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1. INTRODUCTION
1.1.

Smarter Choices, Smarter Places

The “Smarter Choices” agenda encourages people to walk, cycle and make
more use of public transport in order to unlock public health benefits and
reduce transport emissions.
In Scotland, the Scottish Government has partnered with the Convention of
Scottish Local Authorities to match fund “Smarter Choices, Smarter Places”
projects in seven local authority areas. The project began in the summer of
2008 and will continue until 2011.
The scheme aims to encourage innovation as well as building on best
practice from schemes in other countries which includes infrastructure
improvements, personalised travel planning, car sharing and public
transport discounts.
1.2.

Smarter Choices in Dundee

Dundee City Council submitted a successful application for the Smarter
Choices, Smarter Places initiative titled “Dundee Health Central”. The study
area for Dundee Health Central includes the City Centre, as a main travel
demand generator of the city-region and a major provider of retail,
education, employment and leisure/culture services. In addition it includes
key regeneration priorities for the council such as the Hilltown Community
Regeneration area.
The central aim of the “Dundee Health Central” project is to “encourage
active travel to promote healthy lifestyles for residents of and, visitors to,
central Dundee” as a significant boost to other on-going initiatives to help
overcome a range of health-related problems in Dundee.
As part of Dundee’s commitment to innovation, Atkins was invited to
undertake an analysis of the walking networks in the Hilltown area. Situated
on the edge of the city centre, this community regeneration area is one of the
oldest parts of the city and has great potential for both active travel and
public transport initiatives. Currently suffering from physical dereliction, long
term voids and the transience of tenants, it is a long term priority for the
council to create a popular inner-city suburb in this area.
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Figure 1 Map of Hilltown
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2. STUDY METHODOLOGY
2.1 Key Objective

The spatial structure of a city’s street configuration has an important
influence on supporting pedestrian movement. Pedestrians are sensitive to
the complexity of routes and tend to choose simple, more direct options over
complicated, indirect routes. This means that the urban design of an area
can have an important effect on supporting or hindering walking. The layout
of streets can either provide simple and well connected routes that are easy
to use for pedestrians, or it can provide more complicated and confusing
routes which are much harder to use.
Atkins has
pedestrian
objective of
routes and
Hilltown.

developed bespoke software and methodologies to model
flows based on the spatial structure of a city and the key
this study was to use these tools to identify the most important
connections for the day to day journeys of people living in

The detailed project aims were:
• To understand the route hierarchy in the wider Dundee Health Central
area;
• To understand the day to day walking networks used by people living,
visiting and working in Hilltown;
• To understand barriers to movement and key issues for pedestrian
movement, and;
• To complement data on infrastructure quality, gathered from a
traditional street audit. This will aid decision making and ensure
value for money for infrastructure improvements by highlighting where
they are most needed.
2.2 Four Stages

The study took 6 weeks to complete and was undertaken using a four stage
methodology:
1. Analysing the Visibility of the Street Network: Using Atkins ‘Fathom’
software the pedestrian routes in Dundee were modelled to generate a
map of the overall route hierarchy.
2. Measuring Accessibility for the Four Key Walking Networks: Four
networks were analysed to show which routes pedestrians are likely to
use on their everyday trips. The Networks selected were Education,
Retail, Healthcare and Public Transport (buses).
3. Measuring Distance for the Four Key Walking Networks: The “crow flies”
distance to each attraction in each network was assessed to
complement the accessibility analysis. This highlights areas where
people are physically close to facilities but may find it hard to navigate to
them.
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4. Compilation and Analysis of Results: Each network was assessed
individually and together to highlight the strengths, weaknesses,
opportunities and threats for pedestrian movement in Hilltown.
This methodology was chosen as it provides rapid, objective results and the
final outputs are map based, which makes them easy to understand by a
wide range of people.
3. ANALYSING THE VISIBILITY OF THE STREET NETWORK

As discussed above, Visibility (the area of usable space visible to a
pedestrian at any point in a street network) is one of the most important
factors determining the pattern of pedestrian flows in models of movement.
Research in many different cities over the last 20 years has shown that
pedestrian movement flows tend to be greater on routes that provide clear
and direct visual links through the built environment (so-called desire lines)
than on complex routes where people cannot see directly where they want to
go (a summary of this research can be found in Hillier (1996) Space is the
Machine, Cambridge University Press).
Atkins has developed state of the art software to quantify visibility for
pedestrians in street networks. The software uses a technique known as
‘Visibility Graph Analysis’. The analysis calculates the visual field for a
pedestrian at any point in the public space network. Figure 2 below provides
an example of a visual field: it shows everything that a pedestrian can see at
ground level from a particular point in Shoreditch, central London.

