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ABSTRACT 
It is widely acknowledged that the planet is experiencing anthropogenic 

induced environmental challenges that needs innovative and coherent decision 

making to achieve a sustainable future. Location based information has played 

an important role in sustainable decision-making for decades. The role of this 

information as an aid for sustainable forest management has been lightly 

explored by academia, policy makers and politicians. This study has used 

mixed qualitative methods and a diachronic approach to quantify the role of 

location-based information as an aid to sustainable forest management using 

the experience of Fiji. Results show the significance of location-based 

information to the sustainable management of forests at an operational level 

and within strategic decision making. Recommendations suggest that human 

resource management, organisational structures, technological capacity, and 

coherent documentation are key areas which need attention for an effective 

and efficient sustainable location-based information system. Successful 

application of these research findings can not only be applied to sustainable 

forest management in Fiji but is transferable to other locations and 

environmental sectors aiming for sustainability. 
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ACRONYMS 
NFMS – National Forest Monitoring System 

FRAC – Forest Resource Assessment and Conservation Division 

SDSS – Spatial Decision Support Systems 

SDI – Spatial Data Infrastructure 

GIS – Geographical Information Systems 

MCDM – Multi Criteria Decision Making 
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INTRODUCTION 
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1.1 Introduction 

Sustainable Development is development that satisfies the requirements of the 

present without jeopardizing future generations' capacity to satisfy their own 

needs (Mitlin, 1992; Chichilnisky, 1997; Jabareen, 2008; United Nations, 2015). 

Sustainable Development Goals (SDGs) is the global pursuit of ecologically, 

economically, and socially sustainable development (Schmidheiny, 1992; 

Oladele, 2002; Sullivan et al., 2018; Eisenmenger et al., 2020). Sustainable 

Forest Management is a key indicator of the 15th sustainable development goal 

in the 2020 Agenda for Sustainable Development adopted by the United Nations 

member states in 2015 (Carlsen and Bruggemann, 2022). 

Decision making is an essential aspect of sustainable development (Gardner, 

1989; Dernbach, 2003; Aras and Crowther, 2009; Waas et al., 2014; Bolis et al., 

2017; Dos Santos et al., 2019). Our future and the future of our generations are 

dependent on the choices we make every day, which turn into decisions 

(Gardner, 1989; Dernbach, 2003; Bolis et al., 2017). Informed decision-making 

helps make effective and efficient decisions (Conroy and Peterson, 2013). The 

decisions that we make for our environment have an indirect impact on other 

parts of our lives (Goodchild, 1987; Conroy and Peterson, 2013; Liu et al., 2008). 

It is particularly important that the decisions we make for our environment are 

well informed through the use of science and all the available information 

technology (Liu et al., 2008). 

Forests form an integral part of our environment and are home to most of the 

world’s terrestrial biodiversity (Food and Agriculture Organization of the United 

Gordon, 2008; Nations, 2020). The global forest extent was estimated to be 

approximately 4,128 million hectares in 1990 (University of Melbourne, 2015). 

However, there has been a gradual decrease in forest extent since then, with 

the Food and Agriculture Organization of the United Nations (2020) estimating 

that approximately 420 million hectares of forests were converted to other land 

2 



 

 
 

    

 

    

 

  

     

      

 

 

    

  

    

      

 

  

 

  

       

 

    

 

    

      

  

      

  

 

uses between 1990 to 2020. Having the above in mind it is important to note 

that the global annual rate of forest loss also declined significantly, being 

sixteen million hectares in the 1990s and down to ten million hectares between 

the years 2015 to 2020 (Food and Agriculture Organization of the United 

Nations, 2020). Scientists and academics have not yet given a scientific 

explanation of the reason for this decline, however, there is a possibility that 

this is the outcome of good management of the world’s forests by realising how 

important the forests are for the world especially in combatting climate change 

and human health (Gordon, 2008). 

Although the need to protect and conserve natural resources for future 

generations had long been widely alluded to, the concept of sustainability 

began to increase in importance at the end of the 1980s (Martin and Diez, 

2012). Sample and Sajdo (1996) have cited Heske (1938) to state that the 

origins of the term 'Sustainable Forest Management' can be found in 18th 

century Europe. Sustainable Forest Management (SFM) has been given many 

definitions over the years (Sayer et al., 1997; McDonald and Lane, 2004; Gough 

et al., 2008; MacDicken et al., 2015; Yamada, 2018), all of which summarises to 

using forest resources in a manner that sustains it for future generations. 

The decisions made for the management of the world’s forests range from a 

forester in the field who plans a reforestation or logging activity right up to the 

top tier decision-makers who decide on policies and regulations for the world's 

sustainable development. A key aid to these decision-makers is location-based 

information such as maps, locational statistics (example; extent of forests, 

changes in the extent of forest, deforestation rates, afforestation rates), future 

projections/predictions, and past information (Baskent and Keles, 2005; 

Modica et al., 2016). Many diverse types of information and maps are derived 

from analysis using software and locational data from primary and secondary 

sources. 
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Studies have shown that making decisions to sustainably manage forests 

usually relies on spatial information (Varma et al., 2000; Ishtiaque, et al., 2020). 

Spatial information is defined as information related to a location or any 

geographic area (Kuhn, 2012). Analysis and visualisation of spatial information 

can help measure, monitor, report, and verify the status of forest resources. 

This process is known as Monitoring, Reporting and Verification (MRV). 

Essential information such as the location of forests, extent of forests, changes 

in forest extent/area, effects on the immediate environment surrounding the 

forest, and many others are basic locational information that influences 

decision-making for sustainable forest management. Global forest MRV 

models usually find it difficult to apply Small Islands Developing States (SIDS) 

due to the complex nature of their diverse and unique forest resources (Wilkie, 

2002). 

1.1 Small Island Developing States 

Small island developing states (SIDS) of the world may have difficulty in 

achieving sustainable development due to their ecological sensitivity and 

economic vulnerability (Campling and Rosalie, 2006). Climate change remains 

the most serious threat to the environment and sustainable development in 

SIDS (Julca and Paddison, 2010; Thomas et al., 2020). Much of the world 

is aware of SIDS's long-term development problems and obligations and it has 

been on the global agenda since the 1992 Rio Earth Summit. It is often believed 

that SIDS are environmentally and economically vulnerable (Agenda 21; UNEP, 

1999, a, b, c). Their natural resources are modest, although they have abundant 

native flora and wildlife. As indicated in Agenda 21, the sustainable 

development of these islands presents significant planning and 

implementation difficulties. 

Forests contribute considerably to the national economy and international 

commerce in wood and non-wood forest products for the majority of the bigger 
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islands (Hansda, 2009). SIDS are well endowed with forests as a group, 

although the degree of forest cover varies substantially amongst island nations. 

While the combined forest cover of SIDS is modest in global terms, forests and 

trees on these islands are critical to the occupants' well-being (Wilkie, 2002). 

Furthermore, forest resources on numerous islands are of international 

significance in terms of their function in biological diversity conservation, 

particularly endemic species, and genetic variety (Burt and Clerk, 1997). Despite 

differences in size, location, population density, and climatic, geological, and 

topographic factors, these states have many traits that put specific limits on, 

but also provide unique possibilities for sustainable forest management. 

1.2 Case of Fiji 

Fiji, a small island developing state in the South Pacific, has more than 60% of 

its terrestrial land area covered by forests (Figure 1.1). In Fiji, the Ministry of 

Forestry is responsible for the Sustainable Management of Forests (Ministry of 

Forestry, 2021) 
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Figure 1. 1 Forests of Fiji in 2020 (Source: Ministry of Forestry, Fiji) 

The country has used spatial information for forest-related decision-making for 

over three decades (Vakacegu, 2015). Delineation of forest area extent and 

changes in the extent (deforestation/reforestation), different forest types 

(lowland1, upland2, cloud3, open4 and closed5) have been used for decision 

making and international reporting. Maps dating back to 1925 can be found in 

the Ministry archives today, which is evidence of the long relationship between 

forestry and spatial information. In addition, field-level spatial information on 

maps has been used to plan harvesting operations, harvest area monitoring, 

and reforestation planning and monitoring. A unit within the Ministry known as 

the Forest Resource Assessment and Conservation Division (formerly known 

1 Forests found from sea level to 400m altitude (Mueller-Dombois and Fosberg, 2013). 
2 Forests found between 400m to 600m altitude (Mueller-Dombois and Fosberg, 2013). 
3 Forests found above 800m altitude (Mueller-Dombois and Fosberg, 2013). 
4 Forests having a canopy density of 10% to 40% (Ministry of Forestry, 2020) 
5 Forests having canopy density of more than 40% (Ministry of Forestry, 2020) 
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as Management Services Division) is responsible for collecting, manipulating, 

analysing, verifying, reporting, and disseminating Fiji’s forest spatial 

information (Pers. Comm.). The Forest Resource Assessment and 

Conservation Division operates as a support system and data bank for the three 

operational Divisions (Map 2) and all other parts of the Ministry. 

Figure 1. 2 Operations Divisions of the Ministry 

Geographical information systems, a system used to store, manipulate, 

analyse, and present spatial data (Goodchild, 1987), was first set up at this Unit 

in 1991. This system was set up with assistance from the then GTZ, now known 

as GIZ (Deutsche Gesellschaft für Internationale Zusammenarbeit) and was the 

first of its kind in the Pacific Islands country region (Forstreuter, 2022). It was 

set up to assist in making effective and efficient decisions for the sustainable 

management of forest resources using spatial information. This system was 

operated with the Germans' assistance until the late 1990s, after which the 
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Fijians took over (Lewai, 2022). From an analysis of publications in the PGRCS 

Newsletters, spatial information played a crucial role in decision-making for 

sustainable forest management in Fiji in the 1990s. However, in the 2000s, 

when the Germans had left, the division struggled in the task. For example, 

mapping for the National Forest Inventory 2005 took nine years to complete, 

and the maps were finally published in 2014. In late 2018 the Ministry recruited 

a qualified GIS officer who established web mapping systems and advanced 

information systems to provide spatial information. In 2019 the Ministry 

transitioned to a more digital approach for disseminating spatial information 

and started using dynamic web maps for the provision/visualisation of real-

time spatial information for decision-making in place of static maps. 

Figure 1.3 Three different periods that the Ministry of Forestry's spatial information management unit underwent since 
1991 (Developed by the author from Wolf, 2022, Pers. Comm.; Lewai, 2022, Pers. Comm.; Anonymous, , 2022, Pers. 
Comm.). 

Keeping time constraints in mind, this study will only focus on the Ministry of 

Forestry in Fiji. Although other stakeholders have a role in the Forestry industry 

of Fiji but as earlier stated, the Ministry is responsible and leads the protection, 

conservation, management, and sustainable development of Forests. 

1.3 Relevance of the study 

The outcomes of this study may influence policy and planning for proper 

administration and operation of spatial information management units in small 

developing states. It can also provide a basis for investment into spatial 

information systems by giving an insight into the importance of spatial 

information for the overall decision-making process and the sustainable 
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management of forests. The study also provides recommendations for best 

practices and the proper establishment and running of a spatial management 

unit to provide real-time data using the latest technology available. 

1.4 General Aim 

This study aims to explore location-based information's role in decision-making 

for sustainable forest management in Fiji. Since Fiji has a long history of using 

location-based information in forestry it is essential to explore the influence of 

location-based information on decision-making till now. How this information 

contributed to the conservation of forests, protection of forests, sustainable 

harvesting of forests, measurement, reporting, and verification of forests, and 

in decision making for sustainable forest management at the national level will 

also be looked at. Furthermore, the existing spatial information management 

systems and their influence on decision making will be studied. 

1.5 Specific Objectives 

Specifics objectives of this study are as follows: 

1. To assess the importance of locational information in decision making 

for forest management and its contribution towards sustainable forest 

management. 

2. To diachronically evaluate the present and past use of location-based 

information in the Fijian forestry sector. 

3. Propose recommendations model for the long-term sustainability of 

location-based information systems in Fiji to aid in sustainable forest 

management decisions. 

1.5 Conclusion 

This chapter has briefly introduced the research establishing the core themes 

of this research. The next chapter looks into the literature relevant to the 

objectives of this study and identifies the gaps in literature which were 
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investigated in this research. The methodology used in this research is 

discussed in the third chapter. The fourth chapter details and discusses the 

findings of the research. The last chapter presents recommendations for 

location-based information systems in the Fijian forestry sector guiding 

towards its sustainable future based on the findings of this study and 

summarizes the research. 
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CHAPTER 2: 

LITERATURE REVIEW 
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2.1 Introduction 

This chapter reviews relevant literature of the subject matter for this research. 

Firstly, the objectives and its relevant literature questions are discussed to give 

an insight into what literature may be looked for that is relevant to this study. . 

A brief overview of how the literature review was conducted is discussed. The 

chapter goes on to present findings from literature which are relevant to the 

objectives before concluding with a summary of the literature review and 

identifying the gaps existing in literature for the subject matter. 

2.2 Literature Review Methodology 

Literature review for this research (apart from that applied as methodology) 

was solely based on internet search. Google Scholar was the main source of 

literature search based on key words extracted from the objectives of this 

research. Compared to other online databases such as Web of Science, UWTSD 

Library Catalogue and others, Google Scholar seemed the easiest to use. 

Google Scholar is a free to use search engine that collates academic material 

(articles, research publish9ings, books, conference proceedings, reports etc), 

both published and unpublished, from all over the internet and then filters it 

based on the matching key words searched and the articles popularity on the 

said keywords (Haddaway et al, 2015). It is also important to note that Google 

Scholar does not automatically sort articles by year unless a filter is set for the 

years and sorting is applied to sort from ‘Most Recent’ or ‘Oldest’. Other key 

advantages for reasons why Google Scholar was chosen compared to other 

databases is that Google Scholar provides quick insights of materials such as 

‘Cited by’ which shows a result of all articles that cited the chosen article, 

‘Related Articles’ which shows all related articles of the chosen articles, and 

versions of the chosen article. These were useful tools for the researcher for a 

quick dive in the topic of interest. Delgado López-Cózar et al., (2019) have 

concluded in their study that Google Scholar has opened an entire world of 
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academia to every person in the world looking at its geographic coverage, inter 

disciplinary academic sources and the collation of the most journal databases 

in the world in one search engine. 

In the instance where a literature of interest could not be accessed openly, 

access privileges of the University were used to access the material for review 

via the University’s online library database/catalogue. In the instance where the 

material of interest was not available via the University’s online library 

catalogue/database the University did have an option where a request could be 

sent to the librarian for access to articles which were not available via the online 

library database, however on personal experience, this seemed to be a time 

consuming process, hence, for such articles the corresponding author for the 

article was contacted via email to get access to the article and in all instances 

the authors happily shared their articles. 

Table 2.1shows the keywords searched for each of the subtopics discussed in 

this chapter. 
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Table 2. 1 Literature search keywords. 

2.3 Structure of Literature Review 

With the time limitations of this study, it was important to identify the specific 

literature topics that will be looked at for review to save time. To do this, a 

breakdown of key words and topics of interest from the objectives is presented 

below with its discussion. 

i. Sustainable Forest Management – the review of this topic 

investigates the history of sustainable forest management, what it 

means, its definitions in literature, and the context in which it will 

be defined for this study. 

ii. Importance of Decision Making for Sustainable Development – 

the review of this topic includes sustainable development as a 
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concept, decision making as a concept and the role that decision 

making plays in sustainable development. 

iii. Spatial Information for Decision Making – this topic reviews the 

role and importance of location-based information in decision 

making, having particular focus in forestry (sustainable forest 

management) and environment conservation, protection, and 

management. 

iv. Organizational Structure for Flow of Decision-Making Information 

– this topic the organizational structure for flow of spatial 

information systems from studies around the world. 

v. Institutional Knowledge – this topic investigates literature of 

retaining knowledge and skills in organizations. Both the 

advantages and disadvantages of this are discussed. 

vi. Spatial Data Infrustructure – this topic investigates literature of 

spatial data infrastructure systems, its operations, and 

complexities. 

2.4 Sustainable Forest Management (SFM) 

As early as the 17th century, the harmful impact of the previous use of forest 

resources and the necessity for future generations to continue using these 

resources had gained the scientific community’s attention (Glacken, 1976, as 

cited in Martin and Diez, 2012). Increased environmental consciousness and 

increasing scientific understanding of environmental degradation have 

affected society’s values and global policy, which have impacted forest 

management aims in the 20th century (Wang and Wilson, 2007). However, many 

scientists believe that the paradigm is shifting due to climate change (Ruddell 

et al., 2007; Bonan, 2008; Canadell and Raupach, 2008; Lemprière et al., 2013). 

Upon analysing different definitions of the SFM concepts in the early modern 
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era of 1980s and 1990s, Martin and Diez (2012) conclude that they all are just 

refining the definition of sustainable development given by the Brundtland 

Commission (1987, p. 37) “development that meets the needs of the present 

without compromising the ability of future generations to meet their own needs” 

to apply it to forests. 

Goal 15.2 of the United Nations Sustainable Development Goals (UN SDGs) 

2015 is to “promote the implementation of sustainable management of all types 

of forests, halt deforestation, restore degraded forests and substantially increase 

afforestation and reforestation globally” (United Nations, 2015, p. 27). There are 

numerous definitions for SFM, all of which are dependent on the context in 

which the term is used. The United Nations Food and Agriculture Organization 

(FAO, 2020) defines sustainable forest management as a “dynamic and 

evolving concept, which aims to maintain and enhance the economic, social 

and environmental values of all types of forests, for the benefit of present and 

future generations”. This study, together with the SDG 15.2 and the FAO 

definition of SFM, aims to include the protection, conservation, and sustainable 

logging of forests in the concept of SFM as these activities encompass the 

sustainability of our forests for the future generation. Hence this study will 

define SFM as follows: ‘Any activity involving or leading to the protection, 

conservation, sustainable management, establishment and sustainable 

logging of forests’. 

2.5 Importance of Decision Making for Sustainable 

Development 

Decision making is an essential part of our daily lives. Decisions shape our 

future and those of our future generations (Weiss, 1990; Hara et al., 2021; 

Upadhyay, 2021). At any point in time, any decision we make may have an 

impact on someone or something somehow or the other today, tomorrow, and 

in the near and far future. The nature of this impact (positive or negative) 
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depends on the decision-maker. The decisions made today determine whether 

we are going towards sustainable development or veering away from it. Only 

the right decisions made will contribute to sustainable development. Informed 

decision making is the right way to make decisions (Gardiner and Quine, 2000; 

Espey, 2018). 

Many authors (Sani et al., 2016; Jeong, 2018; Blicharska et al., 2020; Wu et al., 

2020), have attributed multi-criteria decision making (MCDM) to leading the 

pathway to sustainable development. Sousa et al. (2021) reviewed 143 

published scientific articles ranging from the years 2016 to 2020 which employ 

MCDM methods to support decision making for achieving the UNSDGs. Their 

findings revealed that in 2019-2020 MCDM methodology in research has seen 

a rise of 112%. Of the 143 case studies, nine were specifically for SDG 15. 

Furthermore, 56% of the case studies that employed MCDM for SDG 15 

decision-making employed a location-based approach. This study tells us that 

sustainable development requires informed decision-making. It is now widely 

acknowledged that environmental concerns must be considered at all levels of 

decision-making, keeping in mind the impact our decisions have on the 

environment. 

2.6 Spatial Information for Decision Making 

The most important part of scientific management of resources is information 

about their status (Islam and Wahab, 2005; Armada et al., 2009; Jingling et al., 

2010). The type of resources and the objectives of the management system will 

usually decide the structure of the information system. Forest resources are 

one of the most vulnerable and economically important resources in the world 

today (Repetto and Gills, 1988; Ostrom, 2005; Torres-Lezama et al., 2008; 

Rahman et al., 2010). At the same time, it is the most important ecosystem on 

earth, and its destruction is seen as a threat to life on earth (Repetto and Gills, 

1988; Ostrom, 2005; Torres-Lezama et al., 2008; Rahman et al., 2010). In the 
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case of tropical forests in particular, it is impossible to think about forestry 

without thinking about people or the environment (Hladik et al., 1993). People 

who live in or near forests are poor and depend on them for food, animal feed, 

wood, and money. It is important to get and manage data on resources in a 

timely manner if you want to manage them in a sustainable way. Before, forests 

were only taken care of for profit. People and the environment were given the 

attention they deserved. But you cannot think about forestry without thinking 

about the people who work there or without thinking about environmental 

issues. 

Spatial information, a term first coined by Hopkins and Armstrong in 1985 

(Keenan and Jankowski, 2019), has proven to be a valuable tool for decision 

making over the years, with many authors also referring to it as Spatial Decision 

Support Systems (SDSS) (Shekhar and Xiong, 2008; Vincent et al., 2019; Keenan 

and Jankowski, 2019). Vacik and Lexer (2001) investigated the use of spatial 

decision support systems in the sustainable management of Vienna’s 

protection forest for water resource production. They described the 

interconnectedness of information which was used in a multi criteria decision 

making system and analysed using a GIS system to make decisions for the 

protection of forests. GIS today is far much greater than what it was 21 years 

ago (at the time of the study by Vacik and Lexer (2001), hence it has become a 

go to tool for any decision making connected to a location (Zerger, 2002; Phua 

and Minowa, 2005; Durduran, 2010; Arabameri et al., 2018; Damoom et al., 

2019). 

