) pithily asserts: We 
now mass-produce information the way we use to mass-produce cars. [As a result], we are 
drowning in information but starved for knowledge. ... Uncontrolled and unorganised 
information is no longer a resource in an information society. 

Unnecessary and duplicated data items are meaningless and superfluous. They occupy 
vital and expensive storage spaces for no purpose at all. A GIS which is a basis for the 
management of the scarce resources at our disposal should be simple, clear and unambiguous, 
containing all necessary information and tools but no more. 

As an ICT tool for comprehending human-induced changes on the environment 
thereby making intelligent decisions GIS has been promoted as the appropriate tool for 
managing our decisions because the environment is not the problem, people are the problems. 
ESCAP (2000) states that governments need to recognise that a condition for being able to 
respond to environmental concerns is access to information and the public needs the 
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information in order to be able to make informed choices on what actions to take to address 
environmental problems that may affect them as individuals as well as their children and 
grandchildren in the future. First Nation GIS (1999) argues that GIS has been utilised as a 
method that is based on resources extraction instead of resources management and its use 
cannot be beneficial to indigenous people but de-skilling them. 
 
8. PARTICIPATORY GIS AND VISUALISATION 
Although GIS has been widely adapted for the management of natural resources as well as 
managing the impact of various development activities on the natural environment (Geneletti, 
2002; Joao & Fonseca, 1996; Treweek & Veitch, 1996), Gontier (2006), argues that in 
today’s Environmental Impact Assessment (EIA) reports, the use of GIS within the 
ecological assessment is often limited to its display functions and seldom used for its 
analytical capacities. Gontier claims that GIS in general and three-dimensional visualisation 
in particular are powerful tools that can serve the communication objectives in EIA, Strategic 
Environmental Assessment (SEA) and physical planning in general. Graphical modelling 
means making representations of selected features on media such as maps and drawings or 
using computers to manipulate data and creating images to represent existing or future states 
of existing phenomena. Loh et al. (1992) point out that communication via information 
visualisation is very important in natural resources management. In their paper entitled 
“Visualisation Techniques for Facilitating Decision Making in Urban Planning” Rixon and 
Burn (2008) claim that public participatory geographical information systems (PPGIS) has 
been widely recognised and used as effective tools for participatory decision-making 
processes. In addition, Ficenec and Posner (2003), Eyerman et al. (2003), Craig et al. (2002) 
agree that the public can significantly contribute to the success of resource management 
efforts by actively participating in the process of GIS application. 

An earlier dictionary definition of the word “visualisation” is the act or fact of visualising 
or a thing visualised where visualising is referred to as the process of forming a mental 
picture of something visible, invisible or abstract. Five years on, McCormick et al. (1987) 
extend the above definition to include method of computing and visualisation involves 
transforming the symbolic into the geometric, allowing researchers to examine their 
simulations and computations. Unwin and Fisher (n.d.) use the term visualisation not in its 
traditional meaning as a set of techniques to communicate the factual but generalised 
information as with traditional graphics and maps, but as a means and a mechanism for 
exploring data sets and structures to generate ideas and explore alternatives. Earnshaw and 
Wiseman (1992) refer to as exploring data graphically or pictorially as a means of gaining 
insight into the sources represented by the data. Consequently, Bishop and Lange (2005) 
argue that two strands of meaning are now emerging and they are: i) visualisation of data 
models and relationships and ii) visualisation of the landscape and the changing environment. 
Bishop and Lange (2005) continue on to say that full understanding of the term visualisation, 
in its modern meaning, requires scrutinising the many options which continue to emerge with 
evolving technologies and applications. Prior (2008) provides a recent definition and states 
that visualisation of information is a technique for making visual representations of the topics 
or ideas contained in a body of information, and of their relationships with each other. They 
usually take the form of maps or other graphical depictions that can be readily understood. 
Visualisation expands the capacity of the human mind to deal with complex matters, enables 
users to extract knowledge more efficiently, and helps them to find insights not always 
obvious when information is presented in traditional formats. Other terms used include: 
Argument mapping, Concept mapping, Content visualisation, or Graphic visualisation. Hall 
(1994) claims that Scientific Visualisation (ViSc) has now become one of the standard 
investigation tools of all the physical, natural and social sciences.  

The Electronic Journal on Information Systems in Developing Countries 
http://www.ejisdc.org 



EJISDC (2009) 38, 5, 1-17 10

9. COASTAL ECOSYSTEMS IN THE SMALLER PACIFIC ISLAND NATIONS 
Holling and Meffe (1996) claim that natural resources management approaches that are based 
on assumption of linear cause and effect and ‘nature in balance’, have on numerous occasions 
resulted in surprises and irreversible degradation of ecosystems. Policies that promote 
economic developments need to consider and account for coastal dynamics, because coastal 
areas contribute to wellbeing of some of the coastal communities in the insular nations of the 
Pacific. 

