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Summary 

Infrastructural patterns are considered important when assessing the recreational 
potential of a region. The landscape is primarily perceived by roads and paths, and 
recreational facilities are accessible by means of route structures. 

Until recently, little was known about the role of infrastructural patterns in rural areas 
and their uses by different forms of recreation. The evaluation of cycling quality was 
restricted to determination of the length of bicycle paths or the bicycle paths per km2 . 
This research was commissioned to provide information in subject areas hitherto 
neglected. For this purpose, the role of infrastructural patterns in rural areas, used by 
the recreational cyclist, were investigated. 

Within this research a method was developed by which infrastructural patterns in 
rural areas could be tested for their suitability for use by the recreational cyclist. 
Using the GIS (Geographical Information System) programmes Arc View and Arc 
Info, a comparison between the ideal type of infrastructural pattern and the real 
infrastructural pattern was made. The ideal type is considered as a collection of 
arbitrary locations of origin and destination in a region, from where the number of 
route options in distance and variation have been maximised. A deviation from the 
ideal pattern points to a limited number of options, and therefore the compared 
infrastructural pattern is considered to be of a lesser quality. 

The method compares the ideal type with the real situation on the basis of nodes, and 
links between nodes. The real situation is represented by the 'Krimpenerwaard', a 
rural area near the city of Gouda. In the ideal situation the nodes are situated 
equidistantly in a triangular inter-relationship. The elaboration of the ideal type took 
place on the basis of two variants, with node distances of 500 m and 2 kilometres. 

Five indicators were used for the comparison between the ideal type and the real 
situation: 
Indicator A: The contribution of the weighted average line segment length of the real 

situation in relation to the line segment length of the ideal type. 
Indicator B: The contribution of the total number of nodes in the real situation in 

relation to the total number of nodes of the ideal situation 
Indicator C: The percentage of ideal nodes that can be allocated by a node of the real 

situation. 
Indicator D: The average contribution of covered distance by the allocated nodes of 

the real situation in relation to the maximum distance that can be covered 
when allocating. 

Indicator E: The average contribution of links per allocated node in the real situation 
in relation to the maximal 6 links per node of the ideal type. 

It was found that out of the five indicators, indicator C serves the best as a quality 
indicator for the infrastructural patterns. Indicator E provides information about a 
shortage of links in the real situation, but is not very specific. During the research 

SC-DLO Report 169 a 1999 a 9 



another indicator was found: the internal detour factor. The internal detour factor 
indicates the seriousness of missing links for a certain area. Extreme detour factors 
refer to important missing links or nodes. However, when determining the detour 
factors, border effects should be taken into account, as these can cause heightened 
results 

A reliability analysis was carried out to control the effects of the projection of the 
ideal type on the real situation. It was found that a rotation or translation of the ideal 
type did not significantly influence the results of the indicators. 

In practical situations, the results of indicator C and the internal detour factor can be 
used as evaluation tools. If a fixed value for the node distances in the ideal type is 
used as a reference, the results of indicator C and the internal detour factor can 
determine the quality of the infrastructural pattern. The developed method can also 
serve as a planning tool to track down important missing nodes or links. The analysis 
then has to be repeated several times while amplifying the node distance of the ideal 
type. The amplification has to be continued until the quality requirements for 
indicator C and the internal detour factor have been met. For the ultimate node 
distance, the missing nodes and links are made visible. Special attention must be paid 
to those locations which are of interest from a planning point of view. 

The relation of the infrastructural pattern with the suitability for use, and the 
perception quality of bicycle facilities were not taken into account within this 
research. 
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1 Introduction 

1.1 Background and motive behind the research 

In the seventies and eighties, the Dutch government made considerable efforts to 
provide for the development of a diverse supply of outdoor recreational facilities. In 
the nineties, the policy towards recreation became more directed to the control of 
general development and quality. It was more selective, and was directed towards 
demands with an emphasis on increasing the quality of existing facilities and 
professionalising the sector. The political themes for the nineties are indicated in the 
policy document 'Structuurschema Groene Ruimte' (SGR). The starting point for the 
policy was to guarantee lasting options for leisure activities in the open air to the 
recreational user, and contribute to the quality of life in the Netherlands, and to the 
revitalisation of rural areas. (Ministerie van LNV, 1996) 

The idea of using agricultural landscapes simultaneously as recreational or (artificial) 
nature areas has become increasingly popular. Traditionally, the economies of these 
areas depend on agriculture, but the increase in use will change the character of their 
economies. Within agricultural areas, huge potential exists for extended use of land 
because, with its 2 million hectares, the agricultural sector is the biggest land-user in 
the Netherlands. 

The national policy in relation to rural areas aims at sustainable conservation and 
reinforcement of spatial quality. As far as outdoor recreation is concerned, this means 
an optimisation of the suitability for use and perception quality of nature and 
landscape. These qualities are demonstrated through appearance, scale, tranquillity, 
and accessibility. The most important points for consideration within the recreation 
policy are: 

promotion of recreational facilities within areas which are most important in 
terms of nature, culture and landscape perception; 
promotion of recreation in relation to agricultural business (recreation on and near 
farms); 
increase of accessibility to rural areas, especially for types of traffic that are of no 
harm to the environment; 
increase of accessibility in rural areas; 
development of nation-wide networks for recreational purposes, 

(ministerie van LNV, Kiezen voor recreatie 1993: 21,22) 

The board 'Groene Ruimte en Recreatie', (GRR) of the Department of Agriculture 
(Landbouw Natuurbeheer en Visserij, LNV) needs guidelines in order to control the 
general development and quality of recreation. Eventually, the results must lead to a 
formulation towards Provinces where a certain quantity of area will be associated 
with a certain recreation quality. 

