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ABSTRACT
Location is often considered as the most important factor leading to the success of public or private
services. Location is the key in maximising accessibility and keeping operating cost low. A
collaborative research project between ‘Nottingham University’ and the ‘Environmental Services
Department of Nottingham City Council’ is developing an ‘Intelligent Map’ for identifying optimum
locations for the recycling centres in the city. The object is to develop a new decision support system for
urban planners, to be used as a management and analytical tool for improving locational decisionmaking. This paper discusses the technique of the Intelligent Map, and its concept. The paper includes
three main sections. The first discusses the introduction of the mini-recycling centres in Nottingham, the
problems associated with their spatial distribution, and the need for a new decision support system using
GIS technology. The second examines traditional techniques using GIS for identifying optimum
locations and calculating catchment areas. The third explains the concept of the Intelligent Map;
discussion takes the form of an initial analysis of the likely method to be applied, and then briefly
outlines some of the prototyping work that is currently taking place at Nottingham.

1. RECYCLING CENTRES AND LOCATIONAL DECISIONS
Global environmental issues have recently become among the most essential
concerns facing almost all central and local governments in western countries.
Environmental scientists and planners are concerned with the rates of consumption of
certain resources, and their future availability. Recycling and reducing waste at
source, seem to be the most practical approaches to resource conservation (Cope,
1994). In its 1990 White Paper, 'This Common Inheritance', the Government set local
authorities a target of 25% for the recycling of the domestic waste stream by the year
2000. In 1991 it was estimated that only 2.6% of the annual UK domestic waste of
35 million tonnes was recycled, with much of the rest being dumped in landfill sites
(Friends of the Earth, 1991). More recently it was estimated that this figure is still
less than 5% (Waite, 1995). Dramatic changes are still needed if the UK is to achieve
this target; the existing level of recycling has to be increased by 1000% in order to
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catch up with other countries. Japan, for example, currently recycles 39% of its
domestic waste, Finland recycles 20% and Germany has achieved more than 10%
(Marsden, 1991).
In almost all local authorities in the U.K. planners and environmental officers are
giving priorities for recycling of domestic waste schemes. The success of such
schemes is, to a large extent, judged in terms of the participation rate. National
research has shown that while 75% of the respondent believe that recycling is very
important, only a quarter of them do any, and few recycle on a regular basis. This
seems to indicate to a ‘desire-action’ gap as the majority believe and are willing to
recycle but they do not.
There are two systems for collecting domestic waste for recycling: 'kerbside’ and
'bring'. The most effective but costly is the 'kerbside’; householders separate their
recycling material, which is then collected by special vehicles for sorting and
marketing. The more common alternative approach is 'bring', consisting of several
containers, forming a recycling centre, where people bring their recycables. Bring
systems are favoured, as they are believed to be more cost-effective, and produce a
better quality of recycling material with less contamination than kerbside. Discussion
in this paper is centred around the bring system.
A major difficulty facing physical planning is the limited amount of guidance
available in the literature on the factors involved in making strategic or area-wide
decisions about the spatial distributions of recycling centres. In 1991, the 'bring'
recycling centres were generally located at a national average density of one per
10,000 population at key trip generators, such as car-parks of large supermarkets.
These primarily catered for car-borne users as part of a multi-purpose trip (FoE,
1991; Marsden, 1991). Various pilot schemes have examined whether a greater
density of bring facilities would encourage more people to bring recycling material.
In Test Valley, for example, a high density trial scheme was introduced in 1991 with
one bank sited for every 740 inhabitants, which initially achieved a 7.5% collection
rate (Leicester City Council, 1991).
It has been estimated that one recycling facility for every 1,000 - 2,000 people might
be needed to achieve a recycling rate of 20% of domestic waste (FoE, 1991, 15).
Coggins et all have suggested that collection banks would need to be located within
50 metres of all households in order to achieve the government's target.
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Many local authorities are now considering introducing a denser network of 'MiniRecycling Centres' within residential areas. These consist of smaller receptacles,
placed closer to people's homes, to encourage householders to walk to deposit small
amounts of recyclable waste material on a regular basis. A major objective of
locating these mini-recycling centres or banks within residential areas is to provide
more accessible facilities for the non-car owner (DoE, 1991). The aim is to
encourage people to participate in recycling by locating the banks in convenient
locations.
Nottingham City1 is fairly typical of many local authorities since it has experienced
difficulties in implementing its recycling policies. A recent progress report to the
City's Environment and Planning Committees summed up the challenge:
"Construction of each site has proved to be a slow and careful process, in negotiation
with site owners and the City Council's planning officers. The crux of the debate
hinges on needing to keep the sites visible (so they get used as much as possible)
whilst also minimising undue public impact (to avoid noise and visual problems)"
(Nottingham City Council, 1994, 30).
Currently, the City Council operates 38 recycling centres, consisting of groups of
large bins or 'igloos'. These centres are mainly placed in car-parks of large
supermarkets. A further 37 potential sites are under consideration or negotiation. In
1992, Nottingham's Recycling Plan proposed the introduction of mini-recycling
centres in advance of a pilot kerbside collection scheme. The first 9 mini-recycling
centres were introduced in 1994. They were located at secure or supervised sites in 6
community centres and 2 secondary schools. It has been recognised that these sites
are not necessarily accessible throughout the day or evening. The emphasis of the
policy has been shifted towards identifying a wider range of alternative sites within
local shopping areas. Now there are more than 40 centres within the neighbourhood
areas of Nottingham (figure 1).
Effective management of the mini-recycling centres is likely to be more difficult as the
number approaches the target of 200 centres. Also, there is no systematic technique or
easy way for finding the optimum location for the recycling centres. Most of the sites
were selected on the bases of the recycling officers’ interpretation and guess. As a
result, in some areas, while recycling centres may be under-used, in others they may be
over-flowing, leading to complaints from nearby residents. This problem is, generally,
common in most of the cities in the UK. Colin Davis, in his paper 'Must we spoil the
town to save the globe?' said that "overflowing, damaged, dirty, multi-coloured,
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poster-strewn, oddly-shaped, badly placed, garbage containers on our streets hardly
add to the quality of urban life. Does it matter?" (Davis, 1992) .
Early indications show that mini-recycling banks did not attract as many users as was
expected. In Nottingham, for example, the tonnage being reclaimed from these sites
has been disappointingly low. Various reasons could be suggested; the new minirecycling sites are not in the right place, poor site promotions, or do people need
more incentives to recycle. A further complicating aspect of the problem is that as
site densities have increased, there is evidence of an unexpected householder
reaction; the classic NIMBY ‘not in my back yard’, complaints about noise, visual
intrusion, and nuisances. Criteria and factors determining the location of recycling
banks have been explored and analysed in various research. Four categories of
criteria can be identified:
•