Furthermore, with recent advancements in the acquisition, processing, analysis, 

and presentation of spatial data, spatial decision support systems are widely 

being used by decision-makers as a basis for sustainable decision-making (i.e., 

decisions which lead to sustainable development) (Feeney, Rajabifard, and 

Williamson, 2001; Liu, Bai, and Chen, 2019). Academics have found that – 
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location, a critical factor in decision-making, is also a key determinant of 

sustainable decision making (Liu, Bai, and Chen, 2019). 

There has been an increase in locational information’s importance in decision 

making. Spatial decision issues require the use of locational data and 

information. As a result of the complexity of locational choice issues and the 

need to consider numerous factors, spatial decisions are usually a part of multi-

criteria judgments (Massam, 1980). Janssen and Uran’s (2003) experiment on 

the preferred method of spatial Information for decision-making found that 

most people prefer locational information presented in maps, followed by 

graphs, tables, and text format. Furthermore, the study recommended that the 

user of this spatial information be able to interact with it in real-time (Example, 

zoom in and zoom out) to see various levels of information on the maps. As 

this research was conducted in 2003, web maps were not a popular thing at the 

time; however, today, real-time dynamic maps have become exceedingly 

popular, displaying a lot of information with endless functionality to manipulate, 

analyse and visualise spatial information in real-time (Horbiński et al., 2021; 

Pârvu et al., 2021). 

Destan, Yilmaz and Sahin (2013) in their research have stated that information 

about extent of forest communities is of considerable importance in forest 

management planning. This information is location based. Their research has 

demonstrated that the precision of decisions to be implemented is closely 

related to the accuracy of forest stand maps. The main goal of their study was 

to create semi-automated maps of forest stand volume calculated from ground 

survey data. The results were impressive with more than 97% accuracy rate 

when assessed against ground surveys. This they said gives a relatively quick 

way of delivering information to decision makers for their considerations 

compared to ground surveys (forest inventories) which take a lot of time, skills 

and require a large amount of funding (Breidenbach et al., 2021). 
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Takam Tiamgne et al., (2022) used GIS to assess the state of protected forests 

in Zambia. Their study identified suitable areas for conservation, based on 

standardized location-based criteria using a GIS approach. A suitability model 

was developed for the selection of the suitable areas, and elimination of the 

unsuitable ones. The findings from this approach informs decision makers 

about the status of protected forest areas and identifies areas for creating new 

ones. GIS modelling approaches inspired by such studies can be very handy for 

decision making for sustainable forest management. Their study although 

applied to a small area in Zambia is applicable to any part of the world where 

there is work done on sustainable forest management. However, there is no 

literature evidence of such models being applied to small island developing 

states forests or to the natural pristine forests of the Pacific. 

Zhao (2006) demonstrated a fully-fledged use of GIS as a decision-making 

support system for sustainable forest management in China. The use of multi 

layered locational information of forestry and all environmental characteristics 

combined using GIS software on one database was shown as a particularly 

useful tool for decision making. One of the software used at the time was 

ArcMap which 16years later is now known as ArcGIS Pro and the functionality 

of data creation, storage, analysis, and presentation using the said software 

package has also been made much more advanced and user friendly. It should 

also be noted that this software (which was the main software used in the 

study) is and has always been a propriety software which comes at a cost. At 

the time if this study the cost was based on single use license for the software 

for lifetime use and it could be used on a local machine (computer hardware) 

without the need of internet, however, today the updated version of the software 

comes in annual licenses and is internet dependent for retrieving licensing 

information at least every 24hours) if configured to be used offline but its major 

functionality today is internet dependent and requires high speed internet to 

deliver its full functionality (Price, 2019). 
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2.7 Organization Structure for flow of decision-

making information. 

Timely flow of accurate and reliable information throughout organizations is 

critical for decision making (Huber, 1990). How information is received, stored, 

analysed, and presented throughout the numerous operating instruments of an 

organization directs its informed decision-making process (Fosso Wamba et 

al., 2015). Research in this area of study is rare (Joseph and Gaba, 2020) 

although it can be traced back to Simon (1947) as cited in Joseph and Gaba 

(2020). 

Modern day organizations are bound to integrate the use of modern information 

technology in their day to day running and decision making to make effective 

and efficient organizational progress in a timely manner with the growing world 

(Brynjolfsson and Hitt, 2000). Heintze and Bretschneider (2000) in their study 

have provided insight into the effects of organizational restructure to adapt to 

information and communication technology advancements. Their study initially 

finds that many managers are supportive of adapting to the latest information 

and communication technology systems to have information flow throughout 

their organizations. They further go on to elaborate the fact that an 

organization’s proper structure for information flow does improve the overall 

performance of the organization. Although there is no direct mention of 

decision-making context in this study by Heintze and Bretschneider, studies 

such as one by Dean and Sharfman (1996) have suggested that the overall 

performance of any organization is always based on the decisions made at 

various levels of the organization. 
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2.8 Retaining knowledge and skills in organization 

– future proof – retainer programmes 

Brain drain is a major concern for developing countries (Docquier et al., 2007; 

Ngoma and Ismail, 2013). Talent is a unique resource and driving force that 

may help an organization acquire a lasting competitive edge and decide its 

success in the face of globalization, increased information availability, and the 

rise of new economies (Horváthová, 2011; Collings, 2014; Hongal and Kinange, 

2020). Because of this “war for talent” large-scale issues with human resources, 

such as brain drain and a shortage of skills, are being exacerbated (Michaels et 

al., 2001; Tarique and Schuler, 2010). Talented individuals are now more easily 

leaving their country in quest of better living standards and employment 

opportunities in developed nations because of shortage of skills in the 

international arena (Collings, 2014). Brain drains have a negative impact on an 

organization and the ability of the organization to perform as required to do so 

to deliver its objectives and plans for development. Talent migration is 

influenced by a variety of social, economic, demographic, and political variables 

(Baruch et al., 2007). As a result, it is critical to identify the most critical factors 

for each organization to minimize the impact of brain drain and maximize the 

organizations’ ability to recruit and retain human resource. 

The concept of institutional memory for an organization can be traced back to 

Becker (1932, as sighted by El Sawy et al., (1986) who states that institutional 

memory is knowledge of an organization which lives in a person through the 

experiences that one goes through during their time in an organization. The loss 

of institutional memory is loss of organizational knowledge (El Sawy et al., 

1986). 

Talent management has been a critical issue faced by modern day 

organizations (Cappelli, 2008). Recent research has shown that the recruitment 

of talented individuals with specialized skills, further training them in the field 
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of specialized knowledge at the organizations cost so that they perform their 

duties in the best manner for the organization, and then retaining these 

employees remains a challenge throughout the world (Cappelli, 2000; Bernthal 

and Wellins, 2001; Argote and Guo, 2016; Useng, 2017; Shah and Asad, 2018). 

2.9 Spatial Data Infrustructure 

Environment data is an ever evolving and developing form of information 

(Jørgensen, 2013). The investments in enhancing the capability of collecting, 

storing, analysing, and sharing environmental has seen a huge rise in recent 

years (Kozak et al., 2008; Kienast et al., 2009; Di Piazza et al., 2011; Helsel, 2011; 

Ott, 2018). However, a major challenge has been seen in building 

infrastructures that enable institutions and organizations to use these 

environmental data. This is where Spatial Data Infrastructures come in. 

Rajabifard and Williamson (2002) summarise spatial data infrastructures in 

sharing data inter agency. They state that aim of creating spatial data 

infrastructures is to create an environment where all stakeholders, from 

consumers to producers, can work hand in hand and use technology to reach 

their spatial data goals at different political and administrative levels. The major 

advantage of this is that organizations and institutions which are working 

towards a common objective, such as climate change mitigation and 

adaptation, carry out their respective work on the same page. While this gets 

work done at a faster pace, it also prevents repetition of work and the objectives 

are collectively achieved much sooner than expected, states their study. 

In their study, Fonseca et al. (2009) have laid out the need for such a Spatial 

Data Infrastructure which leads to Global Forest Information System (Câmara 

et al., 2009). Their focus is on the Amazon Forest Fires and how Spatial Data 

Infrastructures could help make quick decisions and have inter agency 

collaboration to prevent catastrophes at the Amazon forests. A key take from 

this article is the importance of spatial information relayed on how it can help 
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solve problems of the Amazon Forest. A further outline is the importance and 

role played by Spatial Data Infrastructures in the management of forest. 

2.10 Research Gap 

Many studies have focused on policy-level decision making approaches for 

sustainable forest management. Most literature has also focused on using GIS 

for a multi criteria-based approach to decision making (Geneletti, 2019; Andrew 

and Katy, 2008). This study will fulfil the gaps in literature by focusing on the 

locational information component of that decision-making process; Firstly, 

how has locational information assisted in decision making and directed 

decisions in the past, and secondly, it will provide recommendations of best 

practice for a sustainable future in using location-based information to support 

forestry decision making. There is a fine line between these two fields of study 

because location-based information is usually, in today's world, derived from 

GIS analysis and databases; hence when it comes to the people who produce 

this information, they are using a GIS system to produce location-based 

information for decision making. On the broader approach, however, how this 

location-based information has assisted decision-making over the years in Fiji 

is one of the significant study objectives. A minor study objective is to study the 

Unit's management, structure, and running, which produces this information. 

A significant research gap is seen in decision-making studies for sustainable 

forest management at the base level (fieldwork level) (Weintraub and Bare, 

1996; Rönnqvist et al., 2015). For example, how do they make decisions when 

someone decides to alter the structure of a forest (reforestation or cutting 

down of trees). How does location-based information guide their decision-

making process? This study is focused on how have Foresters, right from the 

field up to the decision-makers for forestry in Fiji, over time, used locational 

information to make decisions for the sustainability of forests and provide a 

24 



 

 
 

     

 

 

  

   

   

     

 

  

 

 

   

guide for making the best use of locational information for future decision 

making. 

2.11 Concluding Summary of Literature 

Literature for the subtopics (2.4 – 2.9) discussed in this Chapter are of a wide 

variety. It is sometimes difficult to make sense of the literature in the context 

of current research, but best attempts have been made to only focus on the 

parts of literature which make sense in the context of this research. Table 2.2 

presents some key point summaries of each of the subtopics and their 

literature findings. 

Table 2. 2 Summary of literature findings. 

25 



 

 
 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

CHAPTER 3: 

METHODOLOGICAL 

REVIEW 

26 



 

 
 

 

 

 

  

        

 

  

  

      

   

       

    

 

  

    

 

    

  

   

   

   

    

 

 

  

  

3.1 Introduction 

This study mainly employed qualitative methodologies to study human 

perceptions of decision-making. The chapter looks at the methodology used to 

gather and analyse data for this study. It further identifies the limitations of the 

methodology used, where there may be bias in the data collected, and how 

these biases were treated. 

A growing number of researchers have recently used qualitative research 

methods to study the human dimensional aspect of environment and 

conservation (Skov et al., 2007; Rondinini and Chiozza, 2010; Macura et al., 

2019; Prokopy et al., 2019;). Since decision making is human behaviour, using 

qualitative methods for this study helped understand how and why things 

happened over time and how it has shaped the changed thinking for a better 

future. 

To study the human dimensional aspect of decision making this research 

focuses on a group of people (approximately one hundred) who have been 

working in the Forestry sector and are currently employed by the Ministry of 

Forestry utilizing location-based information in their work as foresters. Since 

quantitative research methods usually require a large sample (Yilmaz, 2013; 

Marshall et al., 2013), and since this study has a confined one, employing 

qualitative methods seemed most suitable. In order to get an insight into 

decision making thinking, qualitative methods are more viable than quantitative 

as decision making cannot be easily quantified, especially the rationale behind 

an individual’s decision-making approach (Hagbaghery et al., 2004; Weischedel 

et al., 2005). Further in this chapter it is described the different methods of data 

collection employed to gather information from these officers. 

Using qualitative methods this study also aimed to validate human accounts of 

the past by the study of historical materials. Historical materials dating back to 

1925 (97 years ago) are available at the Ministry’s offices and at the archives 
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building. A lot of historical materials from the early 2000s till date are also 

available in digital format. Some materials which were in hard copy have been 

scanned by the Ministry for an insight of the current leadership in the past 

achievements such as that of the National Forest Inventory 1969 (Figure 3.1). 

Figure 3. 1 An excerpt from the scanned copy of NFI 1969 (Source: Ministry of Forestry, 2022) 

The presence of these materials in hard copy and in digital format is a huge 

added advantage for this study as it gives documented evidence of the past. 

Forestry being a field in which development of its core subject; forests; takes at 

least 10 years or more and its utilization, conservation and protection happen 

over prolonged periods of time. The farther one goes back into the past the 

more of the subject specific details are unearthed in the different phases of 

forestry development (Yamaura et al., 2021). Study of historical materials also 

gives a chance to look back into history and make decisions based on the 

lessons learnt from it. It also gives weight to this study by the fact of studying 

the past to learn why the present is where it is today (Lawrence, 1984). Further 

on in this chapter it is articulated how these historical materials were analysed 

and put into context. 

3.2 Survey 

In an empirical study, Dias (2007) used surveys to study the impact spatial 

information had on users to contribute to sustainability. This methodology 

helped understand the impact different information dimensions (e.g., having 
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the information or not) and different information mediums had on the behaviour 

of tourists towards natural areas. 

Since the popularity of the internet, web-based survey design and deployment 

services are of a lengthy list ranging from open source to paid services (Wright, 

2017). In recent times open-source web-based survey deployment services 

have become popular for researchers to gather data (Shoham et al., 2021; 

Elbeck, 2014), with increasing contributions of developers to open-source 

projects and the trust of researchers in its security (Hertel et al. 2003). 

For this study, a web-based survey was designed to study the specific 

experience and thoughts of foresters at various levels with location-based 

information. Paper based surveys were not employed due to their time-

consuming nature. Although studies such as the one by Greenlaw and Brown-

Welty (2009) have shown that a combination of both web-based and paper-

based surveys usually result in collection of ideal data, they do not shy away 

from the fact that paper-based surveys are time consuming and, in some cases, 

expensive compared to web-based surveys (Greenlaw and Brown-Welty, 2009). 

The web-based survey for this study was designed and deployed in ArcGIS 

Survey123. The survey was designed keeping in mind limitations of such 

surveys. Kost and Rosa (2018) have concluded in their study that short surveys 

have a higher response rate compared to lengthy surveys, hence this survey 

was kept as such that it could be answered in less than 2 minutes. Anonymity 

was a major objective of this survey as studies have shown that respondents 

tend to be more honest with their responses if they are confident of their 

anonymity (Tourangeau, 2018; Schleyer and Forrest, 2000). No personal 

information was collected and since it being a web-based survey anonymity to 

the respondents was guaranteed. 

The target audience for this survey were the technical staff of the Ministry and 

those involved in executive, planning and policy decision making for the 
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technical forestry work because these are the employees who would be 

involved doing operational forestry work and decision making. Employees other 

than these of the Ministry are employed in support capacity such as Human 

Resource Managers, Accountants, Clerks and so on. 

This survey acted as a pilot study and answered key questions from the 

objectives. Table 3.1 shows how the survey questions helped gain an insight 

into the objectives of this research. 

Table 3.1 Connectedness of research objectives and information gathered from survey. 

Table 3.2 details the three identifiers which were used in this survey. 

Table 3.2 Survey identifiers. 
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Identifier one was used to weight the answers from the experience of time they 

had in the Ministry which would give weight to their views and accounts of the 

past. The detailed specific questions were populated based on the answer of 

identifier two. This was done because their answers would be influenced by 

their daily lives as foresters now (Gershunskaya, 2011). Identifier three was 

used as a long-term influence factor where the overall answers would be 

affected by the lifetime experience of the person answering the question. 

At the end of the survey the respondents were asked if they would be kind 

enough for semi structured informal interview. 

A link was sent out to all the officers of the Ministry with a request to fill in the 

survey via a staff group email on Monday 2nd May 2022. They survey was open 

for a total of 30 days and stopped gathering responses on Thursday 2nd June. 

They survey gathered a total of twenty-two responses which are analysed and 

discussed in the next chapter. 

3.2.1 Survey Response 

As of 10th May 2022, there are 142 established staff within the Ministry (Ministry 

of Forestry, 2022). A breakdown of this could not be obtained but was analysed 

based on the authors knowledge of the Ministry human resource distribution. 

Based on this analysis a total of one hundred responses were expected in the 

survey had the whole target audience responded to it. The total responses 

received to the survey deployed for this study were twenty-two of which two 

were excluded from the analysis as non-target audience of the survey answered 

them. 

Wu et al., (2022) studied a total of 8,672 studies of which 1,071 had reported 

online survey response rates and concluded that the average response rate 

from online surveys were approximately 44.1%. However, this rate was also 

including surveys which were deployed in distinctive styles, example; the target 

audience were clearly defined, individually targeted survey requests were sent, 
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follow ups were done and so on. Based on the same the 20% response rate for 

this study can be deemed sufficient to account for the whole sample 

considering the fact that there were no follow ups or reminders sent. 

3.2.2 Identifying the Respondents. 

The survey used three questions to identify who was responding to the survey. 

The identifiers are discussed in Section 3.2 of the previous chapter. 

A breakdown of the respondents’ identifiers is shown in pie charts below. 

Figure 3.1 indicates that 15% of the respondent’s started working for the 

Ministry before the year 2000, 45% started working between the years 2000 and 

2018 and 40% started working between 2019 and now, which is 2022. 

Figure 3. 2 Breakdown of when the respondents’ started working for the Ministry. 
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Most respondents are recent employees of the Ministry but there is no short of 

those who had started working earlier. A limitation of the survey can be that 

there is no equal distribution of respondents in the three periods of when they 

started working. Majority of the results from the survey is view of the employees 

who started working for the Ministry recently, only 15% of responses constitute 

the views of prior to the year 2000, which is more than 22 years of experience, 

and 40% constitute the views of prior 2018 which is 4 to 22years of experience. 

Figure 3.2 shows a breakdown of respondents by the Division they currently 

work in. 

Figure 3.4 Breakdown of respondents by the Division they work in. 

Twenty percent are currently working in a Leadership and Policy role. This role 

is of Director level and above who have one or multiple team(s) working under 

their supervision and direction. The decisions they make in the Ministry have an 

impact on policy and legislation of the sustainable development of forests in 

Fiji. 
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Thirty percent of the respondents currently work in the Research and 

Development Divisions. These Divisions include the Forest Products Timber 

and Trade (formerly known as Timber Utilization and Research Division), 

Silviculture Research Division, Forestry Training Centre and the Forest Resource 

Assessment and Conservation Division (formerly known as the Management 

Services Division) which also includes the Parks and Reserves Unit. 

Fifty percent of the respondents were from the Operations Division. These 

respondents can be from the North, Central/Eastern or Western Operations 

Divisions. These are field foresters who practice practical forestry in the field 

ranging from forest establishment, harvesting, protection, conservation, and 

management. Having 50% of the respondents from the operations division is a 

good indicator for the study as views of field foresters will be well reflected in 

the survey results which would clearly answer questions of the first objective 

of this study. 

Figure 3.7 shows a breakdown of respondents by the Division in which they 

have spent most time. Research (Dobus et al., 1998; Bandura, 20066; Hägglund 

and Leuze, 2021; Hartung et al., 2022) has shown that people’s views are 

shaped by the environment they have spent most time in. Therefore, this 

question was necessary to finetune the respondents’ views as where they were 

coming from. Majority of the respondents had spent most of their time within 

the Ministry at the Operations Divisions. 

6 In the field of Psychology. 
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Figure 3.5 Breakdown of respondents by the Division they have most experience in. 

There are two conclusions from the identifiers: 

1. Majority findings (45%) will represent views of recent employees of the 

Ministry who have an experience of 0 to 3years within the Ministry (or 

Forestry sector of Fiji). Although the fact remains that there is still a fine 

line with the second most popular views (40%) which would be of 

employees having almost 20years of experience within the Ministry. 

2. Majority of the findings are influenced by Operations Divisions minds as 

they hold the majority percentage who have responded to the survey and 

where the respondents have spent most time. 

Further questions of the survey were divided in three groups: Operations, 

Research and Development, and Leadership and Policy. There were minor 

differences in the three different group of questions. Depending on the 

respondents answer to question on the Division they work in, the survey 

populated this further group of question of the Division they work in. This was 

done to get an insight into views of officers of the division they work in. 
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3.2.3 Limitations 

Since this survey was web based it would have been difficult for rural Fiji 

foresters to access and answer it due to limitations of their network 

connectivity. These rural foresters are integrated into the community and are 

the guardians of some of the most pristine native natural forests of Fiji and 

getting their views and perceptions of location-based information would have 

been useful for this study. To overcome this, paper-based surveys could have 

been delivered to these foresters, but due to it being a time-intensive exercise 

and the time limitations of this study, it did not seem viable. 