A method that allocates a certain quality for recreation to areas can serve as a 
directive to the board. The recreation quality of an area differs according to the type 
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of recreation. An instrument for checking, which still needs to be developed, should 
measure the quality of an area for different forms of recreation. This instrument could 
help to determine the forms of recreation which are most appropriate to an area and 
consequently the recreational quality for the area can be specified. The instrument 
would provide an indication for the desired direction of development within the area. 
For instance, if an area appears to have potential for mobile recreation forms such as 
walking and cycling, planners could decide to develop the attractiveness of the area to 
stimulate these activities. One likely intervention would then be the construction of 
short cut routes. 

The instrument for checking may also be used to carry out evaluations. Comparing 
the old situation with the new one makes it possible to detect to what extent the area 
has been suitably developed. 

In 1998, the project "Opening Up and Accessibility of Rural Areas' was started by the 
IBN-DLO and the SC-DLO. The (GRR)board's need for guidelines led to the 
creation of the project. The objective of the project was to develop recreation 
packages and a related checking instrument, able to determine a task specification for 
a specific area (projectbeschrijving, 28 mei 1998). The recreation package had to 
contain information about opening up, accessibility and recreation forms (personal 
information: Peter Visschedijk) 

Covering project: 
Opening Up and Accessibility of Rural Areas 

Objective of the project: development of recreation packages 

Quality indicators 
(amongst others: 

infrastructural pattern) 

I 
Opening up Recreation forms 

Project 
Recreational infrastructure of rural areas 

Objective of the project: the development of a method for the 
determination of the quality of infrastructural patterns used by the 

recreational cyclist 

Fig. 1 Schematic overview of the context of this research 

The development of the checking instrument for mobile recreation forms gained strength 
with the development of digital data files and GIS-techniques (GIS= Geograhical 
Information System). For example, the entire land surface of the Netherlands is now 
available on digital topographical data files. The top 10 vector and top 10 data files of 
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roads were of particular interest for this research. The top 10 vector data files contain 
polygon, line and point objects of the topographical map on a scale of 1 : 10,000. The top 
10 road data files contain heart lines of roads of the topographical map on a scale of 
1 : 10,000. The heart line files are derived from the polygon files. In the polygon files the 
roads are represented by polygons of a certain area. 

In the heart line files those polygons are reduced to lines of certain lengths. Heart line 
files are interesting because their use enables researchers to consider roads as a 
network system. With GIS it is then possible to make further calculations on road 
characteristics. 

The quality of a certain area must be determined per recreation form. The method 
must be applicable to different recreation forms. Investigation showed that in the 
Netherlands, 68% of recreational cyclists cycle as a form of leisure activity. Walking 
is done by 74% of the recreational users. Participation in other forms of recreation 
showed lower figures. The popularity of cycling as a leisure activity increased 
significantly in the nineties. In the period between 1990/91 and 1995/96, cycling, as 
most important activity within day-long excursions, increased by 18% .(CBS, 1997) 
Further research showed that most cyclists undertake cycling-tours of about two 
hours. (Goossen et al., 1997). In general, cyclists will penetrate deeper into the rural 
area than walkers because of their larger radius of action. A well developed 
infrastructural pattern is therefore of even more importance to the cyclist than to the 
walker. For this reason, cycling as a form of recreation was an interesting starting 
point on which to base the development of the checking instrument. 

1.2 Description of the problem 

Since the sixties the concept of recreational joint use of rural areas has been included 
in Dutch policy. The concept indicates that forms of outdoor recreation take place in 
an environment with a non-recreational main function. When the concept was first 
applied, attention was attracted to the shared recreational use of woods, nature areas 
and open waters. As a result of the growing interest for recreation, the quality of 
recreation in those areas has suffered an increased pressure. As a consequence, 
attention was focused on other areas, including rural areas. In these areas the 
development of recreation and tourism focused mainly on the level of the individual 
agricultural business (agricultural tourism). In order to use the recreational capacities 
of the rural area to a greater extent, it is important to look for the recreational 
potential which extends beyond the level of the individual agricultural business. 
Infrastructural patterns for mobile recreation forms such as walking, cycling, 
orienteering, horse riding etc. go beyond that individual level. 

Infrastructural patterns play an important role when assessing the recreational 
potential of a region. Landscape is mainly experienced by roads and pathways. 
Interesting facilities are accessible through route structures. Within publications the 
determination of the quality of the bicycle infrastructure was done mainly by applying 
parameters such as: the length of bicycle facilities or the bicycle facilities per km2 . 
(Stichting Landelijk Fiets Platform: 1998, Bijlage I) These parameters, however, 
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provide little information about the importance of infrastructural patterns in rural 
areas that are used by different recreation forms. This research was started to address 
the gap in knowledge about the subject. 

The main research question for this investigation was as follows: 
With what method can infrastructural patterns in rural areas he tested for their 
suitability for use in recreational cycling, and what are the options available to 
improve suitability? 

