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Abstract
The public transport system consists of different network levels. Theoretical studies suggest optimal values for the network variables. The paper examines how such optimal values match with observed values in the Amsterdam region. Because usually public transport data relate to modes rather than functional network levels, a comparison is made between modal networks and hierarchical networks. First conclusion is that stop spacing and operating speed values in Amsterdam are lower than the optimal ones while the network densities match rather well. Second conclusion is that modal networks give a good representation of hierarchical network levels, except for the regional bus.
1. Introduction

In public transport, networks of different hierarchical levels can be distinguished, ranging from local bus to intercontinental air connections. Moving to higher network levels, the main function shifts from providing good access to origin and destination addresses to bridging distances at high speed. Lower level networks are suited for short distance trips, higher level networks for long distance trips. Additionally, every lower level network serves to give access to higher level networks.
Networks can be characterized by the variables stop spacing, network density, and operational speed. The first two variables might be regarded as design variables, while the latter is partly linked with stop spacing –increasing stop spacing implies less stops and so higher operational speeds– and partly related to design of the infrastructure and speed characteristics of the vehicles. In literature, optimal values are proposed for these three variables on different network levels and for different characteristics of the environment, like degree of urbanization. The paper addresses the question to what extent theoretically derived optimal values match with values found in practice. The analysis is restricted to urbanized areas.

When comparing theory and practice on different hierarchical levels, the problem arises that usually data are available only in aggregated form where no distinction is made between hierarchical levels but only between modes and operators. This brings up a second question: to what extent corresponds the division of public transport networks in modal networks to that in hierarchical networks? The paper examines also this question. The term ‘mode’ is defined in the paper as a means of transport that is characterized by vehicle type (like bus, tram), while operators might relate to the transport function (like urban versus regional transport). So, urban buses providing transport within the urban area, and regional buses providing transport entering and leaving the urban area, are considered as two different modes. The same is true for suburban trains and express trains. 
Summarizing, the paper discusses two questions:

1 To what extent do theoretically derived optimal values of the variables characterizing public transport networks match with values found in practice in urban areas?

2 To what extent does aggregation on hierarchical level match with aggregation on modal level?
Next section gives a short overview of theoretical optimal values in urbanized areas. Section 3 presents the values found for the city of Amsterdam. These are based on detailed data enabling us to aggregate both on hierarchical and on modal levels. Then section 4 discusses successively the two research questions. In section 5 some data regarding other cities are presented, in order to test the generality of the Amsterdam results. Finally, the main conclusions are summarized in section 6.
2. Optimal values

The main variables for designing public transport networks are network density and stop spacing. Changing the values of these variables has both advantages/benefits and disadvantages/costs. Increasing net density shortens travel times on OD-relations and makes the system more robust. On the other hand, the operating costs increase –when frequencies are fixed– or the frequencies go down –when operating costs are fixed–. Increasing stop spacing affects the operating speed positively and, as a result, reduces the operating costs. On the other hand, it worsens access to the origin and destination addresses. Both variables have optimal values where the marginal increase of the benefits equal that of the costs. Studies in which such optimal values have been established can be found in Wirasinghe & Gnoheim (1981), Kocur & Hendrickson (1982), Spasovic & Schonfeld (1993), Furth & Rahbee (2000), and Van Nes & Bovy (2000).
Obviously, such optimal values depend on trip distance. Optimal stop spacing is low and optimal network density high for short trip distances, while these variables are high and low respectively for long trip distances. To cover the large variation in trip distances, different systems with their own values for the design variables should be provided, each serving a certain class of trip distances. Regarding the ‘distance’ between two successive systems, again a trade-off between advantages and disadvantages exists, leading to one value to be optimal. It is found in practice that the ‘distance’ between two systems is roughly a factor 2 or 3 (Kwakernaak & Van Nes (2001), Van Nes (2002). This factor applies for each of the two design variables, stop spacing and network density, and also for the trip lengths for which a system is appropriate. Interestingly, this factor is in line with the central place theory of Christaller (1933).
The optimal values for a certain system depend on degree of urbanization, urban lay-out and policy objective. The higher the degree of urbanization, the shorter is the optimal stop spacing and the higher the optimal network density. Some examples of policy objectives are profit maximization, maximization of social welfare, minimization of costs, and minimization of travel times. Van Nes & Bovy (2000) calculated optimal values for a large number of policy objectives. They found that profit maximization gives quite different results, while the results of the other objectives are close to each other. Their main conclusion is that when maximising social welfare the optimal stop spacing for urban bus networks is substantially larger than values found in practice. Similar results have been found by Furth & Rahbee (2000). Only studies ignoring operational costs, such as adapting the objective of minimising travel time only, yielded optimal values in line with those in practice.

