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1.1 Introduction
Geographical Information Systems (GIS) can be thought of as a spatially referenced database by where data can be represented in two ways (Gregory, 2005). Firstly, there is Attribute Data (rows) represented as spatial features which are represented by coordinates (known as spatial data) and structures data in the same way as that of a conventional database (ibid.). Secondly, there is Spatial Data which can be illustrated in two ways; Vector Data models (points, lines, polygons) or Rasta Data models (represented as square pixels) (ibid.). Using a combination of both attribute and spatial data, GIS data will combine the two sets of information to form objects, as well as give their location and features as listed in the database (ibid.).
GIS offers the same functionality as most other Database Management Systems (DBMSs) which allows the user to collect, store, modify and extract information from a database, yet it adds spatial functionality (ibid.). For instance, a user may be utilising a conventional database which consists of data on local public transportation links, the columns in the database include (bus) route names and the times of departure and/or arrival and so on. There is one row of data for each bus route, which in GIS is known as attribute data (ibid.). The spatial data in GIS will be illustrated as a point at each bus stop location, stored as a coordinate pair but illustrated as a dot or any other form of symbol chosen by the user (ibid.).
Essentially, there are three roles in which GIS can be used; as a spatial reference database; an analytical tool; and a visual tool (GREGORY, KEMP and MOSTERN, 2001).
1.1 Aims 
This document aims to model the transport links in and around the University of Wales Trinity St David’s New innovative quarter campus located in postcode SA1 of Swansea, South Wales to highlight, where possible, sustainable transport opportunities exist.
1.2 Objectives
In order to meet the aims, the objectives are to:
· Obtain data through relevant databases
· Create Geospatial maps
· Highlight key locations and show how GIS can be useful to the analyst rather than traditional methods.




2.0 Background to study location
The University of Wales Trinity St David (UWTSD) has two new editions to its Real estate portfolio. The Fforwm and IQ buildings are located in the City and County of Swansea Council (CCSC) on the east side of the river Tawe in the former docklands (now known as the Swansea waterfront innovation quarter) (Stride Treglown Limited, 2015a). The location can be seen in figure 1 below.
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[bookmark: _Toc9275153][bookmark: _Toc9275200]Figure 1: Location of the new UWTSD SA1 Campus (MapInfo Pro16, 2016)