Social criteria (e.g. attitudes, cultural values etc.): Several studies have
developed instruments and methods for siting policies that are based on social and
political factors (Portney 1991; Swallow et al 1992). For example the role of
attitudes, perceived effort, and social norms on recycling behaviour (Dahab
1995). Distance, as a measure of perceived costs and benefits, was found to be
one of the most important determinant of attitudes towards the siting of recycling
facilities (Lober 1995).

•

Demographic criteria (eg. population characteristics etc.): Howenstine (1993)
and Oskamp (1991) examined the amounts and types of recyclable material
generated in relation to income levels, age, tenure, and other socio-economic
characteristics). Schultz (1995) examined the effects on recycling behaviour of
demographics variables and attitudes of environmental concern.

•

Behavioural criteria (eg. behavioural recycling patterns in relation to
shopping, leisure, etc.): Approaches such as gravity modelling and distance
decay function have been widely used in identifying catchment areas and
projecting the possible number of users of public facilities including recycling.
Also the Theory of Planned Behaviour (TOPB) is used to explain recycling
behaviour in various studies. For example, Bamberg (1996) examined two
recycling behaviours in relation to traffic choices; using a bike or a car and
putting glass into a garbage can or a container.
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•

Economic criteria (cost of trips, life cycle etc.): Highfill (1994) examined the
relationship between the amount of recycling material and the location of a
recycling centre. More recently, one of the studies in CSERGE, using life cycle
analysis, examined the relationships between distances travelled and materials
brought to a mini-recycling centre.

The collaborative research between ‘Nottingham University’ and ‘Nottingham City
Council’ is focussed on behavioural criteria and the location of the recycling centres.
The research includes two phases. The first is on the neighbourhood level or ‘microlevel’ and deals with the location of the recycling centre in relation to factors such as
pedestrian movement pattern, visibility of the site, noise generated from using the
centre, and amenity. This phase has been completed (Shalaby, 1996). The second
deals with wider issues and can be called ‘city-wide level’ or ‘macro-level’. It is
concerned with the spatial distribution of the recycling centres in relation to factors
such as accessibility and optimum locations. GIS technology is used to develop a
new decision support system that assists urban planners in determining optimum
locations of recycling centres and calculating accurate catchment areas. Arc/Info 7.0
on a Sun workstation and ArcView 3.0a on a PC are utilised to develop the Intelligent
Map. 356 OS map tiles of Nottingham city and 1991 census data are used.