The main research question was divided into the following sub-questions: 
1. What indicators determine the recreational suitability for use of a route? 
2. What is the ideal type of infrastructural pattern for recreational cyclists? 
3. What does the existing infrastructural pattern for recreational cyclists look like? 
4. How do the ideal and actual situations relate to one another? 
5. What roads or paths can be constructed so that suitability for use can be 

improved? 
6. Which roads can be closed without having a negative impact on the suitability for 

1.3 Objective of the research 

The objective of this research is to create a method which determines the quality of 
the infrastructural patterns in rural areas that are used by recreational cyclists. The 
characteristics concerned with the shape of the network of bicycle facilities are 
considered as part of the infrastructural pattern. Distances between nodes and the 
spatial positioning of nodes determine the form of the infrastructural pattern. If the 
ideal type of infrastructural pattern for the recreational cyclist is known, a comparison 
between the ideal type and actual situation could be made. As a result, a statement 
about the quality of the real structure of roads could be made. In addition, it would be 
possible to highlight locations where links in the network are missing. 

This research will contribute to the development of an extended model for quality 
measurement. The extended model will consist of other quality indicators such as 
pavement, tranquillity and the attractiveness of the landscape. The different quality 
indicators will be given a value. An assessment of all indicators together will lead to a 
total view of the quality of routes for recreational cyclists. 

The extended model will also be helpful in detecting bottlenecks. Within the extended 
model, predictions can be made about the effects of new links, leading to 
recommendations for policy makers. For example, the most likely locations for 
improving the infrastructural pattern for the recreational cyclist could be determined. 
As well, it is possible that certain areas are totally unsuitable for the recreational 
cyclist, and could also be detected using the extended model. 
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1.4 Method of working 

Two phases can be distinguished within this research. During the first phase different 
quality indicators for the recreational cyclist were determined. This was done through 
a study of the relevant literature. One of the quality indicators that was studied within 
the research was the infrastructural pattern. However, little information was found 
about this indicator. For additional information, telephone interviews were conducted. 
This interview method also resulted in an impression of the practical application of 
this quality indicator. Other factors which are of importance regarding the 
infrastructural pattern were also determined through a logical thinking process. The 
objective of the first phase was to bring out the relationship of the infrastructural 
pattern with other quality indicators. Furthermore, the information available on 
infrastructural patterns was examined. 

The model was developed in the second phase. The model was developed as a result 
of a comparison between an ideal infrastuctural pattern and the infrastructure in a real 
situation. The comparison was made in the G1S programs ARC-Info and ARC-View. 
For the real situation the top 10 heart line files of the roads were used. 

As a matter of interest, a field visit to check the accuracy of the topographical digital 
maps did not take place during the research. 

For the real situation, the 'Krimpenerwaard' was chosen as a test area (figure 2). The 
size of the test area is as big as twelve top 10 maps, which amounts to an area of 375 
km". (= 6,25*5*12). This area is large enough to make cycling round trips of up to 25 
km. 

The ideal type of infrastructural pattern is created within the G1S program Arc Info. 
With the help of two variants for the ideal type, the comparison was made, whereby 
the variants differed in node distances. 

Ultimately the indicators which were determined during phase one were used for the 
comparison between the ideal type and the actual situation. The indicators give an 
idea of the quality of the infrastructural pattern in the real situation. Within the GIS 
program Arc View, a further specification can be made by focusing on the areas with 
a poor infrastructural pattern. The different procedures used to arrive at the 
qualification of the infrastructural pattern in the test area were noted. The total 
number of procedures forms the method that tests the quality of the infrastructural 
patterns in rural areas used by the recreational cyclist. 
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Cartography: T. Kok 

Date :21 December 1998 

Sources: 
Heart line files 1 : 10,000 
Topographical service Emmen, 1993 

Fig. 2 The 'Krimpeneni'aard' test area 

1.5 Outline of this report 

Chapter 1 outlines the background and motivation for the research, the research 
problem, the objective, and the approach used to tackle the problem. In chapter 2 the 
theoretical background of the research is outlined. The underlying concept of the 
model is also explained. Chapter 3 discusses the creation of the basic files used for 
the comparison. The basic files created are used to compare the ideal type with the 
actual situation that is described in chapter 4. On the basis of the indicators as 
formulated in chapter 2, an indicator that is most suitable for use as an indicator for 
the quality of infrastructural patterns is selected. Finally, chapter 5 presents the 
conclusions and makes recommendations in relation to the model as developed. 
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Furthermore, this chapter covers a number of recommendations with regard to the 
applicability of the model as an evaluation and planning tool. 
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2 Theoretical f ramework 

2.1 Quality indicators for the recreational cyclist 

The quality of a bicycle network can be expressed through a number of quality 
indicators. The recreational cyclist has different needs with respect to cycling 
facilities than does the utilitarian cyclist. The recreational cyclist can also attach 
different significance to the various indicators. A utilitarian cyclist needs to travel as 
quickly as possible from point A to point B; this is not necessarily a requirement for 
the recreational cyclist. The silence quality indicator is of great importance to the 
recreational cyclist but of lesser importance to the utilitarian cyclist. The recreational 
cyclist can decide to take another route, whereas the utilitarian cyclist does not 
appreciate the noise but takes the route nonetheless. 

In the policy document 'de Vierde Nota Ruimtelijke Ordening Extra* the concept of 
spatial quality is introduced as a criterion of valuation when considering spatial 
developments. The relationship between the suitability for use, perception and future 
quality determines the spatial quality (Ministerie van LNV, 1990). When considering 
recreation, the suitability for use is the ability to perform specific recreational and 
tourist activities and actions. Considering the suitability for use, the extent to which 
the spatial organisation is in accordance with the intended objective for use is verified 
(Goossen, 1997:23). In relation to the recreational cyclist, the extent to which the 
bicycle network is appropriate for cycling tours applies. The appreciation of the 
product by the recreational user is important within the concept of perception quality. 
In other words, the product can be considered as beautiful or ugly, fascinating or 
boring, safe or unsafe, and, as a consequence, certain requirements for the product 
may arise. The requirements involve missing factors within the bicycle network, for 
example, a lack of cycle-tracks. 