The planning application was granted on the 11th of October 2010 (Stride Treglown Limited, 2015b), with the usage characteristics falling under the ensuing classifications in figure 2  as listed under the Town and Country Planning Order (1987).
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[bookmark: _Toc9275154][bookmark: _Toc9275201]Figure 2: Use classifications as listed under the Town and Country Planning Order 1987 (Watson, 2019)(Stride Treglown Limited, 2015a)
The  development is subject to five National policies to which UWTSD must abide by as the development continues to grow in the upcoming years (Stride Treglown Limited, 2015b), as can be seen below  in figure 3.
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[bookmark: _Toc9275155][bookmark: _Toc9275202]Figure 3: Five National Polices UWTSD must abide by in the coming years (Watson, 2019)(Stride Treglown Limited, 2015b).
As part of the aforementioned polices, the university needs to consider how transportation will meet the mobility requirements that are aimed at promoting sustainable alternatives to private car usage. 
The new SA1 Campus has relocated both staff and students from the Townhill and Mount pleasant Campuses (Fry, 2018), and as there are 10,409 students and 2000 members associated with UWTSD (People & Planet, 2019). Like any large business, the new university campus is suffering with transportation issues as a result of high vehicle usage and strenuous human activity (dellOlio et al., 2014).
2.1 Plans and strategies for decarbonisation 
Under Welsh national sustainable development strategies such as the Well-being of Future Generations (Wales) Act 2015, which is supported further by the Environment (Wales) act 2016, the Higher Education Funding Council for Wales (HEFCW) must fulfill the Welsh Assembly Governments carbon dioxide (CO2) reduction targets of 80% by the year 2050 (Yearley, 2016). At local level, the University is required to develop a Carbon Management Plan (CMP) which aims to reduce its emissions and help Wales achieve the above-mentioned targets.  The UWTSD CMP which was adopted in 2014 aims to achieve a carbon reduction of 3% over the next 8 years (Morgan, 2016) through implementing multiple plans such as that of the Travel Plan Framework.
2.1 UWTSD Travel Plan Framework
The University’s Travel Plan Framework has adopted a long term strategy which is focused towards delivering sustainable transportation options (UWTSD, 2015). It considers student (778) and staff (411) feedback from the Universities Travel Survey that was conducted in 2017/2018  of which 56% of the resulting information was Swansea based students and staff (Fry, 2018) as can be seen below in figure 4. 
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[bookmark: _Toc9275156][bookmark: _Toc9275203]Figure 4: 2017-2018 academic year Travel Survey Results (Watson, 2019; Fry, 2018).
The new UWTSD  SA1 development wishes to reduce car travel by 17% by both staff and students and achieve a 5% decrease in faculty travel expenses. UWTSD is  dedicated in decreasing its environmental impact locally, regionally and nationally by implementing the targets listed in table 3 below.
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[bookmark: _Toc9275157][bookmark: _Toc9275204]Figure 5: UWTSD Travel Plan Framework targets  of the new SA1 Development  (Watson, 2019; UWTSD, 2015).
The United Nations (UN) have five defining categories for sustainable transport;
· Affordability
· Accessibility
· Security,
· Safety
· Environmental performance. 
By giving definitions to sustainable transport, a prerequisite is thus set as a basis of good practice towards which countries can work towards (Nations et al., 2015). Sustainable transport is an area which will play a central role in helping the university move forward. It is for that reason the following recommendations have been mapped and are suggested to resolve the transportation complexities adherent to the UWTSD SA1 Campus while keeping in-line with the Travel Plan Framework (Watson, 2019).  
3.0 Recommendations.
The following maps have been made using Mapinfopro16 and Digimap softwares in conjunction with data obtained from UK data services. 
3.1 Bikes 
The SA1 campus has already implemented 200 bicycle parking spaces which are located conveniently in-between the IQ and Fforwm buildings (Fry, 2018). The UWTSD innovation quarter is conveniently located next to National cycle route 4 (Neath Port Talbot County Council, 2019), which can be seen in figure 4 stretching along Swansea bay (MapInfo Pro16, 2016).  
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[bookmark: _Toc9275158][bookmark: _Toc9275205]Figure 6: Shared routes and Bus stops in the Swansea area (MapInfo Pro16, 2016)(Watson, 2019)  
As shown in the map above, the bike routes in Swansea are located near bus routes and roads  (known as shared routes (purple)) which are conveniently located near bus stops (red). The University should therefore implement a bicycle scheme to help student and staff who do not have bicycles. 
Devoting finances towards a possible university bike sharing scheme should be considered, like the one Swansea University is currently invested in; the UK’s leading bike sharing scheme ‘Nextbike UK’  that employs Santander cycles ( a one size fits all bike) (Swansea University, 2019), as seen below in figure 7 (Robertson, 2015). 
[image: Image result for santander bikes]
[bookmark: _Toc9275159][bookmark: _Toc9275206]Figure 7: Santander bikes (Roberts, 2016)
The bike share scheme can be bankrolled in a combination of ways:
· Sponsorship and advertising contributions
· Memberships and revenue from daily use from the public
· Department for Transport grants (Roberts, 2016)(Watson, 2019)
 The investment costs of fitting a bike sharing scheme at the University  can be seen below in figure 8. They are one-off upfront costs (Nextbike UK LTD, no date)(Watson, 2019). [image: ]
[bookmark: _Toc9275160][bookmark: _Toc9275207]Figure 8: Price of installing the bike share scheme (Nextbike UK LTD, no date)(Watson, 2019)
  The continuing service costs of operating the cycle scheme can be seen below in figure 9 (Nextbike UK LTD, no date)(Watson, 2019).
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[bookmark: _Toc9275161][bookmark: _Toc9275208]Figure 9: Ongoing service costs per bike (Nextbike UK LTD, no date; Watson, 2019)
 
The bikes can also be used by members of the public and at a small base fee of £2 for the first half hour which is refundable to the rider if, and/or when the bike is returned back to the  initial docking station, or another docking station within that 30-minute period. Otherwise it costs £2 for every half hour (£4 an Hour) (Robertson, 2015). The advantage of employing a bike sharing scheme at the new SA1 campus is the contribution it will make towards reducing CO2 emissions, whilst  promoting  environmentally friendly travel modes as well as the university’s social responsibility (Robertson, 2015). 
3.2 Health benefits