The urban lay-out is relevant for location of the stops –as close as possible to the origin and destination addresses– and so influences average stop spacing. Design studies showed that urban constraints limit the maximum applicable stop spacing to 600 metres. Based on this finding and the relationship between spatial levels defined by De Jong & Paasman (1998), which are in line with the administrative principle of Christaller (1933), Van Nes proposed optimal values for different urban network levels (see Table 1). The table includes also optimal values for the operating speed. These regard the speeds that should at least be achieved.
Table 1:
Optimal values for network variables in urbanized areas
	
	Stop spacing (km)
	Line spacing (km)
	Operational speed (km/h)

	System level 1
	0.6
	0.6-0.8
	20

	System level 2
	2
	radial
	35

	System level 3
	6
	radial
	55


3. The case of Amsterdam

The optimal values derived from theory and mentioned in the previous chapter are compared to the values observed in the agglomeration of Amsterdam. Differences between theory and practice might suggest ways to improve the poor cost efficiency of the Amsterdam public transport system. Amsterdam is recorded in the Millennium Cities Database as one of the cities with the highest operating cost per place km; these cost amount 5.25 Eurocent, 60% higher than the average (UITP, 2005).
The defined agglomeration is identical to the “stadsgewest” as it is defined by the Dutch Central Bureau of Statistics (CBS). It includes the whole ongoing urbanized area of Amsterdam as well as surrounding municipalities that have strong functional ties with the core city. Figure 1 maps the agglomeration. The figure shows four area types: the central area, surrounding older districts (build before the Second World War; they are indicated by inner ring), postwar districts belonging to the ongoing urbanized area (outer ring), and municipalities outside the urbanized area (peripheral area).
[image: image1.emf]
Figure 1:
The Amsterdam agglomeration

Public transport services in the urbanized area are provided by bus, tram, metro, and ferry. The latter cross the river IJ that divides the city in a northern and southern part. Transport services to the peripheral area are provided by bus and train. Both bus and train offer slow and fast services.
The examined services regard the timetable on working days in winter 2003-2004. All services that have at least one stop in the urbanized area and two stops in the whole agglomeration are included. Services that fully operate in the peripheral area are left out. Also night services are excluded. Services that start outside the agglomeration are included only from the first stop inside the agglomeration.
Next sections present some figures about the examined public transport network in the Amsterdam agglomeration. The data are taken from the timetables provided on internet by the public transport operators as well as the national provider of public transport time information (‘Openbaar Vervoer Reisinformatie’).
3.1. General characteristics of the Amsterdam public transport system

Table 2 gives an overview of the lines in the Amsterdam agglomeration by type and mode. The indications “city” and “region” relate to the operator, not so much to the spatial area. The municipal operator of Amsterdam, GVB, operates most services within the urbanized area. Other operators (the bus companies Connexxion and BBA, and the Dutch railway company NS) operate services between the urbanized area and the surrounding municipalities. However, they are also allowed to transport travellers within the urbanized area.

Table 2:
Number of lines by type and mode

	
	City (GVB)
	Region
	Total

	
	bus
	tram
	metro
	ferry
	bus
	train
	

	Location


Radial


Transversal


(Semi)circle


Other
	14

2

3

32
	10

3

2

1
	3

0

0

1
	4

0

0

1
	21

1

0

40
	10

3

0

5
	62

9

5

80

	Operating period


All day except night


Only peak hours


Other restricted services
	32

16

3
	16

0

0
	4

0

0
	4

0

1
	32

25

5
	16

2

0
	104

43

9

	Function


Standard services


Feeder to trunk lines


Inter zonal servicesa
	39

10

2
	16

0

0
	4

0

0
	5

0

0
	38

0

24
	18

0

0
	120

10

26

	Total
	51
	16
	4
	5
	62
	18
	156

	a: direct services between two distant zones, serving only stops within these zones