The report 'Indicatoren voor recreatieve kwaliteiten in het landelijk gebied' (Goossen 
et al., 1997: 27) sets out an overview of quality indicators which are important to the 
recreational cyclist. The overview is categorised using the concepts of suitability for 
use and quality perception. The report also presents the assessment of the various 
indicators towards each other. A further exploration of the literature proves that the 
overview is practically complete (amongst others: Grisel & van Klaveren, 1979, 
Integraal fietspadenplan provincie Groningen, 1982, Rumpff, 1985, Dercksen et 
al., 1994). The only indicator not mentioned is the quality indicator stench. The report 
'Recreatieve fietspaden van plan tot pad' states that defacing eyesores such as rubbish 
dumps and muddy places must be avoided as far as possible. 

Table 1 is taken from the report 'Indicatoren voor recreatieve kwaliteiten in het 
landelijk gebied' (Goossen, 1997). 
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Table I Quality indicators for the recreational cyclist 
Perception quality Fitness for use 
Tranquillity 
Land use 
Traffic density - cars 
Traffic density - cyclists 
Picturesque road 
Watersides 
Objects of interest 
Relief 

Accessibility (the extent to which permission is needed) 
Maintenance of cycle track or road 
Bicycle facilities 
Resting-points 
Width of road or cycle track 
Sign-posting 
Pavement 
Crossings 
Accessibility (the extent to which an area is opened up in relation to 
the surrounding areas) 
Safety (the existence of separate cycle tracks) 
Marked cycle tracks 

Another reference frequently used for the design of a bicycle network is the report 
"ontwerpwijzer voor een fietsvriendelijke infrastructuur: tekenen voor de fiets', 
(amongst others in Grontmij Zeeland, 1995). This report states that five essential 
requirements have to be fulfilled in order to intensify the use of the bicycle: 
consistency, directness, attractiveness, safety, and comfort. These five claims are 
defined by a number of criteria and parameters. Table 2 gives a brief overview of 
criteria mentioned in the report. 

Table 2 Main requisites for an infrastructure adapted to the needs of cyclists 
Main requisite consistency 
Ease to find 

Consistency in quality 

Optimal number route 
options 
Completeness 

Completeness of the sign-posting system ; legible from the bicycle (position) 
Amount of the cycle track at the highest quality level; 70% on continuous 
connections 
An number of equivalent alternative routes; a minimum of two with at least one 
that is socially safe; 100-150 metres distance between two parallel equivalent 
connections 
A number of connected locations of origin and destination 

Main requisite directness 
Degree of flow of bicycle The design velocity should never amount to less then 10 km/h 
traffic 
Stops (time) The average time loss by waiting per km (as a result of standing still or waiting) 
Detour factor A minimisation of the detour factor 
Main requisite attractiveness 
Spatial experience A minimum number of landscape changes per km 

Possibilities for orientation 
Main requisite safety (road safety) 
Risk of encountering cars Minimisation by separation of roads and cycle tracks 

Main requisite Comfort 
Flatness 
Hills 
Hindrance by traffic 

Chance of stops 

Texture, flatness in diagonal direction, flatness in longitudinal direction 
Amongst others number of slopes with a certain percentage per kilometre. 
The chance that an encounter with another traffic participant causes hindrance to 
the cyclist 
Total number of times a stop has to be made (average per km) 

Hindrance by the weather Hindrance from wind or snow 

Under the requisite the criteria - complaint pattern, visibility, risk of blinding and social safety 
were also mentioned in the report. These factors are of minor importance in rural areas and are 
therefore not elaborated on in the table. 
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A number of the criteria mentioned in table 2 are applicable to the network for the 
recreational cyclist. The approach of the report is. however, mainly directed at 
requisites for the utilitarian cyclist. Most of the criteria can be reduced to the 
suitability for use and perception quality mentioned in table 1. For the valuation of 
the quality of bicycle facilities for the recreational cyclist, table 1 is preferred to table 
2. Table 1 is more complete and can be elaborated to a more tangible level. 

2.2 The infrastructural pattern 

In the previous section, a number of quality indicators were mentioned. One of these 
indicators was the bicycle facility. For the recreational cyclist, the infrastructural 
pattern is determined by the spatial location of the bicycle facilities. Facilities for 
cycling include bicycle lanes, cycle tracks, B-roads, and quiet rural roads. The extent 
to which the recreational cyclist can and will use the infrastructural facilities depends 
on a number of limiting conditions such as the external opening up, the length of the 
cycle route, and the required number of route options within a tour. 

2.2.1 External opening up 

For a definite area, a distinction can be made between internal and external 
infrastructural patterns. The external infrastructure, or accessibility, of an area 
concerns the opening up in relation to the surrounding areas. For example, in order to 
enjoy a ride in a nature area a certain distance must first be travelled. A large number 
of cyclists live within town areas and before reaching their destinations, they must 
encounter a number of obstacles or barriers. The distance needed to cross highways or 
canals diminishes the actual cycling-tour length. To what extent this distance is 
acceptable depends on the radius of action of the various recreation forms. 

Eckhardt (1978) distinguished five categories of barriers which negatively influence 
the accessibility of recreation areas: 
- Spatial barriers (by lack of infrastructure for example within industrial zones or 

forest areas); 
- Physical barriers (dirt roads, steep slopes and adverse wind); 
- Barriers related to traffic (busy roads, crossings or narrow cycle tracks); 
- Psychological barriers (negative evaluation of visibly polluted water, noise 

hindrance, stench, eyesores and blocked view); 
- Legal barriers (no access or limited access to roads or certain areas). 