The possible well-being and mental health benefits of riding bicycles include (State Government of Victoria Australia, 2018).
· Decreased stress  
· Increased cardiovascular fitness 
· Weight loss
· Improved posture 
· Reduced anxiety
The University of Wales Trinity Saint David would also be conducting best practice towards meeting the Goals of the Well-Being of Future Generations (Wales) Act.
Because the cycle share scheme would support general public usage,  it would be contributing towards two goals (A healthier Wales, and a Wales of cohesive communities)(Welsh Government, 2015; Watson, 2019).
3.3 Bus
As can be seen in figure 4, 42% of students and 43% of staff members when asked in the travel survey conducted in 2017/2018  if they could be enticed to take public transport, listed that they would not be unless discounted fares were obtained (Fry, 2018). However, that survey was taken at the previous campuses, with the new campus now located 24 minutes (walking time) away from the old campuses, bus station and train station (UWTSD, 2019). Currently there are no options when it comes to commuting via public transportation to the new SA1 campus. The closest bus stops are located an eight to ten minute walk away (adjacent to the Technium 2 Staff offices and on the opposite side of the rive Tawe) as seen in figure 10 (Watson, 2019; MapInfo Pro16, 2016).
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[bookmark: _Toc9275162][bookmark: _Toc9275209]Figure 10: Location of the nearest bus stops (MapInfo Pro16, 2016; Watson, 2019) 
UWTSDs Travel Plan and Parking Strategy (2018) states that there are currently two park and ride locations, one on Fabian Way consisting of 100 spaces and one at East Burrows consisting of 190 spaces (Fry, 2018). There is also the opportunity to use the plot next to the Technium 2 building in the future. All three can be seen in figure 11. [image: ]
[bookmark: _Toc9275163][bookmark: _Toc9275210]Figure 11: Location of the Fabian Way and East burrows park and rides, the UWTSD SA1 campus and the Technium 2 plot (MapInfo Pro16, 2016) .
There is no bus or any form of ‘ride’ per se as of yet (Yearley, 2016). However, as sustainable transport is considered a key area in the university’s strategy towards reducing CO2 Emissions by 3% annually, bus transport should also be considered.  As shown below in figure 12, there are many bus routes (coloured lines) and bus stops (black stars)  located throughout the City and County of Swansea.
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[bookmark: _Toc9275164][bookmark: _Toc9275211]Figure 12: Bus routes and bus stops (MapInfo Pro16, 2016)
The bus routes operating in Swansea can be seen in conjunction with the Townsend Deprivation Index Map in figure 13 below, which shows the most deprived areas as dark red and the more affluent areas in yellow.
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[bookmark: _Toc9275165][bookmark: _Toc9275212]Figure 13: Bus routes and the Townsend index map (MapInfo Pro16, 2016).
The above map shows the bus routes throughout Swansea parallel to the most deprived and affluent areas of Swansea, the bright green line highlights the shared routes, where multiple buses in conjunction with bike paths can be found. The bright blue line illustrates buses routes that operate on a twenty-minute interval, yellow shows the bus routes operating on a 120-minute interval, pink shows the buses running every 10 minutes, blue shows buses running ever hour, and yellow shows buses running every half hour. As can be seen from the map above, there are many bus routes operating in and around the inner-city area.
The new SA1 university campus is about to go into discussion to agree upon a new set of targets to achieve their emissions after the new baseline travel survey (six months post occupancy) (UWTSD, 2015) has been handed out. Although, it is notable that this has yet to be performed (T Yearly, personal communication, 26 March)(Watson, 2019). By showing where the university is compared to the most deprived areas of Swansea, these maps could potentially be used to show council members, or bus companies where bus transport is most likely to be used by students.
4.0 conclusion

GIS allows the user to manage data, opening up options to explore, analyse, and visualise the complexities simultaneously whilst providing an additional detailed and less simplistic understanding of the developments that push changes. As shown in the above document, the new SA1 university is located in a new area of Swansea and is in the process of further development. The focus in the future is to implement sustainable transport methods to lessen CO2 emission outputs as part of the Carbon Management Plan (CMP). GIS spatial mapping can therefore be used as a guide to inform both the university and the local council in deciding where changes can be made and to what extent they can be done to achieve such targets. 
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Use Class