It is remarkable that less than half of the lines are radial or transversal, which means that they do not run to or through the central area. Most of the rail services are radial, but a large majority of the bus services are operated fully outside the centre. The latter often run to the larger suburban railway stations (city services) or they connect directly large residential areas with peripheral areas with high employment concentration, like Schiphol airport (regional services). A substantial number of the lines not serving the centre are only operated in the peak hours.
Table 3 gives some characteristics of the lines. All figures are average numbers per line. In computing average interval times and frequencies, journeys that do not run the whole route are not considered. Some characteristics differ for different periods of the day. They are shown for two points of time: the middle of the morning peak and the early afternoon, about 1:00 p.m.
Table 3:
Average characteristics of the lines

	
	City (GVB)
	Region

	
	bus
	tram
	metro
	ferry
	bus
	train

	Line length (km)a

Morning peak


Early afternoon
	11.5

13.3
	8.5

8.5
	15.0

15.0
	1.0

1.0
	21.9

18.4
	24.2

23.9

	Network link length (km)
	0.75b
	0.65
	1.2
	1.0
	2.2 c
	3.2

	Number of lines per link


Morning peak


Early afternoon
	3.0 b
2.3 b
	1.6

1.6
	1.5

1.5
	1.0

1.0
	2.6 c
1.7 c
	3.8

3.3

	Interval times (minutes)


Morning peak, centre bound


Morning peak, other direction


Morning peak, not radial


Early afternoon
	16

13

24

25
	7

7

10

10
	7.5

7.5

7.5

10
	18

15

20

18
	18

29

29

31
	31

32

34

33

	Operating period (hours in 24 hour period)
	12
	18
	18
	15
	9
	15

	Frequency in 24 hour period, 2 directions
	81
	215
	218
	143
	43
	64

	a: excluding line sections located outside the agglomeration

b: all bus links (city and regional buses) within the urbanized area

c: all bus links in the peripheral area


One of the results is that on an average the network links host a rather large number of lines, especially the links of the bus and train networks. A consequence is that the frequency for the travellers is sometimes higher than the line frequency. However, the frequency benefits for the travellers are limited because co-routing of bus services is mostly on short line sections, while co-routing of train services often relates to both fast and stopping services.
One could expect that in the morning peak frequencies of centre bound services are higher than those of services in the opposite direction. The table demonstrates that this is only true for the regional buses. The other modes show similar frequencies in both directions, and sometimes even lower frequencies for centre bound services. Lower average frequencies to the centre are due to operation of special centre bound peak services that run only in one direction and are relatively infrequent. Leaving out these services the differences between average frequencies in both directions disappear. One should keep in mind that the urban services do not only transport a large number of citizens to the centre, but also the numerous commuters arriving by train at the central station (located in the central area) to their final destination.
In the next sections we will leave out the ferry. It has its own area of employment (water) and the volume of services is only marginal compared to the other modes.
3.2. Network variables in Amsterdam
Now we focus on the variables that characterize networks: stop spacing, network density and operating speed. Next average values of the variables are presented by mode and area type. Table 4 shows average stop spacing values for services at daytime outside the peak hours. Peak figures are similar, except for the regional bus. Therefore, peak figures for the latter are also included in the table.
Table 4:
Average stop spacing at daytime (km)
	
	Central area
	Inner ring
	Outer ring
	Whole urbanized area
	Peripheral area
	Whole agglome-ration

	Urban bus

Tram

Metro
	0.50

0.35

0.57
	0.38
0.35

•
	0.49
0.53

0.89
	0.46
0.37

0.86
	0.74
-

-
	0.49
0.37

0.86

	Regional bus (daytime)

Regional bus (peak)
	0.63

0.64
	0.54
0.78
	0.78
1.26
	0.68
0.94
	1.52
2.46
	1.17
1.46

	Suburban train

Express train
	•

•
	•
-
	3.43
4.31
	3.30
4.77
	6.91
12.69
	4.54
8.57

	-: no stop in the area


•: only one stop in the area


Table 4 shows substantially larger average stop spacing values in the new urban districts (outer ring) than in the older districts (inner ring and centre). The differences are about 50%.  As could be expected, stop spacing values in the peripheral area are still significantly higher.
Network densities are presented in Table 5. The densities are calculated by dividing network lengths by land surface. Water surface is excluded from the calculations. Apart from figures per mode, the table includes also figures for the combined bus and tram modes. The reason is that, looking at the map, both networks are spatially complementary. Differences between peak and off-peak are only indicated for the bus because the rail modes do not exhibit any difference.