A second limitation was in the deployment of the survey. The IT team of the 

Ministry who were requested to deploy the survey link to the Ministry group 

emails were not briefed on the target audience hence they survey request/link 

was sent to emails of all Ministry staff which included the non-target audience 

such as clerical officers, accountants, human resource managers and such. A 

second email was sent to all to identify the target audience but by then two 

clerical staff came forward in mentioning that they had already submitted the 

responses to their survey. Both had also submitted their name and details in 

agreement for an interview, so their responses were identified and were not 

accounted for in the analysis. However, it remains a major limitation in the 

sense that if any other such staff submitted a response to the survey and not 

identified themselves, their response will be accounted for as a target audience 

response when actually it is not. 

3.3 Semi-Structured In-Depth Interviews 

Semi structured in depth interviews are a medium of research which give an 

insight into a broader range of information than proposed by questions (Tiu 

Wright, 1996). Due to this very reason this form of interview was chosen 

compared to other forms of interviews. Structured interviews do not give the 
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interviewees leeway to present extra information as both the interviewer and 

interviewee must stick to the scripted questions. Unstructured interviews at 

times give so much leeway that a lot of extra unnecessary information is 

gathered and as such it is difficult to take out the key points of context from the 

whole interview. Semi structured interviews give a scripted structure of the 

interview and give both the interviewer and the interviewee some leeway for 

extra information give and take. Semi structured interviews have long been 

common for qualitative data collection (Tiu Wright, 1996y). Semi-structured 

interviews (Perez et al., 2015; Young et al., 2018; Ranjan et al., 2019) were 

employed in this research to gain an insight of the interviewees in all three 

objectives. The interviews gathered information to establish the importance of 

locational information in decision making for forest management and its 

contribution towards sustainable forest management. They also gave an 

insight into the present and past use of location-based information in the Fijian 

forestry sector and finally they gave opinions of the ideal model for a 

sustainable future of the spatial information management unit for providing 

decent quality location-based information to make sustainable forestry 

decisions. 

Fourteen current officers of the Ministry were interviewed of the approximately 

fifty working in technical forestry positions. Some were identified from the pilot 

survey and others randomly picked as the researcher came across them. These 

officers ranged from the most senior executives to the foresters who work right 

in the field as junior support staff to the operations of the Ministry. 

Before beginning this discussion, the subjects were informed that this 

discussion would help in the research study of the researcher for his 

dissertation and may influence the future of location-based information in the 

Ministry based on the findings. They were also informed that all their views, 

accounts and perceptions would remain anonymous in the study and would 

only be known to the researcher. 
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The identifiers used for the interviewees were – 

1. The number of years they had spent in the Ministry, and 

2. An account of the researcher on their brief background of what their role 

had been in the Ministry in these years. 

Swain and Spire (2020) have identified that informal conversations can 

sometimes give insight into information/data which are otherwise “missed 

opportunities” to add “context and authenticity” to known data from other 

sources. The interviews for this study mostly ran in form of informal 

conversations in random settings. Formal interviews have strict questions and 

require answer to specifics which does not give the interviewee leeway to 

present their own views and perceptions in the wider framework of things as 

highlighted by Swain and Spire (2020). 

The discussion themes posed by the researcher to the interviewees were 

directed to three main topics: 

1. What do you think is the value of location-based information in a 

forester’s daily field life? 

2. Do you think decentralizing FRAC to have a GIS Officer/Data Officer in 

each division will be a promising idea? 

3. What is your opinion of the current data flow within the Ministry of 

location-based information? Do you think NFMS will solve the 

problem? 

During the interview, the researcher took brief notes on an electronic note pad. 

After each discussion session the researcher noted the details of the 

interviewee and gave them an anonymous ID which was stored in a Microsoft 

Excel Database. Their views on the three points of discussion were also 

summarized and noted in the excel. 
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3.3.1 Limitations 

Some of the officers interviewed were junior to the researcher in their role in the 

Ministry. Due to this they may have been putting up views which they would 

have thought that the researcher was looking for rather than their own 

independent views. 

The interviews all remained as anonymous as possible therefore the 

discussions and conversations could not be recorded for the researcher to go 

back to and evaluate it. It was fully dependent on the researcher’s own memory 

and the little notes that he was able to take. This can be a major bias as what 

the researcher can recall from the discussions and his notes will be accounted 

for which has the fact that some points might be missed which could have been 

important points. 

Parts of these interviews also record historical recalls of the interviewee’s 

experiences and views. Since these are personal accounts and judgements it 

cannot be quantified to an authoritative basis of information. However, since 

this was the best means to gather information, it was adapted. 

3.4 Study of Documentation, SOPs, and Historical 

Materials 

Historical materials, internal documentation and standard operating procedure 

documentations were studied to establish the use of location-based 

information in policy and decision making for forestry. This also helped analyse 

the importance of location-based information in guiding policy, regulations and 

laws which impacted the development of forests. Table 5 shows a list of 

materials studied and details. 
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  Table 3.3 Details of Historical material studied. 
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These historical materials provided an insight into the work of Forestry which 

relied on location-based information and the vital role of location-based 

information developing Fiji’s forests into what it is today. 

3.4.1 PGRSC Newsletters. 

The Pacific GIS and Remote Sensing Council Newsletter formerly known as the 

Fiji GIS and RS Newsletter dates to 1993. The newsletter which has now gained 

an ISBN number for its publications, was initially designed to be as a collection 

of articles for work done in the GIS and RS domain of Fiji and later consolidating 

that of the Pacific (Wolf, 2022). In its initial years, the newsletter was published 

by the efforts of the Ministry of Forestry officers based at the then Management 

Services Division of the Ministry and acted as a work update forum for GIS/RS 

users of Fiji (Forstreuter, 2022). Since it dates to 1993 with proper digital record 

of all the newsletters published, this newsletter is a good basis to gather 

location-based information and data work in the forestry domain and the 

Ministry of Forestry. Some of these articles also gave an insight into how the 

work done on location-based information framed decision making of foresters. 

3.4.2 Limitations 

It was impossible to access some of the digitally stored historical information 

such as those in floppy disks since a machine which could read floppy disks 

could not be found. Due to no proper inventory (records) of files and information 

storage a systematic review of historical materials could not be done. 

Furthermore, due to the new developments in technology, it would also be unfair 

to compare some of the historical data quality, accuracy, and timeliness to 

today's standards. 

A lot of historical information about these historical material (as the evolution 

of the PGRSC Newsletter) is reliant on oral history which is dependent on a 

person’s personal accountability of the events of past. These can sometimes 

be wrong or misinterpreted based on the persons personal judgement. 
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3.5 Study of Existing Location Based Information 

Systems 

The current location-based information systems, its dissemination procedures 

and its use in decision making were investigated first hand. The human 

resources structure for creation, provision, dissemination, management, and 

storage of location-based information were investigated. Based on the 

historical account, study the current systems in action help set the scene in 

what has changed. This would indicate how this change has impacted the use 

of location-based information in forestry and its impact on the sustainable 

development of forests. If there has been a negative impact from the change, 

are there any lessons to be learnt from history which can better shape the future 

and if the impact has been positive, how history has shaped this impact and if 

there are ways to make the systems and processes better. 

Limitations: The researcher has close ties to the current systems of location-

based information systems in place within the Ministry, therefore it remained a 

challenge to study it as an independent academic. Repeatedly the researcher 

would drop everything, take a step back, remind himself of being an 

independent academic and then start again. However, the issue remains a 

limitation of this aspect of methodology. 

3.4.1 Participant Observation 

Engaged participant observation is a long-used methodology (Vinten, 1994). 

The methodology has been commonly used to collect data of behaviour, 

responses, reactions, organizational processes, existing systems, and existing 

capacity of organizations (Kawulich, 2005). Robey and Taylor (2018) provide a 

guide on how to conduct participant observation in an environment where a 

researching scholar is an engaged participant. 
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In studying the current systems of location-based information processes at the 

Ministry, a day was spent with the officers of the Ministry in a map reading 

training. The training was held in the Central/Eastern Operations Division of the 

Ministry. This training was held as a refresher to help the officers refresh their 

skills in map reading of harvesting plan maps. Part of the training syllabus also 

included field exercise using a handheld GPS where participants practiced 

locating points of interest in field which were identified on paper maps. 

This observation helped gauge the importance of location-based information 

for the field officers, how it fits in their daily lives as foresters and their individual 

experiences with it. 

Towards the end of the training an informal Talanoa7 session was also held 

with the participants to gauge their experiences of the training and their views 

on the importance of location-based information in their work as foresters. 

These conversations did not count in the earlier methodology of interviews but 

as participant observation. 

A second observation of officers working in the current location information 

provision division of the Ministry (FRAC) was done over the month of July. How 

these officers operate, communicate, their capabilities and their operation 

systems, difficulties faced were studied. 

Limitation: All officers in the training were junior in rank to the researcher 

hence there was a reluctance of open conversation due to the Fijian culture of 

respect for seniority. The trainer was also a subordinate of the researcher hence 

the training on the observation day could have been a bit different from other 

days. This is a particular data bias in terms of getting real data. However, it still 

reflects a great picture of what is happening on the ground. 

7 Talanoa is a term mostly used in Fiji and other Pacific islanders whereby a group of people engage in 
conversation. The aim of Talanoa is to hear each other out while being respectful of everyone’s opinion. 
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In office – all officers were subordinates of the researcher; hence they must 

have been on their toes in their work compared to other days. But at the end of 

the day, it just remains a possibility. 

3.6 Conclusion 

Four key methodologies used in this study (4.2 – 4.5) are qualitative in nature. 

A key limitation of all the methodologies of this study is that the whole 

methodology is focused on the Ministry of Forestry in studying the role of 

location-based information for sustainable development of Fiji’s forests, 

however, there are other organizations/stakeholders who also have authority in 

sustainably managing Fiji’s forests. For example, the iTaukei Land Trust Board 

which is the landlord of all iTaukei land8 in Fiji has the legal authority to manage 

all forests on iTaukei Land in Fiji. Other plantation cooperations which are 

lessee to the iTaukei Land Trust Board - Fiji Pine Limited and Fiji Hardwood 

Cooperation Limited have the legal authority to manage all lands under their 

respective leases. Nonetheless, the Conservator of Forests of the Ministry of 

Forestry in Fiji still does have a critical advisory and consulting role in all these 

organizations, hence the Ministry of Forestry becomes they key organization in 

Fiji responsible for the sustainable management of forests and guiding other 

agencies towards the same on forests which is under their legal authority. 

The limitations identified for each methodology of this study have been best 

attempted to be overcome however some limitations remain and due to time 

constraints of this research they could not be overcome. In future, such studies 

should employ a mixture of qualitative and quantitative methodologies to have 

quantified results for the findings such as exact figures in how many times a 

week a forester at a certain level uses location-based information in their 

decision making. 

8 Almost 87% of Fiji’s total land area is iTaukei Land (Kumari and Nakano, 2016) 
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4.1 Introduction 

There is considerable evidence of location-based information being used in the 

Fijian Forestry sector since the early 1950s with evidence of the Geographical 

Information System since 1991 (Vakacequ, 2015; Frostreatuer, 2022). This 

information has been used to make field decisions, monitor reports, and verify 

forest resources (Vakacequ, 2015). They have also been used to build and drive 

policy level decision making and implementation of policies for the 

sustainability of Fiji’s forests (Vakacequ, 2015; Forstreuter, 2022). However, the 

timeliness, accuracy and quality of these information remain in question 

(Anonymous, 2, 2022). 

Evidence suggests that the development and use of harvesting plan maps, 

forest extent information, forest and nature reserves information have also 

been long used (Vakacequ, 2015; Frostreatuer, 2022; Anonymous, 2, 3, 14, 15, 

2022). These are some location-based information which have always been 

popular within the Ministry as they were always needed for decision making 

(Anonymous, 2, 3, 14, 15, 2022). Over time it has had its difficulties with 

different provision systems and usages. Other locational information needed 

for decision making, such as protected areas, areas of national significance, 

biodiversity hotspots, cultural no go zones, and many others, have also been 

present with other organisations in the country. However, the level of access of 

the Ministry to all this cross sectoral information, its timeliness and 

incorporation into the Ministry’s planning process remains an issue till date 

(Anonymous, 1, 2, 13, 14, 2022). 

It can be concluded that over time - while location-based information has 

continually been used to make decisions for sustainable forestry in Fiji, 

management attention has not been paid particularly to the location-based 

information provision systems and its development until recently. This can be 

seen from the rise and drop of information provision systems at least in two 
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instances (year 2000 and year 2018) since 1991. Transitional arrangements 

and knowledge and skills retainer systems (if any were in place) have not 

worked. 

This chapter presents the findings of the study using the methodologies stated 

in the previous chapter. The findings are described and discussed to provide an 

insight into the information gathered. Each of the subtopics begin with a brief 

reference to the objective it addresses to give context of the findings and 

discussions that follow. All attempts have been made to keep the findings 

anonymous wherever possible, however some references are made to people 

who have agreed for their actual names to be included for this study. 

4.3 Usage of Location Based Information 

These results address the first and second objective of this study which is the 

importance of locational information and its usage in the forestry sector of Fiji. 

The importance of location-based information is quantified here by its usage 

and the type of location information used (if so), and its present usage is 

quantified by the results if its usage. 

All three groups had this first question which asked the respondents questions 

on utilization of location-based information in their work and its frequency. 

For a first the respondents had a Yes/No question to answer if they had ever 

used location-based information in their work. 100% of the responses to this 

question were on Yes. If this sample were to be statistically spread to the 100% 

of the target population, it would mean that there is not a Forester in the Ministry 

who has not at one time or other needed location-based information. 

A follow up question to this was the frequency of usage. Figure 4.1 presents an 

analysis of the results gathered. 
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Figure 4. 1 How frequently is location-based information used in the Ministry. 

The results indicate a good frequency of usage. Almost 70% of the respondents 

have used location-based information in their work one time a week or every 

day. Eighty percent of the respondents use location-based information every 

month one or multiple times. Twenty percent have indicated that they use 

location-based information a few times in a year. 

The above 2 results are a proper indication of the importance of location-based 

information in Forestry. This result also turns our head towards the accuracy 

and timeliness of the location-based information that is being used. If all 

Foresters working towards the sustainable development of Fiji’s forests are 

using location base information in their work, this information should be 

ensured to be at its possible highest accuracy, reliability and efficiency for their 

proper decision making. 

4.4 Type of Location Based Information Used 

These results address the first and second objective of this study which is the 

importance of locational information and its usage in the forestry sector of Fiji. 

The importance of location-based information is quantified here by the type 

of location information used (if so), and its usage is quantified by the 

frequency it is used in. 
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All three groups were given a set of choices and were asked to select all the 

types of location-based information they had used to aid their forestry work. 

The following were the choices: 

 Topographic Map 

 Web Map/ Web Apps 

 Google Earth 

 Harvesting Plan Map 

 VanuaGIS/Vanua View 

 Drones 

 Location description/characteristics/statistics received from a 

colleague (example, area figure) 

 None 

All respondents answered randomly, and the results are analysed are presented 

in figure 4.2. There was no response recorded for the choice ‘None’. 
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Topographic Map 

Web Map/ Web Apps 

Google Earth 

Harvesting Plan Map 

VanuaGIS/Vanua View 

Drones 

Location description/characteristics/statistics 

Figure 4. 2 Type of location-based information used to aid works of Foresters. 

The above figure summarizes all the responses received for the type of 

location-based information used based to aid foresters’ work. These choices 

were allocated in the questionnaire based on the personal knowledge of the 

researcher whereby these are the common types of location-based information 
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used for Forestry work in Fiji. Topographic map took the highest percentage 

followed by Google Earth which has recently become a popular source of 

location-based information (Zhao et al., 2021; Yu and Gong, 2012; Patterson, 

2007). VanuaGIS9 and Drones looked at the lowest percentages. For Vanua GIS, 

the reason may be due to accessibility issues as it requires user credentials for 

access10 which is sought from the Ministry of Lands and is often seen as a hefty 

process for those officers who do not have a network in that Ministry. Drones 

is an emerging development in the Ministry of Forestry and its implementation 

has not been optimized in the whole Ministry, hence it may be the reason that a 

lot of officers are not able to make use of information derived from drones. 

The operation of drones in Forestry also remains a complicated11 and cost 

heavy12 issue due to the risks associated with its operations and its 

requirements to abide by regulations of national aviation authorities (Mohan et 

al., 2021; Liang and Delahaye, 2019; Tang and Shao, 2015; Paneque-Gálvez et 

al., 2014). There are also a lot of limitations to adhere to such as the distance 

that drones can legally be sent to collect data/information. Mohan et al., (2021), 

have stated that a lot of aviation laws do not permit beyond visual line of sight 

operations for drones and wherever it is permitted it does come at a cost. 

4.5 Need for location-based information. 

These results address the first and second objective of this study which is the 

importance of locational information and its usage in the forestry sector of Fiji. 

9 A central web map portal used by the Fijian Government which hosts GIS information 
10 However, it is announced to be freely available without requiring user credentials in the Fiji budget 2022-2023 
(Budget Estimates 2022-2023, 2022) therefore its use may become more popular. 
11 Requires specialized pilot licensing- and has various levels of training/licensing depending on type of operation 
required. 
12 Apart from an expensive product itself, a lot of countries require third party limited liability insurance for 
drone operations (Mohan et al., 2021) 

51 



 

 
 

    

     

   

  

  

    

   

    

   

       

 

  

  

  

  

  

  

   

  

  

   

  

 

    

  

 

  

      

The importance, use and need of location-based information in the Fijian 

forestry sector is quantified here by its need. 

The respondents were given a set of choices and asked for which of those have 

they needed location-based information. They had the option to choose 

multiple and could add their own answer as well by choosing ‘Other’. The 

following were the choices based on common usage of location-based 

information in forestry (Brown, 2004; Baskent and Keles, 2005; Horst, 2006; 

Nordstom, 2011; Modica et al., 2016; Jaafari, 2017; Meyer, 2017). All the 

choices got responses which means that one forester or other no matter at 

what level they were making decisions needed location-based information for 

one or more of the following: 

 Harvesting Planning 

 Harvesting Reporting 

 Forest Establishment (Tree Planting) 

 Planted Areas Monitoring 

 Forest Conservation/Protection/Management Planning 

 Decision making for policy and planning 

 Writing Reports (Scientific/internal/External) 

 Harvesting Permissions 

 Status update reports 

 Other – Forest Certification Planning 

Only one response was received for ‘Other’ option which is stated above. In 

summary, all the above results conform to studies by Jaafari (2017), Meyer 

(2017), Modica et al. (2016), Nordstom (2011) Horst (2006), Baskent and Keles 

(2005) and Brown (2004), which are spread all over the world and have studied 

the same type of location-based information and its applicability to decision 

making for forestry. It is no doubt that location-based information plays a 

particularly vital role in the forest certification process. Kraxner et al., (2017), 
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Kalonga et al., (2016), Elbakidze et al., (2016), Souza et al., (2005) and Sharifi 

and Hussin (2004) are some authors who have discussed the use of location-

based information in decision making for forest certification. Fiji, having already 

certified a large part of its softwood plantation forest under Fiji Pine Limited 

and now working towards certification of its Hardwood products under Fiji 

Hardwood Cooperation Limited (Dranibaka, 2022; Government of Fiji 2022) will 

certainly be having location-based information play a crucial role in the 

decision-making process of forest certification and its implementation. Forest 

certification is a huge step towards the sustainable development of forests 

(Elbakidze et al., 2016; Kalonga et al., 2016) and the two largest plantation 

forest organizations of Fiji being certified whereby location-based information 

playing a crucial role in certification is an indication of the role that location-

based information plays in the sustainable development of Fiji’s forests. 

From the interviews, there was 100% agreement that location-based 

information plays a critical role in a forester’s daily life for decision making. 

Researchers support this agreement worldwide (Jaafari, 2017; Meyer, 2017; 

Modica et al., 2016; Nordstom, 2011; Horst, 2006; Baskent and Keles, 2005; 

Brown, 2004). There is no surprise in this finding as forests are tied to a spatial 

location on Earth and making decisions based on where they are located 

(keeping in mind the features of that particular location) make absolute sense. 

4.8 Spatial Information Management Unit 

These results address the first and second objective of this study which is the 

importance of locational information and its usage in the forestry sector of Fiji 

particularly in the past. The importance of location-based information here is 

quantified here by its usage in the past and the evidence of its usage in the 

past is analysed herein for the second objective of this study. 

Evidence of spatial information exists dating back to 1925-1931 at Ministry 

(Figure 8). 
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Figure 4.3 A map dating back to 1925-1931 found at the Central/Eastern Division Office of the Ministry (July 2022) 

These are maps which were manually plotted and distributed to the operational 

divisions for their use in decision-making. However, according to Forstreuter 

(2022), the spatial information management unit at the Ministry was formed in 

1991 with assistance from the then GTZ, now known as GIZ (Deutsche 

Gesellschaft für Internationale Zusammenarbeit). On the setup of this unit, a lot 

of satellite imagery analysis and landcover detection exercises took place 

which is evident from the reports in the PGRSC newsletters of 1993 to 1999. 

