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Abstract 

The paper explores the history of Geographical Information System (GIS) 

use in order to understand what problems can be faced by city retail planners 

utilizing the technology. Different GIS software packages and system types are 

also studied to provide an assisting information sheet that could help an 

organization choose an appropriate GIS architecture for its business processes. The 

research goes on to study a local planning authority, the Dunedin City Council’s 

(DCC) GIS architecture, and assess its GIS use according to the studied literature. 

An interview is carried out with a knowledgeable DCC representative to solicit the 

information, and to identify problems that the DCC is facing with regards to the use 

of GIS in city retail planning. A GIS dataset, obtained from the DCC, is used along 

with spatial data gathered over several years by the University of Otago’s 

Marketing Department, to recommend and demonstrate practical solutions to the 

DCC’s problems. The demonstration will feature added functionality and data to 

the DCC’s original dataset, with the purpose of showing how the system can be 

improved to provide better analysis opportunities. The recommendations are 

targeted towards any entity that uses GIS without being technically oriented, 

specifically city retail planning entities, but are also applicable to other marketing 

related professions to a large extent. The recommendations include creating a 

structured data collection and recording plan, as well as adding some a number of 

data fields that are crucial to make better use of existing GIS software packages. 

The GIS functions and resources used to generate the demonstration and 

recommendations are detailed, to allow the reader to recreate the scenarios 

discussed and demonstrated for their own use. 
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Preface 

This report investigates ways of overcoming some of the difficulties of 

efficiently using GIS technology in organizations that are not fully specialized in 

that technical field. City retail planning was chosen to represent the marketing 

profession and was focussed on to understand the details of GIS use in that area. 

However, the results of this project apply to other marketing areas as well, if they 

too utilize GIS without complete knowledge of the technology.  

The research focussed on the Dunedin City Council’s system, and used GIS 

data obtained directly from the council. Data was also taken from the University of 

Otago’s Marketing Department, which had been carrying out a data collection 

activity for 400-level students for around 10 years. Although the amount of data 

used in the project was large, it had some limitations, mainly the scope or area of 

cover of the spatial data, and the amount of missing data. Data analysis and 

processing was undertaken by using a student license of the ArcGIS software 

package. Grasping the software’s capabilities posed some challenges to overcome, 

but eventually provided an enlightening experience. 
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1. INTRODUCTION 

1.1 Outline 

The project aims to collect and present information regarding the history and 

evolution of GIS, specifically in relation to retail planning. This should provide a 

structured archive highlighting the typical uses and methods of use that are utilized 

by the professionals and should give a good indication of how up to date the 

professions are in terms of catching up with the technology. The limitations of GIS 

use in the retail planning context along with possible opportunities for development 

will be identified in order to guide the GIS use to improvement.  That information 

will be used to help build a demonstration to show how GIS use by planners can be 

improved and how it can be used to make better planning decisions. In addition to 

that, the paper will assess, and provide a thorough evaluation of currently available 

GIS applications to aid future researchers or professionals in making a decision 

regarding the GIS system to utilize. A framework will be developed to assess the 

use of GIS by planning entities. The framework will be used to assess the use of 

GIS by the Dunedin City Council in order to identify inefficiencies and areas of 

improvement, and then recommend possible actions to improve their GIS use. 

1.2 Experiment 

Furthermore, the experimental approach of the research aims to demonstrate 

how, by using GIS applications researchers can monitor the changes of a city’s 

retail mix over a period of time to understand the impacts that past decisions have 

had on the city’s retail, in order to guide and assist future decision making in retail 

planning. This would confirm the research hypotheses: that the mapping and 

monitoring of the retailscape of a city over time, by using GIS solutions, would 

bring value to a city’s retailing decision and policy makers. Another objective of 

the experiment is to explore features of GIS that are not used by retail planners, to 

suggest that adopting those features may increase the efficiency of city retail 

planners’ use of GIS systems. The study will provide a proposal as to how the 

industry’s utilization of GIS can be improved, to increase the productivity planning 

authorities and the reliability of their decisions. 
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In order to answer the research question and confirm the hypotheses the report 

will review relevant literature and demonstrate the capabilities of GIS. The 

demonstration will be in the form of an experiment targeted primarily towards the 

Dunedin City Council, and will make use of techniques that are not implemented 

by the DCC. These techniques will be applied to the DCC’s system to demonstrate 

the impact that they could have on the organization’s decision making.  

1.3 Scope 

In the research, GIS will be studied both on a large scale, global sense, and on a 

smaller scale as a case study. The literature review will cover the historic uses and 

the development and evolution of GIS globally, whereas the experimentation with 

the GIS software will be carried out locally in Dunedin by using data collected by 

the University of Otago, Department of Marketing, the DCC, and researched data 

carried out on behalf of Dunedin City Council relevant to Dunedin’s retailscape. 

The resulting proposal would be aimed directly towards Dunedin City Council, as 

Dunedin is the specific experimental field being studied, however the proposal will 

be general enough to be applied, and made use of, globally, by different cities and 

city retail planners wanting to improve their use of GIS. 

1.4 Plan 

In order to achieve the research objectives this study will go through three 

distinct stages. Firstly a detailed literature review will be carried out to understand 

the backgrounds of GIS and city planning separately and how they work together. 

Next an interview will be carried out with a DCC representative to further the 

understanding of their local GIS processes and needs. After the interview an 

experiment will be undertaken to exploit and demonstrate some of the concepts 

studied in the literature. The experiment will be based on the DCC, but can be 

implemented similarly on other organisations with GIS-based functions. The next 

step would be to study the experiment’s outcomes in order to assert whether or not 

focussing more on exploring GIS functionality, such as those used demonstrated, 

would have a positive impact on city retail planning. Recommendations will be 

made based on these results and on the requirements of the DCC and the issues or 

problems that they are facing in relation to city retail planning with GIS systems. 
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The relevant literature will be used to gather information about GIS and its uses 

through its history. Software documentation for GIS applications along with other 

related literature will be studied in order to understand and evaluate the different 

software solutions, and one of these solutions (ArcGIS) will be used to carry out 

the experiment. ArcGIS will be used for convenience as it is the same system used 

by the DCC, and it will be used to demonstrate the strengths and limitations of the 

DCC’s system and its utilization as an assisting tool for city retail planners. The 

software package is also readily available through a Student License for research 

purposes at the University of Otago from the National School of Surveying. The 

experiment will involve applying concepts studied in the literature review and the 

software documentation to the system being used by the DCC, in order to introduce 

new functionalities to the DCC’s system or to make improvements to already 

existing ones. The experiment will be extended to make use of historical spatial 

data in an attempt to map the city’s changing retail mix. This will serve as a proof 

of concept to show that GIS may be used to show change in retail mix over time, 

and to test whether or not this feature and other potential improvements to the 

DCC’s GIS system are of value. In order to find out what potential gaps, or 

opportunities of improvement, there are in the DCC’s system the relevant DCC 

personnel will be interviewed. This will give a better understanding of the DCC’s 

GIS-based processes, and their use of the system. Research that has been carried 

out by, or on behalf of, the city council will be studied as well to increase our 

knowledge of the DCC’s GIS involvement. In addition to that, spatial data defining 

the structure of the GIS maps of Dunedin will be acquired from the DCC, and this 

same data will be the basis for the ArcGIS experiment. Physical retail data 

collected by the Department of Marketing at the University of Otago over several 

years, will be inserted into the experiment in the form of a series of maps (or map 

objects) representing spatial data over the years. The main purpose of the 

experiment is to be able to implement the functionality of monitoring Dunedin’s 

changing retailscape, and to highlight other aspects of the GIS software that may 

benefit the DCC, which they are not aware of. 
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2. HISTORY 

2.1 Background 

2.1.1 City Planning 

City planning plays a significant role in the management of retailing within a 

city since retailing is a crucial factor to the city becoming a successful one 

commercially. Retail makes up a large proportion of a city’s infrastructure, so in 

order to make the most of it city planners must be able to make managerial 

decisions regarding planning, efficiently and effectively (Blau and Roppe 1991, p. 

45). The field of city planning naturally tends to have a spatial aspect to it because 

the work done always relates to specific assets at specific geographical locations. 

That is why when city planning is discussed it is important to bring spatial analysis 

and GIS into the picture, as GIS is one of the main currently relevant technological 

tools to deal with spatial data and data analysis. The next sections will review the 

approach that planning has taken towards using GIS and utilizing it to improve the 

field. 

2.1.2 GIS and Planning 

Because of the strengths of GIS in recording and analyzing a wide range of 

spatial data, city planners have been adopting GIS for several decades. Having the 

power of GIS at their hands allows the planners to be more effective at carrying out 

the tasks they would have traditionally done without a computerized system. 

Increased accuracy and productivity, and decreased task time are some of the 

beneficial outcomes of planners utilizing GIS for their traditional spatially related 

planning tasks (Innes and Simpson 1993, p. 230). In addition to that, GIS is based 

on a database structure, meaning that many different types of data can be linked 

together instantaneously. This means that planners making good use of GIS 

technologies have the option to carry out some tasks which were traditionally very 

difficult if at all possible, including understanding the interactions and relationships 

between different types of spatial data. 

Although there are many advantages of having GIS to support city planning, 

the field has struggled in order to develop and use large scale GIS systems. The 
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expenses and technical capabilities of GIS were part of the reasons GIS were rarely 

successfully used in the past. However, technological advancements have 

significantly improved the technical capabilities, and decreased the costs and 

expenses, immensely increasing the success of such utilization of systems. Yet the 

full potential for GIS use in planning is not often being reached, as there still are 

several barriers and problems in implementing GIS (Innes and Simpson 1993, p. 

230; Merry et al 2008, para. 13-18). 

2.1.3 Limitations 

Developments in hardware, software, and the Internet, have all caused an 

increase in use of GIS by planners. However the adoption of GIS and the ways in 

which it is used by planners, specifically in public agencies, has not yet reached its 

theoretical potential. GIS is not being used as much for spatial analysis and 

modelling as much as it is used to record and display spatial data and create 

aesthetically pleasing maps which lack functionality for meetings and reports 

(Göçmen and Ventura 2010, p. 173). Understanding the reasons behind the 

deterrents of adoption of GIS by planners and public agencies, and recognizing the 

obstacles that they are faced with is a vital step which should be taken to more 

effectively use GIS and make the most out of it in the planning field. Once the 

obstacles are clear it may be possible to provide solutions to the problems that 

cause planners to lag in terms of their adoption and utilization of GIS techniques to 

their fullest capabilities. 

2.2 Development Barriers 

2.2.1 1980s 

Historical reasons for the slow adaption of GIS in planning are closely 

documented in the literature (Gilfoyle and Wong 1998; Gill and Nevitt 1999). As 

GIS was still in its early stages, data layers to support the use of the software were 

not easy to obtain, and the user “un-friendliness” of the software meant that it was 

a great burden to agencies rather than an assistant. This slow adaption started in the 

1980s with practitioners usually hesitating in the use of the then command-line 

driven interfaces of the GIS (Göçmen and Ventura 2010, p. 173). Command line, 

non graphical interfaces meant that the practitioners needed to have technical skills, 
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as well as the traditional planning skills in order to effectively operate a GIS, and 

even then, there would not be enough data available to make the system 

worthwhile to use. GIS was therefore seen as an inconvenience and gave more 

trouble than it was worth, rather than an automated computerized system aiming to 

assist in the practitioners’ tasks. 

2.2.2 1990s 

In the next decade a mass of research (Goilfoyle and Wong 1998; Gill and 

Nevitt 1999) was carried out to better understand the barriers to proper GIS use by 

public agency planners, which resulted into the categorization of barriers into three 

independent categories, namely: technological, organizational, and institutional 

factors. The two main categories that were deterring advanced usage of GIS were 

the organizational and institutional factors. Technological factors were also an 

issue but not as much as the other two. The organizational factors included issues 

in communication and understanding between the technical experts and the 

planning practitioners, in addition to the lack of management’s awareness of the 

available tools and features, and the available tools and their benefits. Institutional 

barriers on the other hand were mainly to do with the lack of widespread 

governmental support and lack of national initiatives to aid in the learning and 

adoption of techniques by the planning practitioners which were not very 

technically skilled. It is also believed that technological factors provided more 

reasons to increase the prominence of the organizational issues (Ventura 1995, p. 

461). The availability of software that did what the public agencies wanted were 

scarce, and the availability of easy to use and clear systems was out of question, 

which meant that organizations would continue to struggle in communication 

between the confounded managerial side and the technology’s experts. 