2.2.2 Internal infrastructural pattern 

The term internal infrastructural pattern includes the roads and paths that are present 
in an area itself. It can, for example, be expressed in a certain density of roads. Apart 
from the public roads and paths in rural areas, roads that open up agricultural plots are 
also considered. These roads in particular can be important when it comes to the 
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development of recreational use in an agricultural area. These roads are usually very 
attractive to walkers and cyclists. 

The current research covers only the physical characteristics of the internal 
infrastructural pattern. The extent to which the recreational cyclist uses the roads was 
not taken into account. However, the presence of a good infrastructural pattern does 
not necessarily mean that the roads and paths are used. Aspects such as accessibility, 
which indeed play important roles, are considered indirectly within this study. 

2.3 The length of a cycling tour 

The length of cycling tours made by a group of recreational cyclists is variable. In one 
case, recreational traffic with a certain destination, the 'object oriented bicycle 
traffic', can be distinguished. The tours of this group cover a maximum distance of 
approximately 10 kilometres (the average velocity is 14 km/hour). In another case, a 
group that just goes out in the rural area for a cycle ride can be distinguished. Within 
the last group, various categories are found. These categories are based on duration 
and length of the cycling tours. The scheme below presents an overview of data about 
cycling tours. 

Table 3 The length of bicycle routes according to different literature sources 

Literature source Categories of 
recreational cyclists 

Amount of travelled 
kilometres 

Duration 

Dercksen et al., 1994 

Baaietal, 1996 

Eckhardt (in Rumpf) 

Dormont & Sijbrandij 

Cyclists making short 
rides 
Touring cyclists 
Competition and sport 
cyclists 
Long distance cyclists 
Touring 
Daily short rides 
Cycling on Sunday 
afternoon 
Cycling for sport 
Short ride 
Cycling-tour 
Touring 
Daily short rides 
Cycling on Sunday 
afternoon 
Cycling for sport 

10- 15 
15-30 (A kind of 
short journey cyclist) 
3 0 - 5 0 

7 5 - 1 0 0 

5 
1 5 - 2 0 

5 0 - 1 2 5 
5 - 8 
15 or more 

5 
1 5 - 2 0 

5 0 - 1 2 5 

Maximum 1 hour 
Maximum 2 hours 

Half day long tours 

Day long tours 

30 minutes 
2 - 3 hours 

45 minutes 
1,5 hour or longer 

30 minutes 
2 - 3 hours 

Goossen & Ploeger, 
1997 

No specific category 
aiven 

32 2 hours 

An area big enough to cover the action radius of the cyclist has to be chosen to 
determine the characteristics of the infrastructural pattern. The cyclist concerned 
within this investigation makes rides of a maximum of two hours, which amounts to a 
maximum distance of about 25 km. 

22 O SC-DLO Report 169 • 1999 



2.4 Shape of the network 

A network consists of nodes that are connected by lines. A node is a point where 
several lines come together. The spatial ordering of the nodes and the accompanying 
lines determine the shape of the network. 

In the booklet 'Recreatief groen in en om de stad' the hexagon has been chosen as the 
ideal type of infrastructural pattern for the cycle network. Each side of the hexagon is 
two kilometres long. In such a network the cyclist can choose between several routes 
of different lengths. Why a hexagon with sides of two kilometre was chosen is not 
further explained. 

In the report 'Recreatief medegebruik of gewoon een eindje om* the network consists 
of a quadrangular interrelationship. The recreational cyclist is assumed to want more 
than one route option. Each route should also involve covering the same road as little 
as possible. To fulfil these requirements, a network with various mesh widths should 
be constructed, where the mesh width depends on the length of the ride. The mesh 
width for short rides has to be finer than that for longer rides. A network of a mesh 
width of 4 by 4 kilometres fulfils the requirements for a one hour bicycle trip which 
originates from the residence. For a two hour cycling tour a network with wider 
meshes is needed, for example meshes of 8 by 8 kilometres. (Vink, 1981: 22-23). 

In the report 'Integraal Fietspaden Plan voor de provincie Groningen* several 
recommendations were made for the density of bicycle networks. Near densely 
populated cities, such as the city of Groningen, a fine-meshed network was 
recommended. Near less populated towns, a medium-meshed network was 
recommended, and for the remaining areas a coarse-meshed network. In the province 
of Groningen target norms for the various mesh widths were formulated, for which 
the desired density of the recreational bicycle network and the present density of the 
network were taken into account. 
The following target norms were formulated: 
Fine-meshed network 
Medium-meshed network 
Coarse-meshed network 

minimum 300 metre per km' 
minimum 150 metre per km' 
minimum 100 metre per km2 

The above mentioned mesh widths of the recreational bicycle network are, among 
other things, determined on the basis of population density, and attractiveness of the 
landscape. The starting point used in the report was the real infrastucture which had 
to be intensified. An ideal situation was not considered. Moreover, the extent to 
which the values mentioned can be applied on a nation-wide scale is questionable. 
This application is doubtful because the province of Groningen is not densely 
populated in comparison with the rest of the Netherlands. 