The then GIS and Remote Sensing News newsletter (now known as Pacific GIS 

Islands GIS and RS Newsletter was born from the Ministry of Forestry in 1993 

(Forstreuter, 2022). In the year 1999, the German assistance had run out and 

the Ministry was left on its own (Forstreuter, 2022; Lewai, 2022). In 2002 the 

Ministry employed a graduate Geographer for GIS (location-based information) 

work, who went on through the ranks to leading the Division as Director before 

resigning in the year 2019 (Lewai, 2022). Apart from this officer there were no 

qualified graduates of GIS within the Division. All were foresters who developed 

their GIS knowledge and expertise over time through regional and international 

trainings sponsored as capacity development (Lewai, 2022). In 2019 there were 

a total of five officers in the Division who were highly skilled and had experience 

of ranging from 5 to 10 years each, in the provision of location-based 

information for forestry decision making to foresters of all levels (Pers. 

Comm.). However, of the 5, 4 resigned and went on to greener pastures. This 
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was a massive brain drain for the Division. In late 2018, the Division for the first 

time hired a graduate GIS Officer. This GIS Officer was not able to take over 

from the four who left within a brief period from when he was hired (Pers. 

Comm.). Due to this quick transition in human resource the Division had to start 

all over again in the systems of location-based information management and 

provision for decision making. 

Together with the loss of human resources, this was also a huge loss of 

institutional memory. Coffey and Hoffman (2003) have argued that institutional 

memory loss is a grave issue that may affect an organization's capacity to 

effectively progress its objectives and prevent repeating mistakes of the past. 

Institutional memory provides managers and leaders with historical context, 

which aids in the formation of their visions for the organization's future and 

comprehension of the context of present activities (McGovern and Samuels, 

1998; Coffey and Hoffman, 2003; Lai et al., 2019). It is also true that corporate 

history may be abused and twisted if institutional memory is not properly 

preserved. The history of the organization is a significant asset that must be 

handled correctly. It may be seen as cumulative equity, which symbolizes the 

attitudes and actions of past and present organizational members 

accumulated during the organization's existence. 

However, a change in human resource structure sometimes helps in substantial 

progress so that the mentality of “this is how it has always been done” does not 

exist but new and progressive ways of doing things for better development are 

adopted. This is a possible scenario of the Ministry of Forestry when things 

migrated from paper based to web-based technologies for dissemination and 

use of location-based information in 2019 (Anonymous, 2, 2022). 
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4.9 Human Resources 

These results address the third objective of this study which is to propose 

recommendations for the long-term sustainability of location-based 

information systems in Fiji to aid in sustainable forest management decisions. 

Since FRAC is the current unit responsible for collection, collation, storage, 

analysis, presentation, and dissemination of location-based information in the 

Ministry, these results look at where the unit is currently in terms of its human 

resource capacity. 

Humans are the most important and delicate resources of any organization 

(Fulmer and Ployhart, 2014). The knowledge, experience, skills, and abilities of 

the human resource force of an organization can possibly determine and have 

an impact in the organization’s future (Stone et al., 2015). 

The human resource capability of utilizing location-based information to make 

decisions for sustainable forestry within the Ministry is a key factor to be looked 

at. While there used to be survey sections in the Ministry’s operations Divisions 

in the past, it is possible that professional Cartographers had been employed 

who would plot locational information on maps (Pers. Comm.). These maps 

would be manually analysed, and information would be added to it from the 

field to keep it updated. However, the manual maps are now outdated, and new 

maps (Figure 4.4) are now produced by GIS specialists for special use cases to 

make decisions. 
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Figure 4. 4 A map created by the GIS Officer of the Ministry which will be used for Divisional planning of the Western 
Operations Division. (Source: Ministry of Forestry, 2022) 

Most of the officers employed by the Ministry are specialized foresters hence 

they find it difficult to make decisions based on the maps provided to them 

(Pers. Comm.). Map reading trainings are provided to field officers at least once 

a year by specialised personnel from the Forest Resource Assessment and 

Conservation Division (Pers. Comm.). This is in order to keep their skills on map 

reading fresh as they continue with their specialized forestry work in hand most 

of the time. 

The human resources force of collating13, storing, analysing, and presenting 

location-based information is confined at the Forest Resource Assessment and 

Conservation Division. Currently there are a total of four positions aligned to 

this specific work which are Senior Resource Assessment and Monitoring 

Officer, Forestry Officer (GIS), Forester Harvesting and Planning and Forest 

Guard Mapping (Anonymous, 14, 2022). These officers do all the work of 

13 It is important to note that the role of collecting information lies with every officer of the Ministry. 
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collating, storing, analysing at their division and disseminate information on a 

need basis. 

4.6 Decentralizing FRAC 

These results address to the third objective of this study which is to propose 

recommendations for the long-term sustainability of location-based 

information systems in Fiji to aid in sustainable forest management decisions. 

Since FRAC is the current unit responsible for collection, collation, storage, 

analysis, presentation, and dissemination of location-based information in the 

Ministry, these results indicate the best future that the interviewees see for the 

unit to be sustainable in the Ministry and to serve its purpose in the best 

capacity. 

The discussion of decentralizing FRAC as a Division and integrating parts of it 

in the operations Divisions in order to have a more flawless and harmonized 

flow of location-based information throughout the Ministry also had a 100% 

agreement and its benefits were put forward by many of the interviewees. 

Seven interviewees who have been in the Ministry for more than 20years 

confirmed of the fact that each of the operations division had their own survey 

team in the 1990s who would derive location-based information from land 

surveys formal and informal and would use cartographic practices to plot this 

information on the maps. This information would then be used as criteria in 

making decisions for forestry. Decisions such as where to plant trees would be 

made using these maps. In the 1990s these maps helped make decisions 

where to establish Mahogany and Pine strategically as plantation forests. The 

same plantation forests which were then planted, aided by decisions made 

from maps of the time, are now being harvested and generate millions for the 

Fijian economy today (Anonymous, 15, 2022). The plantations being harvested 

today also provide employment and livelihoods to the rural dwellers of Fiji who 

hardly tend to have white collar jobs and will continue to do so in the many years 
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to come. However, the other side of the coin is that those same decisions if 

made without proper information on location-based information such as 

landowner boundaries are becoming to be a trouble for the plantation forestry 

companies in Fiji. An example is that if a portion for a large plantation falls 

within different land-owning units and over the years there happens to be a rift 

in the landowners due to some personal issues, the harvesting operations 

maybe affected as the landowners start to claim funds for the harvesting 

operations which may rightfully not belong to them. In the absence of proper 

location-based information, this is a very delicate issue to solve. 

4.7 NFMS 

These results address to the third objective of this study which is to propose 

recommendations for the long-term sustainability of location-based 

information systems in Fiji to aid in sustainable forest management decisions. 

Since NFMS as a central system collection, collation, storage, analysis, 

presentation, and dissemination of location-based information in the Ministry 

already exists, these results indicate the best future that the interviewees see 

for the unit to be sustainable in the Ministry and to serve its purpose in the 

best capacity, keeping in mind whether the NFMS will play a role in the same. 

The National Forest Monitoring System (NFMS) (developed by an external 

consultant) is already in place, but it is not fully integrated and deployed into 

the Ministry as of July 2022 (Pers. Comm.). The NFMS is designed in such a 

way that it harmonises all forestry data into a central system whereby it is 

collected, collated, stored, manipulated, analysed, presented, and disseminated 

(Figure 7). The NFMS includes systems of data input and report generation as 

well. 

59 



 

 
 

 
    

  

     

   

    

 

Figure 4.5: NFMS components - Deployment diagram (Source: Ministry of Forestry, 2022) 

The NFMS, if comes into play will be the greatest of tool in location-based 

decision making for sustainable forestry in Fiji (Anonymous, 1, 3, 14, 2022). A 

lot of the interviewees are not aware of the NFMS in place for the Ministry hence 

they were not able to present their specific views on it but had general 

comments. However, five interviewees who were familiar with the NFMS 
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development had different specific views of it. One interviewee was confident 

that the NFMS will solve the issues of location-based information, collection, 

storage, and dissemination. Two interviewees were hopeful that the NFMS 

should solve all problems of data harmonization within the Ministry for 

decision-making if it operates in its full capacity as per the structure and design 

of it. One interviewee was (maybe) and the fifth interviewee was of the view that 

we will have to wait and see once it is operational. There is still a lot of 

confusion as to when the NFMS will be fully integrated and deployed in the 

Ministry and a lot of officers are waiting to see the role that NFMS may play in 

their daily lives. Since the integration and deployment has not been done yet 

there seems to be a lot of wondering in the air going about. Some officers are 

hopeful that it will make lives easier, some do not know at all how it will shape 

their daily work and the others are eager to see how it makes decision making 

effective, efficient, and quick in their role as foresters. While there is much hope 

from the NFMS, the conclusion to its role in the current system is that it is still 

somewhat of a myth for the Ministry, however it is a myth which if comes true 

may prove to be the most viable solution to all data problems of the day. 

4.10 Analysing Locational Information 

These results address the second and third objective of this study which is to 

propose recommendations for the long-term sustainability of location-based 

information systems in Fiji to aid in sustainable forest management decisions. 

These results discuss the analysis component of locational information for 

current and future usage focusing on software and human resource capability 

and looks in its future directions. 

One of the most important aspects of using location-based information for 

decision making is analysing it in order to see its underlying information for 

decision making (Greene et al., 2011). While it is evident from the survey results 

that all officers of the Ministry have needed location-based information at one 
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time or another for their decision making, how much of this information was 

secondary (analysed) information to gain insight into specific information is 

unclear. The technical capacity of analysing location-based information using 

GIS/RS techniques is mostly confined at the Forest Resource Assessment and 

Conservation Division (Anonymous, 2, 13, 14, 2022). However, the Ministry has 

initiatives in place to train staff on the use of GIS software. Survey results 

(Figure 4.6) on staff who have received GIS training while working for the 

Ministry indicate that 40% staff have had GIS software training while working 

for the Ministry but a majority 60% have not had any training. 

Figure 4. 6 Officers who attended workshops or training in use of GIS software while being employed by the Ministry. 

The GIS analyst (Forestry Officer (GIS)) of the Ministry (while being the 

custodian of all location-based information (Pers. Comm.) is also responsible 

for analysis and presentation of all location-based information seems like 

having all eggs in one basket (Pers. Comm.). 
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Multi criteria decision making using location-based information for forestry as 

seen in Phua and Minowa (2005), Temiz and Tecim (2009), Greene et al. (2010) 

and Tahri et al, (2021), has proven to be immensely helpful in making 

sustainable decisions. 

4.11 Technological Capacity 

These results answer the second and third objective of this study which is to 

propose recommendations for the long-term sustainability of location-based 

information systems in Fiji to aid in sustainable forest management decisions. 

These results present and discuss the technological capacity of collection, 

collation, storage, analysis, presentation, and dissemination of locational 

information for current and future usage focusing on software and human 

resource capability and looks in its future directions. 

Location based information today has gone digital in the form of Geographic 

Information Systems. These systems require intensive software and hardware 

to support their operations. While the Ministry has existing capacity in terms of 

software and hardware used to collect, collate, analyse, and present location-

based information, storage remains a major issue. It has been noted from 

observation that there is no central storage system for location-based 

information. A particular noting is that all (4) GIS officers at the Forest Resource 

Assessment and Conservation Division have their own portable storage devices 

for storing location-based information. This develops the problem of 

overlapping work and different versions of information whereby if one officer 

updates a dataset of information the other will not have a copy of it unless 

physically supplied with. 

4.12 Conclusion 

The following can be summarized from the results discussed in this chapter: 
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1. All Foresters who work towards the sustainable management of Fiji’s 

forests believe that they need location-based information for their 

decision making. 

2. All Foresters who work towards the sustainable management of Fiji’s 

forests use location-based information for their decision making at one 

point or other. 

3. The deployment of Fiji’s National Forest Monitoring system, which is to 

be the hub for forestry location-based information collection, collation, 

storage, analysis, and presentation is currently bleak. 

4. The unit responsible for forestry spatial information management in Fiji 

has undergone through drastic changes in human resources and its 

future is bleak. 

5. There is a human resource capability gap in proper utilization of location-

based information for sustainable forestry decision making. 

6. There is a gap in systems of proper, collection, storage, and 

dissemination of forestry location-based information in Fiji which can 

possible be filled with the deployment of the National Forest Monitoring 

System. 
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CHAPTER 5: 

RECOMMENDATIONS 

AND CONCLUSION 
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5.1 Introduction 

Findings of this study were presented and discussed in the last chapter. This 

chapter presents a recommendation model for the way forward for a 

sustainable future of using location-based information in Fiji (third objective). It 

provides recommendations on key aspects to focus on and will conclude by 

looking at the limitations of this study and future prospective studies. 

5.2 Organizational Structure and Human Resources 

Having studied the current organizational structure and human resource 

systems in place for collection, storage, analysis, and dissemination of location-

based information it can be concluded that the current organizational structure 

is not in the best state for smooth organizational process of information 

collection, storage, analysis, and dissemination for decision making at all 

levels. 

Concentrating the capacity and human resource ability of collection, storage, 

analysis, and dissemination of location-based information at FRAC is making 

life difficult for the operational division officers. When they need any of this 

information to be collected, analysed, and presented or submitted to FRAC they 

face the technical skills gap where again they have to rely on FRAC for the 

same. At this instance when they reach out to the FRAC Division for assistance, 

the FRAC Division treats it as a request and gives it a priority level based on 

their other deliverables as a Division. This delays the process of locational 

information access to the Divisional officers and at times due to the complexity 

of time they end out making decisions based on other criterion other than 

location. 

The operational division officers are the source of all raw location-based 

information and any policy decision that is made from it falls back on them for 

implementation. As learnt from the past, it is recommended that FRAC be 

decentralized, and one specialized skills officer (GIS Officer) be based at each 
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Operational Division. This officer will act as a point of contact for FRAC for all 

collection, storage, and dissemination of good quality location-based 

information to the technical foresters for their informed decision making. This 

would also ensure that a brain drain at FRAC (as seen in 2018) may not possibly 

have a direct impact on the operational divisions and they can continue their 

operations as usual using the location-based information from the GIS Officer 

based at their division. Another advantage of this arrangement would be the 

timely flow of information to and from FRAC for the operations division as they 

would have an in-house technical capability of data collection, storage, and 

dissemination skills. 

The second recommendation is based on the role of FRAC in the Ministry. FRAC 

acts as a data bank for the Ministry where all data is housed. It is expected that 

at any point in time any requirement of Forestry data of Fiji should come 

officially only from FRAC within the Ministry (Anonymous, 2, 3, 4, 9, 13, 14, 15, 

2022). Having this in mind, this division cannot be classified as a part of 

Research and Development but rather something as information services. 

There is agreement in a lot of officers that FRAC should be part of the 

Operations Division or report to the Conservator of Forests direct as an 

Executive Support Division which would provide real time information for 

critical decision making, most of which is location based and analysed based 

on its locational characteristics. Hence it is recommended that the role of FRAC 

in the Ministry be revisited by executive management so as to position it in a 

way that it serves its rightful purpose under the right authority and guidance 

without any other influence (Klimach and Pietkiewicz, 2022). 

5.3 IT Infrustructure 

The current location-based information systems of data collection, collation, 

analysis, and presentation is comprised of propriety software (ESRI Products). 
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This incurs an annual subscription fee which falls on the Fijian taxpayer. A 

transition to open-source software for all of these activities should be made. 

This will ensure three key things; 

1. The burden of the annual subscription will be lifted, and that money can 

be used elsewhere in a better cause. 

2. Since the burden of subscription is lifted, the open-source software will 

be everlasting as all its functionality and code is on openly available on 

the internet. This will make the systems future proof and its operations 

will be easier compared to propriety software which many a times needs 

specialized training. 

3. There will be more control of the system design and functionality locally. 

However, open-source software and systems of location information collection, 

collation, analysis, visualization, and dissemination comes with its set of 

disadvantages as well. First is that since open-source software is based on 

open code and relies on coding for its functionality a qualified programmer 

would be best to set it up and always oversee its smooth operations. The 

second is the security issues myth tagged to open-source systems which a lot 

of government organizations tend to veer away from as it puts official 

government data at risk and poses a security threat to the systems it is 

operated on for security breaches and data theft. However, with the right 

security protocols in place security is something which can be assured only to 

a certain level in either propriety or open source. Security is always a risk; its 

mitigation should be a priority in this case. 

On this note, it should be mentioned that it is best that the National Forest 

Monitoring System (NFMS) as the central data bank for all Ministry data should 

be given priority in operations. This system should be enhanced with the latest 

available technologies. Since the system is already built on open-source 

software. The NFMS, although built on open-source software and system, is an 

already approved government system, which will save the hassle of getting 
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another such open-source system to get approved for use within government 

operations, hence for it to be operational and integrated into the Ministry’s 

workflow will possibly solve all data flow issues and problems. 

5.4 Documentation 

The fast-paced development and integration of modern technology into 

organizations such as the Ministry of Forestry consists of complicated 

workflows and its long run maintenance requires its in-depth knowledge. 

Having this in mind, the loss of institutional knowledge can have an impact in 

the continued operations of such systems. There is little to no documentation 

currently existing within the Ministry hence the risk of losing the progress when 

there is a change in human resource remains at extreme prominent levels. It is 

recommended that thorough documentation be prepared, agreed to, stored, 

and updated regularly for all workflows regarding the location-based 

information systems, its collection, storage, collation, analysis, visualization, 

and dissemination. Haddadpoor et al, (2015) have well described in their paper 

the role and importance of the documentation process in organizations. Proper 

documentation will also ensure that a brain drain (like in 2018) will not hinder 

the organizations progress in the yester years. The documentation will also 

exist like an institutional memory and will help in learning from the things of 

past to make informed decisions of the future. 

Establishing documentation is not a complicated process. Documentation 

maintenance (update) and proper storage should be made standard operating 

procedure for FRAC staff who are the current key human resource for location-

based information. The documentation should include the current operating 

procedure, methodologies and steps used for various processes such as the 

collection, storage, collation, analysis, visualization, and dissemination of 

location-based information. 
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The NFMS has some basic documentation of its structure and operations 

already which should be used as a guide for documenting all the other 

operations and workflows in regard to location-based information. From an 

executive point of view, this documentation will also help track the impact and 

importance of location-based information which can better shape the decisions 

regarding the future of such systems. 

5.5 Model of Recommendations 

to facilitate the practical application of these research findings Table 5.1 shows 

areas which need attention for a sustainable location-based information 

system for decision-making. The table also shows priority levels for these areas 

in the case of Fiji but could be adapted to other environmental fields or 

locations with some additional desk-based research. High priority areas are 

ones which need immediate attention, medium priority areas ones which need 

to be attended to in the next 3 years and low priority areas should be attended 

to in no less than 5 years. These priority levels are derived from the impact 

these changes/implementations will have on the system and ensure its long-

term sustainability. 
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Table 5. 1 Model of Recommendations and its priority levels. 
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From the research four areas of high priority have been identified while three 

are of medium priority and two are of low priority. The high priority 

recommendations will ensure that there is no immediate failure of the system, 

and it will remain in place with all locational information flowing through the 

system for use in decision making. The medium and low priority 

recommendations will ensure that the system remains sustainable in the long 

run. 

This model is designed in such a way that it can be easily adapted to changing 

needs and technological advancements of this sector in Fiji and can also be 

applied to any sector in the world which uses location-based information to aid 

decision making. Sectors which can adopt this model for a sustainable 

location-based information system are of a long list, but the following is to list 

a few: 

1. Marine Planning 

2. Urban Planning 

3. Disaster Management 

4. Environment Management 

5. Land Management 

6. Environment Conservation 

7. Public Health 

8. Water Security 

5.5.1 Measuring Implementation of Recommendations 

The recommendations stated in the last section can be measured in 

organization specific ways depending on the dynamics of implementation and 

adoption of location-based information systems. Table 5.2 shows an example 

of a way in which the first focus area of the first priority can be measured: 

72 



 

 
 

 

   Table 5. 2 Measuring the recommended priority areas. 
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5.6 Limitations 

Some key limitations of this study (apart from the ones already discussed in 

the methodology) are as follows: 

1. The close relation of the researcher with the area of study – while all 

attempts were made to conduct this study as an academic the possibility 

of bias in the fact that the researcher is professionally associated with 

the subject and study area remains. The fact that the researcher can 

possibly use the findings of this study in shaping the future of this very 

organization while being its employee could have also impacted and 

guided some of the findings of this study especially in the semi 

structured interviews where the researcher could have possibly tried to 

drive the interviewees in concluding the future of location-based 

information systems in a way the researcher wants it future to be. 

2. Methodology – the methodology in a lot of ways could have been made 

better should there have been more time. More information could have 

been collected, properly documented, and analysed as results. 

5.7 Conclusion 

The outcomes of the study have met all the objectives set in the beginning of 

this study with the possible limitations as identified in the previous section of 

this chapter. However, a summary of the outcomes of the objectives are 

presented in table 5.3 below: 
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Table 5. 3 Objectives and outcomes of this study. 