2.2.3 2000s 

In the past decade the three barrier categories have continued to halt the 

effective use of GIS in planning. However developments in the technologies used 

provided an interesting outcome. Although some researchers (Kingston et al 2000; 

Tang and Waters 2005, pp. 9-10) agree that the improvements in GIS technology 

have been quite helpful in solving its adoption problems, Drummond and French 
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(2008) concluded that that fast paced evolution of the technology is too fast for 

planning practitioners to catch up, and that attempting to do so is a challenging 

task. With internet based GIS applications widely available and continuously 

developing, at a faster rate than desktop applications, it is even more challenging 

for planners to catch up. Due to the widespread availability and ease of use of the 

internet itself, the adoption and development of these web based GIS applications 

is even faster. 

More recent research looks at PSS and examines barriers to using them by 

planners. PSS are not actually the same as GIS, however they are very similar. 

They are more technically advanced, user friendly, and have clear and direct uses, 

and tools specifically designed for the planning field. Although PSS are tailored 

towards planners, and do not require much technical expertise to perform complex 

tasks and to use the systems productively, the same barriers that GIS use in 

planning suffers from apply to the use of PSS by planners (Brail 2008; Geertman 

and Stillwell 2004). The reason PSS is mentioned is that it is more relevant to 

planners than GIS, and on top of that easier to use without technical expertise, yet 

the barriers still exist 

2.2.4 Lack of Training 

Research shows that at the moment, the main issue preventing the prevalence of 

GIS in the planning departments is the lack of training. Public planning agencies 

and their staff are usually not aware of the potential of GIS and the value that it can 

add to their process (Gills et al 1999; Vonk et al 2005). Adding to that funding for 

training and educating in the GIS technologies is also lacking, which is one of the 

reasons that the planners do not realize the full potential of the available tools. 

2.2.5 Organisational Fear of Change 

Organisational factors are no longer an issue or a barrier to the use of GIS. 

Organisations do not have the fear to change and to implement GIS systems mainly 

because they usually do not make up big expenses anymore. Internal 

communication between technical specialists and planning experts is less of an 

issue as the gap between these two has been bridged by the technologies evolving 
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into more user friendly systems not requiring as much technical experience as was 

required in the past. 

2.2.6 Basic GIS Dominance 

A study carried out by Göçmen and Ventura (2010, p. 178) segments the 

current use of GIS by planners into two segments, “Basic GIS” and “Advanced 

GIS”. To put it simply, Basic GIS use is, and has been, the more dominant use of 

GIS, and the one which doesn’t utilize the systems to their full potential. Activities 

carried out by Basic GIS planning agencies are limited to accessing spatial and 

inventory information, creating and maintaining datasets based on that information 

and creating static maps and visualizations to represents the information and the 

related datasets. The other type of GIS use is what researchers envision GIS use to 

be, it is how the use of GIS should be in order to be fully exploited. Advanced GIS 

planning agencies make use of GIS beyond the uses of Basic GIS. Advanced GIS 

tasks include scenario modelling and visualizations and impact analysis, general 

data analysis, land suitability analysis, and other various types of analyses. 

Advanced GIS agencies have the capability and capacity to complete their planning 

tasks using GIS, and to utilizing the systems for tasks other than producing maps 

and creating and managing inventory items. 

2.3 The Future of GIS in Planning 

2.3.1 Problems 

GIS is becoming easier to use and requires less technical expertise because it is 

getting geared socially and towards social demand. Although it is becoming easier 

to use and understand, the cost is loss of functionality. Reaching high levels of 

potential require both technical knowledge and planning knowledge in order to 

work perform advanced tasks at both planning and GIS. GIS engineers will develop 

software based on their knowledge as engineers and as users, but not as planners, 

while the planners in turn will focus on improving their planning processes with the 

low amount of technical expertise that they have; that is, they will make use of the 

mass marketed, user friendly GIS solutions that are not targeted towards planners 

in the first place (Drummond and French 2008, p. 171). As this separation occurs, 
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the two fields of planning and GIS will inevitably begin to diverge, making it less 

possible for the planners to ever utilize the GIS technologies to their full extent. 

2.3.2 Mitigation 

In order to avoid this dead end to the improvement of use of GIS in planning it 

is important to maintain the communication between the two sides: technology and 

planning. Each side needs to be aware of the needs and capabilities or potentials of 

the other. This means that either the planners are trained in the highly technical 

aspects of GIS, or the GIS and software experts are trained in planning. That isn’t 

really an effective solution as specialization is needed in each side for both of them 

to develop however can be done with something in between. Professionals from 

either side are trained to be able to properly communicate with the other side, and 

then they are certified to act as intermediaries between the GIS experts and the 

planners (Drummond and French 2008, p. 171). The other mitigation that can be 

done is to educate both the planners and the GIS experts about the barriers and 

problems being faced by the combined fields in the hopes of raising awareness and 

interests regarding the other side of the combined field. This paper will hopefully 

contribute to raising the awareness about the untapped potentials and perhaps shed 

light on some of the possibilities that may interest planners to get more out of GIS. 

2.4 Retailing 

City planners and planning agencies often have to deal with retailing as that 

makes up a large proportion of the city. Policies and decisions need to be made in 

order to improve the city’s retailing which will improve the city as a whole (Innes 

and Simpson 1993, p. 230). It is important to note that although the main focus of 

this thesis is on city planning authorities and the utilization of GIS by these 

authorities in general, other related professions such as retailing, use GIS similarly, 

and face similar obstacles and its development in GIS is struggling because of 

those obstacles. Also the way GIS use is moving socially in the retailing sector is 

very similar to the way that it is moving in the planning area, but easier to visualize 

in retailing. This is why the paper will look into the use of GIS by retailers, as the 

problems of GIS and the direction in which it is moving in retailing is valid and is 

relevant to planning. Therefore when talking about retailers, it is safe to assume 
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that they are the same as the professional planners, who are not GIS professionals, 

in the amount of GIS expertise and utilization. 

One of the main problems with the use of GIS is that the users it is intended for 

do not understand its power, and do not necessarily know what they want to, and 

can get out of GIS. “The requirements of commercial users, or at least retail users, 

are comparatively vague” (Goodwyn 1998, p. 1). Utility companies see GIS as a 

land use and utility management tool. Spatial accuracy is crucial for the utility 

companies and needs to be high in order to avoid substantial and unnecessary costs. 

Electricity and water distributing companies have buried cables and pipes within 

the ground and therefore need great accuracy in order to be able to dig those up 

without errors for maintenance. Like the utility and planning fields, the retailing 

sector has found uses for GIS. However, unlike those two, the use of GIS by 

retailing, and the required functionality are relatively vague (Goodwyn 1998). Land 

use management and planning agencies do indeed utilize GIS to manage retail 

entities, however retailing has quite a few uses of its own for the technology. 

2.4.1 GIS in Retailing 

The use of GIS by retailing spans from making basic observations to carrying 

out more complex analytical tasks. Basic observations that are made by retailers 

can include identifying possible locations for expansion or introduction of physical 

retail stores, or locating competitors on a map in order to assist in making 

competitive strategy decision (Goodwyn 1998). In addition to that GIS can be used 

by retailers to visualize and access census data in order to attempt to predict 

potential customers and their locations. The majority of usage is basic because of 

the inexperience and unawareness of the more advanced capabilities. 

More advanced tasks can also be carried out by retailers using GIS including 

detailed spatial-demographic reports to identify which locations contain a retail’s 

target markets and based on that retailers can make strategic decisions such as 

where to place billboard advertisements, where to expect high, relevant target 

market foot traffic for handing out surveys or promotional material, or where to 

deliver mailbox advertisements. More analytical uses are featured in modern GIS 

software (ESRI 2004) which include creating distance raster layers to identify the 
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current distance between different branches of the retail store or to define the most 

appropriate one for opening a new store. The same type of distance raster layers 

can apply to strategically analyze a retailer’s competitors’ locations relative to each 

other in order to make marketing strategies, or to identify a gap or potential for 

expansion in the relevant market if there is a shortage of a particular retail type in a 

viable area. Creating and interpreting gravity models can be an extension of the 

examples of distance raster layers, and can be used and integrated with simulations 

of traffic and consumer flow, either towards the physical area of interest or the 

actual retail store or centre. The flow of shoppers within a large scale retail centre 

can potentially be modelled or simulated using the same techniques used on the 

larger scale intercity traffic flow (ESRI 2004). 

2.4.2 Unreached Potential 

Although there are many uses for GIS in retail management, this field like 

planning isn’t realizing the technology to its full potential. Specifically, although 

the technology is widely available at a very low cost and is able to run on personal 

computers, many retailers do not make use of it. The main reason for that once 

again is the gap between the commercial users of GIS, in this case retailers and 

planners, and the GIS software developers and GIS experts. The GIS experts do not 

understand the needs of the retailers, and the retailers do not understand the 

capability of the GIS technology and what it can do to improve their processes. 

They do not know what they are missing. This gap can cause some ambiguity in 

communications, leading to misunderstandings between the two sides (Maguire 

1991, p. 17). Finding the shortest distance between two locations for example could 

be slightly ambiguous since the distance could be measured in several ways. First 

of all the transportation method used would make a big change in the distance and 

in the routing methods. Elevation is another factor that may need to be considered, 

but might not be so because of the ambiguity of the problem; for a pedestrian, 

walking a further distance may be much more feasible than walking a shorter 

distance uphill, which would make measuring the closest retailer in a set of 

competitors irrelevant. Since the GIS experts are not heavily specialized in 

retailing/planning, and the retailers are not fully educated about the technology, this 

gap will remain and perhaps grow in the future. Misconceptions regarding the 
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abilities and functionalities available by GIS often arise because of the poor 

education of the retailers in the GIS technology. Such misconceptions can include 

the belief that GIS is purely a visual aid and does not meet the statistical needs 

which are met by widely available statistical packages (Goodwyn 1998). Retail 

analysts are likely to require statistical capabilities and if they were to believe this 

misconception they would be led to think that they would be shuffling between a 

statistical package and a GIS software package in order to get the maximum 

productivity. To them, shuffling between these two will decrease both efficiency 

and convenience and therefore it would not seem plausible to use a GIS for the 

apparently relatively small input to the tasks at hand (Goodwyn 1998). GIS 

however does indeed have the statistical capabilities to replace most of if not all of 

the functionality of traditionally used statistical packages, enabling GIS not only to 

aid in spatial analyses but also in statistical ones as well as the combination of both. 

It is merely the belief that it can’t which discourages retail analysts from using GIS.  

2.4.3 Social Users 

Advancements in GIS technology may have bridged some of the gaps between 

the GIS experts and retailers. As GIS improvements are geared towards the 

majority of users, who are the mass of individuals in societies, GIS becomes easier 

to use. Also since the traditional users are not linked to a specific profession but are 

average and observable individuals, their trends and needs can be captured and 

satisfied by the GIS professionals, who themselves are social individuals just like 

the users they are serving (Drummond and French 2008, pp. 163-164). As “being 

social” becomes the new trend businesses and retailers begin to adapt to their 

customers’ likes and needs, “social” starts becoming part of the retailers’ strategy. 

In the same way that retailing attempts to become social, GIS does the same. With 

the evolution of mobile devices comes the integration of GPS into the average 

individual’s mobile phone. GPS provides the mobile devices the functionality of 

being able to identify where the device itself is positioned geographically. By doing 

so, the position of the device (or the position of the device’s owner) can be 

integrated into mobile GIS to create value for its users by various means, such as 

navigation assisting applications (Donley 1997, p. 12). Alongside those 

developments in GPS and mobile devices comes the massive adoption of social 
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media by large numbers of modern individuals, specifically social media 

applications on mobile device. When the mobile GPS technologies are married to 

the mobile social media, the result is a location aware social mobile GIS device, 

which opens up a lot of opportunities for retailers and businesses. The ways in 

which these GIS and their data can be used by retailers vary widely and are 

constantly changing, since they are socially driven. An example is offering 

promotions to a retailer’s customers based on GIS data, such as how many times 

they visit the physical store. Foursquare is one of the many GIS enabled mobile 

social applications which facilitates retailers’ usage of the technology. A retailer is 

able to track, through Foursquare, how many times each customer, who is also a 

Foursquare user, is in the retail’s premises. Based on that the retailer is able to give 

out promotional items to frequent customers, and provide higher value incentives 

for the most frequent visitors. The retailer has the power to create other incentive 

schemes, enabling making the most out of the customers’ spatial data. In addition 

to that demographic and social data linked to the social applications may in some 

cases be used by the retailer who can then potentially understand the target 

customers more. Aggregating the available data could give a good representation of 

the retailers’ customers. 