Given the exponential rate of civil engineering and infrastructural projects in the 
islands of the Pacific coastal ecosystems are increasingly becoming more important areas of 
interaction between the national need for economic development activities, coastal 
communities and nature’s capacity to sustain the areas. Coastal ecosystems provide critical 
ecosystem services to socio-economic development aspirations as well as having a substantial 
impact on well-being of the coastal inhabitants. Identifying and analysing the components 
that contribute to the sustainable management of coastal ecosystems is a crucial undertaking 
to all the stakeholders involved to consider and address. 

International organisations, including African, Caribbean and Pacific Group of States 
(ACP); Food and Agricultural Organisation (FAO); the UN Conference on Trade and 
Development (UNCTAD); World Meteorological Organization (WMO); European Union 
(EU); and regional organisations such as the South Pacific Applied Geo-Science Commission 
(SOPAC); South Pacific Regional Environment Programme (SPREP); and the South Pacific 
Commission (SPC) have conducted studies and help SIDS to develop national environmental 
management plans and/or national sustainable development action plans. Despite the 
expenditure of thousands of aid dollars on hiring foreign consultants to appraise the state of 
the environment and writing colourful reports and action plans, the environment in the islands 
continues to deteriorate because the much needed actions are in words and on paper only and 
not yet fully implemented. Thistlethwaite et al. (1993) state that in many developing 
countries, the public has limited perception of environmental problems and opportunities for 
sustainable development. Consequently, Erskine (1987) has stated that salinity of inland 
waterways threatens the water supplies of farms and cities and air pollution contributes to respiratory 
diseases and to reduction of the quality and yield of commercial crops. 

To rectify the situation ESCAP (2000) suggests that countries in the Asia-Pacific 
region need to be provided with technical advisory and hardware assistance for the 
establishment of a sound environmental monitoring system. Such systems need to be 
sustained by the application of mathematical modelling integrated with remote sensing and 
GIS. In support, Palmer (2007) claims that there has been a push by government and non-
government organisations to develop and implement GIS within indigenous communities 
around the world. In its regional action programme for the environmentally sound and 
sustainable development 2001-2005, ESCAP (2000) proposes that data collection and 
environmental monitoring of all coastal and marine environments need improvement and the 
resultant information, on the state of coastal and marine environments at national and 
regional levels needs to be published periodically.  

NZAID (2002) asserts that its fundamental principle is that development should be a 
country-led, participatory and inclusive process based on partnership and local 
empowerment. But what do we really mean by empowering local communities? Turk (2007) 
states that indigenous knowledge has often been thought to be merely of interest within a 
particular anthropological context and such a restricted view is giving way to one which 
encourages a respectful examination of local knowledge within the global context. Similarly 
Palmer (2007) found that American Indian knowledge, like the knowledge of other 
indigenous groups worldwide, is often seen and portrayed as mystic, irrational, chaotic, and a 
threat to Eurocentric concept of order and technique. The author argues that if people of 
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European background do understand how people of traditional societies manage their affairs, 
the former would be able to develop tools and use techniques which are appropriate and 
sympathetic to the culture, economic and political structures of the latter.  

Some of the bigger developing countries in the Pacific have invested a lot of time and 
money in developing information systems to manage only a fraction of their land (only those 
pieces of land that have been physically demarcated and given unique designation and 
recorded in the public register) and the associated natural resources. Suat (1988) highlights 
strategies that were used as well as the impediments faced when implementing GIS in Papua 
New Guinea. Moreover, Rakai (1994a, 1994b) and Rakai and Williamson (1995) present 
strategies that were formulated for GIS implementation in the Republic of Fiji. This paper 
argues that empowering indigenous people in developing countries in the Pacific region with 
GIS complimented by visualisation techniques means educating, providing, and allowing 
them (indigenous people) to have access, incorporate their knowledge and experience, and be 
able to use such tools independently. Regional organisations, such as SOPAC and SPREP, 
have advanced GIS departments and infrastructure and even host annual Pacific GIS and 
Remote Sensing (RS) user conference series. The United Nations Asian and Pacific Training 
Centre for Information and Communication Technology (UN-APCICT), a subsidiary body of 
ESCAP located in Incheon, Republic of Korea, provides support to member countries of 
ESCAP to use ICT in their socio-economic development through building human and 
institutional capacity for ICT. Unfortunately, much of the capacity building initiatives have 
been provided to few public servants who have less or no participation in the management as 
well as the policy making tables. Consequently, traditional leaders or elders often wonder 
why young GIS professionals are suddenly interested in talking to them about the past and 
the old ways.  