75 



 

 
 

  

  

 

    

  

    

    

     

 

 

  

 

 

 

 

5.8 Future Studies 

Future studies can focus on narrowing down these objectives and quantifying 

the impact that location-based information makes in making sustainable 

decisions for forestry. It should establish the importance of location-based 

information, the type of information needed and how it is being used to make 

what types of decisions in forestry sectors. It can also establish the difference 

between decisions which are made by using location-based information and 

the decisions which are omitting location-based information as a criterion in 

decision making. Its impact on sustainable development should also be 

measured and recommendations for best practice be made. Table 5.4 shows 

details of a few future studies which could be undertaken. 

Table 5.4 Details of Future studies which could be undertaken. 
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APPENDIX 

Interviewee Details 

ID Years in 
Ministry 

Comments What do you think is 
the value of location-
based information in 
a forester’s daily 
field life. 

Do you think 
Decentralizing FRAC to 
have a GIS Officer/Data 
Officer in each division will 
be a good idea. 

What is your 
opinion of the 
current data flow 
within the Ministry 
of location-based 
information? 

Do you think NFMS 
will solve the 
problem? 

Anon1 1 Highly educated, 
qualified and 
experienced 
professional. 

Can’t do sustainable 
forestry without it 

Best Idea Bleak -NFMS can 
possibly solve the 
problem 

Maybe 

Anon2 28 Spent most time in 
research division but 
has been in executive 
leadership in recent 
years. 

Needs it daily Definitely Need restructure Will have to wait and 
see 

Anon3 32 Spent most time in 
operations division but 
has been in executive 
leadership a lot of 
years as well. 

Is a good decision-
making support tool 

Definitely NFMS will solve 
problems 

Yes 

Anon4 23 Spent most time in HQ 
on executive suport 
but also has extensive 
research and 
operations division 
experiences. 

Is needed for making 
good judgements 

Definitely Data flow is not 
systemized 

It should 
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Anon5 13 Spent most time in 
research division. 
Recently joined senior 
leadership in 
operations division. 

Very important Best Idea - -

Anon6 10 Spent most time in 
operations division. 
Recently joined 
leadership in research 
division. 

Extremely necessary 
for good forestry 

Definitely Data flow needs to 
be systemized 

-

Anon7 23 Spent most time in 
research division but 
has experience of 
operations divisions 
as well. 

Needed for making 
sound decisions 

Definitely Data flow needs to 
be systemized 

-

Anon8 8 Spent most time in 
research division but 
has experience of 
operations divisions 
as well. 

Plays an important 
role 

Definitely Data flow needs to 
be systemized 

-

Anon9 13 Spent most time in 
research division. 
Recently joined senior 
leadership in 
operations division. 

Needed in real time Best Idea Data flow needs to 
be systemized 

-

Anon10 17 Always been in 
operations division. 

Important Definitely Data flow needs to 
be systemized 

-

Anon11 11 Always been in 
operations division. 

Needed Definitely Data flow needs to 
be systemized 

-

Anon12 23 Always been in 
operations division. 

Plays a crucial role Definitely Data flow needs to 
be systemized 

-
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Anon13 15 Spent most time in 
operations division 
having joined research 
division recently. 

Not a good forester 
without it 

Definitely Data flow needs to 
be systemized 

-

Anon14 32 Spent most time in 
operations division but 
has been in executive 
leadership a lot of 
years as well. 

An essential support 
tool for decision 
making 

Definitely Data flow needs to 
be systemized 

It should. 

Anon15 32 Spent most time in 
research division but 
has been in executive 
leadership a lot of 
years as well. 

Plays a very 
important role in their 
daily work 

Best Idea Data flow needs to 
be systemized 

-
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	CHAPTER 1: 

	INTRODUCTION 
	INTRODUCTION 
	1.1 Introduction 
	1.1 Introduction 
	Sustainable Development is development that satisfies the requirements of the present without jeopardizing future generations' capacity to satisfy their own needs (Mitlin, 1992; Chichilnisky, 1997; Jabareen, 2008; United Nations, 2015). Sustainable Development Goals (SDGs) is the global pursuit of ecologically, economically, and socially sustainable development (Schmidheiny, 1992; Oladele, 2002; Sullivan et al., 2018; Eisenmenger et al., 2020). Sustainable Forest Management is a key indicator of the 15th su
	Decision making is an essential aspect of sustainable development (Gardner, 1989; Dernbach, 2003; Aras and Crowther, 2009; Waas et al., 2014; Bolis et al., 2017; Dos Santos et al., 2019). Our future and the future of our generations are dependent on the choices we make every day, which turn into decisions (Gardner, 1989; Dernbach, 2003; Bolis et al., 2017). Informed decision-making helps make effective and efficient decisions (Conroy and Peterson, 2013). The decisions that we make for our environment have a
	Forests form an integral part of our environment and are home to most of the world’s terrestrial biodiversity (Food and Agriculture Organization of the United Gordon, 2008; Nations, 2020). The global forest extent was estimated to be approximately 4,128 million hectares in 1990 (University of Melbourne, 2015). However, there has been a gradual decrease in forest extent since then, with the Food and Agriculture Organization of the United Nations (2020) estimating that approximately 420 million hectares of fo
	Forests form an integral part of our environment and are home to most of the world’s terrestrial biodiversity (Food and Agriculture Organization of the United Gordon, 2008; Nations, 2020). The global forest extent was estimated to be approximately 4,128 million hectares in 1990 (University of Melbourne, 2015). However, there has been a gradual decrease in forest extent since then, with the Food and Agriculture Organization of the United Nations (2020) estimating that approximately 420 million hectares of fo
	uses between 1990 to 2020. Having the above in mind it is important to note that the global annual rate of forest loss also declined significantly, being sixteen million hectares in the 1990s and down to ten million hectares between the years 2015 to 2020 (Food and Agriculture Organization of the United Nations, 2020). Scientists and academics have not yet given a scientific explanation of the reason for this decline, however, there is a possibility that this is the outcome of good management of the world’s

	Although the need to protect and conserve natural resources for future generations had long been widely alluded to, the concept of sustainability began to increase in importance at the end of the 1980s (Martin and Diez, 2012). Sample and Sajdo (1996) have cited Heske (1938) to state that the origins of the term 'Sustainable Forest Management' can be found in 18century Europe. Sustainable Forest Management (SFM) has been given many definitions over the years (Sayer et al., 1997; McDonald and Lane, 2004; Goug
	th 

	The decisions made for the management of the world’s forests range from a forester in the field who plans a reforestation or logging activity right up to the top tier decision-makers who decide on policies and regulations for the world's sustainable development. A key aid to these decision-makers is location-based information such as maps, locational statistics (example; extent of forests, changes in the extent of forest, deforestation rates, afforestation rates), future projections/predictions, and past in
	Studies have shown that making decisions to sustainably manage forests usually relies on spatial information (Varma et al., 2000; Ishtiaque, et al., 2020). Spatial information is defined as information related to a location or any geographic area (Kuhn, 2012). Analysis and visualisation of spatial information can help measure, monitor, report, and verify the status of forest resources. This process is known as Monitoring, Reporting and Verification (MRV). Essential information such as the location of forest

	1.1 Small Island Developing States 
	1.1 Small Island Developing States 
	Small island developing states (SIDS) of the world may have difficulty in achieving sustainable development due to their ecological sensitivity and economic vulnerability (Campling and Rosalie, 2006). Climate change remains the most serious threat to the environment and sustainable development in SIDS (Julca and Paddison, 2010; Thomas et al., 2020). Much of the world is aware of SIDS's long-term development problems and obligations and it has been on the global agenda since the 1992 Rio Earth Summit. It is 
	Forests contribute considerably to the national economy and international commerce in wood and non-wood forest products for the majority of the bigger 
	islands (Hansda, 2009). SIDS are well endowed with forests as a group, although the degree of forest cover varies substantially amongst island nations. While the combined forest cover of SIDS is modest in global terms, forests and trees on these islands are critical to the occupants' well-being (Wilkie, 2002). Furthermore, forest resources on numerous islands are of international significance in terms of their function in biological diversity conservation, particularly endemic species, and genetic variety (

	1.2 Case of Fiji 
	1.2 Case of Fiji 
	Fiji, a small island developing state in the South Pacific, has more than 60% of its terrestrial land area covered by forests (Figure 1.1). In Fiji, the Ministry of Forestry is responsible for the Sustainable Management of Forests (Ministry of Forestry, 2021) 
	Figure
	Figure 1. 1 Forests of Fiji in 2020 (Source: Ministry of Forestry, Fiji) 
	The country has used spatial information for forest-related decision-making for over three decades (Vakacegu, 2015). Delineation of forest area extent and changes in the extent (deforestation/reforestation), different forest types (lowland, upland, cloud, openand closed) have been used for decision making and international reporting. Maps dating back to 1925 can be found in the Ministry archives today, which is evidence of the long relationship between forestry and spatial information. In addition, field-le
	1
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	as Management Services Division) is responsible for collecting, manipulating, analysing, verifying, reporting, and disseminating Fiji’s forest spatial information (Pers. Comm.). The Forest Resource Assessment and Conservation Division operates as a support system and data bank for the three operational Divisions (Map 2) and all other parts of the Ministry. 
	Figure
	Figure 1. 2 Operations Divisions of the Ministry 
	Geographical information systems, a system used to store, manipulate, analyse, and present spatial data (Goodchild, 1987), was first set up at this Unit in 1991. This system was set up with assistance from the then GTZ, now known as GIZ (Deutsche Gesellschaft f Internationale Zusammenarbeit) and was the first of its kind in the Pacific Islands country region (Forstreuter, 2022). It was set up to assist in making effective and efficient decisions for the sustainable management of forest resources using spati
	Geographical information systems, a system used to store, manipulate, analyse, and present spatial data (Goodchild, 1987), was first set up at this Unit in 1991. This system was set up with assistance from the then GTZ, now known as GIZ (Deutsche Gesellschaft f Internationale Zusammenarbeit) and was the first of its kind in the Pacific Islands country region (Forstreuter, 2022). It was set up to assist in making effective and efficient decisions for the sustainable management of forest resources using spati
	Fijians took over (Lewai, 2022). From an analysis of publications in the PGRCS Newsletters, spatial information played a crucial role in decision-making for sustainable forest management in Fiji in the 1990s. However, in the 2000s, when the Germans had left, the division struggled in the task. For example, mapping for the National Forest Inventory 2005 took nine years to complete, and the maps were finally published in 2014. In late 2018 the Ministry recruited a qualified GIS officer who established web map
	-


	Figure
	Figure 1.3 Three different periods that the Ministry of Forestry's spatial information management unit underwent since 1991 (Developed by the author from Wolf, 2022, Pers. Comm.; Lewai, 2022, Pers. Comm.; Anonymous, , 2022, Pers. Comm.). 
	Figure 1.3 Three different periods that the Ministry of Forestry's spatial information management unit underwent since 1991 (Developed by the author from Wolf, 2022, Pers. Comm.; Lewai, 2022, Pers. Comm.; Anonymous, , 2022, Pers. Comm.). 


	Keeping time constraints in mind, this study will only focus on the Ministry of Forestry in Fiji. Although other stakeholders have a role in the Forestry industry of Fiji but as earlier stated, the Ministry is responsible and leads the protection, conservation, management, and sustainable development of Forests. 
	Forests found from sea level to 400m altitude (Mueller-Dombois and Fosberg, 2013). Forests found between 400m to 600m altitude (Mueller-Dombois and Fosberg, 2013). Forests found above 800m altitude (Mueller-Dombois and Fosberg, 2013). Forests having a canopy density of 10% to 40% (Ministry of Forestry, 2020) Forests having canopy density of more than 40% (Ministry of Forestry, 2020) 
	Forests found from sea level to 400m altitude (Mueller-Dombois and Fosberg, 2013). Forests found between 400m to 600m altitude (Mueller-Dombois and Fosberg, 2013). Forests found above 800m altitude (Mueller-Dombois and Fosberg, 2013). Forests having a canopy density of 10% to 40% (Ministry of Forestry, 2020) Forests having canopy density of more than 40% (Ministry of Forestry, 2020) 
	Forests found from sea level to 400m altitude (Mueller-Dombois and Fosberg, 2013). Forests found between 400m to 600m altitude (Mueller-Dombois and Fosberg, 2013). Forests found above 800m altitude (Mueller-Dombois and Fosberg, 2013). Forests having a canopy density of 10% to 40% (Ministry of Forestry, 2020) Forests having canopy density of more than 40% (Ministry of Forestry, 2020) 
	Forests found from sea level to 400m altitude (Mueller-Dombois and Fosberg, 2013). Forests found between 400m to 600m altitude (Mueller-Dombois and Fosberg, 2013). Forests found above 800m altitude (Mueller-Dombois and Fosberg, 2013). Forests having a canopy density of 10% to 40% (Ministry of Forestry, 2020) Forests having canopy density of more than 40% (Ministry of Forestry, 2020) 
	Forests found from sea level to 400m altitude (Mueller-Dombois and Fosberg, 2013). Forests found between 400m to 600m altitude (Mueller-Dombois and Fosberg, 2013). Forests found above 800m altitude (Mueller-Dombois and Fosberg, 2013). Forests having a canopy density of 10% to 40% (Ministry of Forestry, 2020) Forests having canopy density of more than 40% (Ministry of Forestry, 2020) 
	Forests found from sea level to 400m altitude (Mueller-Dombois and Fosberg, 2013). Forests found between 400m to 600m altitude (Mueller-Dombois and Fosberg, 2013). Forests found above 800m altitude (Mueller-Dombois and Fosberg, 2013). Forests having a canopy density of 10% to 40% (Ministry of Forestry, 2020) Forests having canopy density of more than 40% (Ministry of Forestry, 2020) 
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	1.3 Relevance of the study 
	1.3 Relevance of the study 
	The outcomes of this study may influence policy and planning for proper administration and operation of spatial information management units in small developing states. It can also provide a basis for investment into spatial information systems by giving an insight into the importance of spatial information for the overall decision-making process and the sustainable 
	The outcomes of this study may influence policy and planning for proper administration and operation of spatial information management units in small developing states. It can also provide a basis for investment into spatial information systems by giving an insight into the importance of spatial information for the overall decision-making process and the sustainable 
	management of forests. The study also provides recommendations for best practices and the proper establishment and running of a spatial management unit to provide real-time data using the latest technology available. 


	1.4 General Aim 
	1.4 General Aim 
	This study aims to explore location-based information's role in decision-making for sustainable forest management in Fiji. Since Fiji has a long history of using location-based information in forestry it is essential to explore the influence of location-based information on decision-making till now. How this information contributed to the conservation of forests, protection of forests, sustainable harvesting of forests, measurement, reporting, and verification of forests, and in decision making for sustaina

	1.5 Specific Objectives 
	1.5 Specific Objectives 
	Specifics objectives of this study are as follows: 
	1. 
	1. 
	1. 
	To assess the importance of locational information in decision making for forest management and its contribution towards sustainable forest management. 

	2. 
	2. 
	To diachronically evaluate the present and past use of location-based information in the Fijian forestry sector. 

	3. 
	3. 
	Propose recommendations model for the long-term sustainability of location-based information systems in Fiji to aid in sustainable forest management decisions. 



	1.5 Conclusion 
	1.5 Conclusion 
	This chapter has briefly introduced the research establishing the core themes of this research. The next chapter looks into the literature relevant to the objectives of this study and identifies the gaps in literature which were 
	This chapter has briefly introduced the research establishing the core themes of this research. The next chapter looks into the literature relevant to the objectives of this study and identifies the gaps in literature which were 
	investigated in this research. The methodology used in this research is discussed in the third chapter. The fourth chapter details and discusses the findings of the research. The last chapter presents recommendations for location-based information systems in the Fijian forestry sector guiding towards its sustainable future based on the findings of this study and summarizes the research. 

	CHAPTER 2: 

	LITERATURE REVIEW 
	LITERATURE REVIEW 
	2.1 Introduction 
	2.1 Introduction 
	This chapter reviews relevant literature of the subject matter for this research. Firstly, the objectives and its relevant literature questions are discussed to give an insight into what literature may be looked for that is relevant to this study. . brief overview of how the literature review was conducted is discussed. The chapter goes on to present findings from literature which are relevant to the objectives before concluding with a summary of the literature review and identifying the gaps existing in li
	A 


	2.2 Literature Review Methodology 
	2.2 Literature Review Methodology 
	Literature review for this research (apart from that applied as methodology) was solely based on internet search. Google Scholar was the main source of literature search based on key words extracted from the objectives of this research. Compared to other online databases such as Web of Science, UWTSD Library Catalogue and others, Google Scholar seemed the easiest to use. Google Scholar is a free to use search engine that collates academic material (articles, research publish9ings, books, conference proceedi
	years and sorting is applied to sort from ‘Most Recent’ or ‘Oldest’. Other key 
	advantages for reasons why Google Scholar was chosen compared to other databases is that Google Scholar provides quick insights of materials such as 
	‘Cited by’ which shows a result of all articles that cited the chosen article, ‘Related Articles’ which shows all related articles of the chosen articles, and versions of the chosen article. These were useful tools for the researcher for a quick dive in the topic of interest. Delgado Lez-Czar et al., (2019) have concluded in their study that Google Scholar has opened an entire world of 
	‘Cited by’ which shows a result of all articles that cited the chosen article, ‘Related Articles’ which shows all related articles of the chosen articles, and versions of the chosen article. These were useful tools for the researcher for a quick dive in the topic of interest. Delgado Lez-Czar et al., (2019) have concluded in their study that Google Scholar has opened an entire world of 
	academia to every person in the world looking at its geographic coverage, inter disciplinary academic sources and the collation of the most journal databases in the world in one search engine. 

	In the instance where a literature of interest could not be accessed openly, access privileges of the University were used to access the material for review 
	via the University’s online library database/catalogue. In the instance where the material of interest was not available via the University’s online library 
	catalogue/database the University did have an option where a request could be sent to the librarian for access to articles which were not available via the online library database, however on personal experience, this seemed to be a time consuming process, hence, for such articles the corresponding author for the article was contacted via email to get access to the article and in all instances the authors happily shared their articles. 
	Table 2.1shows the keywords searched for each of the subtopics discussed in this chapter. 
	Figure
	Table 2. 1 Literature search keywords. 

	2.3 Structure of Literature Review 
	2.3 Structure of Literature Review 
	With the time limitations of this study, it was important to identify the specific literature topics that will be looked at for review to save time. To do this, a breakdown of key words and topics of interest from the objectives is presented below with its discussion. 
	i. 
	i. 
	i. 
	Sustainable 
	Forest 
	Management 
	– the 
	review 
	of 
	this 
	topic 

	TR
	investigates the history of sustainable forest management, what it 

	TR
	means, its definitions in literature, and the context in which it will 

	TR
	be defined for this study. 

	ii. 
	ii. 
	Importance of Decision Making for Sustainable Development – 

	TR
	the review of this topic includes sustainable development as a 


	concept, decision making as a concept and the role that decision 
	concept, decision making as a concept and the role that decision 
	concept, decision making as a concept and the role that decision 

	making plays in sustainable development. 
	making plays in sustainable development. 

	iii. 
	iii. 
	Spatial Information for Decision Making – this topic reviews the 

	TR
	role and importance of location-based information in decision 

	TR
	making, having particular focus in forestry (sustainable forest 

	TR
	management) 
	and 
	environment 
	conservation, 
	protection, 
	and 

	TR
	management. 

	iv. 
	iv. 
	Organizational Structure for Flow of Decision-Making Information 

	TR
	– this 
	topic 
	the 
	organizational 
	structure 
	for 
	flow 
	of 
	spatial 

	TR
	information systems from studies around the world. 

	v. 
	v. 
	Institutional 
	Knowledge 
	– this 
	topic investigates 
	literature 
	of 

	TR
	retaining 
	knowledge 
	and 
	skills 
	in 
	organizations. 
	Both 
	the 

	TR
	advantages and disadvantages of this are discussed. 

	vi. 
	vi. 
	Spatial Data Infrustructure – this topic investigates literature of 

	TR
	spatial 
	data 
	infrastructure 
	systems, 
	its 
	operations, 
	and 

	TR
	complexities. 



	2.4 Sustainable Forest Management (SFM) 
	2.4 Sustainable Forest Management (SFM) 
	As early as the 17century, the harmful impact of the previous use of forest resources and the necessity for future generations to continue using these resources had gained the scientific community’s attention (Glacken, 1976, as cited in Martin and Diez, 2012). Increased environmental consciousness and increasing scientific understanding of environmental degradation have affected society’s values and global policy, which have impacted forest management aims in the 20century (Wang and Wilson, 2007). However, 
	As early as the 17century, the harmful impact of the previous use of forest resources and the necessity for future generations to continue using these resources had gained the scientific community’s attention (Glacken, 1976, as cited in Martin and Diez, 2012). Increased environmental consciousness and increasing scientific understanding of environmental degradation have affected society’s values and global policy, which have impacted forest management aims in the 20century (Wang and Wilson, 2007). However, 
	th 
	th 

	era of 1980s and 1990s, Martin and Diez (2012) conclude that they all are just refining the definition of sustainable development given by the Brundtland Commission (1987, p. 37) “development that meets the needs of the present without compromising the ability of future generations to meet their own needs” 

	to apply it to forests. 
	Goal 15.2 of the United Nations Sustainable Development Goals (UN SDGs) 2015 is to “promote the implementation of sustainable management of all types of forests, halt deforestation, restore degraded forests and substantially increase afforestation and reforestation globally” (United Nations, 2015, p. 27). There are numerous definitions for SFM, all of which are dependent on the context in which the term is used. The United Nations Food and Agriculture Organization (FAO, 2020) defines sustainable forest mana

	2.5 Importance of Decision Making for Sustainable Development 
	2.5 Importance of Decision Making for Sustainable Development 
	Decision making is an essential part of our daily lives. Decisions shape our future and those of our future generations (Weiss, 1990; Hara et al., 2021; Upadhyay, 2021). At any point in time, any decision we make may have an impact on someone or something somehow or the other today, tomorrow, and in the near and far future. The nature of this impact (positive or negative) 
	Decision making is an essential part of our daily lives. Decisions shape our future and those of our future generations (Weiss, 1990; Hara et al., 2021; Upadhyay, 2021). At any point in time, any decision we make may have an impact on someone or something somehow or the other today, tomorrow, and in the near and far future. The nature of this impact (positive or negative) 
	depends on the decision-maker. The decisions made today determine whether we are going towards sustainable development or veering away from it. Only the right decisions made will contribute to sustainable development. Informed decision making is the right way to make decisions (Gardiner and Quine, 2000; Espey, 2018). 