In the compilation of summaries 'Recreatie dicht bij huis' a structure of quadrangles 
with a mesh width of 3 by 3 kilometres was used for the network. This was done 
because it fit best with the time - space parameters which found in research into 
cycling habits. 
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Telephone conversations were held with spokespersons from the province of 
Groningen and the land restructuring project 'Krimpenenerwaard". These 
conversations showed that the practical planning of bicycle tracks takes place on the 
basis of existing roads and missing links. Furthermore, landscape attractiveness plays 
a role within the planning process. The planning is not done based on an ideal 
situation, but the other way around, and adjustments are made from the practical 
situation. It was assumed within this research that an ideal type of infrastructural 
pattern for the recreational cyclist could be determined. By means of this ideal type, 
locations of improvement in the real bicycle network could be designated. 

2.5 Theory for the development of an ideal type for an infrastructural 
pattern 

It can be deduced from the previous section that little is known about ideal types of 
bicycle facilities for the recreational cyclist. Neither is there any information about 
the most attractive and ideal mesh-shape for the recreational cyclist. In reality, an 
ideal type cannot exist because the infrastructural pattern depends on more factors 
than just on the needs of the recreational cyclist. Possibly due to the lack of an ideal 
mesh-shape, the recreational cyclist does not have pronounced ideas about the ideal. 
It is questionable whether the ideal type of infrastructural pattern actually exists. It is 
possible that various quality indicators do influence each other. Perhaps one kind of 
ideal shape is experienced positively within a special kind of landscape whereas in a 
different kind of landscape it is experienced negatively by the recreational cyclist. 

An indication of a relationship between various quality indicators is given in the 
report 'Openstelling en toegankelijkheid van het agrarisch gebied'. The report argues 
that the density of the network of rural roads depends on the business type, the 
business size, the business structure, and the pattern of land division. A vast 
improvement to the road network can lead to a negative effect on the landscape 
perception of the recreational user (van Leiden, 1997: 33). 

Apart from the above mentioned factors, an infrastructural pattern has. in general, to 
comply with a number of assumptions. Within this research, a bicycle ride of a 
maximum of 25 km was considered. Furthermore, it was assumed that the number of 
options within a route plays a role. An infrastructural pattern is considered to be 
better when, from more starting and ending points, there are more options for 
different route lengths. It is also considered to be better if more variation is possible 
within the same route length. The ideal situation can be said to be a collection of 
starting and ending points within a region, from which the number of route options in 
distance and variation have been maximised. 

The number of options during a bicycle ride depends on the distances between nodes, 
and on the shape of the route structure. In figure 3, three different shapes of route 
structures are given. This is done to give an impression of the role of the structure in 
the number of options. The shapes are a honeycomb, a quadrangle, and a triangle. For 
the given shapes, 2, 3 or 5 choices per node exist respectively. 
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A 
A. Honeycomb: 
B. Quadrangle: 
C. Triangle: 

B C 
2 options per node 
3 options per node 
5 options per node 

Fig. 3 Options per node for various ideal structures 

The previous section shows that there are several options for the shape of the ideal type. 
Instinctively the real situation with its patterns of roads along plots can best be 
approached by a quadrangle or a rectangle. In reality, however, there are more t-forked 
crossroads than crossings with 4 roads coming together. This means that the real situation 
tends more to the honeycomb shape, which exists of a sequence oft-forked crossroads. 

In theory, the triangle shape forms the best alternative for the recreational cyclist. There 
are 5 options per node. Moreover, in addition to long routes, there are options for short 
circuits. It is assumed that the recreational cyclist desires a maximum number of options. 
Therefore, the triangle has been chosen as the shape for comparing the ideal type and the 
real situation. 

The comparison between the real situation and the ideal type was made on the basis of 
five indicators. By means of these indicators a statement about the quality of the 
infrastructural pattern in a certain area can be made. 

Indicator A: 

100 
I V (X(real line segment length)2 / total number of line segments)- ideal line segment lengthl 

V(2( real line segment length)2/ total number of line segments) 

Indicator A is based on the length of line segments. Within the ideal type all the line 
segments are of the same length. In the real situation compared with the ideal 
situation, there is an upward or downward deviation. An upward deviation in the real 
situation points to a deficiency situation. When this is the case there is a lack of short 
line segments and this is exactly the subject of interest. The indicator is formulated in 
a way such that deficiencies do have a strong effect on the results. A surplus, which 
means that the weighted average of line segment lengths in the real situation is 
smaller than in the ideal type, is valued with less importance. In case of a surplus 
there is a deviation of the ideal situation (100%) but the result of the indicator will 
generally only differ by a few percent. The underlying idea is that the real situation 
does not compare with the ideal situation, but there are a considerable number of 
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options in bicycle facilities. This is why a surplus of options is valued with less 
importance than a deficiency. 

The formula of the indicator does not contain the normal average, but a weighted 
average. The weighted average is the square root of the squares of the line segment 
lengths. The reason for taking a weighted average is to diminish the influence of 
extremely short line segment lengths. In the neighbourhoods of population centres, a 
large density of short line segments exist. The area around the population centres is 
not directly part of the rural area, but it is hard to filter out these areas from the data 
files. In this manner, short line segment lengths which originate from digitizing errors 
are also given less importance. 

Situation I. fragment of the real situation Situation II fragment of the ideal type 

Indicator A is based on a comparison between the real line segment length and the line 
segment length of the ideal type. 
To calculate indicator A all line segment lengths between two nodes are determined. In the real 
situation the line segment lengths differ. The picture above shows that the line segments 1 
through 4 do have different lengths (situation I). For the calculation of indicator A the weighted 
average of all line segment lengths was taken. 
The line segment length for the ideal type is fixed. The picture above shows that line segments 1 
through 4 do have the same length (situation II) 
A low value for indicator A indicates that the real line segment length and the ideal segment 
length do differ considerably. 