It should be clear as to how advances in use of GIS in retailing may be similar 

to those of the planning profession. Since GIS is getting focussed on branching into 

more social applications the GIS non-professionals, whether retailers or planners, 

start becoming aware of GIS as it is seen by the social users and therefore are not 

fully aware of what GIS is for a professional retailer or planner. 

2.5 Over-Focus on Social GIS 

Retailers and planners are exhausting their efforts into keeping up with the 

light-weight social GIS technologies that they are no longer aware of the fully 

fledged technologies that are available, and their developments. Those technologies 

do not seem important to the retailers at the moment because they are being 

focussed on the social light weight alternatives (Drummond and French 2008, p. 

163-164). However, understanding the benefits that the GIS technology could bring 

to the professions could get them more interested and active in adopting them 

rather than neglecting them. That should benefit both the GIS and the specialized 
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planning or retailing professions, as well as the communication between them, 

allowing for further and more focussed development in the technology.   
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3. GIS SOFTWARE 

3.1 System Options 

3.1.1 Build Vs. Buy 

When it comes to choosing an implementation of a GIS system there a few 

factors a retail planner will need to be aware of to make a decision. There are a 

number of vendors licensing GIS software products for both high end and low end 

markets which the planner can choose from should they wish to pay for an existing 

system. The most popular vendors include ESRI and Intergraph. The other option 

would be to build the GIS software in house. This has a few advantages over 

licensing commercial GIS software, but only within certain conditions, and still 

will have some disadvantages. The retail planner or agency will need to have a 

dedicated software development team, with expertise in application development, 

along with GIS, as well as a very good understanding of the retail planner’s 

business processes and requirements. Although the planner may be able to save 

money by not purchasing a license, the cost of producing a tailored GIS system can 

be greater than the expenditures saved by not developing and by licensing instead. 

Developing a custom GIS system will also have a longer waiting time between 

ordering and having access to the system. On the positive side, developing tailored 

GIS software in house will allow the organization or client to have more control 

over the type of functions that the system can perform, and gives the system’s users 

better usability due to optimizations that are specific to the retailer or planner. The 

developers can also buy in some of the components of the system rather than 

building it up from scratch which decreases the time and possibly the cost of 

creating the system (Longley et al 2005, pp. 167-173). 

3.1.2 Factors affecting choice 

Nevertheless, the expertise in developing a system in house may not be 

available and therefore the retail planner must make a choice from between 

different software packages provided by different vendors. In order to make a 

decision several factors needs to be considered. Some of these factors are: the cost 

of purchasing or licensing software, and hardware if required, the number, 

expertise, and type of the users who will be using the system, the ease of use and 
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ease of learning for new users, the availability and customizability of required 

capabilities and features, and whether or not the system needs mobility (Woodbury 

1996, p. 63). In addition to these factors the type of system required by the retail 

planner needs to be taken into consideration.  

3.2 Types of GIS 

As with other computerized systems there are several different types of GIS. 

The four most popular ones are desktop, server, developer and hand-held or mobile 

GIS. Each of these types has strengths in different areas, and the costs vary 

between the types. The cost structure varies as well, for example desktop GIS is 

usually priced per user whereas server GIS software is usually priced as a package 

(Table 3.2.1). There are other types of GIS software, but the four types discussed 

are the major and most popular ones. 

Table 3.2.1: Types of GIS - Costing and Experience Required 

 
Costing Hardware #  Users Expertise 

Desktop Per user Low cost / PC One per license Basic to 
specialized 

Server Per system High cost / Server + 
network structure + 
clients 

Many per license Moderate 
to 
specialized 

Developer Per 
component 
+ royalty 
fees 

Specialized 
development hardware 
+ software 

Multiple developers Highly 
specialized 

Mobile Per system 
+ per device 

Low cost for device + 
high costs for server 
functionality 

One per device / 
many per system if 
server capabilities 

Moderate 
to 
specialized 

 

3.2.1 Desktop 

Desktop GIS software is able to run independently within a personal computer. 

This type of GIS software gained its popularity due mainly to the availability, 

convenience, and the relatively low price of personal computers (PCs). In addition 

to that, PCs almost always include collections of software tools such as text editors 

and processors as well as DBMS which all complement the GIS software. Desktop 

GIS software can range from basic GIS viewers to fully fledged ‘professional’ GIS 
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systems. At the lower end, basic GIS viewers offer limited functionality that assists 

GIS users with their work. These functions are limited to displaying and querying, 

GIS databases and maps as well as simple mapping capabilities (Longley et al 

2005, pp. 167). Because GIS viewers are common every-day tools for any GIS 

user, and because of the very high availability of these viewers, they are usually 

available for free. On the other end of the spectrum, the professional desktop GIS 

provides the full features of GIS including but not limited to collection and editing 

of data, running advanced database administration tasks, and complex 

geoprocessing and analysis. This type of desktop GIS is used mainly by 

professional and specialized GIS users or which are often referred to as Spatially 

Aware Professionals (SAPs). Given the advanced functionality that professional 

desktop GIS systems offer, the cost of these systems is high, typically costing 

between $7000 and $20,000 for each user (Longley et al 2005, p. 167). 

Between the two extremes of highly specialized professional GIS and simple 

GIS viewers, lies the majorly used subtype of desktop mapping and GIS software 

systems. These software packages are intuitive to use and are generally used by 

non-SAPs in different fields including planning, teaching, and marketing. These 

GIS systems provide tools to enable the users to create professional looking maps, 

charts, and reports. Since the main requirement of the general users is to make use 

of existing spatial data and not to create it, these systems do not provide elaborate 

data creation tools. These systems are more affordable than the professional GIS 

systems, usually costing less than $2000 (Longley et al 2005, p. 167). 

3.2.2 Server 

Server GIS is the equivalent of desktop GIS systems running on remote 

computer servers which distribute the software’s functions to the client users that 

connect to the server through some sort of network architecture. Server GIS 

systems cost around $5000 to $25,000 for the system (Longley et al 2005, p. 170). 

However GIS server products are able to handle a large number of users 

concurrently meaning that the cost of the system can be distributed among the users 

making server GIS potentially the lowest costing type per user.  The capability of 

these systems have traditionally been simple: making and displaying maps, 

querying and routing, and publishing census data. Since the majority of demand is 
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from internet users with limited or no GIS expertise, the applications and 

functionality of server GIS were sacrificed for the sake of the majority of users. 

Recently however this issue has been resolved with server solutions being available 

that are able to handle wide concurrent usage as well as support the complex 

functionality of a full-feature GIS including spatial analysis, database management 

and complete customization (Longley et al 2005, p. 172). This subcategory of 

server GIS software is analogous to remote ‘professional’ desktop GIS software, in 

terms of functionality but with centralization of data on the server. In many cases 

this type of architecture is more feasible for systems ranging in size from small to 

very large systems with multiple users. 

3.2.3 Developer 

Developer GIS tools consist of collections of GIS software components 

targeted towards specialized software developers with experience in software 

programming and in GIS usage. The components that are offered represent distinct 

features and GIS functions that can be used by the software developers to create a 

GIS system that is highly customized and tailored to specific request or needs. The 

result can be a standalone application or an add-on to existing software which may 

then be distributed or used as a different product, not necessarily targeted at GIS 

users since the GIS components which are part of the product may only serve to 

add a few GIS functions to a non-GIS application (Longley et al 2005, p. 172). 

Developer GIS tools will usually not be used as GIS tools directly but could, 

though not necessarily, end up with specialized desktop GIS software as the end-

product of development (Longley et al 2005, p. 172). The GIS software will not 

likely be very powerful with the full features of GIS because the development GIS 

components usually offer only displaying and querying capabilities, and only basic 

editing and analysis functionalities if any. The development packages cost between 

$1000 and $5000 and have small additional costs for every deployed application 

which uses the tools (Longley et al 2005, p. 172). 
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Table 3.2.2: Types of GIS - Licensing and Features 

 
GIS 

Viewer 

Basic 

GIS 

Professional 

(SAP) GIS 

Mobility Location 

Information 

Desktop Free $2000 $7000 – 
$20,000 

Inconvenient Not available 

Server Together as a bundle $5000 to 
$25,000 

Inconvenient Not available 

Developer Can be developed using 
components which cost between 

$1000 and $5000. Royalties paid for 
each released software 

Possible Possible 

Mobile Free or 
low cost 

$400 - $600 for the 
mobile system, see 
server for cost of 

connecting to server 
system. 

Yes Available 

 

3.2.4 Mobile 

Hand held GIS systems are compact and light weight systems which have 

similar features as desktop GIS software. Hand held GIS devices can range from 

specialized devices specifically built for carrying out GIS tasks or as an attachment 

or application in modern smart phones. The devices are usually equipped with 

GPS, wireless, and wired, communication networking technologies which enable 

the devices to make more use of their location information and to overcome some 

of the limitations of mobility (Longley et al 2005, p. 173). The location information 

through GPS makes the handheld devices useful for fieldwork. However the 

devices have limited virtual memories and storage capacities. Therefore map and 

database information can be stored on remote locations and accessed through the 

internet or through a wired connection to the storage location. Some data can be 

stored within the devices, but constant synchronization with a ‘master’ storage 

device is required in order to be able to have new and up to date data on the hand 

held instrument (Donley 1997, p. 12). In addition to the GIS data that is stored on 

remote servers, many of the mobile GIS systems are integrated with GIS servers in 

order to provide complex functionalities. The mobile device is therefore able to 

request a complex analytical task from the GIS server, which will carry out the 

processer intensive tasks and return the resulting output to the mobile device 

(Longley et al 2005, p. 172). The mobile device will be given the simple task of 
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displaying the results to the user, who will be directly interacting with the mobile 

device only. 

3.2.5 Other Types 

Other GIS software types exist, but they are not as widespread as the ones 

discussed. These include raster-based GIS, CAD-based GIS, middleware GIS, 

Spatial Extensions to DBMS such as Oracle DBMS, and Open Source GIS 

solutions (Longley et al 2005, pp. 173-174). 

3.3 Software Vendors 

Four of the major GIS software vendors will be discussed. Their leading GIS 

products will be described to give an idea of what the market has to offer. There are 

many other capable GIS vendors (Appendix 1), however they will not be discussed 

in this paper. 

3.3.1 ESRI 

The main focus of ESRI is the GIS software but they also offer client advice 

and workshop services. ESRI’s main catalogue of products is called ArcGIS and it 

is targeted at professional developers and programmers as well as end users who 

may not be aware of the technicalities of the products. ESRI offer a wide range of 

products in various GIS software categories including hand-held, desktops, and 

server software suitable for both professional GIS users and the intermediate users, 

but with more focus on the professional SAPs (Longley et al 2005, pp. 165-169). 

The ArcGIS range of products support all the functions from data collection and 

importing, to editing and manipulating, querying and analysis as well as 

professional displaying of maps. Complex data management is another prominent 

feature of ArcGIS, which is also highly customizable, giving programmers the 

ability to extend some of the software’s functionalities (ESRI 2004). The software 

packages are menu driven and easy and intuitive to use. In addition to that ArcGIS 

supports a large number of third party extension tools which add even more 

capabilities to the package (Longley et al 2005, pp. 165-170). 
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3.3.2 Intergraph 

Intergraph’s core focus is on graphical mapping and CAD software, as well as 

consulting services, and GIS hardware packages. Intergraph targets end users 

mainly by providing easy to use productivity tools, and elaborate data access, but 

also provides a collection of customizable components which software developers 

can use to tweak the GIS for specific uses. Intergraph offers GIS products ranging 

from free GIS viewers to professional high end GIS software and map publishing 

software in both the desktop and server GIS markets under the product line 

“GeoMedia” (Longley et al 2005, pp. 165-168). The GIS software supports editing, 

querying, mapping and complex spatial analysis, and supports native data as well 

as data imported from multiple commercial DBMS such as Oracle, Microsoft 

Access, and SQL databases. The map publishing software consists of tools to 

compose different types of maps for printing, distribution in the web, and exporting 

to different file formats (Longley et al 2005, pp. 165-168). 

3.3.3 Autodesk 

Autodesk started out as a successful CAD software company with the flagship 

product family AutoCAD, but extended its CAD products to include GIS 

functionality. Because of its CAD history the majority of Autodesk’s customers are 

engineering and design focussed, including manufacturing and infrastructure 

industry users (Longley et al 2005, pp. 166-172). The GIS software offered by 

Autodesk include desktop applications (Autodesk Map 3D), Internet server 

applications (MapGuide), and hand held GIS (OnSite) (Longley et al 2005, pp. 

166-171). 

3.3.4 GE Energy 

GE offers a “Geospatial Asset Management Solution” which focuses on utility 

network management for utility companies especially electric and gas industries. 