Figure 2 Visual Field from crossroads in Shoreditch

Taking accurate scale maps of an area, a computer algorithm creates a grid
of sample observation points throughout the pedestrian movement space.
The computer then calculates the visual field at 360 degrees from each
point in the grid by checking which of the other points each point can ‘see’.
In Figure 3, the points in red are all those directly visible from the location
shown in Figure 2.
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Figure 3 Visual Field from crossroads in Shoreditch (Map View)

The analysis tells us the area in square metres that is visible from a
pedestrian standing at this point. By performing the same calculation for all
points in a grid, measures of the average visibility of an area are calculated
to enable comparisons between alternative designs. The resulting pattern
of visibility can be represented by colouring each point according to the area
of its visual field. An example of this is shown in Figure 4, in which the
visibility of each part of public space is represented in an equal range,
spectral colour scale from red (highest visibility) to blue (lowest visibility).

Figure 4 Visibility Map of Shoreditch Area

Once a visibility graph has been created for a pedestrian movement
network, it is possible to calculate the accessibility of the network. This is
the total area available for pedestrian movement within five changes of
direction and indicates how well connected any point in the network is to the
rest of the network. This indicates the strategic importance of different
routes and can be used to create a map of the overall route hierarchy.
Journeys that involve a walk of more than 500m without requiring a
pedestrian to change direction have been considered at this distance to
have necessitated a change of direction as the extent of the pedestrian field
of view used in the analysis is set to 500m.
This assessment was carried out for Dundee and provided early feedback
on key routes, barriers to movement, areas where wayfinding may need to
be supported and locations where there are potential conflicts between
pedestrians and other modes. It also formed the basis for the analysis of
the walking networks.
4. MEASURING ACCESSIBILITY FOR THE FOUR KEY WALKING NETWORKS

Understanding the visibility of the street network provides an initial
evaluation of the route hierarchy in a city. However, the streets that are most
likely to be used for journeys on foot are shaped by the combined effects of
the spatial structure and the location of key land uses and transport
connections.
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Therefore, to understand the day to day walking networks in Hilltown, the
accessibility of four key walking networks was assessed and evaluated
alongside the spatial structure. The networks selected were Education,
Health, Retail and Public Transport (buses). These can be seen in Figure 5.

Figure 5 Walking Networks Diagram

Some of the networks were defined further: for example the final analysis
distinguished between early years and secondary education, and between
three retail locations (two local centres and the city centre).
This analysis assessed the direct wayfinding routes to each facility and how
well these connect together to form a network. This allows the creation of
maps that show, from each location within the Hilltown area, the ease of
walking to each of the different facilities.
An example of the number of changes in direction to a single facility can be
seen below in Figure 6.
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Figure 6 Example of Wayfinding to a Single Facility
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An example of the total number of facilities that are accessible for a walking
network can be seen in Figure 7.

Figure 7 Accessibility to all facilities within a network

The relative importance of each origin, e.g. by quality of retail offer, size of
school etc were not taken into account when assessing the networks. The
exception to this is the bus network which was weighted by the number of
services stopping at each bus stop. This means that the results for this
network reflect how many bus services are accessible from locations
across Hilltown rather than how many bus stops are accessible.
5. MEASURING DISTANCE FOR THE FOUR KEY WALKING NETWORKS

It is important to assess both the distance to and the accessibility of
different facilities as, although some people may live physically close to a
facility, the route may be difficult to navigate or secluded meaning that they
will effectively be cut off from the facility.
Distances were measured “as the crow flies” from each facility in a network.
This was achieved by buffering each facility in 50m increments up to 800m
(a ten minute walk) as can be seen in Figure 8.
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Figure 8 Crow Flies distance from each facility in the education network

The distance to the nearest facility within each network was then identified
for each point in the street network.
Finally, as many of the facilities that serve Hilltown are located outside of its
borders (for example health facilities on Forfar Road) an additional measure
of “as the crow flies” distance from the intersection of Hilltown and Victoria
Road was introduced to prevent facilities more than a 10-15 minute walk
from this intersection having a high weighting in the overall results.