Fig. 4 Indicator A: A comparison on the basis of line segment lengths 

Indicator B: 

If number real nodes < number ideal nodes then: 

Number of nodes in the real situation 

Number of nodes in the ideal situation 
MOO 
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If number of nodes real > number of nodes ideal then: 

Number of nodes in the real situation 
100 

Number of nodes in the ideal situation 

Indicator B gives a first impression of shortages and surpluses of nodes in the real 
situation. A situation with shortages is particularly interesting because it implies that 
nodes are missing in the real situation. A surplus implies that the real situation is 
positive in relation to the ideal type. As far as quantity is concerned, this may be 
correct but the indicator does not contain information about the distribution of nodes. 
Due to the great density of roads there may be a local concentration of nodes around 
population centres, whereas in other locations there is a lack of nodes. Therefore, the 
real situation can be unfavourable compared to the ideal situation. 

The indicator is formulated in such a way that a downward deviation with the ideal 
type is valued more seriously than an upward deviation. This has to do with the 
aforementioned reason under indicator A. A deficiency is valued more seriously than 
a surplus situation. 

Situation I. fragment of the real situation Situation II fragment of the ideal type 

Indicator B is based on a comparison of numbers of nodes in the real situation (situation I) and 
number of nodes in the ideal situation (see situation II) 

A low value of indicator B indicates that the numbers in the real situation and the ideal situation 
differ considerably. 

Fig. 5 Indicator B: comparison on the basis of numbers of nodes 

Indicator C 

Total number of nodes allocated from the ideal type 
100 

Total number of nodes in the ideal type 

SC-DLO Report 169 • 1999 • 27 



Indicator C is meant as an addition to indicator B. Indicator C gives an indication of the 
distribution of nodes. To obtain an impression of the extent of resemblance between the 
real situation and the ideal type, real nodes are allocated to ideal nodes. Every ideal node 
can obtain a maximum of one allocation by the nearest node in the real situation (within a 
certain search radius). If every node in the ideal situation obtains an allocation, indicator 
C will reach 100%. The result of the indicator will be low if the absolute number of nodes 
in the real situation is low. Indicator B already contains information about this matter. 
However, if the absolute number of nodes in the real situation is high indicator C will 
result low if there is a poor distribution of nodes in the real situation. 
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Fragment of the projection of the ideal type over the real situation 

When allocating within a certain search radius for every node of the ideal type, whether or not a real node can 
be found is determined. The search radius can be represented as a circle with a radius which equals half the 
length of the distance between two ideal nodes. In the above diagram, 10 ideal nodes obtain an allocation. 
These nodes are given a star * In total 39 nodes are found. Thus indicator C has a value of 25.6 %. 

A low value of indicator C indicates that in the real situation there is a large deficit of nodes that are well 
distributed over the area. In number the real situation can contain enough nodes, but the distribution can be 
very poor. Indicator C gives information about the distribution of nodes in the real situation. 

Fig. 6 Indicator C: comparison between allocated nodes and total number of nodes from the ideal type 
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Indicator D 

100 
£ ( allocation distances /total number of allocated nodes) 

0.5 * ideal node distance 
= 100 

Indicator D indicates the distance the real nodes have to cover to be allocated to a 
node in the ideal type. The search radius for allocation is set at half the distance 
between the nodes in the ideal type. This is done in order to ensure an easy one to one 
allocation. Moreover, an allocation that has to cover a larger distance would differ too 
much from the ideal situation. When the distance covered is more than half the 
distance between the ideal nodes, it is assumed that it is better not to allocate the 
nodes of the real situation. 
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Fragment of the projection of the ideal type over the real situation 

Indicator D compares the distance that the real nodes have to cover to be allocated 
with the radius of the circle. The radius of the circle is the maximum distance that 
the nodes can cover to be allocated. The picture above shows that nodes from the 
real situation have to cover various distances to be allocated to a node of the ideal 
type. Indicator D represents the average of all the covered distances. 

A high value of indicator D indicates that nodes from the real situation have to 
cover a large distance to be allocated to a node of the ideal type. A high value 
means that the real situation greatly differs from the ideal type. 

Fig. 7 Indicator D: A comparison between distances covered by allocation and the maximum possible 
distance for allocation. 
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Indicator E 

Z(a* 3 + b*4 +c*5 + d*6) / total number of allocated nodes 
100 

a = total number of allocated nodes from the real situation where 3 line segments come together 
b = total number of allocated nodes from the real situation where 4 line segments come together 
c = total number of allocated nodes from the real situation where 5 line segments come together 
d = total number of allocated nodes from the real situation where 6 line segments come together 

1 1 \ ¥ \ f I A 

I A 1 sA I ^^^\ A l\ A Jf 

A Y • Y JA J • y/C • ] \ A 

i--t-^/VV «A* J[ A )( A I A 1 

A L^SA \ \%< )( A ï A ^T\ A 

A J A Ï A \ . — J A j( A h 

A I * ^ \ A ï A Y A ^ Y ^L 

Fragment of the projection of the ideal situation over the real situation 

Each node of the ideal type is connected with 6 line segments. Indicator E indicates 
the average amount of line segments that are connected to an allocated node. Per 
definition, each node has at least 3 connecting line segments. Therefore, Indicator E 
will never amount to less than 50%. Out of the 10 allocated nodes in the picture 
above, 9 are connected to a t-forked crossroad and 1 allocated node has 4 line 
segments coming together. For this example indicator E has a value of 

(9*3 + 1*4)/10 
5 *100 = 51.7% 

A value of approximately 50% for indicator E means that there is a surplus oft-forked 
crossroads in the real situation. 