GE’s solution is usable as a desktop application suite as well as a server or internet 

based one, and can be integrated into other GIS software as an extension or plug in. 

The solution is mainly intended for design and management of networks for utility 

and telecommunication companies and asset tracking and management (Longley et 

al 2005, p. 167). 
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3.4 Assessing GIS 

In order to assess an organization’s use of a GIS system, different aspects of the 

system need to be considered. The specific software that the organization is using 

needs to be identified in addition to the type of any specialist hardware used for the 

GIS system as the compatibility between the hardware and software is important. 

Special customizations of the software are important to note as the organization 

may have modified the system to tailor it more towards the organisation’s uses. 

Whether or not the system can perform mobile operations is also important to know 

if the organization requires GIS access outside of the office environment 

(Woodbury 1996, p. 63). 

Identifying the organisation’s GIS related processes will show whether there 

are any unused items in the organization’s GIS system mix. The system could 

contain multiple tools with overlapping capabilities, which only leads to an 

increased GIS budget. Knowing what specific features of the system the users 

actually make use of helps to understand how the systems is being used, and when 

related to what the organisation’s processes are, can be used to find out how aware 

the users are of the system’s functions and capabilities. Also understanding the 

organization’s processes which do not use GIS may unveil some inefficiencies and 

potential for using GIS for these processes (Nasirin and Birks 2003, p. 327). 

The number and type of users of the system is crucial to identify whether or not 

the system’s experience requirements match the users’ experience, and whether the 

licensing of the software is suitable for the number of users using the system 

(Woodbury 1996, p. 63). A large number of users requiring concurrent access to 

the system is usually a sign that a server license is needed. An organization’s policy 

in terms of GIS training and the expected skill level of recruits, show what types of 

users are going to use the system and whether or not it will be geared towards 

Spatially Aware Professionals, or basic users (Woodbury 1996, p. 63). 

In the hopes of better understanding and explaining the problems in the use of 

GIS by city retail planners, the theory that was discussed before will be studied and 

applied hands-on with an actual organization/client, using a GIS system: the 

Dunedin City Council.  
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4. THE CLIENT 

The client is the local legislative authority in Dunedin, responsible for 

managing the roads and road assets of the city, managing property and land uses, 

and commercial activities, among other local issues within the Dunedin. 

The city council is a major user of GIS technology for city planning in 

Dunedin, and therefore it is expected that they would have a powerful system. It 

would be interesting to see how much use the DCC make of their system, and how 

efficiently they are using it. A representative of the client is interviewed to 

understand the organisation’s processes relevant to GIS and retail planning, and to 

try to understand any problems the DCC is facing with their systems (Appendix 2). 

Based on the problems and the way in which the DCC uses their GIS system, a 

number of solutions will be recommended in order to benefit the city’s retail 

planning processes. 

4.1 Relevant Processes 

The DCC uses GIS for a very wide variety of processes, but the main uses are 

the ones which take up the majority of the DCC’s resources and time. These 

processes include Property Management, Asset Management, Planning Policy and 

Development Analysis, and Emergency Management. 

4.1.1 Property Management 

Property management involves the tracking and management of the locations of 

properties within the city. Simply put, each property has a unique identifier, and the 

city council staff members use these identifiers to query the cities databases to find 

where a specific property is located, its shape and dimensions, and other 

information associated with this property. Land value and ownership can be set and 

viewed by accessing these databases, and a mass of property information is 

available to the public to view through the DCC’s web-based GIS maps. 

4.1.2 Asset management 

Asset management relates to managing city assets such as water pipe lines, fire 

hydrants, street lamps, and trees, among other assets. This process is used mainly to 
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keep track of faulty or damaged assets and to respond to complaints regarding 

them. The city council is able to query the database to find the location of the 

assets, or carry out more complex procedures such as shadow modelling based on 

tree heights and locations. 

4.1.3 Planning Policy and Development Analysis 

The planning policy and development analysis area of the DCC’s GIS 

processes is the area that is most concerned the development of the city. The tasks 

involved include identifying issues with the city’s physical resources, and setting 

objectives and policies in order to manage the use of land and resources of the city 

sustainably. The DCC analyzes the city’s commercial areas to find out what areas 

need further development and whether there are any issues that need to be resolved. 

An example of these issues is identifying the percentage of vacancies in the town 

centres and commercial zones in order to encourage development in those areas. 

Retail and commercial properties are also classified into more specific activity 

types, to identify the types of activities of which the city has a lower supply of. The 

spatial data is combined with pedestrian counts and population data in order to 

better understand the demand for the commercial entities in the city. 

4.1.4 Emergency Management 

Emergency management is another area of importance for GIS usage. One of 

the main aspects of emergency management is planning for natural hazards, such as 

flooding and earthquakes. Damage assessment is part of this area as well since the 

planning of fixing roads and assets that are damaged by the natural disasters starts 

by identifying the extent and location of the damage. 

4.2 Relevant Issues 

Each of these processes has a different frequency of use. Asset management for 

example is a daily process as complaints of damaged or faulty assets are made to 

the city council on a day-to-day basis. Emergency management on the other hand is 

less frequented as the probability of occurrence is less. The plans for these 

processes are revisited on an annual basis at the very least to make sure that the 

processes are up to date with the city’s environment. 
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4.2.1 Difficulty of Use 

The inability to easily use the system is a deterrent to the development and 

improvement of the organisation and its use of the technology. Tasks are not 

necessarily difficult to achieve, but the fact that they are not easy to achieve 

discourages the staff members and the management, and therefore potentially 

beneficial projects are put on hold or dismissed. In addition to that, the ability to 

create customized and easy to use interfaces for end-users that are integrated with 

other parts of the system is seen by the management as unfeasible, leading to the 

dismissal or indefinite postponing of wanted projects. 

4.2.2 Budget Limitations 

Budget limitations are major barriers to development, and are definitely so in 

the case of the DCC. Efficient and complete usage of the GIS Systems suffers 

because of lack of funding, and management use it as a good excuse to prevent 

change. One case in which a budget limitation was an issue was for the proposal of 

introducing a better mobile GIS integrated system. Upgrading the systems 

hardware and standardizing the system was also put off for some time, as were a 

multitude of small web based GIS projects. 

4.2.3 Low Awareness 

The low awareness of the available GIS features is somewhat related to the 

“Non-ease-of-use”; the GIS features required by the DCC may not be very easy to 

use or understand, or the staff training may not be sufficient, and so the users are 

not able to make use of the features to get their end-tasks done. The users may not 

be experienced enough with the software to be aware that the tasks that can indeed 

be achieved with the current system, or perhaps using the features in question may 

not be as straight forward as expected. This would lead to the assessment of a task 

as unfeasible, or not doable with the current system. 

4.2.4 Mobile Incompatibility 

The incompatibility between mobile systems is one of the difficulties the DCC 

faces when approaching the development or improvement of their Mobile GIS. 

Different mobile platforms require different development skills, and with a very 
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small in-house development team, such skills and resources are not available. This 

means that providing a multiple-platform supporting mobile GIS system is not an 

attainable goal. Standard web development has been looked at as a solution, 

however this causes problems since some heavily used mobile devices, such as the 

iPhone, will not be able to access resources, specifically GIS maps. The maps are 

usually hosted on the web and require an external web-browser media player: 

“Flash Player” and this media player is not supported by the iPhone, which is one 

of the largest mobile platforms to use the system. 

4.2.5 Weak System Integration 

The weakness in integration of systems is another problem facing the DCC’s 

GIS systems and that is because of the need for the mobile systems and the web 

systems, in addition to desktop and server systems as well as the manual paper 

based systems to all communicate with each other and to have a centralized 

database of information. An example to illustrate lack of integration is that changes 

that are being made manually (i.e. via customer support desk) are not reflected in 

the online pages while the changes are in progress. This could lead to unintentional 

duplication of data causing confusion and decreased data reliability. Integrating all 

the DCC’s GIS system is important for a more fluid flow of the system and for 

maintaining reliable data. Each system component should retrieve data directly 

from the centralized data source before manipulation, and update the data back to 

the source upon any change. The system should be able to handle concurrent use 

and modification, and be able to resolve or raise alerts for data manipulation 

conflicts caused by multiple users editing the same data set differently. 

4.2.6 Unreliable Unmaintained Data 

The data recording of the GIS is faulty and lacks accuracy. Properties’ land 

uses as well as other property fields are inaccurate and the data layers contain a 

large number of property objects not named and not properly recorded if at all. This 

raises questions about the reliability of the regular data entry into the system. In 

addition to that, the data is not maintained over time at all, and is replaced or 

updated on a yearly basis instead. This means that historical property data is not 

available to the DCC. The DCC’ GIS systems do however have the capacity to 
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contain these data and the DCC do recognize that the historical data is something 

which would be useful to have, for analytical and reflection purposes. 

4.2.7 Over-Focus on Social GIS 

The DCC is focussing heavily on improvements in the area of web-based map 

viewers aimed at the general public. This is in parallel with the trend of GIS usage 

being shaped by the social needs, and moving away from the power and 

capabilities of professional GIS. This strategy may increase the DCC’s website 

usage but could lead to over focussing on the social aspects of GIS and neglecting 

core functionalities. Focusing on the core functionalities instead gives the potential 

of bringing valuable data analysis to the organisation, and can also improve the 

DCC’s web-based map viewers by allowing adding more data varieties, and 

therefore more maps for the public to enjoy and make use of. 

4.3 GIS Usage 

4.3.1 Systems Used 

The DCC uses a range of different GIS software to cater for their different 

processes. Currently ESRI ArcGIS Version 9.3 is the main system being used. The 

DCC use the Server software since the system is distributed and many users need 

to access the same GIS data, simultaneously. The DCC’s ArcGIS license provides 

them with access to an entire suite of GIS tools that can be used with the ArcGIS 

software. In addition to ArcGIS, ESRI Dekho is used as a gateway Location 

Intelligence Software, and a complement to the system to provide some user 

friendly integration and allow for corporate information sharing. Dekho is used to 

link different parts of the GIS together in an attempt to have better system 

integration. The DCC make use of the Adobe Flex system for displaying and 

querying maps on the web. This system makes use of Adobe’s Flash Player in 

order to provide easy to use and create interactive map viewing and querying 

applications. 

4.3.2 Types of Users 

Several types of DCC staff have access to the GIS system, and in addition to 

those staff members, other DCC GIS users include the general public users who 
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have access to the online GIS data and maps. The number of staff members at the 

DCC who use the GIS Server software is approximately 300, however only about 

fifty staff members have desktop access to the GIS. These staff members have 

different roles including corporate support, asset management, asset strategy 

modelling, and policy & planning. Although many staff members are required to 

use GIS in carrying out their tasks, GIS knowledge is not a prerequisite to being 

hired for the positions, though it is definitely recommended. The DCC does 

however provide some GIS training, and staffs approximately ten corporate support 

personnel, who are responsible for helping out other staff members having 

difficulties performing their GIS related tasks, among other things. The number of 

non-staff users who use the online GIS systems is approximately 500 users every 

day on average. These users use the online GIS data to find and view locations by 

street addresses in multiple types of maps, including graphical street maps, 

photographic maps, and cadastral maps. The web maps allow users to find 

information regarding land rates and property information, as well as detailed soil 

and climate information for the entire city to help farmers make better farming 

decisions. Other information can be found about the city including wards or 

boundaries and water shutoff locations which may be of use to the city’s residents. 

4.3.3 System Usage 

Creating maps is an essential use for configuring the DCC’s GIS system and 

editing them crucial to maintaining the system’s accuracy. The basic features of 

GIS systems are prominently visible in the DCC’s system as displaying and 

querying maps is one of the major services the DCC provides to the public online. 

In addition to publishing data in the form of maps the DCC use GIS to generate 

data in tables, charts, graphs and reports. Basic analysis functions are used to 

obtain and analyze statistics regarding the city’s demographics and commercial 

activity zones. Complex surface modelling is carried out to model catchment areas 

and sunlight and shading simulations. ArcGIS offers a mass of complex analysis 

functions however not many other than three dimensional surface modelling are 

being used by the DCC. The DCC is definitely not using many of the system’s 

advanced features, and therefore the suitability of a fully-fledged professional GIS 

system such as ArcGIS, without any improvement in use, is questionable. 
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4.4 GIS Research 

In terms of the DCC’s approaches to improving their GIS system, some 

attempts have been made. An example of research that is being discussed at the 

DCC is introducing a fully fledged mobile GIS system. This proposal has been 

discussed in the past but has been declined due to budget and feasibility issues 

relating mainly to the cost of implementing the new system with the mobile 

hardware. The proposed mobile system aims to improve data collection and 

modification for the DCC’s GIS system on site. For example one of the problems 

with the DCC’s system is the large amount of missing data in the maps, specifically 

in relation to retail stores in the city. By having a GIS enabled mobile device a 

DCC staff member is able to more accurately enter and modify data, and easily find 

out which data is missing and where to go to locate the missing information. 