Figure 9 Crow Flies distance from the intersection of Hilltown and Victoria Road
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6. COMPILATION AND ANALYSIS OF RESULTS
6.1 Methodology

After calculating distances from and levels of accessibility to walking
network facilities across Hilltown this information was attributed to a
network of pedestrian routes across the city. This network was formed from
road objects included in Ordnance Survey MasterMap data and provided by
Dundee City Council. All road objects were reviewed to ensure that they
accurately represented pedestrian routes available in Hilltown. For example,
the walking route through a shopping centre on the edge of Hilltown was
included as a route, although it was not shown as such in the OS data.
The finalised pedestrian network was then attributed data reflecting average
levels of accessibility to facilities for each walking network, and an overall
distance score. This data was attributed by buffering pedestrian route
objects and sampling the area contained within the buffer. Each object
forming the pedestrian network was attributed the average values of this
sample area. The following data was captured.
•
•
•

•

•

An overall accessibility score was created by summing the average
accessibility sampled for each network (including the overall
accessibility score for the street network).
An overall distance score was created by summing the average
distance to the nearest facility sampled for each network.
To prevent facilities outwith Hilltown from having an unduly high
weighting in the overall results this distance score was multiplied by
a factor of one if the sample was within 800m (10 minute walk) of the
intersection of Hilltown and Victoria Road, a factor of two if it is
between 800m and 1200m (10 -15 minute walk) and a factor of three
if it is over a 15 minute walk. The resulting figures were then
categorised to create a final distance multiplier.
This categorisation was scaled from 1 to 0.2. Samples with a low
score (proximity to facilities) became a multiplier of 1, while samples
with a high score (distance from facilities) would be 0.8, 0.6 or 0.2
depending on the distance.
The overall accessibility score was then multiplied by this final
distance multiplier to create the overall network score.

6.2 Analysis and Display of Results

Following the compilation of results, maps summarising the results for
each network, and for the overall walking network, were created.
Results were shown on a spectral scale from red, access to many facilities
through to blue, access to few facilities. An example of this can be seen in
Figure 10.
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Figure 10 Overall Network results for Hilltown

In addition, maps summarising the results in a pie chart format allowed an
assessment of why an area had a particularly low or high overall network
rating without having to interrogate the GIS database. An example of this can
be seen in Figure 11, for the retail network.

Figure 11 Results for Retail Network
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6.3 Key Findings

The key findings highlighted by the analysis included:
• In the overall Dundee Health Central Area, one of the primary routes
for walking are the pedestrianised streets in the city centre
(Murraygate and Commercial Street). These streets are well
connected to the surrounding routes and there is large amount of
space available to pedestrians here.
• A key problem in the overall Dundee Health Central area is
wayfinding to and from the train station. The route is not instinctive,
and current wayfinding does not provide enough reassurance to first
time visitors.
• Within Hilltown, the main spine of the area is Hilltown (street). This
road is well connected within Dundee, and also provides connections
to all four networks; education, health, retail and public transport.
• The majority of Hilltown is well connected to public transport,
reflecting the recent investment by Dundee City Council.
• The street pattern around the residential towers and the severance
caused by Marketgait means that some residents in Hilltown may feel
“cut off” from services.
• This is aggravated by some services, particularly health, being
located outside of Hilltown. This may be a problem for mobility
impaired residents.
7. NEXT STEPS

The analysis highlighted a mix of “quick wins” and long term aspirations to
support pedestrian movement.
Quick wins identified by the analysis include infrastructure improvements
such as new pedestrian crossings, improved pedestrian underpasses,
some additional signage and a review of street lighting.
Long term aspirations include redevelopment of the residential tower blocks
to establish street patterns that support desire lines for movement and
crime prevention through environmental design and a comprehensive
review of signage. The Regeneration and Transport team are currently
reviewing the permeability in the area due to the opportunity provided by the
demolition of the tower blocks to produce a new masterplan.
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