2. TRADITIONAL TECHNIQUES FOR LOCATIONAL ANALYSIS
Although a substantial number of journal articles existed on recycling in general,
very little information was found on the criteria for site selection. DoE guidance is
so general as to be of little practical assistance for recycling or development control
officers (DoE, 1991). The following section examines the application of traditional
techniques for calculating catchment areas in Nottingham. The object is to show the
extent to which these techniques are relevant to solving current locational problems,
and the need for a new tool.
2.1 Radial Catchment Area:
Radial catchment area (RCA), long predates computerisation, simply consisting of
drawing a line at a given distance from the object under study. This results in all
entities enclosed by the line being assigned to that object (figure 2). Whilst such
operations are conceptually simple, their power lies in the unprecedented ability of the
analyst to query large data sets quickly and efficiently (Love and Lindquist, 1995).
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Well-known examples of the use of this technique include location of schools and
hospitals. In Nottingham, a RCA distance of 500m2 around each of the recycling
centres was generated, the total number of population resident within these circular
RCAs was then obtained. The object is to find how many people might be expected to
visit a recycling centre on foot. Ideally, adding the population within all the RCAs (C)
should equal the total population of Nottingham (T). In practice, this ideal situation did
not occur, (C) was found to be much greater than (T). This was due to the fact that
some of the population was counted two or three times as they were in overlapping
RCAs3 (figure 2). However, in other cases, (C) was much less than (T), and this was
due to the gaps between the circles where population was not counted. That is there
were not enough recycling centres to cover all the population (figure 2). In conclusion
RCA technique was found to have deficiencies and Thiessen polygons technique was
tried to resolve these problems.
2.2 Thiessen Polygon Technique:
The Thiessen technique divides the Nottingham area into a set of contiguous
polygons in the following way. Each point (recycling centre) is joined by lines to
two of its neighbours, which are also linked, to form a triangle. The perpendicular
bisector of each triangle edge is generated and the original triangle deleted. The
entire area is thus divided between the facilities and no population blocks fall outside
of catchment areas (figure 3). An example of Thiessen application is the
development of spatial interaction models for registration of patients at GP surgeries
in Bristol, U.K. (Martin and Williams, 1991). The Thiessen technique has not been as
widely used as the RCA. In Nottingham, Thiessen polygons were constructed and
the population number within them was ranked, this was then compared with the
population number resulting from the RCA technique. Only a slight correlation
between the two ranked lists was observed. This seems to be because the Thiessen
resulted in adding new enumeration districts4 (EDs) to the polygons. This shows that
the methods used in determining catchment areas, whether RCA or Thiessen, have
considerable influence upon results obtained in Nottingham. The question is how far
these figures reflect reality.
2.3 Network technique:
From a geographical viewpoint, there are two kinds of distance: Euclidean distance
(straight-line from A to B, ‘as the crow flies’), and actual road distance which reflects
the route from A to B and may be much further than Euclidean distance.5 Network
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technique uses actual road distance. It has been used by Reyes and Reyes (1989) to
determine catchment areas of secondary schools in Mexico. De Jong et al (1991)
carried out similar work in Holland. In Nottingham, Network Analyst in ArcView
was used to calculate the catchment areas based on road distance (stretching out
500m). As a test, Network Analyst was applied in four sites, each generating a
uniquely shaped catchment area, which was found to be dependent on the road layout
(figure 4). Compared to RCAs, the catchment areas produced by the network
function were generally smaller, being restricted by the actual road layout. More
accurate figures of the exact population number within catchment areas were
obtained by establishing a buffer of 50m on either side of the roads. This buffer
represented population with direct accessibility to these roads. In the network
function, a weight or cost factor can be correlated to sections of the roads,
representing delay caused by traffic lights, slope, busy road etc. This provided even
more realistic figures, as the actual travel time was considered. Network also
addresses the problem of parts of the catchment area generated being cut off from the
centre by barriers, such as a river or a high speed road.
2.4 Location-Allocation:
The principle behind the Location-allocation (LA) technique is that the centroid of
each ED is allocated to the nearest facility (figure 5). The LA algorithm has been
used to study the relationship between women’s access to childcare and their
participation in the labour market (Webster, 1996). Also Maguire et al (1991) used
the network-based location-allocation model to assess sites suitability for waste
disposal (landfill) in North-west Leicestershire. In Nottingham, the LA tool was used
to allocate ED centroids to recycling centres, based on shortest Euclidean distance. A
more accurate result was achieved by running the algorithm again taking into
consideration the actual routes and not straight-line distance. This analysis was
further extended by adding constraints such as people not having to travel more than
a set distance i.e. 500m.
Above traditional techniques for determination of catchment area may also be utilised
to decide upon optimum location. The recycling centre whose catchment area
contained the highest population is selected as the optimum. All traditional
techniques, discussed above, are based on the distance factor, dealing with the
population as if it is homogeneous, for example, assuming that people will
automatically go to the nearest recycling centre. However, in reality, while distance
is an essential factor, people may opt to go to a more distant recycling centre as it is
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more convenient to their lifestyle. Traditional techniques do not take into
consideration essential factors such as movement patterns and daily household
activity systems such as shopping, taking children to school, and recreation.
Traditional techniques also do not take into consideration socio-economic variables
(e.g. car ownership, employment, age, sex). Such factors would determine, to a
large extent, the use of the recycling centres.
3. THE INTELLIGENT MAP AND CATCHMENT ‘POPULATION’
For the purpose of this paper, a small section of Nottingham (Bulwell) was selected,
as a case study, to explain the concept of the Intelligent Map (figure 6). The selected
area is about 15 sq. km with a population of 42,000 (83 EDs). The area consists of
middle class housing with three schools and two supermarkets6. There are five
possible sites suitable for the new recycling centre. The Intelligent Map will be used
to determine which of the sites is the optimum, and then draw the catchment area for
this site. The assumption is that the optimum site is the one which fits into people’s
daily activity patterns without inconveniencing them.
The traditional methods of determining catchment area discussed above work on the
principle of drawing an area around the facility, this area can be measured by square
kilometres or square miles. The number of people is then calculated by multiplying
density by the area. As mentioned earlier the disadvantage of traditional methods is
that they focus on calculating ‘areas’, and regard ‘population’ as homogeneous. By
contrast the Intelligent Map is more concerned with the population itself and their
socio-economic variables, not with the area as such. This provides more realistic
figures of population who are more likely to use the recycling centre. The Intelligent
Map method can be regarded as calculating catchment ‘population’ not calculating
catchment ‘area’. The Intelligent Map takes into consideration three main variables:
•
•
•