Upgrading the ArcGIS system is another improvement which is planned, and 

the DCC’s justification for that is that the upgrade is needed to make integrating 

data between the systems easier, and to make it easier to create better and more 

interactive and informing web-maps. However, the DCC representative mentioned 

that the main reason that the DCC is planning on upgrading the system is just 

because a newer version exists. It should be noted that the DCC is aware that their 

current system is more than capable of achieving the tasks that they require, 

however, as the vendor pitches, the upgrade “ArcGIS 10.1 will make it simpler to 

put mapping and geospatial analytics into the hands of more people without 

requiring that they be GIS experts” (ESRI 2010), and that seems to be exactly what 

the DCC is looking for. 

Another change that is planned for the DCC’s GIS system is a platform 

standardisation. The database and server systems are currently running on multiple 

platforms which may cause inconsistencies and difficulties in managing the 

systems. Changing the platforms to a standardized one helps reduce the amount of 

expertise required to manage the system, thereby reducing maintenance related 

costs.  

From the information gathered by interviewing the DCC’s representative it is 

clear that the city’s retail planners have a powerful set of tools and systems which 
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are more than adequate to achieve their current objectives. The system has capacity 

to handle and make use of valuable retail planning data including spatial statistics 

relating to the city’s retailscape. Managing the existing retail planning data is not 

an issue for the DCC but the validity and accuracy of the data is the problem. The 

source of this problem is that the initial data entry into the system was flawed and 

as a result the DCC is missing some useful and potentially important data. If data 

entry had been facilitated by mobile GIS for example, more accurate data would 

have been collected. The DCC updates the data on a yearly basis, so implementing 

a better data collection protocol, such as implementing the proposed mobile GIS 

system, should be considered a priority as flawed and incomplete data can lead to 

incorrect aggregate information and should not be acceptable. 

Currently the DCC is more focussed on upgrading software in order to make 

the system easier for the staff, who mainly have basic GIS experience only. An 

option which is not being considered by the DCC is to provide more extensive GIS 

training to the existing staff members and raising the bar in terms of GIS 

experience requirements when staffing. 

4.5 Windows for Improvement 

Some actions need to be taken by the DCC in order to overcome some of the 

issues they are facing. Increasing the number of in-house software developers 

could be one thing to look at. This will give the DCC more control over the 

systems they are using and will allow for more customization, which will make 

GIS functions easier to use by staff with less GIS background. Increasing the 

intensity of training in the fields of GIS may increase productivity and cause less 

need for GIS support staff, and the same applies to having more selective skill 

requirements for employment. Another major improvement which could be done to 

the system is improving the data collection quality, perhaps implementing the long 

awaited mobile system won’t be such a bad idea after all, as it will allow the DCC 

to get spatial data more accurately, and to have more complete data, which is 

important for accurate data analysis. 

Making these changes will help in eliminating the problems with the DCC’s 

use of GIS technology, and should allow for better data regarding the city’s 



40 

 

retailscape. With the enhanced data, the more experienced and spatially-aware 

employees, and the increased customization of the systems, the DCC will have a 

better understanding of the city’s issues in terms of retailing and the policy and 

development plans that will be made based on the more accurate data analysis will 

become more valuable. Having a mobile system in place will allow the DCC to 

record and maintain spatial data over the years, bringing new variables which can 

be analyzed. Trends in retail change can be made over time, and the historical data 

will be available for reviewing when needed. 

To find out how difficult these tasks are to achieve and what the results will 

look like, and whether or not they will be of value, the DCC’s GIS data will be 

studied and experimented with. By studying the existing data, utilizing different 

data collection and manipulation techniques, and running different features and 

tools on the dataset, the GIS capabilities can be explored and the potential value of 

implementing improvements to it within the DCC’s use of GIS can be 

demonstrated. 
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5. THE EXPERIMENT 

5.1 Objectives 

As part of the research an experiment that uses GIS data is carried out. The 

purpose of the experiment is to explore different options of collecting and 

recording spatial data, and to discover what can be done with the data once it is 

coupled with a capable GIS system. As there are limitless GIS features that can be 

examined, for the purpose of this research the experiment will focus on 

highlighting the features that will be of most value to the Dunedin City Council 

according to the interview with their representative. Specifically, since the DCC 

have issues concerning data collection and organization, those processes will be 

studied, along with the Time feature of GIS, which allows for temporal data 

recording, viewing and analysis. Temporal data viewing was one of the features 

seen as the DCC as a potentially useful feature which they were always considering 

to implement, but never have. This feature will be studied to identify what is 

needed to implement it, what kind of output it will produce, and whether that 

output will be of value to the DCC as expected or not. 

5.2 Resources Used 

In order to carry out the experiment a temporary student license of ArcGIS has 

been obtained from the National School of Surveying at the University of Otago. 

This license offers some but not all of the features of the complete desktop 

implementation. The license also provides some GIS server accessing 

functionalities. The desktop software provides GIS viewing and editing capabilities 

in two different forms, the map view, and the table view. The map view, as it 

sounds, shows the GIS data in the form of raster or vector layers. The layers 

focussed on in this research are vector layers, which represent data with polygons 

to represent distinct spatial objects. The table view shows the raw data, numbers 

and characters, arranged in fields as they would appear in the database. 

To be able to actually use the software, there needs to be some GIS data in the 

system. Data creation is possible. However the DCC has provided access to parts of 

its database server to assist this research. This means that the data does not have to 

be created from scratch, but can be imported from the server. This also means that 
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there will be less flexibility in modifying the data than if it was built for the 

purpose of this research from the beginning, although for the purpose of this 

experiment flexibility is not a big issue. The system will allow the creation of new 

layers, objects and records, as well as editing the existing ones, and will allow 

editing the existing data as well as the addition of new fields to existing objects. 

In addition to the ‘foundation’ data provided by the DCC, more data needs to 

be available in order to add value to the existing data set. Some spatial data has 

been collected by using a GPS enabled mobile device. However this could not be 

efficiently integrated with the DCC’s GIS system since it does not support mobile 

GIS at the moment. As for temporal spatial data, this has been collected by the 

University of Otago’s Marketing department for several years. This data includes 

location as well as retail related information for a few of the city’s main retail 

areas. Although this data is essentially spatial, it has not been recorded in a format 

compatible with the DCC’s system, therefore it will need to be restructured in so 

that it may be utilized. 

5.3 Data 

5.3.1 DCC 

The DCC has provided access to a large amount of GIS data for this project. 

The data at hand is spatial GIS data which consists of a large database of geospatial 

objects, spanning the entire area of Dunedin (Appendix 3). These objects are 

grouped together in categories or layers depending on the types of objects, which 

include layers for road data, district plan data like pedestrian frontage, water 

piping, landscape data, property data and many others. Each object is a record 

within this database, and has a multitude of attributes or properties which define 

the data. Each different category of objects has a different set of attribute fields, 

depending on the layer it belongs to, however there are some attributes that are 

shared amongst them all. The commonly shared attributes include location 

information, based on longitude and latitude coordinates, as well as display shape 

information, and unique identifiers. These allow the data to be displayed visually as 

a map. Each layer has specific properties to determine what kind of shapes the 

layer displays and what colours are used. 
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The layer of most interest for this project is the properties layer, which has 

objects containing attributes such as property address information, land use, and 

property name. Land use holds information to show what type of use the property 

is put in, such as Commercial, Transport, Residential, etc. 

The property layer consists of 60,571 property objects in total. As the focus of 

this research is geared towards retail planning, the properties that will be focussed 

on will be the ones relevant to retailing, with commercial land use, consisting 

specifically of the values for the land use attribute which contain the value 

“commercial”. This includes Commercial Retail, Commercial Services, 

Commercial Multiuse, Commercial Vacant and a few others. Out of the total 

number of 60,571 properties, 1439 properties fit within the commercial category. It 

is important to note that 5796 out of the total properties are not allocated any land 

use information at all, in other words contain incomplete data. This is different, and 

is not to be confused with properties that are currently not put to any use. 

Properties that are not currently leased or are not being utilized should be labelled 

as vacant. The DCC data suggests that the properties with no allocated land use are 

not vacant, but are just missing land use allocations. However when the DCC 

representative was queried about this missing data the response was that their 

current approach is to ignore any property with missing data in their assessments. 

The other important attributes are the street address and the name of the 

property. The street address is important for all types of properties, but the name 

may not be suitable for all. Residential properties for example may not need names. 

Other entities however, especially commercial entities should be identifiable by the 

name of the entity. However, out of the total 60,571 properties only 1502 

properties have names. That makes only 2% of the entire dataset usable if the 

properties without names were ignored. When considering only commercial 

entities, out of the 1439 number of Commercial properties only 86 have names, 

meaning that about 94% of commercial properties have missing name information 

(Appendix 5). As for street addresses 10% out of the total number don’t have 

addresses recorded. These, according to the data, are sometimes auxiliary objects, 

which represent multiple entities within one physical property, such as entities 

within a shopping mall, however this is not always the case. Nevertheless, even 
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auxiliary objects should have the complete data because otherwise, the data will be 

ignored when making a system query for the purpose of data representation or 

analysis. 

5.3.2 Data Incompleteness 

The brief summary of the DCC property data shows that there is indeed a 

significant amount of data missing. The only really complete data is the basic 

location and shape data that make it possible for the GIS system to render the data 

into an organised map showing the properties of Dunedin. This means that in some 

way or another, all the properties of Dunedin have been visited to be surveyed and 

measured. At some point near the beginning of constructing the database a team 

must have been set the task of physically collecting this data. In that case the names 

of the properties could have been collected as well. The DCC representative that 

was interviewed said that the DCC update the property data on an annual basis. 

Since the DCC is responsible for registering properties in the city, all the requests 

to lease and use properties (whether commercially or otherwise) should go through 

the DCC system, meaning that they could and should integrate the two processes of 

handling leases and updating the properties’ data. The alternative would be to have 

a team commissioned to physically move programmatically around the city, 

perhaps with a clipboard, and note down names of retail stores along with their 

details. At the end of the data collection the data is processed as a batch and input 

to the system as a data update. 

Another alternative to the data collection process would be possible if a mobile 

GIS system was put in place. This alternative will require less time and effort, as 

the team traversing the city will only need to input the changes on a mobile device 

rather than note them down on a clipboard, and the data will be automatically 

processed and updated into the integrated GIS system. Many commercially 

available mobile devices are currently equipped with GPS technology and can have 

internet access, this means that even devices that are not specifically mobile GIS 

devices can be used to input spatial data into the GIS system, given that the system 

provides some mechanism to accept input from such devices and that they are set 

up for that purpose. 
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The built-in Map application in an iPhone device was used to test the data 

collection method. The procedure is as basic as walking on the footpath and 

stopping in front of a property, then typing the name of the property, along with 

any other details concerning it, and saving it. The details that were entered are 

automatically coupled with the physical location of the property, obtained 

automatically by the phone’s GPS, and the properties can then be viewed as a list, 

or organized onto a web generated map. Although the application that was tested is 

not specifically meant to be used for this purpose, it does work quite easily. Add-on 

applications such as simple and very widely available “reverse geo-coding” 

applications can then be used to automatically add physical address information to 

the latitude and longitude data of the saved properties. With proper integration into 

the GIS system however, a mobile GIS device can do even more, such as updating 

the system’s database in real-time as well as querying the databases for 

information. For example the mobile device user can query the database for 

properties which have missing information, and they will be shown on the map 

application, along with directions to get to those properties, and then all that needs 

to be done is edit the properties’ details on the device, which will automatically 

update the data on the main database. 

In addition to the incompleteness of data, the data fields for the property 

records are not enough to give useful insights about the city’s retail. This could be 

improved by adding extra data fields such as the specific types of business 

activities that the commercial entities of the city undergo. Examples of such retail 

activities include coffee shops, restaurants, beauty salons, and automobile rental 

agencies, along with any other business activity that is available in the city. The 

DCC district plan provides annual reviews or reports of the city being monitored in 

different aspects, including commercially, and the plan discusses issues including 

possible improvements and changes in retail. Having the added detail of the retail 

activity fields will serve for better and more detailed information for the reports. 