The preceding statement is unfortunate but in reality that is how GIS is viewed by 
computer illiterate people. To bridge the gap between GIS savvy and their opponents and to 
ensure that decision and policy makers make decisions and formulate policies that are 
beneficial to both the present and the future generation the author argues capacity building 
initiatives need to focus on empowering and giving the tools to the right people. It should be 
noted that land, and the inherent exploitable natural resources, are legally owned, managed 
and used by various groups in most of the developing countries of the Pacific as shown in 
Table 1, below. In some cases, the elders or heads of the land owning groups (the decision 
makers) either do not have access to decision support information or do not have the 
technology with which to generate the required information. As a consequence, these 
individuals, at times, allocate land and resources to activities that are neither environmentally 
sound nor sustainable.  

In Tonga, more than half, sixty percent, of the country’s land is administered under 
the country’s unique customary land tenure system in which thirty-nine nobles or estate 
holders, and their descendants (eldest sons), are legally responsible to allocate land to any use 
as they please since an overall land use plan is lacking. Tonga has few resources on which to 
base industry, and must rely on a well-planned agrarian policy to cater for the well being of 
its people. With land resources becoming scarce and increasingly under pressure from the 
growing population, Tonga would need to accentuate efforts to make the best use of its 
resources by employing GIS. However, GIS as a tool, needs to be given to the people 
responsible for making decisions but not limited to those individuals, because of their 
educational background and position in the Government, that have been trained by donor-
funded regional institutions’ ICT and GIS workshops. In addition, the vast amount of 
geographic information that has been collected and maintained by regional institutions, such 
as SOPAC, SPREP and SPC has to be transferred, in usable format, to the countries of origin. 
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However, affordable and maintainable GIS applications and architectures, suitable for use in 
developing countries, need to be introduced as suggested by Davis (2000).  
 
Table 1: Land area and percentage of land held under respective customary land tenure 
systems. 

Country Total Land Area (km2) % of land held under  
Customary Land Tenure 

Papua New Guinea 462,840 97 
New Zealand 268,680 4.8 

Fiji 18,270 58 
Samoa 2,940 80 
Tonga 750 60 

 
Table 1 above shows that some countries in the Pacific more than half of the land, and 

the associated resources are managed by traditional groups or communities under the 
guidance of traditional leaders or elders. It is argued that the traditional leaders need to have 
access to, and know how to use, GIS in order to make informed decisions. Otherwise, they 
will make unintentional mistakes which can be either irreparable or very expensive to rectify.  

As such, the author suggests that the people at the governance level, where decisions 
are made, need to be exposed, trained and enabled to use GIS as a decision support tool to 
help them formulate sustainable development policies instead of them suspecting that 
foreigners and their technologies are trying to rip them off their power, land as well as their 
resources. However, Palmer (2007) cautions us that more IT and GIS studies are needed to 
examine the transfer of the GIS technology into indigenous communities. Such studies need 
to seek the answers to the questions such as: How does GIS affect social relations between 
members of the local communities? How are indigenous communities using these 
technologies and who owns GIS and IT?  
 
10. VISUALISATION AND CULTURE 
Wikipedia defines visual culture as a field of study that often includes a combination of 
cultural studies, art history, critical theory, philosophy, and anthropology by focussing on 
some aspects of culture that rely on pictures and images. It recognises the predominance of 
visual images, communication, and information. Rose (2001) concurs that the interpretation 
of visual images must address the questions of cultural significance, social practices, and 
power relations in which the image is embedded. In addition, Mirzoeff (2002) states that 
visual culture is best understood as a tactic for studying the functions of the world addressed 
through pictures, images, and visualisation rather than through text and words. Stafford 
(1991) argues that the construction of scientific knowledge about the world, and its 
surroundings, has become more and more based on images rather than on written texts. 
Hamburger (1997) states that visual images were central to certain kinds of ancient and 
medieval spirituality.  