Table 5:
Network density (km/km2)

	
	Central area
	Inner ring
	Outer ring
	Whole urbanized area
	Peripheral areaa
	Whole agglome-rationa

	Bus


Morning peak


Off-peak

Tram
	1.67

1.59
2.40
	2.10
2.01
1.76
	1.49
1.27
0.16
	1.57
1.37
0.42
	0.57+?

0.46+?

0.00
	0.80+?

0.67+?

0.10

	Bus + tram


Morning peak


Off-peak
	3.37
3.37
	3.05
2.95
	1.55
1.33
	1.79
1.58
	0.57+?

0.46+?
	0.85+?

0.72+?

	Metro

Train
	0.32
0.27
	0.06
0.24
	0.21
0.21
	0.20
0.22
	0.00

0.11
	0.04

0.13

	Whole network


Morning peak


Off-peak
	3.96
3.96
	3.34
3.25
	1.84
1.61
	2.08
1.88
	0.68+?

0.57+?
	1.00+?

0.87+?

	a: The figures for the bus network in the peripheral area apply only to the lines to and from the urbanized area of Amsterdam. Therefore, they are lower than the real network densities.


Again, large differences between the old and new districts can be observed. They are roughly a factor 2 for the combined bus and tram network. The differences can be explained mainly by differences in land use. In the old districts a large share of the area is built-up area, while the newer districts have large green areas and industrial estates.
The average operating speed is calculated as the ratio of total vehicle kilometres and vehicle hours according to the timetable, both in an hour of either the morning peak or early afternoon in the area considered. The results are given in Table 6.
Table 6:
Average operating speed (km/h)

	
	Central area
	Inner ring
	Outer ring
	Whole urbanized area
	Peripheral area
	Whole agglome-ration

	Morning peak


Urban bus


Tram


Metro


Regional bus


Suburban train


Express train
	20.4
13.0

28.8

32.0

35.2

21.1
	17.9

13.8

27.5

16.3

45.4

53.5
	24.1

20.6

35.1

27.0
47.1

52.4
	22.2

14.9

33.8

25.9
44.8

47.9
	31.8

-

-

35.4

59.7

70.7
	22.8

14.9

33.8

31.3

53.2

56.2

	Early afternoon


Urban bus


Tram


Metro


Regional bus


Suburban train


Express train
	18.2

12.7

27.7

26.7

34.8

21.1
	17.0
13.4

29.3

16.0

44.7

52.6
	23.0

19.9

35.0

26.1
46.9

54.2
	21.0

14.2

33.7

24.4
44.6

47.5
	32.4

-

-

34.7

59.7

74.7
	21.6

14.2

33.7

30.0

53.2

56.8


The figures show that in the new districts speeds are substantially higher than in the older districts, except for the train modes. Still the bus modes have high speeds in the old central area. This is due to the fact that most bus services do not penetrate the central area, but only use the main roads at the periphery of the centre that enable to drive with rather high speeds.

A possibly unexpected result is that in most cases the average operating speeds are higher in the morning peak than in the early afternoon. For bus and train the main explanation is the addition of express services in the peak hours. In the case of the bus modes, a second explanation is that in the peak hours the frequencies are raised to a relatively large extent on the fastest lines, so further increasing the average speed. If only lines that run both in the peak and the off-peak are selected and if the off-peak frequencies are assumed in both periods, the differences in operating speed disappear or, in the case of regional bus and metro, convert to higher speeds outside the peak. The only exception is the tram mode. The trams start in the morning at relatively high speeds that slow down little by little during the morning. The resulting speeds in the early afternoon are smaller than they were in the morning peak.
4. Practice versus theory

This section discusses the match between theory and practice, based on the Amsterdam observations. Both research questions will be examined: to what extent correspond the observed values for the network variables to the theoretical optimal values? And to what extent gives aggregation of lines by mode a good representation of aggregation by hierarchical level?
4.1. Observed and theoretical optimal values