5.3.3 Data Maintenance 

As well as increasing the number of data fields, maintaining the city’s property 

data rather than replacing it annually will allow the city council to be able to view 

and analyze the data temporally. Temporal data will give the DCC the ability 
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backtrack to the historical data to analyze the effect that the decisions that have 

been made have had on the city. It will also allow for richer data analysis and the 

ability to visually identify trends and patterns in the city, to provide better 

information in reports and make better informed decisions and district plans. 

The ArcGIS system that the DCC uses has a built in “Time” function. This 

function, once enabled for a specific layer will allow the system’s user to create 

multiple time-frames, each representing the GIS data at a different point in time, or 

for a different time interval. The data can then be viewed at different points in time, 

simply by sliding the “Time Slider”. This can be used to show physical changes 

such as construction of new roads or properties, but can also be used to show 

intangible changes, such as the change in retail activity. All that the system requires 

in order for this function to work correctly is to enable the function for a layer 

which has either one or two fields which specify the time period for which the 

record or property is valid. One time field means that the property is valid only at a 

single instant in time, whereas two provide a starting and ending time point for 

each record to be valid. An alternative method to using the built in Time function 

would be to make backup copies of the layers every time a change is made, that 

way each backup layer can be viewed as a different time point. However this 

method will not allow the user to benefit from the time animation that ArcGIS 

provides, and should only be used when the data layer has no data to record in the 

time field(s); the time periods of the changes were not recorded and are not 

available. 

5.3.4 University of Otago 

The marketing department of the University of Otago started collecting data 

annually regarding the properties of Dunedin CBD in 2002. The data collected 

includes property addresses, names, and the type of activity they are used for 

(Appendix 5). The data collection targeted areas of major retail activity in Dunedin, 

specifically in the CBD. Approximately 570 properties’ details were recorded over 

ten years therefore giving a potential to study the change in the retailscape of 

Dunedin’s CBD once the data was organized and integrated with a GIS enabled 

dataset.  
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The data is collected annually by a group of marketing students. These students 

are given a spreadsheet with some of the data collected during the previous year 

including the street addresses, property names and activity types, as well as blank 

fields to input the new details in. The addresses are divided amongst the students 

and each student, or group of students walk around the Dunedin CBD filling in the 

blanks. 

The temporal property data that was collected by the marketing department can 

be plugged into the DCC’s GIS system, specifically into the properties layer. The 

properties’ address and spatial information are already in the database, so what is 

left is to input the property name and type data for every time period, and set up the 

Time function in ArcGIS. Manually inputting the data into the GIS map is a tedious 

and monotonous process, and is therefore time consuming and error prone.  Had 

the data been collected by the use of a mobile GIS system, the data could be 

automatically plugged into the system and fully integrated with the main database 

by the time the data collection was finished. In addition to that the data collected by 

the students has some inconsistencies, and is not directly compatible with the GIS 

system, therefore a lot of re-coding and reorganizing needs to be done before 

merging the datasets. 

After re-coding the dataset collected by the students, which was a lengthy 

process, a script was created to make use of ArcGIS’ field calculation feature 

(Appendix 6). This feature edits the values of fields in the geo-database based on 

some script or code in order to insert values into the database in bulk, rather than 

field by field manually. The script decreases the data input time significantly; it 

would take about a minute to manually update five fields in the database, however 

by using the field calculation feature along with the customized script, the entire 

database (over 60,000 fields) can be updated in less than one minute. The process 

to use this feature is quite simple as well. Assuming the data has been collected 

then recorded in a computerized format, such as a Word Document, Excel 

Spreadsheet, or any other text based file format, this data needs to be copied into 

the script (which takes a few seconds) then the script goes through the entire 

database and automatically updates all the relevant fields in less than a minute. 

Assuming inputting data takes one minute per five fields, the whole data update 
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would take 200 hours for 60,000 fields, compared to a minute of automated field 

calculation. 

After plugging in the data, the system is more useful and able to show more 

about the retailscape of Dunedin. For example the properties can now be colour 

coded to show the different types of activities used visually. This is useful to help 

identify intangible patterns such as the movements of retail activity the retailscape 

if there is any, or any clustering of particular retail activities. Colour coding the 

GIS objects allows a viewer to make visual references and cues for different 

categories of retail activity, leading to faster and more intuitive pattern recognition 

than what would be achieved through than number crunching. 

5.3.5 Temporal Data 

In addition to that the system now contains temporal data, which can give 

insights about the changes that are happening in the city’s retail. There are different 

ways to view and analyze the temporal data, both visually and statistically. For 

example the data can be viewed as a set of static maps, each showing the same 

properties at a different time interval. This would be useful to study the changes 

that happened to the properties between the different time periods. This is more 

useful for a small number of time periods, however if a larger number of 

timeframes are needed to be studied, the data can be viewed as a smooth animation 

with smoothed transitioning of the property data as the animation progresses. This 

may not be necessarily used to study the timeframes as closely as the static maps, 

but will give an overview and possibly show trends and major changes that have 

happened quite easily and visually. Examples of what these static maps look like 

can be seen in Figures 5.3.1 and 5.3.2. 
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Figure 5.3.1: Retail Mix of Dunedin CBD in 2004 (left) and 2010 (right) 

 

Figure 5.3.2: Shows change in retail from 2004 to 2010. (Green denotes change in left) 

 

The data can also be viewed as numbers and percentages, such as the 

percentages of each specific retail activity in the city, or the numbers of retailers 

within a specific region. As with the static maps, these numbers can be viewed in 

tables for each time period, side by side, and the amount of change between the 

time periods can be calculated and viewed as well (Table 5.3.1). The numbers can 

also be aggregated over all the periods to calculate and show average changes for 
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example, and many other functions that can be carried out by standard statistical 

packages can usually be carried out on this data as well using ArcGIS. 

Table 5.3.1: Changes in numbers and percentages of different categories of retail stores 

  

2004 2004% 2010 2010% 

Clothing and Apparel 98 17% 102 18% 

Non-Retail Commercial 113 20% 100 18% 

Cafe / Bar 56 10% 53 9% 

Restaurant 53 9% 53 9% 

Health & Beauty 53 9% 50 9% 

Hardware 35 6% 38 7% 

Stationary 36 6% 34 6% 

Accessories & Jewellery 25 4% 32 6% 

Vacant 14 2% 23 4% 

Hairdresser 16 3% 22 4% 

Residential 19 3% 18 3% 

Grocery 13 2% 10 2% 

Music & Entertainment 14 2% 9 2% 

Sport 5 1% 8 1% 

Accommodation 8 1% 7 1% 

Florist 6 1% 5 1% 

Car Park 4 1% 4 1% 

 

The numbers can also be viewed graphically as charts or graphs to show 

patterns, changes and general insights about the temporal data (Appendix 7). 

Decisions can often be based on GIS data and although making planning 

decisions based on analyzing statistical values is possible, it requires more focus 

and cognition, whereas visual representations of the data are more intuitive and 

require less processing. Therefore by viewing graphical data before any raw data is 

observed allows for a rapid overview of the data providing insight which can then 

be confirmed or supported by studying the raw data closely. 

5.3.6 Data Limitations 

As opposed to a DCC commissioned survey, the data collection done by the 

marketing department was undertaken by university students, as a class activity. 

Although the majority of the data can be assumed to be correct there is still an issue 

with reliability. As with the DCC’s data, a portion of the data collected by the 
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students was missing. In this case the missing data was mainly unintelligible 

property names, or unidentifiable retail activities. The data with missing fields was 

omitted to avoid decreasing the data’s accuracy. 

In addition to the missing data, the categorising of business activities was 

inconsistent. Some students created very broad categories where as others were 

more specific. Different students used different vocabulary to describe the business 

activities, for example “Cafe” versus “Coffee Shop”. All these inconsistencies are 

manageable and human readable, however they are not suitable for the analysis of 

the data. In order to be able properly analyze the data the categories were re-coded. 

A better approach to the data collection would have been to set out distinct 

category codes prior to the data collections, which will yield a more consistent 

result. The new category codes were made somewhat broad in order to be able to 

make better generalisations. As the dataset is not too large, more specific categories 

would scatter the data so much that it would not be of value. The categories used 

were broad in the sense that they had a larger threshold in grouping activity types 

together. For example “clothing” included all retailers selling clothes whether they 

were male or female apparel, clothes for infants, shoe stores, or even specialty 

stores selling hats. 

5.3.7 Retail Change 

After re-coding and organizing the data and integrating it with the GIS system, 

measuring the changes over time is the main focus. In order to measure and 

visualize change different factors were considered. When a property has different 

retail activities in different time periods, there is an obvious change. However 

when there is a change in the property name, the property’s activity type may still 

be the same. This does count as some type of change, but isn’t necessarily visible 

when viewing the overall retailscape change. For example the total number of 

restaurants in Dunedin in 2004 is the same as that in 2010, however there are 11 

properties which were different restaurants in 2004 than in 2010, and in 2010 there 

were 23 restaurants in properties which were dedicated to other activities in 2004, 

and 23 others which were restaurants in 2004 and have since been replaced with 

other business activities. The data shows that the number Non-Retail and 

Residential properties’ totals decreased by 15 which was reflected by an increase in 
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different retail activities such as Clothing Apparel, Accessories and Jewellery, and 

Hairdressers. This could mean that the city’s retail is doing better than it was 

before, but when the number of vacancies has also increased, as it has, then that 

could mean the opposite. 

In order to investigate movement in the retailscape it is important to include the 

location of changes as a variable. A graph can be created to visualize the change in 

Dunedin’s retail over time depending on the street address (Appendix 7). Merely 

looking at the graph can provide a few insights, for example the Non-Retail offices 

on Filleul Street are not actually being replaced by retailers but are just becoming 

vacant properties (Figure 5.3.3). 

Figure 5.3.3: Changes in Filleul Street from 2004 to 2010 

 

Another interesting observation is that the same number of hardware stores 

that were closed down in St Andrew Street opened up on the more popular George 

Street (Figure 5.3.4). 
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Figure 5.3.4: Changes in St. Andrew Street and George Street from 2004 to 2010 

 

It is very quickly clear where the main activities and changes in activities are 

happening just by a glance at the graph. Past research (Guy 2010) shows that when 

studying the retail mix, land area is sometimes used rather than the number of 

properties. Since the database already contains shape information, of properties, a 

simple query shows that approximately 1.4 km2 of the surveyed area is vacant in 

2010 (Figure 5.3.5). 

Figure 5.3.5: Physical area of vacant properties in Dunedin CBD, 2010 

 

Since the data is available, it is only a matter of preference as to whether the 

statistics are calculated based on the numbers of properties, or on the amount of 

land used by these properties. 
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Looking at the colour coded maps also allows intuitive pattern recognition. 

The clusters of different types of business activities can be seen with no effort, such 

as clusters of non-retailing activities on the outskirts of the town centre rather than 

on the main street. The changes in retail can be seen on the map even when zoomed 

in on a specific street, and the same patterns that could be seen in the graphs can be 

seen in the map, such as the decrease of hardware stores on St Andrew Street. 

5.4 Results and Implications 

The experiment showed that having a correct data collection plan from the start 

would save a lot of time and effort to make a more usable data-rich system. The 

merged data was used to show a proof of concept of the analysis of temporal data 

and the tendency of visual map and graphical data to enable intuitive pattern and 

trend recognition. In addition the graphics, the data behind the maps can also be 

analyzed to provide some statistics and gain some insight into how the retailscape 

of a town changes over time.  

What is learnt is that data accuracy and integrity are important for a successful 

and useful data set, and in order to have that quality of data, the planning for data 

collection, and the procedures for collecting the data should be given more focus. 

Planning out what types of data are needed is essential and saves time that would 

otherwise be wasted on surveying the same properties multiple times. Defining 

appropriate and comprehensive categories for the data helps in organizing it in the 

future in order to be able to make generalisations based on the data and the patterns 

that it shows. The method and medium for collecting data is also important. With 

the advances in technology, using mobile devices can make data collection and 

integration of the data much simpler, faster, and less likely to contain errors. It is 

therefore worth considering implementation of mobile GIS systems when the 

spatial data is updated on a regular basis, as in the case of the DCC. 

Another important aspect of improving the quality of data is proper 

maintenance of the data. Maintaining previously collected data rather than 

replacing it with new data ensures the existence of temporal data. It is however 

important to maintain the data with the attribute of time in mind, and it is 

preferable to automatically timestamp all the data as it is entered, in order to have, 
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without putting any extra effort, a valid time-enabled dataset, which can be viewed 

and analyzed based on different time periods. 

5.5 Recommendations 

After studying the relevant literature, and talking to the DCC about their GIS 

system, and exploring the GIS data and experimenting with it, a few 

recommendations can be directed towards the DCC and similar entities. 