The location of the recycling centres in relation to the spatial distribution of
existing facilities (such as schools and supermarkets)
Socio-economic factors + Group characteristics
Real distance to the recycling centres

The following section discusses the prototype of the Intelligent Map as a decision
support system, that helps urban planners identify the optimum location of the
recycling centre and calculating the catchment area. Whilst a whole range of
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behavioural factors may influence people’s usage of the recycling centres, for the
purpose of this paper it was decided to focus upon trips to local shops and taking
children to school. The technique of the Intelligent Map is based on a combination of
‘Route Finding’ algorithms and artificial intelligence or ‘Fuzzy Rules’. The ‘Route
Finding’ algorithms were applied to determine the effect of the spatial distribution of
existing facilities and routine trips on the location of the recycling centre (figure 7) as
follows:
•

For each ED, in the case study, the nearest school and the nearest supermarket
were identified, using real road distance. ‘Find Closest Facility’ function in
ArcView 3.0a was utilised for this purpose:

•

For each ED, in the case study, three candidate recycling centres were
identified, the closest by walking (maximum of 500m), the closest to the
nearest school (identified in the above point), and the closest the nearest
supermarket.

•

A table was produced consisting of a list of the 83 EDs and the three
candidate recycling centres for each ED,

To consider the socio-economic characteristics a set of artificial intelligence rules
combined with probability factors was structured as ‘Fuzzy Rules’. Visual Basic
was used to write a program representing these rules. For each ED the program
divides the population, based on socio-economic factors, into divisions. It then
allocates each division to the recycling centre which fits their daily routine.
Examples of these rules are:
•

Those people who are non-car owners are more likely to use the recycling
centre which is within walking distance.
- The further away the centre is, the less likely to be used.

•

Those people with school-age children are more likely to use the recycling
centre which is close to their local school.
- The further away the centre is, the less likely to be used.