Pitts (1992) defines culture as sets of rules, beliefs (religious and political), customs 
and institutions, morals and interpretations of behaviour (levels of technological skills) that 
are shared by a society. In addition, Hoebel (1972) states that culture comprises an integrated 
system of learned behaviour patterns which are characteristics of the members of a society 
and which are not the result of biological inheritance. Geertz, (1975) claims that culture 
comprises a system of symbols by which man confers significance upon his own experience. 
Bauman (1973) states "They called what they saw (or, more exactly, what they imagined they 
saw), 'culture'." 
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The author, in this paper, argues that Pacific Island cultures must be considered when 
we move toward international dialogue about sustainable development, global warming and 
sea-level rise. Iding and Skouge (2004) claim that Pacific Islanders come from oral and visual 
traditions where traditional knowledge and customary laws are often recorded using pictures, 
songs, and dances. Latu and Young (2004) endorsed by Skouge, Boisvert, and Rao (2007) 
pithily state that traditional knowledge is often shared through storytelling, modelling and 
guided experience where children are expected to listen, watch and emulate their elders. 
Crowshoe (2005) describes the term traditional knowledge as information passed from 
generation to generation and the information may be rooted in storytelling, ceremonies, 
traditions, ideologies, medicines, dances, arts and crafts or a combination of some or all of 
these. He argues that traditional knowledge is not seen as equal to western knowledge where 
western ways of knowing are rooted in academics, science, and the literature. Teaching was 
done through stories passed on by elders when there were no writing tools such as paper, pen 
and pencil. 

Klemm and Iding (1997) claim that visual data such as photograph, drawings, and 
schematics play a vital role in the scientific investigations and in everyday life icons, symbols 
and signs are pervasive and powerful forms of visual communication. They noted that pre-
schoolers and young children provide affective feedback with images such as smiling or 
frowning faces and using pictures we can express aesthetic and emotional responses to 
activities and lessons that cannot otherwise be expressed in written textual form. In the past 
Polynesians used to travel across the Pacific Ocean, travelling from island to island by 
observing stars and they can also tell where they are by touching the sea to feel the current 
and temperature. They are also successful subsistence farmers because they know when and 
where to plant what crop. They transmit their tradition using drawings on tapa cloth as shown 
in Figure 4. 

 

 
Figure 4: The dancers try to visualise the story recorded on the tapa cloth at the background. 

 
The socio-technical and the sustainable economic development aspects that have been 

the subject of this paper are often considered and described as being in conflict with each 
other. This can be true when development and technology projects are introduced and 
implemented in isolation but if the ultimate aim of both economic development and 
technology introduction is to improve the quality of life of peoples in the islands and to 
preserve their cultures the strong links between these interrelated components must be 
established. This paper argues that appropriate GIS have to be easy to learn, easy to use, user 
friendly, cultural sensitive, affordable and maintainable. Prior to the arrival of the European 
explorers, in the Pacific, with their sophisticated navigational tools such as compasses, 
marine charts, sextants and so on the Polynesian people roved around the vast ocean from 
Hawaii in the north-east to Easter Island in the south-east to New Zealand in the south-west 
by visualising stars and clouds, feeling current and water temperature, and observing fisheries 
movements. Such experiences need to be nurtured and supported by modern GIS and 
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visualisation techniques because the indigenous people in the field know better what works 
and what doesn’t work.  

The author suggests that a dedicated GIS, incorporating local knowledge, needs to be 
developed to show people, in the islands where the coastlines were in different times in the 
past and how the sea imperceptibly encroached their land as a result of sand mining for the so 
called economic or destructive development. Similarly, the same technique can be used to 
show property owners (customary or free-holders) where the legal boundaries, of real 
properties, are in relation to natural and visual boundaries. In some instances the fenced or 
hedged boundaries are not necessary coincide with the legally demarcated boundaries. 

 
11. CONCLUSION 
Some inhabitants of the small island developing states of the Pacific have already lost their 
homes and livelihoods to ad hoc development activities and rising sea levels caused by the 
modification of the biosphere and global warming. Many of the islanders occupy some of the 
smallest habitable land areas on this planet and they are vulnerable to natural and human-
induced disruptions of both the local and global environment. Human health is endangered by 
disease and extreme high humidity and heat, and salt water is killing trees and polluting 
underground water resources. Above all, the people feel that their place in this wonderful 
world is at stake. Those hardest hit are those who have not contributed to climate change. 

As on all islands the environmental consequences of ill-conceived development can 
have catastrophic consequences. This paper argues that unsustainable development threatens 
not only the livelihood of the people in the islands but also the islands themselves and the 
cultures they nurture. For some of the low lying islands of the Pacific it may be too late to do 
anything but together, we need integrated approaches as we are the world, and it is not too 
late to do something for us all. In order that we may predict the effects, positive or otherwise, 
of economic developments on our environment the author suggests that the public needs to 
participate in the decision making process. To allow people to make informed decisions 
public participatory GIS and embedded visualization techniques are suitable tools for the 
islanders to use provided that such tools are affordable, maintainable and easy to learn and 
use. 
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