Firstly, if the DCC is to use the GIS system more efficiently they should shift 

their focus from making unnecessary software upgrades and enhancements to the 

system, to making better use of the system that they have. Rather than wasting 

resources on updating just because an update exists, the DCC can invest some time 

and effort to identify areas in which they would like to expand, in terms of GIS use. 

After identifying areas of interest and researching the capabilities of the currently 

employed software, they may discover an entire spectrum of features and tools 

offered by the current GIS software that the organization can benefit from. Three 

features that were discovered by carrying out this research were the ability to put 

objects in colour coded categories, the ability to enable temporal representation of 

GIS data, and the ability to automatically insert data from a non-GIS format into 

the GIS database. 

The second point that GIS users should consider is improving the quality of the 

data that they use. In the case of the DCC, a look at the data showed several 

weaknesses. In order to be able to make use of the additional GIS features 

mentioned above some changes need to be made to the data. In the first instance, 

the data contains a large number of missing fields. With the amount of missing 

data, any analysis carried out will be of lower quality and reliability, and cannot be 

considered fully valid. In addition to the missing data, there should be more fields 

in the data to enable more insights. For example, for temporal data to be stored in 

the database the DCC will need to attach at least one field to store the time data for 

each property object, and in order to store data regarding the types of retail activity 

an extra field should be dedicated to that. It is therefore recommended that the 

DCC revisit their data collection plan by identifying exactly what types of data are 

needed, and how the data will be collected and recorded. Partnering with a third 
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party such as the University of Otago’s marketing students, for data collection can 

be a smart move as it can save the city council some time and effort while 

providing a learning opportunity for the students. The key thing to keep in mind is 

to provide a precise format and a set of guidelines for the collection of data in order 

for it to be consistent and easily integrated into the main system. 

For the purpose of having a more reliable system, it is recommended that the 

DCC maintain GIS data when it is updated, rather than replacing it. This makes the 

system data more reliable for two reasons. First, all historical data is now backed 

up and archived and can be retrieved whenever it is needed, whether for reflection 

of past decisions, or whether to amend an error that had occurred and or restore 

data to an earlier point in time. Secondly, historical data is required to run some 

GIS analysis techniques which can be of use to the DCC and their city retail 

planning process. One of the techniques discussed in this paper was the time-

enabled data representation, and this technique, among others, would not be 

possible if there was no record of historical data. 

In addition to improving the collection and management of data, it is 

recommended that the DCC at least do a feasibility study on the possibility of 

introducing a mobile GIS system. An advantage of having a mobile system in place 

include more accurate and simpler data collection and faster data integration, 

leading to a time saving merge between the collection and updating processes. 

5.6 Resources Needed 

In order to improve the DCC’s efficiency in using the GIS system by following 

the above recommendations a number of resources will be required. For the DCC, 

most of these will already be available, but a different organization wishing to 

achieve similar results will need to have access to these resources. 

Perhaps the most important resource to have access to is a suitable GIS 

software package. Depending on the type of organization and its needs in terms of 

GIS capability, as well as the number of user that will be using the system, 

different types of software packages will be suitable. For a single user, a basic 

desktop package will work. However for a multi-user system; a server package 

would be a more suitable option. 



57 

 

Also depending on the number of users accessing the GIS information, a 

database will need to be created and maintained to hold and manage the GIS data. 

Before the creation of this database a thorough plan should be made to ensure that 

the database accounts for all the types of data that the system will require. 

Although the database can be altered at a later stage, it is advisable to have a 

correct database from the beginning to save time on restructuring the database after 

modifying it. The database will need to be hosted on a server to distribute the data 

access to its users. In the case of a one-user desktop system, the database can be 

hosted on the same device that utilizes the GIS software. On a multi-user system 

however, the database will have to be hosted on an external remote server to allow 

wide and concurrent access to the server’s data. 

The software packages will be of absolutely no value without hardware 

interfaces to interact with them. Different types of GIS packages will require 

different types of hardware. Generally, if a desktop system is being used, then one 

desktop or laptop computer will be needed per software license, in addition to a 

server machine if that is required. In a server architecture an additional server 

machine (or set of machines) will be required to carry out the system’s workload. 

Of course if a mobile GIS system is implemented, portable GIS devices will need 

to be acquired. However, with the exception of trialling mobile GIS data collection, 

everything that has been done in this research was done on one single laptop 

computer with a desktop license of ArcGIS, so the type and amount of hardware 

required depends solely on the type and structure of the organization using the GIS 

system. 

A hardware system coupled with a suitable software package will need to be 

configured with a dataset based on the data of interest to the organization. If the 

data is to be updated regularly the organization will need to have access to the 

source of data in order to keep their system up to date. Without the data the 

hardware and software configuration will not be of any use. In order to gather the 

data for the system the organization will required staff members to do the job, or 

they will need to commission a third party to do the job for them. In the case of the 

DCC, partnering with the University of Otago for the data collection is a fair 

option. 
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Staff members using the GIS system will need to have some background in the 

technology and its capabilities. As the technology is constantly developing, the GIS 

staff should have some responsibilities for researching the new technologies and 

for studying the existing ones while trying to find new ways for the organization to 

benefit from the GIS systems in place. The staff members need to be capable of 

managing the system’s data and to processes and analyze it to the organization’s 

needs. 

5.7 Research Limitations 

Although the experiment provided good data visualizations and returned useful 

information on the retailscape in Dunedin, it still has its limitation. For one thing 

the data collected by the marketing students, though more detailed than the retail 

data of the DCC’s system, is still flawed and incomplete. The areas that are 

surveyed by the students are not comprehensive, and there are still a lot of areas 

that are of importance to the city’s retail which are not evident in the data 

(Appendix 8). As the data collection focuses more on the retail active areas, the 

main streets have been observed in much more detail than the side streets causing 

possible inconsistency between the collected data and the city’s entire retailscape. 

Another inconsistency in the data collection is seen in the quality of the data 

between different years. As different students undertake the data collection activity 

every year the difference in quality exists for reasons including differences in 

students’ motivation. The differences in quality are sometimes even evident within 

the same period of data collection, making it harder to stitch the data up together 

prior to merging it with the GIS data. 

Because of the limitation in the area coverage of the data collection, broad 

category coding was used rather than more specific and granular descriptions. 

Narrow descriptions would have provided a much higher quality of GIS data and as 

an end result much more accurate and usable analysis results. The patterns and 

clusters observed in the data would be more specific and provide far more insights 

than with the general data categories that were used in this research. A simple 

example would be separating different cuisines rather than grouping them all into 

“restaurants”. Gaps in the market can then be easily identified and decisions can be 

made to encourage retailer activity of types that are of low supply in the city. 
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The Time function of ArcGIS works best when the entire data layer is time 

enabled. However, the original DCC data was not time enabled and did not have 

the appropriate fields to allow time animations. The necessary fields were added 

and populated for the purpose of demonstrating the feature, but the entire map was 

not fully capable of handling the time function and was therefore not a very 

accurate representation. An alternative approach that may have made the temporal 

data work better would have been to create a new layer by copying only the 

property objects that were going to have temporal data, and then time-enabling that 

layer only. 
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6. CONCLUSION 

With the restless developments in technology, businesses and organizations are 

more than eager to adopt the latest technology with the most advanced software 

capabilities. This paper examined GIS technologies specifically, used by city retail 

planners, to show that by having the most advanced technological system, an 

organisation doesn’t automatically become good and efficient at using it. It is 

important to understand the technology’s capabilities and limitations, as well as the 

organisation’s goals and targets, before learning how to effectively and efficiently 

utilize technology to satisfy the organisational needs and wants. The research 

involved studying the GIS system and processes used by the Dunedin City Council, 

finding issues with its usage for city retail planning, and implementing a basic 

demonstration to highlight some of the areas that the council could improve in. 

The research provided a timeline review of the history of GIS and its use in the 

field of retail planning. The literature confirmed the importance of using GIS in 

data that is spatial in nature, but stated that throughout the years, improvement in 

the way planners have used the systems has not been able to catch up with the 

development of the technologies. The research suggests that non-spatially aware 

GIS users have often struggled with difficult to use and non-user-friendly GIS 

software. Although the technology has come a long way since the Command Line 

Interfaces of the 1980s, interviewing an active user of GIS systems showed that 

this barrier to development still exists. Users are still not able to benefit from the 

full potential of the software because it is not intuitive enough to do so. The 

development of easier to use software, which is less GIS and more like a social 

platform, also leads to a barrier to improving GIS usage among planners. These 

easy-to-use software packages, along with their heavy social adoption, encourage 

city planners, among other GIS users, to veer towards the less capable platforms 

rather than developing their expertise in the ever-expanding technology. 

A number of different GIS systems with varying qualities are described in order 

to provide an overview of what the technology has to offer. The main system this 

paper focuses on is ESRI’s ArcGIS, as it is the system being used by the Dunedin 

City Council, and the system used for implement the demonstration. There are 

many other GIS systems that are not part of the scope of this research, however a 
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generic framework has been provided to identify the main features to look for in 

different qualities of GIS. 

A framework was created in order to assist in assessing the efficiency of use of 

a GIS system. The framework was used as a base for an interview to assess the 

DCC’s GIS system and how they were using it. The framework and the interview 

observe the different components required for the efficient usage of the system: the 

software and hardware capabilities, the organisation’s GIS needs, the system’s 

users, and the data to be used with the system. 

The DCC’s data appeared to be the main barrier to the DCC’s benefiting from 

their system. The interview revealed several capabilities that the DCC would have 

liked to make use of, but never got to. After examining the spatial data provided by 

the DCC, one thing was clear: the data was not of a high enough quality to allow 

the DCC to make use of the GIS capabilities. The dataset did not contain enough 

detail and had a large amount of missing information. In an attempt to demonstrate 

that the features that the DCC required were available with the current system but 

only needed more complete data, a different dataset was merged into the DCC’s 

dataset. The data came from spatial retail property data that had been collected by 

the University of Otago’s Marketing Department over several years, and was 

relevant and well suited for the DCC’s system. The data needed to be made more 

consistent by re-coding values, and the DCC database needed to be modified to be 

able to accommodate that data. Once that had been done the temporal data, of 

several years, was plugged into the GIS dataset that was provided by the city 

council. Once this data had been input a variety of different analysis and 

visualization techniques where available to be used. Statistical tables and graphs 

were easily created to give an overview of the data, the property data was colour 

coded to enable easy detection of clusters in the map view, and the data was time-

enabled, allowing it to be viewed or animated for every time period recorded in the 

dataset. The time animation provide a medium to observe patterns and trends 

related to retail change that emerge when the data is temporal. 

From this exercise, the importance of the quality of data can be seen. The 

quality of data is mainly defined by how well it is collected and how well it is 

maintained thereafter. Alternative GIS data collection methods were discussed, 
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while pointing out the weaknesses of the traditional approach and the advantages of 

the technological mobile GIS approach. However both methods can provide 

suitable data eventually, but only if the data collection is properly planned 

beforehand. The DCC specifically, and other city planning authorities in general, 

are recommended to ensure the high quality and consistency of their GIS data, to 

use the capabilities offered by the advanced mobile technologies, and to focus more 

on mastering the current technologies before trying to catch up with their rapid 

development. 

This research was limited in the amount of data collected for the demonstration 

(Appendix 8). As a demonstration for a proof of concept for the technology, this 

was sufficient. However to be able to explore the full capabilities of a GIS 

software, a larger scale of data will be needed. Future research may be able to 

obtain a large enough dataset, to create a conclusive time-enabled database, and 

explore the possibilities and potential uses for city retail planning. Specifically the 

DCC is planning on introducing a mobile GIS system, which is expected to 

increase the quality of their data, which will allow the implementation of this 

research’s demonstrations on a larger scale. 

  



63 

 

Bibliography 

 

Blau, D, and Roppe, J, 1991, 'GIS technology and land use planning', Electric 

Perspectives, 15, 4, p. 45. 

Brail, RK 2008, ‘Introduction’, Planning Support Systems for Cities and Regions, 

pp. xv-xix, Puritan Press Incorporate, New Hampshire. 

Donley, CA 1997, 'Putting the country in GIS', Planning, 63, 10, p. 12. 

Drummond, W, & French, S 2008, 'The Future of GIS in Planning: Converging 

Technologies and Diverging Interests', Journal of the American 

Planning Association, 74, 2, pp. 161-174. 

ESRI 2004, ‘GIS Solutions for Retail: Understand Your Business from a New 

Perspective’, ESRI, pp. 1-12. 