Finally, a table was produced showing a breakdown of the number of people in each
ED, and how they are allocated to each of the recycling centres. These numbers were
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added together, and a summary table was produced showing the five sites and the
number of people allocated to them. The recycling centre which was convenient to
the highest number of people was selected as the optimum.
A map for the catchment population of the optimum location was drawn using ‘Tin’
function in Arc/Info (version 7.04). The map shows the recycling centre, and the
population who are more likely to use it. The number of people was represented in 3D to assist in visualisation. Unlike the traditional catchment area, catchment
population is not the result of physical measurements on the map (e.g. drawing
circles or Thiessen, see figure 8), but it is a true representation of the population and
their daily movement pattern (figure 9). Catchment population extends as far as
people usually travel. Catchment population represents real travel distances to the
recycling centres, and reflects socio-economic variables of the population. In the
Intelligent Map, catchment population is determined by household activity systems
and behavioural pattern. Thus the ‘intelligent map’ produces what might be termed
‘Fuzzy catchment population’.
4. CONCLUSION
With the spread of mini-recycling centres in large numbers in the heart of residential
areas of Nottingham, both planners and recycling officers have been faced by
essential questions concerning their location. For example, how many people do
these centres serve? what is the catchment area? Are the locations of recycling
centres convenient for the majority of the residents? And if not, where is the best
location so that they fit into people’s daily activity patterns without inconveniencing
them? Such questions are typical in the siting decision process of almost all types of
services and infrastructure facilities. Traditional methods for calculating the catchment
area, such as the use of a straight-line radii drawn around a centre would not provide
enough guidelines for planners to make accurate siting decisions. In practice, people
do not walk in straight lines, particularly where short-cuts are available. It is essential
when calculating travel distances and determining optimum location to take into
account the alignment of buildings, and the effects of physical barriers such as rivers
and fences.
This paper discusses the initial analysis involved in developing the Intelligent Map as
a decision support system for urban planners in Nottingham City Council, and
outlines some of the prototype work involved. The catchment population method is
more realistic than traditional catchment area as it takes into account the
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characteristics of the population, behavioural pattern, real travel distances and the
distribution of existing facilities. One of the difficulties in achieving accurate results
is the continuous change in population characteristics, attitudes, and behavioural
patterns.
Generally, catchment population would be most useful in finding optimum locations
for essential services and facilities such as health, education, and entertainment. It
can be used in analysing their current spatial distribution to reallocate human and
economic resources. This would be of most benefit to local and central governments
who operate under a limited budget. Catchment population would be most useful in
managing and monitoring existing facilities so as to maximise efficiency and keep the
operating costs down. The method of catchment population ensures maximum
accessibility to the majority of people. GIS techniques in conjunction with Artificial
Intelligence and Expert System principles seem to offer new dimensions to traditional
methods for calculating catchment areas and finding optimal locations.
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1

The population of Nottingham is approximately 200,000.

2

500m is the usual distance used by planners when locating pedestrian facilities.

3

There are advanced GIS techniques, such as ‘Regionalbuffer’ in Arc/Info, which provide
sophisticated tools for analysing overlapping areas.

4

Enumeration District: is the smallest statistical standard unit, representing 100-250 people, used in
the U.K. national census. Individual information is protected and only summary statistics for the
total population of the ED are used.

5

Moving to a more philosophical stance, there is also perceived distance i.e. how far away people at
point A consider point B. Their perceptions may be based upon such factors as gradient, availability
of public transport, or quality of the road. None of the models tested here consider perceived
distance.

6

Some of these facilities are added to the site to demonstrate a complex situation with a variety of
factors such as education and shopping, which influence the selection of the optimum location of the
recycling centre.
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Fig. 1
Nottingham: Road layout and RCs

Figure 2: A map to show the radial catchment areas (500m radius) of the recycling centres in Nottingham
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Figure 3: A map of Nottingham to show the Thiessen polygons constructed around the recycling centres

Figure 4: Four sites showing the application of the network technique. The maps represent 500m networks from the
recycling centres

#

#
#

Co-op, Beckhampton Road

Household Waste Site, Redfield Road

#

William Crane Comprehensive School

Tallyho Public House

Figure 5: A map to show the allocation of Ed centroild to the nearest recycling centre

Figure 6: Details of the selected area to apply the Intelligent Map (Bulwell)
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Figure 7: A diagrammatic representation to show the three candidate recycling centres for an Ed (the
closest by walking, the closest to the nearest school and the closest to the nearest supermarket)
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Figure 8: A diagrammatic representation showing 3-D of traditional catchment areas. The top diagram shows
radial catchment areas, the bottom diagram shows Thiessen polygons

Figure 9: Intelligent Map showing 3-D representation of catchment ‘population’. The top figure is of the recycling centre which was selected as the optimum. The bottom
figure is the least optimal recycling centre.