Uses
1) University (academic) accommodation DI
2) Residential accommodation C3
3) Restaurants, cafes A3, A4, AS
4) sports and Recreation (associated with university activities) D1
5) Retail / professional services, 1,A2
6) Commercial offices, research and development and light industrial B1 (A) (B) and (C)
DI

7) galleries and exhibitions spaces (associated with university activities)
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Abbreviation

Policy

Description

PPW Planning Policy Sets out land use planning policies and is supplemented by
Wales 9" edition Welsh government technical advice notes determines planning
(November 2016) applications for developments with transport implications and
advises local authorities of which areas to consider.
TAN Technical Advice Describes how land use and transport planning can be
Note 18: Transport | integrated in order to meet the Welsh government sustainable
(2007) transport policy objectives and aims to achieve a more
sustainable patterns of development.
N/A The Design Published by the Welsh government ministers, the Design
Guidance Active Guidance Active Travel act 2013 provides guidance on
Travel (Wales) act infrastructure, planning and design.
2013
N/A The Active Travel | Makes provisions for active travel routes and related facilities,
(Wales) Act 2013 aimed at improving the needs of pedestrians and cyclists (e.g.
through provision of shelter, storage facilities, and areas to
rest)
N/A Well-being of future | The act requires public bodies To engage with local

generations (Wales)
Act 2015

communities in order to deliver a joint approach which strives
to improve social, cultural, economic and environmental well-
being, thus making Wales the best place to live in 2050. The 7
well-being goals include:

e Aprosperous Wales

® Ahealthier Wales

e A more equal Wales

® Aresilient Wales

e Aglobal responsible Wales

e A Wales of vibrant culture and Welsh language

* A Wales of cohesive communities
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2017/2018
Travel Survey
categories

STAFF Results

Student Results

Car Travel

69% of staff use university car parks,
while 91% of staff travel into university
by car. 69% travel as the single
occupant. 79% of staff attend 5 days a
week.

36% of students parked at the university
and within the local areas, whilst 29%
preferred to use private car parks.
Although, 52 % held a university parking
permit

Cycling

47% of staff would be enticed to cycle
to if shower facilities were available at
the university. 29% requested cycle
millage allowance.

69% of students would not be enticed to
ride a cycle, nor willing to improve their
journey.

Distance travel

39% of staff live within a 5-mile radius
of campus, whilst 61% live further than
five miles away

39% of students live within a 5-mile
radius of campus, whilst 61% live further
than five miles away

Sustainable
transport usage
(Walking, cycling

or public
transport)

23% of staff use sustainable modes of
transport

38% of students use sustainable modes
of transport

Car share

32% of staff would be encouraged by a
car share database

14% of students already share a car,
whilst 42% said they would participate in
a university wide car share scheme.

Public transport

45% of staff would not be enticed to
use the bus, although 28% would be if
they could obtain discounted fares

42% of students would not be enticed to
travel by bus, while 41% said they would
if they could obtain a discounted fare

Travel information

61% of staff would prefer to access
travel information online

82% of students were not aware that an
interactive journey planner initiative
existed through travel line Cymry,

Travel decisions

49% of staff said that convenience
would be the main influencing factor to
travel decisions

34% of students said that convenience

would be the main influencing factor to
travel decisions said





image5.tiff
SA1 development
targeted areas

Goal

Implementation

Cycling Increase the number students and Bicycle user groups and cycle
staff who cycle to university facilities
Foot traffic Increase the number of staff and Improved walking facilities
students who walk to university
Bus Increase bus usage by both students Consultation with local

and staff stakeholders

Car sharing Reverse the decline in car sharing Car sharing scheme
schemes

Single occupancy car
usage

Reduce the number of staff and
students travelling in vehicles as the
sole occupant.

Travel plan website and
information
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Item

Cost per bike

Bikes

£400 -£900

Rental station

£1000 -£12,000

Installation/set up

15% of the total above

Project management

15% of the total above
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Item Monthly cost (per bike) Annual cost (per bike)
Customer service £5 £60
Spares and support £10 £120
Local service parther £30 £360
total £45 £540
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