Optimal values of network variables differ for systems on different hierarchical levels. In order to be able to compare these values to the observed ones, the Amsterdam public transport network has to be divided into different hierarchical network levels. Then for each system characteristics such as stop spacing, network density and operating speed can be calculated. Division in hierarchical systems will be based on stop spacing. Classes of stop spacing will be defined, each representing a hierarchical level. All lines will be assigned to one of the classes, according to their average stop spacing. Only lines or line sections within the urbanized area will be considered, because outside this area other optimal values apply.
Definition of the class limits is based on the frequency distribution of the average stop spacing per line as well as the findings, mentioned in section 2, that the ‘distance’ between two successive hierarchical levels is roughly a factor 3. Figure 2 displays the frequency distribution of the average stop spacing in the early afternoon. Express train and ferry services are excluded.
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Figure 2:
Frequency distribution of average stop spacing in the urbanized area

The graph shows a high peak for stop spacing values between 300 and 600 m, and then goes to zero when stop spacing increases to 1200 m. A second range of stop spacing values with a clear concentration of lines is from 2500 to 3500 m. Class limits should preferably correspond with points where substantial changes in frequency levels can be observed. Keeping this in mind, the upper limit of the lowest hierarchical level could be chosen at 600 m, 1200 m or somewhere between. If 1200 m would be chosen, the whole range of 300-1200 m would be assigned to one level. Given the assumed factor 3 between scale levels, the lower and upper limits are too distant. We decided to choose 600 m as the upper limit for the lowest scale level. For the next level the chosen upper limit is 2000 m, which is about 3 times 600 m. This limit is just at the beginning of a ‘flat area’ of zero frequency. The remaining lines belong to the third and highest scale level, where the upper limit could be 6000 m.
One should notice that the class limits we chose happen to coincide with the optimal values presented in Table 1. Therefore, it can be said beforehand that the average values will be smaller than the optimal ones. However, the described procedure in defining the limits makes evident that class limits cannot be defined unambiguously. Results about the match between theoretical and observed values depend on choices regarding the boundaries between hierarchical levels in real public transport networks.
Average values and standard deviations are computed for stop spacing and operating speed for each of the three defined hierarchical levels. For the lowest level also separate values for the older districts are calculated. Land use of the older districts is most comparable to the assumptions underlying the optimal values. Table 7 shows the results for these two variables (the standard deviations are between brackets), the observed network densities, and the optimal values for all three variables. The observed values relate to the early afternoon. The values for the two lowest hierarchical levels regard the urbanized area, because outside this area other optimal values apply.  The values for level 3 relate to the whole agglomeration; services on this level have only a minor function for transport within the urbanized area. The optimal network density –in Table 1 expressed in line spacing– is calculated under assumption of a linear grid network.

The table shows that the average values for stop spacing are considerably lower than the optimal ones for all scale levels. The largest relative difference is found for scale level 2. Here the optimal spacing is more than two times the observed spacing. Assuming a threshold of 5% probability, the differences are significant on the scale levels 1 and 2, not on scale level 3.

Table 7:
Observed and optimal values

	
	Stop spacing

(km)
	Network density

(km/km2)
	Operating speed

(km/h)

	
	observed
	optimal
	observed
	optimal
	observed
	optimal

	Level 1


Urbanized area


Older districts
	0.41 (0.06)

0.39 (0.09)
	0.6
	1.45

3.02
	2.5-3.3
	18 (4.2)

14 (4.0)
	20

	Level 2 (urb. area)
	0.90 (0.37)
	2
	0.55
	-
	30 (6.3)
	35

	Level 3 (whole aggl.)
	4.54 (1.02)
	6
	0.13
	-
	53 (3.7)
	55


Network densities can only be compared for scale level 1, because no optimal values are defined for higher levels. Looking at the whole urbanized area, the observed network density on level 1 is smaller than the optimal density. However, selecting only the more comparable older districts, the observed and optimal densities are similar.
Despite the gap between observed and optimal values for stop spacing, the observed average operating speeds by scale level are only slightly lower than the optimal ones and the differences are not significant. However, the average speed in the older districts is far below the optimal speed. Still the difference is not significant.
Conclusion regarding the first research question is: compared to the optimal values, the observed stop spacing values are too low, network densities might match rather well, and the observed operating speeds are a bit too low, for level 1 in the older districts even far too low.
4.2. Mode and function