	Many authors (Sani et al., 2016; Jeong, 2018; Blicharska et al., 2020; Wu et al., 2020), have attributed multi-criteria decision making (MCDM) to leading the pathway to sustainable development. Sousa et al. (2021) reviewed 143 published scientific articles ranging from the years 2016 to 2020 which employ MCDM methods to support decision making for achieving the UNSDGs. Their findings revealed that in 2019-2020 MCDM methodology in research has seen a rise of 112%. Of the 143 case studies, nine were specifica

	2.6 Spatial Information for Decision Making 
	2.6 Spatial Information for Decision Making 
	The most important part of scientific management of resources is information about their status (Islam and Wahab, 2005; Armada et al., 2009; Jingling et al., 2010). The type of resources and the objectives of the management system will usually decide the structure of the information system. Forest resources are one of the most vulnerable and economically important resources today (Repetto and Gills, 1988; Ostrom, 2005; Torres-Lezama et al., 2008; Rahman et al., 2010). At the same time, it is the most import
	The most important part of scientific management of resources is information about their status (Islam and Wahab, 2005; Armada et al., 2009; Jingling et al., 2010). The type of resources and the objectives of the management system will usually decide the structure of the information system. Forest resources are one of the most vulnerable and economically important resources today (Repetto and Gills, 1988; Ostrom, 2005; Torres-Lezama et al., 2008; Rahman et al., 2010). At the same time, it is the most import
	in the world 

	case of tropical forests in particular, it is impossible to think about forestry without thinking about people or the environment (Hladik et al., 1993). People who live in or near forests are poor and depend on them for food, animal feed, wood, and money. It is important to get and manage data on resources in a timely manner if you want to manage them in a sustainable way. Before, forests were only taken care of for profit. People and the environment were given the attention they deserved. But you cannot th

	Spatial information, a term first coined by Hopkins and Armstrong in 1985 (Keenan and Jankowski, 2019), has proven to be a valuable tool for decision making over the years, with many authors also referring to it as Spatial Decision Support Systems (SDSS) (Shekhar and Xiong, 2008; Vincent et al., 2019; Keenan and Jankowski, 2019). Vacik and Lexer (2001) investigated the use of spatial decision support systems in the sustainable management of Vienna’s protection forest for water resource production. They desc
	Furthermore, with recent advancements in the acquisition, processing, analysis, and presentation of spatial data, spatial decision support systems are widely being used by decision-makers as a basis for sustainable decision-making (i.e., decisions which lead to sustainable development) (Feeney, Rajabifard, and Williamson, 2001; Liu, Bai, and Chen, 2019). Academics have found that – 
	Furthermore, with recent advancements in the acquisition, processing, analysis, and presentation of spatial data, spatial decision support systems are widely being used by decision-makers as a basis for sustainable decision-making (i.e., decisions which lead to sustainable development) (Feeney, Rajabifard, and Williamson, 2001; Liu, Bai, and Chen, 2019). Academics have found that – 
	location, a critical factor in decision-making, is also a key determinant of sustainable decision making (Liu, Bai, and Chen, 2019). 

	There has been an increase in locational information’s importance in decision making. Spatial decision issues require the use of locational data and information. As a result of the complexity of locational choice issues and the need to consider numerous factors, spatial decisions are usually a part of multicriteria judgments (Massam, 1980). Janssen and Uran’s (2003) experiment on the preferred method of spatial Information for decision-making found that most people prefer locational information presented in
	-

	Destan, Yilmaz and Sahin (2013) in their research have stated that information about extent of forest communities is of considerable importance in forest management planning. This information is location based. Their research has demonstrated that the precision of decisions to be implemented is closely related to the accuracy of forest stand maps. The main goal of their study was to create semi-automated maps of forest stand volume calculated from ground survey data. The results were impressive with more th
	Takam Tiamgne et al., (2022) used GIS to assess the state of protected forests in Zambia. Their study identified suitable areas for conservation, based on standardized location-based criteria using a GIS approach. A suitability model was developed for the selection of the suitable areas, and elimination of the unsuitable ones. The findings from this approach informs decision makers about the status of protected forest areas and identifies areas for creating new ones. GIS modelling approaches inspired by suc
	Zhao (2006) demonstrated a fully-fledged use of GIS as a decision-making support system for sustainable forest management in China. The use of multi layered locational information of forestry and all environmental characteristics combined using GIS software on one database was shown as a particularly useful tool for decision making. One of the software used at the time was ArcMap which 16years later is now known as ArcGIS Pro and the functionality of data creation, storage, analysis, and presentation using 
	which was 


	2.7 Organization Structure for flow of decisionmaking information. 
	2.7 Organization Structure for flow of decisionmaking information. 
	-

	Timely flow of accurate and reliable information throughout organizations is critical for decision making (Huber, 1990). How information is received, stored, analysed, and presented throughout the numerous operating instruments of an organization directs its informed decision-making process (Fosso Wamba et al., 2015). Research in this area of study is rare (Joseph and Gaba, 2020) although it can be traced back to Simon (1947) as cited in Joseph and Gaba (2020). 
	Modern day organizations are bound to integrate the use of modern information technology in their day to day running and decision making to make effective and efficient organizational progress in a timely manner with the growing world (Brynjolfsson and Hitt, 2000). Heintze and Bretschneider (2000) in their study have provided insight into the effects of organizational restructure to adapt to information and communication technology advancements. Their study initially finds that many managers are supportive 
	organization’s proper structure for information flow does improve the overall 
	performance of the organization. Although there is no direct mention of decision-making context in this study by Heintze and Bretschneider, studies such as one by Dean and Sharfman (1996) have suggested that the overall performance of any organization is always based on the decisions made at various levels of the organization. 

	2.8 Retaining knowledge and skills in organization 
	2.8 Retaining knowledge and skills in organization 
	– future proof – retainer programmes 
	Brain drain is a major concern for developing countries (Docquier et al., 2007; Ngoma and Ismail, 2013). Talent is a unique resource and driving force that may help an organization acquire a lasting competitive edge and decide its success in the face of globalization, increased information availability, and the rise of new economies (Horváthová, 2011; Collings, 2014; Hongal and Kinange, 2020). Because of this “war for talent” large-scale issues with human resources, such as brain drain and a shortage of ski
	The concept of institutional memory for an organization can be traced back to Becker (1932, as sighted by El Sawy et al., (1986) who states that institutional memory is knowledge of an organization which lives in a person through the experiences that one goes through during their time in an organization. The loss of institutional memory is loss of organizational knowledge (El Sawy et al., 1986). 
	Talent management has been a critical issue faced by modern day organizations (Cappelli, 2008). Recent research has shown that the recruitment of talented individuals with specialized skills, further training them in the field 
	Talent management has been a critical issue faced by modern day organizations (Cappelli, 2008). Recent research has shown that the recruitment of talented individuals with specialized skills, further training them in the field 
	of specialized knowledge at the organizations cost so that they perform their duties in the best manner for the organization, and then retaining these employees remains a challenge throughout the world (Cappelli, 2000; Bernthal and Wellins, 2001; Argote and Guo, 2016; Useng, 2017; Shah and Asad, 2018). 


	2.9 Spatial Data Infrustructure 
	2.9 Spatial Data Infrustructure 
	Environment data is an ever evolving and developing form of information (Jgensen, 2013). The investments in enhancing the capability of collecting, storing, analysing, and sharing environmental has seen a huge rise in recent years (Kozak et al., 2008; Kienast et al., 2009; Di Piazza et al., 2011; Helsel, 2011; Ott, 2018). However, a major challenge has been seen in building infrastructures that enable institutions and organizations to use these environmental data. This is where Spatial Data Infrastructures 
	Rajabifard and Williamson (2002) summarise spatial data infrastructures in sharing data inter agency. They state that aim of creating spatial data infrastructures is to create an environment where all stakeholders, from consumers to producers, can work hand in hand and use technology to reach their spatial data goals at different political and administrative levels. The major advantage of this is that organizations and institutions which are working towards a common objective, such as climate change mitigat
	In their study, Fonseca et al. (2009) have laid out the need for such a Spatial Data Infrastructure which leads to Global Forest Information System (Câmara et al., 2009). Their focus is on the Amazon Forest Fires and how Spatial Data Infrastructures could help make quick decisions and have inter agency collaboration to prevent catastrophes at the Amazon forests. A key take from this article is the importance of spatial information relayed on how it can help 
	In their study, Fonseca et al. (2009) have laid out the need for such a Spatial Data Infrastructure which leads to Global Forest Information System (Câmara et al., 2009). Their focus is on the Amazon Forest Fires and how Spatial Data Infrastructures could help make quick decisions and have inter agency collaboration to prevent catastrophes at the Amazon forests. A key take from this article is the importance of spatial information relayed on how it can help 
	solve problems of the Amazon Forest. A further outline is the importance and role played by Spatial Data Infrastructures in the management of forest. 


	2.10 Research Gap 
	2.10 Research Gap 
	Many studies have focused on policy-level decision making approaches for sustainable forest management. Most literature has also focused on using GIS for a multi criteria-based approach to decision making (Geneletti, 2019; Andrew and Katy, 2008). This study will fulfil the gaps in literature by focusing on the locational information component of that decision-making process; Firstly, how has locational information assisted in decision making and directed decisions in the past, and secondly, it will provide 
	A significant research gap is seen in decision-making studies for sustainable forest management at the base level (fieldwork level) (Weintraub and Bare, 1996; Rnqvist et al., 2015). For example, how do they make decisions when someone decides to alter the structure of a forest (reforestation or cutting down of trees). How does location-based information guide their decisionmaking process? This study is focused on how have Foresters, right from the field up to the decision-makers for forestry in Fiji, over t
	A significant research gap is seen in decision-making studies for sustainable forest management at the base level (fieldwork level) (Weintraub and Bare, 1996; Rnqvist et al., 2015). For example, how do they make decisions when someone decides to alter the structure of a forest (reforestation or cutting down of trees). How does location-based information guide their decisionmaking process? This study is focused on how have Foresters, right from the field up to the decision-makers for forestry in Fiji, over t
	-

	guide for making the best use of locational information for future decision making. 


	2.11 Concluding Summary of Literature 
	2.11 Concluding Summary of Literature 
	Literature for the subtopics (2.4 – 2.9) discussed in this Chapter are of a wide variety. It is sometimes difficult to make sense of the literature in the context of current research, but best attempts have been made to only focus on the parts of literature which make sense in the context of this research. Table 2.2 presents some key point summaries of each of the subtopics and their literature findings. 
	Figure
	Table 2. 2 Summary of literature findings. 
	CHAPTER 3: 
	METHODOLOGICAL 



	REVIEW 
	REVIEW 
	3.1 Introduction 
	3.1 Introduction 
	This study mainly employed qualitative methodologies to study human perceptions of decision-making. The chapter looks at the methodology used to gather and analyse data for this study. It further identifies the limitations of the methodology used, where there may be bias in the data collected, and how these biases were treated. 
	A growing number of researchers have recently used qualitative research methods to study the human dimensional aspect of environment and conservation (Skov et al., 2007; Rondinini and Chiozza, 2010; Macura et al., 2019; Prokopy et al., 2019;). Since decision making is human behaviour, using qualitative methods for this study helped understand how and why things happened over time and how it has shaped the changed thinking for a better future. 
	To study the human dimensional aspect of decision making this research focuses on a group of people (approximately one hundred) who have been working in the Forestry sector and are currently employed by the Ministry of Forestry utilizing location-based information in their work as foresters. Since quantitative research methods usually require a large sample (Yilmaz, 2013; Marshall et al., 2013), and since this study has a confined one, employing qualitative methods seemed most suitable. In order to get an i
	Using qualitative methods this study also aimed to validate human accounts of the past by the study of historical materials. Historical materials dating back to 1925 (97 years ago) are available at the Ministry’s offices and at the archives 
	Using qualitative methods this study also aimed to validate human accounts of the past by the study of historical materials. Historical materials dating back to 1925 (97 years ago) are available at the Ministry’s offices and at the archives 
	building. A lot of historical materials from the early 2000s till date are also available in digital format. Some materials which were in hard copy have been scanned by the Ministry for an insight of the current leadership in the past achievements such as that of the National Forest Inventory 1969 (Figure 3.1). 

	Figure
	Figure 3. 1 An excerpt from the scanned copy of NFI 1969 (Source: Ministry of Forestry, 2022) 
	The presence of these materials in hard copy and in digital format is a huge added advantage for this study as it gives documented evidence of the past. Forestry being a field in which development of its core subject; forests; takes at least 10 years or more and its utilization, conservation and protection happen over prolonged periods of time. The farther one goes back into the past the more of the subject specific details are unearthed in the different phases of forestry development (Yamaura et al., 2021)

	3.2 Survey 
	3.2 Survey 
	In an empirical study, Dias (2007) used surveys to study the impact spatial information had on users to contribute to sustainability. This methodology helped understand the impact different information dimensions (e.g., having 
	In an empirical study, Dias (2007) used surveys to study the impact spatial information had on users to contribute to sustainability. This methodology helped understand the impact different information dimensions (e.g., having 
	the information or not) and different information mediums had on the behaviour of tourists towards natural areas. 

	Since the popularity of the internet, web-based survey design and deployment services are of a lengthy list ranging from open source to paid services (Wright, 2017). In recent times open-source web-based survey deployment services have become popular for researchers to gather data (Shoham et al., 2021; Elbeck, 2014), with increasing contributions of developers to open-source projects and the trust of researchers in its security (Hertel et al. 2003). 
	For this study, a web-based survey was designed to study the specific experience and thoughts of foresters at various levels with location-based information. Paper based surveys were not employed due to their timeconsuming nature. Although studies such as the one by Greenlaw and Brown-Welty (2009) have shown that a combination of both web-based and paperbased surveys usually result in collection of ideal data, they do not shy away from the fact that paper-based surveys are time consuming and, in some cases,
	-
	-

	The web-based survey for this study was designed and deployed in ArcGIS Survey123. The survey was designed keeping in mind limitations of such surveys. Kost and Rosa (2018) have concluded in their study that short surveys have a higher response rate compared to lengthy surveys, hence this survey was kept as such that it could be answered in less than 2 minutes. Anonymity was a major objective of this survey as studies have shown that respondents tend to be more honest with their responses if they are confid
	The target audience for this survey were the technical staff of the Ministry and those involved in executive, planning and policy decision making for the 
	technical forestry work because these are the employees who would be involved doing operational forestry work and decision making. Employees other than these of the Ministry are employed in support capacity such as Human Resource Managers, Accountants, Clerks and so on. 
	This survey acted as a pilot study and answered key questions from the objectives. Table 3.1 shows how the survey questions helped gain an insight into the objectives of this research. 
	Figure
	Table 3.1 Connectedness of research objectives and information gathered from survey. 
	Table 3.1 Connectedness of research objectives and information gathered from survey. 


	Figure
	Table 3.2 details the three identifiers which were used in this survey. 
	Table 3.2 details the three identifiers which were used in this survey. 


	Table 3.2 Survey identifiers. 
	Identifier one was used to weight the answers from the experience of time they had in the Ministry which would give weight to their views and accounts of the past. The detailed specific questions were populated based on the answer of identifier two. This was done because their answers would be influenced by their daily lives as foresters now (Gershunskaya, 2011). Identifier three was used as a long-term influence factor where the overall answers would be affected by the lifetime experience of the person ans
	At the end of the survey the respondents were asked if they would be kind enough for semi structured informal interview. 
	A link was sent out to all the officers of the Ministry with a request to fill in the survey via a staff group email on Monday 2May 2022. They survey was open for a total of 30 days and stopped gathering responses on Thursday 2June. They survey gathered a total of twenty-two responses which are analysed and discussed in the next chapter. 
	nd 
	nd 

	3.2.1 Survey Response 
	3.2.1 Survey Response 
	As of 10May 2022, there are 142 established staff within the Ministry (Ministry of Forestry, 2022). A breakdown of this could not be obtained but was analysed based on the authors knowledge of the Ministry human resource distribution. Based on this analysis a total of one hundred responses were expected in the survey had the whole target audience responded to it. The total responses received to the survey deployed for this study were twenty-two of which two were excluded from the analysis as non-target audi
	th 

	Wu et al., (2022) studied a total of 8,672 studies of which 1,071 had reported online survey response rates and concluded that the average response rate from online surveys were approximately 44.1%. However, this rate was also including surveys which were deployed in distinctive styles, example; the target audience were clearly defined, individually targeted survey requests were sent, 
	Wu et al., (2022) studied a total of 8,672 studies of which 1,071 had reported online survey response rates and concluded that the average response rate from online surveys were approximately 44.1%. However, this rate was also including surveys which were deployed in distinctive styles, example; the target audience were clearly defined, individually targeted survey requests were sent, 
	follow ups were done and so on. Based on the same the 20% response rate for this study can be deemed sufficient to account for the whole sample considering the fact that there were no follow ups or reminders sent. 


	3.2.2 Identifying the Respondents. 
	3.2.2 Identifying the Respondents. 
	The survey used three questions to identify who was responding to the survey. The identifiers are discussed in Section 3.2 of the previous chapter. 
	A breakdown of the respondents’ identifiers is shown in pie charts below. 
	Figure 3.1 indicates that 15% of the respondent’s started working for the Ministry before the year 2000, 45% started working between the years 2000 and 2018 and 40% started working between 2019 and now, which is 2022. 
	Figure
	Figure 3. 2 Breakdown of when the respondents’ started working for the Ministry. 
	Most respondents are recent employees of the Ministry but there is no short of those who had started working earlier. A limitation of the survey can be that there is no equal distribution of respondents in the three periods of when they started working. Majority of the results from the survey is view of the employees who started working for the Ministry recently, only 15% of responses constitute the views of prior to the year 2000, which is more than 22 years of experience, and 40% constitute the views of p
	Figure 3.2 shows a breakdown of respondents by the Division they currently work in. 
	Figure
	Figure 3.4 Breakdown of respondents by the Division they work in. 
	Figure 3.4 Breakdown of respondents by the Division they work in. 


	Twenty percent are currently working in a Leadership and Policy role. This role is of Director level and above who have one or multiple team(s) working under their supervision and direction. The decisions they make in the Ministry have an impact on policy and legislation of the sustainable development of forests in Fiji. 
	Thirty percent of the respondents currently work in the Research and Development Divisions. These Divisions include the Forest Products Timber and Trade (formerly known as Timber Utilization and Research Division), Silviculture Research Division, Forestry Training Centre and the Forest Resource Assessment and Conservation Division (formerly known as the Management Services Division) which also includes the Parks and Reserves Unit. 
	Fifty percent of the respondents were from the Operations Division. These respondents can be from the North, Central/Eastern or Western Operations Divisions. These are field foresters who practice practical forestry in the field ranging from forest establishment, harvesting, protection, conservation, and management. Having 50% of the respondents from the operations division is a good indicator for the study as views of field foresters will be well reflected in the survey results which would clearly answer q
	Figure 3.7 shows a breakdown of respondents by the Division in which they have spent most time. Research (Dobus et al., 1998; Bandura, 2006; Hägglund and Leuze, 2021; Hartung et al., 2022) has shown that people’s views are shaped by the environment they have spent most time in. Therefore, this 
	6

	question was necessary to finetune the respondents’ views as where they were 
	coming from. Majority of the respondents had spent most of their time within the Ministry at the Operations Divisions. 
	Figure
	Figure 3.5 Breakdown of respondents by the Division they have most experience in. 
	Figure 3.5 Breakdown of respondents by the Division they have most experience in. 


	There are two conclusions from the identifiers: 
	1. 
	1. 
	1. 
	Majority findings (45%) will represent views of recent employees of the Ministry who have an experience of 0 to 3years within the Ministry (or Forestry sector of Fiji). Although the fact remains that there is still a fine line with the second most popular views (40%) which would be of employees having almost 20years of experience within the Ministry. 

	2. 
	2. 
	Majority of the findings are influenced by Operations Divisions minds as they hold the majority percentage who have responded to the survey and where the respondents have spent most time. 