Fig. 8 Indicator E: Comparison of connections of line segments per node between the real situation 
and the ideal type 
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Indicator E is important for giving an impression of the shape of the real bicycle 
facilities. High values of the four indicators previously mentioned do not necessarily 
refer to a real situation that is equal to the ideal situation. There are possibly a number 
of missing links. This means that for one node, not the ideal 5, but 4, 3, or 2 options 
exist. Indicator E shows the average of line segments that come together per node in 
the real situation, only taking into consideration those nodes that could be allocated. 
By definition, a node is related to at least 3 line segments. The average connections 
per node will therefore lead to values between 3 and 6. Consequently, the values of 
indicator E will vary between 50% and 100%. The indicator is formulated in such a 
way that nodes with 3, 4, 5 or 6 related line segments obtain a weight of 3/6, 4/6, 5/6 
and 6/6 respectively in the formulated equation. Therefore, nodes with fewer 
converging line segments are weighted higher than nodes with more converging line 
segments. 

Other quality indicators mentioned in section 2.1, such as accessibility, will certainly 
be of importance in the need for opening up an area. If a population centre is located 
at a greater distance from the interesting area, it will generally mean that fewer people 
will undertake a bicycle ride to that particular area. In these areas a shortage of nodes 
will not necessarily lead to the advice for the construction of more roads. The quality 
of the infrastructural pattern plays a role in the suitability for use for the recreational 
cyclist. It can, however, not be seen as something separate from other quality 
indicators. A total view of quality indicators determines the extent to which an area is 
suitable for the recreational cyclist. However, this research was limited to the 
indicator of infrastructural patterns. 
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3 The realisation of the basic data files 

3.1 Introduction 

Chapter two stated that an indication for the quality of infrastructural patterns results 
from a comparison between the real situation and the ideal type. Before such a 
comparison could be made, the available top 10 data files needed to be processed until the 
real situation of infrastructural patterns was represented. As well, the ideal type needed to 
be constructed. The required operations are described in this chapter. 

3.2 The real situation 

The 'Krimpenerwaard' test area is covered by twelve top 10 maps, consisting of the heart 
lines of the roads. Before the basic file of the test area was created, the maps had to undergo 
several operations. The actions that were carried out before the basic file of the test area was 
formed are given below: 
- First, it is important that the maps represent the real situation as closely as possible. 

If the heart lines are not well connected in the available top 10 heart line files it may 
be that some line segments are incorrectly seen as dead-end line segments; therefore, 
they will be excluded from further analysis. As well, when a heart line is connected 
where such a connection does not exist, an incorrect link in the network is created. 

A field check is needed to determine exactly what the real situation is. However, this 
was not done, the reason being that, it is time consuming, and because a type of check 
was made on the basis of a comparison between polygon files and heart line files. 
The expectation was that the existence of a polygon corresponded with the presence 
of a heart line. The heart lines are, after all, derived from the polygon files. As a result 
of a verification between the two kinds of files, two important remarks must be made: 
1. When comparing the polygon files with the heart line files, it appeared that, in a 

number of locations, the heart lines did not connect, where the corresponding 
polygons did. In annex 1 a list of missing links in the heart line files is given. In 
some cases the interruption was caused by the presence of a footbridge. In other 
cases the cause was unknown. 

2. Not all bicycle facilities were represented by the heart line files. In these files the 
bicycle tracks (with tdn-code 3600) and the paths (with tdn-code 3640) were 
missing. 

- The next operation in making the basic file was to insert the missing connections. An 
extension within Arc-Info was simple but debatable. In some cases the missing links 
amount to 25m. An extension of 25m for all line segments is too much because there 
is a high risk of incorrectly extending a number of line segments. 

- The next operation was to place the missing bicycle facilities on the maps. The 
bicycle tracks were known as polygons in the polygon files. Through a procedure, 
heart lines could be derived from the polygons. The developed procedure, which was 
used in Arc-Info, is described in annex 2. The paths were already available as line 
files and had to be set together with the other heart lines. 
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Step 1 
Verification of the heart tine files 

Step 2 
Addition of missing links 

Step 3 
Construction of bicycle tracks 

Step 4 
Construction of 3 files 

i pilot area with heart lines 
2 pilot area with bicycle tracks 
3 pilot area with paths 

StepS 
Combination of the 3 files 

Step 6 
Removal of dead-end line segments 

Removal of oseudo nodes 

Step? 
Selection of bicycle potentialities 

Selection of bievcle potentialities in the rural area 

The basic file for the 
test area 

Fig. 9 Actions thai are needed to create the basic file for the test area 

- The test area is covered by 12 maps. To arrive at the final basic file, the 12 maps had 
to be appended to one map which covers the entire area. The 12 maps of the bicycle 
tracks and the 12 maps with the paths also had to be appended into one file. Thus, 
three files of the pilot area were formed. These three files had to be checked for 
connection faults. Following, the three files had to be combined into one file for the 
test area which consists of all bicycle facilities. The appending and combining of the 
files is described in annex 3. 

- In order to simplify the model it was assumed that the recreational cyclist uses a stretch 
of road only once. Dead-end roads were therefore excluded from the comparison. As a 
result of this assumption, the dead-end roads were removed in Arc-Info. After this 
operation, a number of pseudo nodes existed, which had to be removed. Annex 4 
describes how the dead-end roads were selected and how the pseudo nodes were 
removed. 
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