ESRI 2010, ‘What’s New in ArcGIS 10’ [online], available: 

http://www.esri.com/software/arcgis/arcgis10/index.html [accessed 2 

Oct 2010]. 

Geertman, S, and Stillwell, J 2004, ‘Planning Support Systems: An Inventory of 

Current Practice’, Computers, Environment and Urban Systems, 28, 4, 

pp. 291-310. 

Gilfoyle, I, and Wong, C, 1998, ‘Computer Applications in Planning: Twenty 

years’ Experience of Cheshire County Council’, Planning Practice and 

Research, 13, 2, pp. 191-197. 

Gill, S, Higgs, G, and Nevitt, P, 1999, ‘GIS in Planning Departments: Preliminary 

Results from a Survey of Local Panning Authorities in Wales’, 

Planning Practice and Research, 14, 3, pp. 341-361. 

Göçmen, ZA, and Ventura, SJ, 2010, ‘Barriers to GIS Use in Planning’, Journal of 

the American Planning Association, 76, 2, pp. 172-183. 

Goodwyn, T 1998, 'GIS-A Retailers View', European Retail Digest, 17, pp. 1-2. 



64 

 

Guy, C 2010, ‘Development Pressure and Retail Planning: A Study of 20-Year 

Change in Cardiff, UK’, The International Review of Retail, 

Distribution and Consumer Research, 20, 1, pp. 119-133. 

Innes, J, and Simpson, D, 1993, 'Implementing GIS for planning', Journal of the 

American Planning Association, 59, 2, p. 230. 

Kingston, R, Carter, S, Evans, A, and Turton, I, 2000, ‘Web-Based Public 

Participation Geographical Information Systems: An Aid to Local 

Environmental Decision-Making’, Computers, Environment and Urban 

Systems, 24, 2, pp. 109-125. 

Longley, PA, & Goodchild, MF, & Maguire, DJ, & Rhind, DW, 2005, ‘Chapter 7: 

GIS Software’, Geographic Information Systems and Science (Second 

Edition) pp. 157-175, John Wiley & Sons Ltd, England. 

Maguire, DJ 1991, ‘An Overview and Definition of GIS’, Geographical 

Information Systems, 1, pp. 9-20. 

Merry, KL, Bettinger, P, and Hubbard, WG, 2008, ‘Back to the Future Part I: 

Surveying Geospatial Technology Needs of Georgia Land Use 

Planners’, Journal of Extension, 46, 3. 

Nasirin, S, and Birks, DF 2003, ‘DSS Implementation in the UK Retail 

Organisations: A GIS Perspective’, Information & Management, 40, 

pp. 325-336. 

Tang, KX, and Waters, NM, 2005, ‘The internet, GIS and Public Participation in 

Transportation Planning’, Progress in Planning, 64, 1, pp. 7-62. 

Ventura, SJ 1995, ‘The Use of Geographic Information Systems in Local 

Government’, Public Administration Review, 55, 5, pp. 461-467. 

Vonk, G, Geertman, S, and Schot, P, 2005, ‘Bottlenecks Blocking Widespread 

Usage of Planning Support Systems’, Environment and Planning A, 37, 

5, pp. 909-924. 

Woodbury, C 1996, ‘GIS Software’, Journal of Property Management, pp. 60-64. 



65 

 

Appendix 1: List of GIS software licensing compatibility 

 

 

  

[source:http://en.wikipedia.org/wiki/Comparison_of_geographic_information_systems_software#License.2C_source.2C_.26_operatin

g_system_support] 
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Appendix 2: Interview information sheet 

 

 

Improving GIS use in City Retail Planning 

INFORMATION  SHEET  FOR  PARTICIPANTS 

 
Thank you for showing an interest in this project.  Please read this information sheet 
carefully before deciding whether or not to participate.  If you decide to participate we 
thank you.  If you decide not to take part there will be no disadvantage to you and we 
thank you for considering our request.   
 
What is the Aim of the Project? 
 
This project is being undertaken as part of the requirements for the Master of Business 
degree in Marketing and Management. 
 
The project aims to explore the history of Geographical Information Systems (GIS) and its 
use by city retail planners. To better understand their GIS use the Dunedin City Council’s 
(DCC) GIS-Planning operation will be studied as part of the project and an experiment 
will be carried out by using DCC-specific data. The experiment will involve manipulation 
and presentation of data in a different way than what is done by the DCC. The results of 
the experiment will be demonstrated to the DCC representative(s) to find out if the added 
functionality adds value to the DCC’s GIS process. 
 

What Type of Participants are being sought? 
 
The participant(s) being sought for the projects will be DCC personnel with access to 
information regarding the GIS process of the DCC in addition to a good background in 
GIS technology. 
By participating in the research the participant/DCC will have access to a recommendation 
document including the experiment’s data and results. There will be either one or two 
participants needed for this research. 
 

What will Participants be Asked to Do? 

 
Should you agree to take part in this project, you will be asked to be available to answer a 
number of questions related to GIS and the DCC in two to three one-hour sessions. These 
sessions will consist of a one-on-one interview while the interviewer taking hand-written 
notes. 
 
Please be aware that you may decide not to take part in the project without any 
disadvantage to yourself of any kind. 
 

What Data or Information will be Collected and What Use will be Made of it? 

No personal information will be collected. The data that will be required for this project 
will include map data for the city of Dunedin in addition to information regarding the 
DCC’s use of GIS and the GIS experience of the DCC’s planning staff. There will be no 



67 

 

audio recording of the interview, however the interviewer will be taking notes regarding 
the participants’ answers. 
 
The data collected will be securely stored in such a way that only those mentioned below 
will be able to gain access to it.  At the end of the project any personal information will be 
destroyed immediately except that, as required by the University's research policy, any raw 
data on which the results of the project depend will be retained in secure storage for five 
years, after which it will be destroyed. 
 
Some of the map data may be presented in the completed research as well as the 
information collected in the interviews with the DCC representative(s). Participants will 
not be individually identified in the research and their identity will be kept anonymous. 
The organisation will however be identified as the Dunedin City Council in the research. 
 

The results of the project may be published and will be available in the University of Otago 
Library (Dunedin, New Zealand) but every attempt will be made to preserve your 
anonymity. 
 
The participants will have the opportunity to correct or withdraw the data or information 
that they have provided during the interview prior to publication. 
 
The participants will be provided with the results of the study should they wish to have 
access to them. 
 
This project involves an open-questioning technique. The general line of questioning 
includes GIS in the DCC. The precise nature of the questions which will be asked have not 
been determined in advance, but will depend on the way in which the interview develops.   
 
In the event that the line of questioning does develop in such a way that you feel hesitant 
or uncomfortable you are reminded of your right to decline to answer any particular 
question(s) and also that you may withdraw from the project at any stage without any 
disadvantage to yourself of any kind. 

 

This proposal has been reviewed and approved by the Department of Marketing, University 
of Otago.  

 

 

What if Participants have any Questions? 

If you have any questions about our project, either now or in the future, please feel free to 
contact either:- 

Hussam Al-Mahoozi  and/or   John Guthrie [Supervisor] 

Department of Marketing 

University Telephone Number [479 8159] 

almhu332@student.otago.ac.nz     john.guthrie@otago.ac.nz  

This study has been approved by the Department stated above. If you have any concerns 

about the ethical conduct of the research you may contact the Committee through the 

Human Ethics Committee Administrator (ph 03 479-8256). Any issues you raise will be 

treated in confidence and investigated and you will be informed of the outcome. 
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Appendix 3: Dunedin’s GIS map (Red box: CBD) 
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Appendix 4: Missing DCC data in random sample of 30 

 

Property Name Formatted Address Land Use 

<Null> 303 Hillside Road Dunedin                                                                           Commercial : Retail                               

<Null> 291A Hillside Road Dunedin                                                                          Commercial : Retail                               

<Null> 11 Donald Street Dunedin                                                                            Commercial : Retail                               

<Null> 215 Main South Road Green Island                                                                Commercial : Retail                               

COMMERCIAL TAVERN                                 237 Main South Road Green Island                                                                    Commercial : Retail                            

<Null> 228 King Edward Street Dunedin                                                                      Commercial : Retail                               

<Null> 6 Bank Street Dunedin                                                                               Commercial : Retail                               

<Null> 695 Great King Street Dunedin                                                                   Commercial : Retail                               

DUNEDIN TOWN HALL - 

RESTAURANT                     

38 The Octagon Dunedin                                                                              Commercial : Retail                            

<Null> 309 Cumberland Street Dunedin                                                                       Commercial : Retail                               

<Null> 70 Stuart Street Dunedin                                                                            Commercial : Retail                               

<Null> 461 Princes Street Dunedin                                                                      Commercial : Retail                               

<Null> 445 Andersons Bay Road Dunedin                                                                      Commercial : Retail                               

<Null> 395 Princes Street Dunedin                                                                          Commercial : Retail                               

<Null> 95 Hanover Street Dunedin                                                                           Commercial : Retail                               

<Null> 114 Albany Street Dunedin                                                                           Commercial : Retail                               

<Null> 546 Great King Street Dunedin                                                                       Commercial : Retail                               

<Null> 10 Clarendon Street Dunedin                                                                     Commercial : Retail                               

<Null> 223 Middleton Road Dunedin                                                                          Commercial : Retail                               

<Null> 259 King Edward Street Dunedin                                                                      Commercial : Retail                               

<Null> 7 Balmacewen Road Dunedin                                                                       Commercial : Retail                               

<Null> 2 Peel Street Allanton                                                                              Commercial : Retail                               

CASSIDYS RESTAURANT                               118 Albany Street Dunedin                                                                           Commercial : Retail                               

PORTOBELLO STORE                                  1 Harington Point Road Portobello                                                                   Commercial : Retail                               

<Null> 86 Portsmouth Drive Dunedin                                                                      Commercial : Retail                               

<Null> 96 Cumberland Street Dunedin                                                                        Commercial : Retail                               

<Null> 84 Cumberland Street Dunedin                                                                        Commercial : Retail                               

<Null> 189 Ravensbourne Road 

Ravensbourne                                                              

Commercial : Retail                               

<Null> 161 Gordon Road Mosgiel                                                                             Commercial : Retail                               

<Null> 2 Manse Street Dunedin                                                                              Commercial : Retail                               
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Appendix 5: Sample of data collected by Marketing Students 

 

ID Address Floor Previous Name Current Name Current Type 

5065656 272 GEORGE ST DUNEDIN G ANDREA BIANI SHOES Same Clothings and Apperals 

5028124 274 GEORGE ST DUNEDIN G Brumby's Same Bakery 

5028123 278 GEORGE ST DUNEDIN G Bridgeman & Dean Same Eyewear 

5028122 280 GEORGE ST DUNEDIN G PHOTOKINA Smiggle Stationary 

5028119 282 GEORGE ST DUNEDIN G Rod & Gunn Same Clothings and Apperals 

5028118 284 GEORGE ST DUNEDIN G Zero to Hero Dotti Clothings and Apperals 

5067837 286 GEORGE ST DUNEDIN G ACQUISITIONS Macpac Sport shop  

5069395 290 GEORGE ST DUNEDIN G ASB BANK Same Bank 

5065652 296 GEORGE ST DUNEDIN G JAY JAYS TRADEMARK Same Clothings and Apperals 

5065650 300 GEORGE ST DUNEDIN G ANZ BANK Same Bank 

5067502 98 GREAT KING ST DUNEDIN G Keyosk Same Servicing Shop 

5101906 100 GREAT KING ST DUNEDIN G Artensa SureSlim Slimming Clinic 

5101696 132 GREAT KING ST DUNEDIN G Baby Factory Same Baby wear 

5101699 138 GREAT KING ST DUNEDIN G No1 Shoe Warehouse Same Shoe Shop 

5043563 144 GREAT KING ST DUNEDIN 1 Residential Happy Coins Departmental Store 

5043564 144 GREAT KING ST DUNEDIN 1 Residential Bike Otago Bicycle Shop 

5043565 130-138 GREAT KING ST 
DUNEDIN 

G+ CARPARK Same Parking Lot 

5043566 144 GREAT KING ST DUNEDIN G Blockbuster Bike Otago Bicycle Shop 

5028102 57 HANOVER ST DUNEDIN 1 PUBLIC HEALTH SOUTH Same Public Hospital 

5028103 59 HANOVER ST DUNEDIN G ART ZONE Same Art Paraphernelia 
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Appendix 6: Java code (top) and Python script (bottom) for field calculation 
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Appendix 7: Graph showing changes in retail mix for each street 
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Appendix 8: Dunedin CBD (Red box: Area of focus for experiment) 

 

 