	Further questions of the survey were divided in three groups: Operations, Research and Development, and Leadership and Policy. There were minor differences in the three different group of questions. Depending on the respondents answer to question on the Division they work in, the survey populated this further group of question of the Division they work in. This was done to get an insight into views of officers of the division they work in. 
	In the field of Psychology. 
	In the field of Psychology. 
	6 



	3.2.3 Limitations 
	3.2.3 Limitations 
	Since this survey was web based it would have been difficult for rural Fiji foresters to access and answer it due to limitations of their network connectivity. These rural foresters are integrated into the community and are the guardians of some of the most pristine native natural forests of Fiji and getting their views and perceptions of location-based information would have been useful for this study. To overcome this, paper-based surveys could have been delivered to these foresters, but due to it being a
	A second limitation was in the deployment of the survey. The IT team of the Ministry who were requested to deploy the survey link to the Ministry group emails were not briefed on the target audience hence they survey request/link was sent to emails of all Ministry staff which included the non-target audience such as clerical officers, accountants, human resource managers and such. A second email was sent to all to identify the target audience but by then two clerical staff came forward in mentioning that th


	3.3 Semi-Structured In-Depth Interviews 
	3.3 Semi-Structured In-Depth Interviews 
	Semi structured in depth interviews are a medium of research which give an insight into a broader range of information than proposed by questions (Tiu Wright, 1996). Due to this very reason this form of interview was chosen compared to other forms of interviews. Structured interviews do not give the 
	Semi structured in depth interviews are a medium of research which give an insight into a broader range of information than proposed by questions (Tiu Wright, 1996). Due to this very reason this form of interview was chosen compared to other forms of interviews. Structured interviews do not give the 
	interviewees leeway to present extra information as both the interviewer and interviewee must stick to the scripted questions. Unstructured interviews at times give so much leeway that a lot of extra unnecessary information is gathered and as such it is difficult to take out the key points of context from the whole interview. Semi structured interviews give a scripted structure of the interview and give both the interviewer and the interviewee some leeway for extra information give and take. Semi structured

	Fourteen current officers of the Ministry were interviewed of the approximately fifty working in technical forestry positions. Some were identified from the pilot survey and others randomly picked as the researcher came across them. These officers ranged from the most senior executives to the foresters who work right in the field as junior support staff to the operations of the Ministry. 
	Before beginning this discussion, the subjects were informed that this discussion would help in the research study of the researcher for his dissertation and may influence the future of location-based information in the Ministry based on the findings. They were also informed that all their views, accounts and perceptions would remain anonymous in the study and would only be known to the researcher. 
	The identifiers used for the interviewees were – 
	1. 
	1. 
	1. 
	The number of years they had spent in the Ministry, and 

	2. 
	2. 
	An account of the researcher on their brief background of what their role had been in the Ministry in these years. 


	Swain and Spire (2020) have identified that informal conversations can sometimes give insight into information/data which are otherwise “missed opportunities” to add “context and authenticity” to known data from other 
	sources. The interviews for this study mostly ran in form of informal conversations in random settings. Formal interviews have strict questions and require answer to specifics which does not give the interviewee leeway to present their own views and perceptions in the wider framework of things as highlighted by Swain and Spire (2020). 
	The discussion themes posed by the researcher to the interviewees were directed to three main topics: 
	1. 
	1. 
	1. 
	What do you think is the value of location-based information in a forester’s daily field life? 

	2. 
	2. 
	Do you think decentralizing FRAC to have a GIS Officer/Data Officer in each division will be a promising idea? 

	3. 
	3. 
	What is your opinion of the current data flow within the Ministry of location-based information? Do you think NFMS will solve the problem? 


	During the interview, the researcher took brief notes on an electronic note pad. After each discussion session the researcher noted the details of the interviewee and gave them an anonymous ID which was stored in a Microsoft Excel Database. Their views on the three points of discussion were also summarized and noted in the excel. 
	3.3.1 Limitations 
	3.3.1 Limitations 
	Some of the officers interviewed were junior to the researcher in their role in the Ministry. Due to this they may have been putting up views which they would have thought that the researcher was looking for rather than their own independent views. 
	The interviews all remained as anonymous as possible therefore the discussions and conversations could not be recorded for the researcher to go 
	back to and evaluate it. It was fully dependent on the researcher’s own memory 
	and the little notes that he was able to take. This can be a major bias as what the researcher can recall from the discussions and his notes will be accounted for which has the fact that some points might be missed which could have been important points. 
	Parts of these interviews also record historical recalls of the interviewee’s 
	experiences and views. Since these are personal accounts and judgements it cannot be quantified to an authoritative basis of information. However, since this was the best means to gather information, it was adapted. 


	3.4 Study of Documentation, SOPs, and Historical Materials 
	3.4 Study of Documentation, SOPs, and Historical Materials 
	Historical materials, internal documentation and standard operating procedure documentations were studied to establish the use of location-based information in policy and decision making for forestry. This also helped analyse the importance of location-based information in guiding policy, regulations and laws which impacted the development of forests. Table 5 shows a list of materials studied and details. 
	Figure
	Figure
	Table 3.3 Details of Historical material studied. 
	Table 3.3 Details of Historical material studied. 


	These historical materials provided an insight into the work of Forestry which relied on location-based information and the vital role of location-based information developing Fiji’s forests into what it is today. 
	3.4.1 PGRSC Newsletters. 
	3.4.1 PGRSC Newsletters. 
	The Pacific GIS and Remote Sensing Council Newsletter formerly known as the Fiji GIS and RS Newsletter dates to 1993. The newsletter which has now gained an ISBN number for its publications, was initially designed to be as a collection of articles for work done in the GIS and RS domain of Fiji and later consolidating that of the Pacific (Wolf, 2022). In its initial years, the newsletter was published by the efforts of the Ministry of Forestry officers based at the then Management Services Division of the Mi

	3.4.2 Limitations 
	3.4.2 Limitations 
	It was impossible to access some of the digitally stored historical information such as those in floppy disks since a machine which could read floppy disks could not be found. Due to no proper inventory (records) of files and information storage a systematic review of historical materials could not be done. Furthermore, due to the new developments in technology, it would also be unfair to compare some of the historical data quality, accuracy, and timeliness to today's standards. 
	A lot of historical information about these historical material (as the evolution of the PGRSC Newsletter) is reliant on oral history which is dependent on a 
	person’s personal accountability of the events of past. These can sometimes 
	be wrong or misinterpreted based on the persons personal judgement. 


	3.5 Study of Existing Location Based Information Systems 
	3.5 Study of Existing Location Based Information Systems 
	The current location-based information systems, its dissemination procedures and its use in decision making were investigated first hand. The human resources structure for creation, provision, dissemination, management, and storage of location-based information were investigated. Based on the historical account, study the current systems in action help set the scene in what has changed. This would indicate how this change has impacted the use of location-based information in forestry and its impact on the s
	Limitations: The researcher has close ties to the current systems of locationbased information systems in place within the Ministry, therefore it remained a challenge to study it as an independent academic. Repeatedly the researcher would drop everything, take a step back, remind himself of being an independent academic and then start again. However, the issue remains a limitation of this aspect of methodology. 
	-

	3.4.1 Participant Observation 
	3.4.1 Participant Observation 
	Engaged participant observation is a long-used methodology (Vinten, 1994). The methodology has been commonly used to collect data of behaviour, responses, reactions, organizational processes, existing systems, and existing capacity of organizations (Kawulich, 2005). Robey and Taylor (2018) provide a guide on how to conduct participant observation in an environment where a researching scholar is an engaged participant. 
	In studying the current systems of location-based information processes at the Ministry, a day was spent with the officers of the Ministry in a map reading training. The training was held in the Central/Eastern Operations Division of the Ministry. This training was held as a refresher to help the officers refresh their skills in map reading of harvesting plan maps. Part of the training syllabus also included field exercise using a handheld GPS where participants practiced locating points of interest in fiel
	This observation helped gauge the importance of location-based information for the field officers, how it fits in their daily lives as foresters and their individual experiences with it. 
	Towards the end of the training an informal session was also held with the participants to gauge their experiences of the training and their views on the importance of location-based information in their work as foresters. These conversations did not count in the earlier methodology of interviews but as participant observation. 
	Talanoa
	Talanoa
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	A second observation of officers working in the current location information provision division of the Ministry (FRAC) was done over the month of July. How these officers operate, communicate, their capabilities and their operation systems, difficulties faced were studied. 
	Limitation: All officers in the training were junior in rank to the researcher 
	hence there was a reluctance of open conversation due to the Fijian culture of respect for seniority. The trainer was also a subordinate of the researcher hence the training on the observation day could have been a bit different from other days. This is a particular data bias in terms of getting real data. However, it still reflects a great picture of what is happening on the ground. 
	In office – all officers were subordinates of the researcher; hence they must have been on their toes in their work compared to other days. But at the end of the day, it just remains a possibility. 
	Talanoa is a term mostly used in Fiji and other Pacific islanders whereby a group of people engage in conversation. The aim of Talanoa is to hear each other out while being respectful of everyone’s opinion. 
	Talanoa is a term mostly used in Fiji and other Pacific islanders whereby a group of people engage in conversation. The aim of Talanoa is to hear each other out while being respectful of everyone’s opinion. 
	7 




	3.6 Conclusion 
	3.6 Conclusion 
	Four key methodologies used in this study (4.2 – 4.5) are qualitative in nature. A key limitation of all the methodologies of this study is that the whole methodology is focused on the Ministry of Forestry in studying the role of location-based information for sustainable development of Fiji’s forests, however, there are other organizations/stakeholders who also have authority in sustainably managing Fiji’s forests. For example, the iTaukei Land Trust Board which is the landlord of all iTaukei landin Fiji h
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	The limitations identified for each methodology have been best attempted to be overcome however some limitations remain and due to time constraints they could not be overcome. In future, such studies should employ a mixture of qualitative and quantitative methodologies to have quantified results for the findings such as exact figures in how many times a week a forester at a certain level uses location-based information in their decision making. 
	of this study 
	of this research 

	CHAPTER 4: 
	RESULTS AND 
	Almost 87% of Fiji’s total land area is iTaukei Land (Kumari and Nakano, 2016) 
	Almost 87% of Fiji’s total land area is iTaukei Land (Kumari and Nakano, 2016) 
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	DISCUSSION 
	DISCUSSION 
	4.1 Introduction 
	4.1 Introduction 
	There is considerable evidence of location-based information being used in the Fijian Forestry sector since the early 1950s with evidence of the Geographical Information System since 1991 (Vakacequ, 2015; Frostreatuer, 2022). This information has been used to make field decisions, monitor reports, and verify forest resources (Vakacequ, 2015). They have also been used to build and drive policy level decision making and implementation of policies for the sustainability of Fiji’s forests (Vakacequ, 2015; Forst
	Evidence suggests that the development and use of harvesting plan maps, forest extent information, forest and nature reserves information have also been long used (Vakacequ, 2015; Frostreatuer, 2022; Anonymous, 2, 3, 14, 15, 2022). These are some location-based information which have always been popular within the Ministry as they were always needed for decision making (Anonymous, 2, 3, 14, 15, 2022). Over time it has had its difficulties with different provision systems and usages. Other locational informa
	incorporation into the Ministry’s planning process remains an issue till date 
	(Anonymous, 1, 2, 13, 14, 2022). 
	It can be concluded that over time -while location-based information has continually been used to make decisions for sustainable forestry in Fiji, management attention has not been paid particularly to the location-based information provision systems and its development until recently. This can be seen from the rise and drop of information provision systems at least in two 
	It can be concluded that over time -while location-based information has continually been used to make decisions for sustainable forestry in Fiji, management attention has not been paid particularly to the location-based information provision systems and its development until recently. This can be seen from the rise and drop of information provision systems at least in two 
	instances (year 2000 and year 2018) since 1991. Transitional arrangements and knowledge and skills retainer systems (if any were in place) have not worked. 

	This chapter presents the findings of the study using the methodologies stated in the previous chapter. The findings are described and discussed to provide an insight into the information gathered. Each of the subtopics begin with a brief reference to the objective it addresses to give context of the findings and discussions that follow. All attempts have been made to keep the findings anonymous wherever possible, however some references are made to people who have agreed for their actual names to be includ

	4.3 Usage of Location Based Information 
	4.3 Usage of Location Based Information 
	These results address the first and second objective of this study which is the importance of locational information and its usage in the forestry sector of Fiji. 
	The importance of location-based information is quantified here by its usage and the type of location information used (if so), and its present usage is quantified by the results if its usage. 
	All three groups had this first question which asked the respondents questions on utilization of location-based information in their work and its frequency. 
	For a first the respondents had a Yes/No question to answer if they had ever used location-based information in their work. 100% of the responses to this question were on Yes. If this sample were to be statistically spread to the 100% of the target population, it would mean that there is not a Forester in the Ministry who has not at one time or other needed location-based information. 
	A follow up question to this was the frequency of usage. Figure 4.1 presents an analysis of the results gathered. 
	Figure
	Figure 4. 1 How frequently is location-based information used in the Ministry. 
	The results indicate a good frequency of usage. Almost 70% of the respondents have used location-based information in their work one time a week or every day. Eighty percent of the respondents use location-based information every month one or multiple times. Twenty percent have indicated that they use location-based information a few times in a year. 
	The above 2 results are a proper indication of the importance of location-based information in Forestry. This result also turns our head towards the accuracy and timeliness of the location-based information that is being used. If all Foresters working towards the sustainable development of Fiji’s forests are using location base information in their work, this information should be ensured to be at its possible highest accuracy, reliability and efficiency for their proper decision making. 

	4.4 Type of Location Based Information Used 
	4.4 Type of Location Based Information Used 
	These results address the first and second objective of this study which is the importance of locational information and its usage in the forestry sector of Fiji. 
	The importance of location-based information is quantified here by the type of location information used (if so), and its usage is quantified by the frequency it is used in. 
	All three groups were given a set of choices and were asked to select all the types of location-based information they had used to aid their forestry work. The following were the choices: 
	 Topographic Map 
	 Web Map/ Web Apps 
	 Google Earth 
	 Harvesting Plan Map 
	 VanuaGIS/Vanua View 
	 Drones 
	 Location description/characteristics/statistics received from a 
	colleague (example, area figure) 
	 None 
	All respondents answered randomly, and the results are analysed are presented in figure 4.2. There was no response recorded for the choice ‘None’. 
	21% 8% 20%18% 5% 4% 24% Type of LBI Used 
	Topographic Map Web Map/ Web Apps Google Earth Harvesting Plan Map VanuaGIS/Vanua View Drones Location description/characteristics/statistics 
	Figure 4. 2 Type of location-based information used to aid works of Foresters. 
	The above figure summarizes all the responses received for the type of location-based information used based to aid foresters’ work. These choices were allocated in the questionnaire based on the personal knowledge of the researcher whereby these are the common types of location-based information 
	The above figure summarizes all the responses received for the type of location-based information used based to aid foresters’ work. These choices were allocated in the questionnaire based on the personal knowledge of the researcher whereby these are the common types of location-based information 
	used for Forestry work in Fiji. Topographic map took the highest percentage followed by Google Earth which has recently become a popular source of location-based information (Zhao et al., 2021; Yu and Gong, 2012; Patterson, 2007). VanuaGISand Drones looked at the lowest percentages. For Vanua GIS, the reason may be due to accessibility issues as it requires user credentials for accesswhich is sought from the Ministry of Lands and is often seen as a hefty process for those officers who do not have a network 
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	The operation of drones in Forestry also remains a complicatedand cost heavyissue due to the risks associated with its operations and its requirements to abide by regulations of national aviation authorities (Mohan et al., 2021; Liang and Delahaye, 2019; Tang and Shao, 2015; Paneque-Gálvez et al., 2014). There are also a lot of limitations to adhere to such as the distance that drones can legally be sent to collect data/information. Mohan et al., (2021), have stated that a lot of aviation laws do not permit
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	4.5 Need for location-based information. 
	4.5 Need for location-based information. 
	These results address the first and second objective of this study which is the importance of locational information and its usage in the forestry sector of Fiji. 
	A central web map portal used by the Fijian Government which hosts GIS information However, it is announced to be freely available without requiring user credentials in the Fiji budget 2022-2023 (Budget Estimates 2022-2023, 2022) therefore its use may become more popular. Requires specialized pilot licensing-and has various levels of training/licensing depending on type of operation required. Apart from an expensive product itself, a lot of countries require third party limited liability insurance for drone
	A central web map portal used by the Fijian Government which hosts GIS information However, it is announced to be freely available without requiring user credentials in the Fiji budget 2022-2023 (Budget Estimates 2022-2023, 2022) therefore its use may become more popular. Requires specialized pilot licensing-and has various levels of training/licensing depending on type of operation required. Apart from an expensive product itself, a lot of countries require third party limited liability insurance for drone
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	The importance, use and need of location-based information in the Fijian forestry sector is quantified here by its need. 
	The respondents were given a set of choices and asked for which of those have they needed location-based information. They had the option to choose 
	multiple and could add their own answer as well by choosing ‘Other’. The 
	following were the choices based on common usage of location-based information in forestry (Brown, 2004; Baskent and Keles, 2005; Horst, 2006; Nordstom, 2011; Modica et al., 2016; Jaafari, 2017; Meyer, 2017). All the choices got responses which means that one forester or other no matter at what level they were making decisions needed location-based information for one or more of the following: 
	 Harvesting Planning 
	 Harvesting Reporting 
	 Forest Establishment (Tree Planting) 
	 Planted Areas Monitoring 
	 Forest Conservation/Protection/Management Planning 
	 Decision making for policy and planning 
	 Writing Reports (Scientific/internal/External) 
	 Harvesting Permissions 
	 Status update reports 
	 Other – Forest Certification Planning 
	Only one response was received for ‘Other’ option which is stated above. In 
	summary, all the above results conform to studies by Jaafari (2017), Meyer (2017), Modica et al. (2016), Nordstom (2011) Horst (2006), Baskent and Keles (2005) and Brown (2004), which are spread all over the world and have studied the same type of location-based information and its applicability to decision making for forestry. It is no doubt that location-based information plays a particularly vital role in the forest certification process. Kraxner et al., (2017), 
	summary, all the above results conform to studies by Jaafari (2017), Meyer (2017), Modica et al. (2016), Nordstom (2011) Horst (2006), Baskent and Keles (2005) and Brown (2004), which are spread all over the world and have studied the same type of location-based information and its applicability to decision making for forestry. It is no doubt that location-based information plays a particularly vital role in the forest certification process. Kraxner et al., (2017), 
	Kalonga et al., (2016), Elbakidze et al., (2016), Souza et al., (2005) and Sharifi and Hussin (2004) are some authors who have discussed the use of locationbased information in decision making for forest certification. Fiji, having already certified a large part of its softwood plantation forest under Fiji Pine Limited and now working towards certification of its Hardwood products under Fiji Hardwood Cooperation Limited (Dranibaka, 2022; Government of Fiji 2022) will certainly be having location-based infor
	-
	-


	From the interviews, there was 100% agreement that location-based information plays a critical role in a forester’s daily life for decision making. Researchers support this agreement worldwide (Jaafari, 2017; Meyer, 2017; Modica et al., 2016; Nordstom, 2011; Horst, 2006; Baskent and Keles, 2005; Brown, 2004). There is no surprise in this finding as forests are tied to a spatial location on Earth and making decisions based on where they are located (keeping in mind the features of that particular location) m

	4.8 Spatial Information Management Unit 
	4.8 Spatial Information Management Unit 
	These results address the first and second objective of this study which is the importance of locational information and its usage in the forestry sector of Fiji particularly in the past. The importance of location-based information here is quantified here by its usage in the past and the evidence of its usage in the past is analysed herein for the second objective of this study. 
	Evidence of spatial information exists dating back to 1925-1931 at Ministry (Figure 8). 
	Figure
	Figure 4.3 A map dating back to 1925-1931 found at the Central/Eastern Division Office of the Ministry (July 2022) 
	Figure 4.3 A map dating back to 1925-1931 found at the Central/Eastern Division Office of the Ministry (July 2022) 


	These are maps which were manually plotted and distributed to the operational divisions for their use in decision-making. However, according to Forstreuter (2022), the spatial information management unit at the Ministry was formed in 1991 with assistance from the then GTZ, now known as GIZ (Deutsche Gesellschaft fr Internationale Zusammenarbeit). On the setup of this unit, a lot of satellite imagery analysis and landcover detection exercises took place which is evident from the reports in the PGRSC newslett
	These are maps which were manually plotted and distributed to the operational divisions for their use in decision-making. However, according to Forstreuter (2022), the spatial information management unit at the Ministry was formed in 1991 with assistance from the then GTZ, now known as GIZ (Deutsche Gesellschaft fr Internationale Zusammenarbeit). On the setup of this unit, a lot of satellite imagery analysis and landcover detection exercises took place which is evident from the reports in the PGRSC newslett
	was a massive brain drain for the Division. In late 2018, the Division for the first time hired a graduate GIS Officer. This GIS Officer was not able to take over from the four who left within a brief period from when he was hired (Pers. Comm.). Due to this quick transition in human resource the Division had to start all over again in the systems of location-based information management and provision for decision making. 

	Together with the loss of human resources, this was also a huge loss of institutional memory. Coffey and Hoffman (2003) have argued that institutional memory loss is a grave issue that may affect an organization's capacity to effectively progress its objectives and prevent repeating mistakes of the past. Institutional memory provides managers and leaders with historical context, which aids in the formation of their visions for the organization's future and comprehension of the context of present activities 
	However, a change in human resource structure sometimes helps in substantial progress so that the mentality of “this is how it has always been done” does not exist but new and progressive ways of doing things for better development are adopted. This is a possible scenario of the Ministry of Forestry when things migrated from paper based to web-based technologies for dissemination and use of location-based information in 2019 (Anonymous, 2, 2022). 

	4.9 Human Resources 
	4.9 Human Resources 
	These results address the third objective of this study which is to propose recommendations for the long-term sustainability of location-based information systems in Fiji to aid in sustainable forest management decisions. 
	Since FRAC is the current unit responsible for collection, collation, storage, analysis, presentation, and dissemination of location-based information in the Ministry, these results look at where the unit is currently in terms of its human resource capacity. 
	Humans are the most important and delicate resources of any organization (Fulmer and Ployhart, 2014). The knowledge, experience, skills, and abilities of the human resource force of an organization can possibly determine and have an impact in the organization’s future (Stone et al., 2015). 
	The human resource capability of utilizing location-based information to make decisions for sustainable forestry within the Ministry is a key factor to be looked at. While there used to be survey sections in the Ministry’s operations Divisions in the past, it is possible that professional Cartographers had been employed who would plot locational information on maps (Pers. Comm.). These maps would be manually analysed, and information would be added to it from the field to keep it updated. However, the manua
	Figure
	Figure 4. 4 A map created by the GIS Officer of the Ministry which will be used for Divisional planning of the Western Operations Division. (Source: Ministry of Forestry, 2022) 
	Most of the officers employed by the Ministry are specialized foresters hence they find it difficult to make decisions based on the maps provided to them (Pers. Comm.). Map reading trainings are provided to field officers at least once a year by specialised personnel from the Forest Resource Assessment and Conservation Division (Pers. Comm.). This is in order to keep their skills on map reading fresh as they continue with their specialized forestry work in hand most of the time. 
	The human resources force of collating, storing, analysing, and presenting location-based information is confined at the Forest Resource Assessment and Conservation Division. Currently there are a total of four positions aligned to this specific work which are Senior Resource Assessment and Monitoring Officer, Forestry Officer (GIS), Forester Harvesting and Planning and Forest Guard Mapping (Anonymous, 14, 2022). These officers do all the work of 
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	It is important to note that the role of collecting information lies with every officer of the Ministry. 
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	collating, storing, analysing at their division and disseminate information on a need basis. 
	4.6 Decentralizing FRAC 
	4.6 Decentralizing FRAC 
	These results address to the third objective of this study which is to propose recommendations for the long-term sustainability of location-based information systems in Fiji to aid in sustainable forest management decisions. 
	Since FRAC is the current unit responsible for collection, collation, storage, analysis, presentation, and dissemination of location-based information in the Ministry, these results indicate the best future that the for the unit to be sustainable in the Ministry and to serve its purpose in the best capacity. 
	interviewees see 

	The discussion of decentralizing FRAC as a Division and integrating parts of it in the operations Divisions in order to have a more flawless and harmonized flow of location-based information throughout the Ministry also had a 100% agreement and its benefits were put forward by many of the interviewees. Seven interviewees who have been in the Ministry for more than 20years confirmed of the fact that each of the operations division had their own survey team in the 1990s who would derive location-based informa
	The discussion of decentralizing FRAC as a Division and integrating parts of it in the operations Divisions in order to have a more flawless and harmonized flow of location-based information throughout the Ministry also had a 100% agreement and its benefits were put forward by many of the interviewees. Seven interviewees who have been in the Ministry for more than 20years confirmed of the fact that each of the operations division had their own survey team in the 1990s who would derive location-based informa
	to come. However, the other side of the coin is that those same decisions if made without proper information on location-based information such as landowner boundaries are becoming to be a trouble for the plantation forestry companies in Fiji. An example is that if a portion for a large plantation falls within different land-owning units and over the years there happens to be a rift in the landowners due to some personal issues, the harvesting operations maybe affected as the landowners start to claim funds


	4.7 NFMS 
	4.7 NFMS 
	These results address to the third objective of this study which is to propose recommendations for the long-term sustainability of location-based information systems in Fiji to aid in sustainable forest management decisions. 
	Since NFMS as a central system collection, collation, storage, analysis, presentation, and dissemination of location-based information in the Ministry already exists, these results indicate the best future that the for the unit to be sustainable in the Ministry and to serve its purpose in the best capacity, keeping in mind whether the NFMS will play a role in the same. 
	interviewees see 

	The National Forest Monitoring System (NFMS) (developed by an external consultant) is already in place, but it is not fully integrated and deployed into the Ministry as of July 2022 (Pers. Comm.). The NFMS is designed in such a way that it harmonises all forestry data into a central system whereby it is collected, collated, stored, manipulated, analysed, presented, and disseminated (Figure 7). The NFMS includes systems of data input and report generation as well. 
	Figure
	Figure 4.5: NFMS components -Deployment diagram (Source: Ministry of Forestry, 2022) 
	Figure 4.5: NFMS components -Deployment diagram (Source: Ministry of Forestry, 2022) 


	The NFMS, if comes into play will be the greatest of tool in location-based decision making for sustainable forestry in Fiji (Anonymous, 1, 3, 14, 2022). A lot of the interviewees are not aware of the NFMS in place for the Ministry hence they were not able to present their specific views on it but had general comments. However, five interviewees who were familiar with the NFMS 
	The NFMS, if comes into play will be the greatest of tool in location-based decision making for sustainable forestry in Fiji (Anonymous, 1, 3, 14, 2022). A lot of the interviewees are not aware of the NFMS in place for the Ministry hence they were not able to present their specific views on it but had general comments. However, five interviewees who were familiar with the NFMS 
	development had different specific views of it. One interviewee was confident that the NFMS will solve the issues of location-based information, collection, storage, and dissemination. Two interviewees were hopeful that the NFMS should solve all problems of data harmonization within the Ministry for decision-making if it operates in its full capacity as per the structure and design of it. One interviewee was (maybe) and the fifth interviewee was of the view that we will have to wait and see once it is opera



	4.10 Analysing Locational Information 
	4.10 Analysing Locational Information 
	These results address the second and third objective of this study which is to propose recommendations for the long-term sustainability of location-based information systems in Fiji to aid in sustainable forest management decisions. These results discuss the analysis component of locational information for current and future usage focusing on software and human resource capability and looks in its future directions. 
	One of the most important aspects of using location-based information for decision making is analysing it in order to see its underlying information for decision making (Greene et al., 2011). While it is evident from the survey results that all officers of the Ministry have needed location-based information at one 
	One of the most important aspects of using location-based information for decision making is analysing it in order to see its underlying information for decision making (Greene et al., 2011). While it is evident from the survey results that all officers of the Ministry have needed location-based information at one 
	time or another for their decision making, how much of this information was secondary (analysed) information to gain insight into specific information is unclear. The technical capacity of analysing location-based information using GIS/RS techniques is mostly confined at the Forest Resource Assessment and Conservation Division (Anonymous, 2, 13, 14, 2022). However, the Ministry has initiatives in place to train staff on the use of GIS software. Survey results (Figure 4.6) on staff who have received GIS trai

	Figure
	Figure 4. 6 Officers who attended workshops or training in use of GIS software while being employed by the Ministry. 
	The GIS analyst (Forestry Officer (GIS)) of the Ministry (while being the custodian of all location-based information (Pers. Comm.) is also responsible for analysis and presentation of all location-based information seems like having all eggs in one basket (Pers. Comm.). 
	Multi criteria decision making using location-based information for forestry as seen in Phua and Minowa (2005), Temiz and Tecim (2009), Greene et al. (2010) and Tahri et al, (2021), has proven to be immensely helpful in making sustainable decisions. 

	4.11 Technological Capacity 
	4.11 Technological Capacity 
	These results answer the second and third objective of this study which is to propose recommendations for the long-term sustainability of location-based information systems in Fiji to aid in sustainable forest management decisions. These results present and discuss the technological capacity of collection, collation, storage, analysis, presentation, and dissemination of locational information for current and future usage focusing on software and human resource capability and looks in its future directions. 
	Location based information today has gone digital in the form of Geographic Information Systems. These systems require intensive software and hardware to support their operations. While the Ministry has existing capacity in terms of software and hardware used to collect, collate, analyse, and present locationbased information, storage remains a major issue. It has been noted from observation that there is no central storage system for location-based information. A particular noting is that all (4) GIS offic
	-


	4.12 Conclusion 
	4.12 Conclusion 
	The following can be summarized from the results discussed in this chapter: 
	1. 
	1. 
	1. 
	All Foresters who work towards the sustainable management of Fiji’s forests believe that they need location-based information for their decision making. 

	2. 
	2. 
	All Foresters who work towards the sustainable management of Fiji’s forests use location-based information for their decision making at one point or other. 

	3. 
	3. 
	The deployment of Fiji’s National Forest Monitoring system, which is to be the hub for forestry location-based information collection, collation, storage, analysis, and presentation is currently bleak. 

	4. 
	4. 
	The unit responsible for forestry spatial information management in Fiji has undergone through drastic changes in human resources and its future is bleak. 

	5. 
	5. 
	There is a human resource capability gap in proper utilization of locationbased information for sustainable forestry decision making. 
	-


	6. 
	6. 
	There is a gap in systems of proper, collection, storage, and dissemination of forestry location-based information in Fiji which can possible be filled with the deployment of the National Forest Monitoring System. 


	CHAPTER 5: 
	RECOMMENDATIONS 

	AND CONCLUSION 
	AND CONCLUSION 
	5.1 Introduction 
	5.1 Introduction 
	Findings of this study were presented and discussed in the last chapter. This chapter presents a recommendation model for the way forward for a sustainable future of using location-based information in Fiji (third objective). It provides recommendations on key aspects to focus on and will conclude by looking at the limitations of this study and future prospective studies. 

	5.2 Organizational Structure and Human Resources 
	5.2 Organizational Structure and Human Resources 
	Having studied the current organizational structure and human resource systems in place for collection, storage, analysis, and dissemination of locationbased information it can be concluded that the current organizational structure is not in the best state for smooth organizational process of information collection, storage, analysis, and dissemination for decision making at all levels. 
	-

	Concentrating the capacity and human resource ability of collection, storage, analysis, and dissemination of location-based information at FRAC is making life difficult for the operational division officers. When they need any of this information to be collected, analysed, and presented or submitted to FRAC they face the technical skills gap where again they have to rely on FRAC for the same. At this instance when they reach out to the FRAC Division for assistance, the FRAC Division treats it as a request a
	The operational division officers are the source of all raw location-based information and any policy decision that is made from it falls back on them for implementation. As learnt from the past, it is recommended that FRAC be decentralized, and one specialized skills officer (GIS Officer) be based at each 
	The operational division officers are the source of all raw location-based information and any policy decision that is made from it falls back on them for implementation. As learnt from the past, it is recommended that FRAC be decentralized, and one specialized skills officer (GIS Officer) be based at each 
	Operational Division. This officer will act as a point of contact for FRAC for all collection, storage, and dissemination of good quality location-based information to the technical foresters for their informed decision making. This would also ensure that a brain drain at FRAC (as seen in 2018) may not possibly have a direct impact on the operational divisions and they can continue their operations as usual using the location-based information from the GIS Officer based at their division. Another advantage 

	The second recommendation is based on the role of FRAC in the Ministry. FRAC acts as a data bank for the Ministry where all data is housed. It is expected that at any point in time any requirement of Forestry data of Fiji should come officially only from FRAC within the Ministry (Anonymous, 2, 3, 4, 9, 13, 14, 15, 2022). Having this in mind, this division cannot be classified as a part of Research and Development but rather something as information services. There is agreement in a lot of officers that FRAC

	5.3 IT Infrustructure 
	5.3 IT Infrustructure 
	The current location-based information systems of data collection, collation, analysis, and presentation is comprised of propriety software (ESRI Products). 
	This incurs an annual subscription fee which falls on the Fijian taxpayer. A transition to open-source software for all of these activities should be made. This will ensure three key things; 
	1. 
	1. 
	1. 
	The burden of the annual subscription will be lifted, and that money can be used elsewhere in a better cause. 

	2. 
	2. 
	Since the burden of subscription is lifted, the open-source software will be everlasting as all its functionality and code is on openly available on the internet. This will make the systems future proof and its operations will be easier compared to propriety software which many a times needs specialized training. 

	3. 
	3. 
	There will be more control of the system design and functionality locally. 


	However, open-source software and systems of location information collection, collation, analysis, visualization, and dissemination comes with its set of disadvantages as well. First is that since open-source software is based on open code and relies on coding for its functionality a qualified programmer would be best to set it up and always oversee its smooth operations. The second is the security issues myth tagged to open-source systems which a lot of government organizations tend to veer away from as it
	On this note, it should be mentioned that it is best that the National Forest Monitoring System (NFMS) as the central data bank for all Ministry data should be given priority in operations. This system should be enhanced with the latest available technologies. Since the system is already built on open-source software. The NFMS, although built on open-source software and system, is an already approved government system, which will save the hassle of getting 
	On this note, it should be mentioned that it is best that the National Forest Monitoring System (NFMS) as the central data bank for all Ministry data should be given priority in operations. This system should be enhanced with the latest available technologies. Since the system is already built on open-source software. The NFMS, although built on open-source software and system, is an already approved government system, which will save the hassle of getting 
	another such open-source system to get approved for use within government operations, hence for it to be operational and integrated into the Ministry’s workflow will possibly solve all data flow issues and problems. 


	5.4 Documentation 
	5.4 Documentation 
	The fast-paced development and integration of modern technology into organizations such as the Ministry of Forestry consists of complicated workflows and its long run maintenance requires its in-depth knowledge. Having this in mind, the loss of institutional knowledge can have an impact in the continued operations of such systems. There is little to no documentation currently existing within the Ministry hence the risk of losing the progress when there is a change in human resource remains at extreme promin
	Establishing documentation is not a complicated process. Documentation maintenance (update) and proper storage should be made standard operating procedure for FRAC staff who are the current key human resource for locationbased information. The documentation should include the current operating procedure, methodologies and steps used for various processes such as the 
	-

	collection, storage, collation, analysis, visualization, and dissemination of location-based information. 
	The NFMS has some basic documentation of its structure and operations already which should be used as a guide for documenting all the other operations and workflows in regard to location-based information. From an executive point of view, this documentation will also help track the impact and importance of location-based information which can better shape the decisions regarding the future of such systems. 

	5.5 Model of Recommendations 
	5.5 Model of Recommendations 
	to facilitate the practical application of these research findings Table 5.1 shows areas which need attention for a sustainable location-based information system for decision-making. The table also shows priority levels for these areas in the case of Fiji but could be adapted to other environmental fields or locations with some additional desk-based research. High priority areas are ones which need immediate attention, medium priority areas ones which need to be attended to in the next 3 years and low prior
	-

	Figure
	Table 5. 1 Model of Recommendations and its priority levels. 
	From the research four areas of high priority have been identified while three are of medium priority and two are of low priority. The high priority recommendations will ensure that there is no immediate failure of the system, and it will remain in place with all locational information flowing through the system for use in decision making. The medium and low priority recommendations will ensure that the system remains sustainable in the long run. 
	This model is designed in such a way that it can be easily adapted to changing needs and technological advancements of this sector in Fiji and can also be applied to any sector in the world which uses location-based information to aid decision making. Sectors which can adopt this model for a sustainable location-based information system are of a long list, but the following is to list a few: 
	1. 
	1. 
	1. 
	Marine Planning 

	2. 
	2. 
	Urban Planning 

	3. 
	3. 
	Disaster Management 

	4. 
	4. 
	Environment Management 

	5. 
	5. 
	Land Management 

	6. 
	6. 
	Environment Conservation 

	7. 
	7. 
	Public Health 

	8. 
	8. 
	Water Security 


	5.5.1 Measuring Implementation of Recommendations 
	5.5.1 Measuring Implementation of Recommendations 
	The recommendations stated in the last section can be measured in organization specific ways depending on the dynamics of implementation and adoption of location-based information systems. Table 5.2 shows an example of a way in which the first focus area of the first priority can be measured: 
	Figure
	Table 5. 2 Measuring the recommended priority areas. 


	5.6 Limitations 
	5.6 Limitations 
	Some key limitations of this study (apart from the ones already discussed in the methodology) are as follows: 
	1. 
	1. 
	1. 
	The close relation of the researcher with the area of study – while all attempts were made to conduct this study as an academic the possibility of bias in the fact that the researcher is professionally associated with the subject and study area remains. The fact that the researcher can possibly use the findings of this study in shaping the future of this very organization while being its employee could have also impacted and guided some of the findings of this study especially in the semi structured intervi

	2. 
	2. 
	Methodology – the methodology in a lot of ways could have been made better should there have been more time. More information could have been collected, properly documented, and analysed as results. 



	5.7 Conclusion 
	5.7 Conclusion 
	The outcomes of the study have met all the objectives set in the beginning of this study with the possible limitations as identified in the previous section of this chapter. However, a summary of the outcomes of the objectives are presented in table 5.3 below: 
	Figure
	Table 5. 3 Objectives and outcomes of this study. 

	5.8 Future Studies 
	5.8 Future Studies 
	Future studies can focus on narrowing down these objectives and quantifying the impact that location-based information makes in making sustainable decisions for forestry. It should establish the importance of location-based information, the type of information needed and how it is being used to make what types of decisions in forestry sectors. It can also establish the difference between decisions which are made by using location-based information and the decisions which are omitting location-based informat
	Figure
	Table 5.4 Details of Future studies which could be undertaken. 
	Table 5.4 Details of Future studies which could be undertaken. 
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	APPENDIX 
	APPENDIX 
	Interviewee Details 
	ID 
	ID 
	ID 
	Years in Ministry 
	Comments 
	What do you think is the value of locationbased information in a forester’s daily field life. 
	-

	Do you think Decentralizing FRAC to have a GIS Officer/Data Officer in each division will be a good idea. 
	What is your opinion of the current data flow within the Ministry of location-based information? 
	Do you think NFMS will solve the problem? 

	Anon1 
	Anon1 
	1 
	Highly educated, qualified and experienced professional. 
	Can’t do sustainable forestry without it 
	Best Idea 
	Bleak -NFMS can possibly solve the problem 
	Maybe 

	Anon2 
	Anon2 
	28 
	Spent most time in research division but has been in executive leadership in recent years. 
	Needs it daily 
	Definitely 
	Need restructure 
	Will have to wait and see 

	Anon3 
	Anon3 
	32 
	Spent most time in operations division but has been in executive leadership a lot of years as well. 
	Is a good decisionmaking support tool 
	-

	Definitely 
	NFMS will solve problems 
	Yes 

	Anon4 
	Anon4 
	23 
	Spent most time in HQ on executive suport but also has extensive research and operations division experiences. 
	Is needed for making good judgements 
	Definitely 
	Data flow is not systemized 
	It should 

	Anon5 
	Anon5 
	13 
	Spent most time in research division. Recently joined senior leadership in operations division. 
	Very important 
	Best Idea 
	-
	-

	Anon6 
	Anon6 
	10 
	Spent most time in operations division. Recently joined leadership in research division. 
	Extremely necessary for good forestry 
	Definitely 
	Data flow needs to be systemized 
	-

	Anon7 
	Anon7 
	23 
	Spent most time in research division but has experience of operations divisions as well. 
	Needed for making sound decisions 
	Definitely 
	Data flow needs to be systemized 
	-

	Anon8 
	Anon8 
	8 
	Spent most time in research division but has experience of operations divisions as well. 
	Plays an important role 
	Definitely 
	Data flow needs to be systemized 
	-

	Anon9 
	Anon9 
	13 
	Spent most time in research division. Recently joined senior leadership in operations division. 
	Needed in real time 
	Best Idea 
	Data flow needs to be systemized 
	-

	Anon10 
	Anon10 
	17 
	Always been in operations division. 
	Important 
	Definitely 
	Data flow needs to be systemized 
	-

	Anon11 
	Anon11 
	11 
	Always been in operations division. 
	Needed 
	Definitely 
	Data flow needs to be systemized 
	-

	Anon12 
	Anon12 
	23 
	Always been in operations division. 
	Plays a crucial role 
	Definitely 
	Data flow needs to be systemized 
	-

	Anon13 
	Anon13 
	15 
	Spent most time in operations division having joined research division recently. 
	Not a good forester without it 
	Definitely 
	Data flow needs to be systemized 
	-

	Anon14 
	Anon14 
	32 
	Spent most time in operations division but has been in executive leadership a lot of years as well. 
	An essential support tool for decision making 
	Definitely 
	Data flow needs to be systemized 
	It should. 

	Anon15 
	Anon15 
	32 
	Spent most time in research division but has been in executive leadership a lot of years as well. 
	Plays a very important role in their daily work 
	Best Idea 
	Data flow needs to be systemized 
	-