Now we come to the second research question, the match between hierarchical levels and modes and/or operators. Figure 3 shows the frequency distribution of stop spacing values by mode and operator in the early afternoon. It indicates also the border between the first two hierarchical levels by a black line. For reasons of clearness, the graph is limited to values of 1500 m. Observed lines with stop spacing values between 1500 m and 2000 m –still belonging to the second scale level– are shown together right of the 1500 m point. The third and highest scale level is left out. There is only one mode operating on this level: the train.
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Figure 3:
Frequency distribution of average stop spacing by mode

Clustering of lines by mode and clustering by hierarchical level gives identical results for the rail modes. All tram lines belong to the lowest level, all metro lines to the second level and all suburban train lines to the highest level. There is also a good but not perfect match for the urban bus. Nearly all lines belong to the lowest level. For two lines stop spacing exceeds the 600 m limit a little –increasing the limit to 650 m would assign them to the lowest level–, and only one line exceeds the limit by far. This is a very special line, connecting a new quarter on an isle in the river IJ to the city centre. Urban bus is clearly associated with the lowest level. The regional bus is the only mode that clearly cannot be assigned (largely) to one hierarchical level. The distribution of stop spacing values is very wide, where 60% of the lines belong to level 1 and 40% to level 2. There are even some peak services that belong to level 3.

Conclusion regarding the second research question is: clustering lines by mode and operator matches fairly well with clustering by hierarchical level, except for the regional bus. The match for the regional bus could be improved by splitting up the services in normal services and express services. The same is true for the urban bus in cities where express services are operated within the urbanized area.
5. Practice in other cities

The analysis described before relates only to the observed situation in Amsterdam. This raises the question how good the Amsterdam results represent the situation in other cities. The Millennium Cities Database (UITP, 2005) gives some information about operational speeds in 52 large cities, including Amsterdam. However, speed figures are just lacking for the Amsterdam case. We computed from our data comparable figures for this city, referring to the urbanized area in the early afternoon. Table 8 presents average values and standard deviations for the cities in the database and corresponding figures for Amsterdam. The standard deviations are shown within brackets.
Table 8:
Comparison between Amsterdam and cities in MCD
	
	Cities in Millennium Cities Database
	Amsterdam

	Density of reserved pt routes (km/km2)
	0.58 (0.36)
	0.61

	Operational speed road/bus modes (km/h)
	19.4 (3.9)
	22.0

	Operational speed rail modes km/h)
	34.8 (10.7)
	19.3 (38.3a)

	a: excluding the trams


The only deviant figure for Amsterdam is the low operational speed of the rail modes. This can fully be ascribed to the exceptional low speed of the Amsterdam trams. Selecting only cities from the database that have an extensive tramway network (like Amsterdam), their average speed (27.8 km/h) is still substantially higher than that of the rail modes in Amsterdam.  If the tram is excluded, the Amsterdam figure is similar to those of other cities that have no tramway network or which network is small compared to heavy rail (average speed: 38.5 km/h).
Another source for testing the generality of the Amsterdam results is data collected by Kwakernaak & Van Nes and (2000) and Van Oort & Van Nes (2002). These data inform about public transport networks in some larger cities on mode level. For most cities only rail statistics were available. Table 9 gives values for stop spacing and operating speed for Berlin and Paris, the only cities where rather complete data for the bus were collected, as well as corresponding figures for Amsterdam.
Compared to Berlin and Paris, the average stop spacing of the urban bus in Amsterdam is rather large, while stop spacing of the tram is small. A possible explanation for the large stop spacing for the buses and small stop spacing for the tram is that in Amsterdam bus services are mainly operated in the newer districts while the old districts are mainly served by the tram. The differences in stop spacing are reflected in corresponding differences in operational speed.

Table 9:
Observed network variables for Berlin, Paris and Amsterdam

	
	Stop spacing (km)
	Operational speed (km/h)

	
	Berlin
	Paris
	Amsterdam
	Berlin
	Paris
	Amsterdam

	Urban bus


Old districts


New districts
	0.38
	0.32

0.42
	0.46

0.43

0.49
	18
	10

14
	21

17

23

	Urban tram
	0.5
	0.6
	0.37
	n.a.
	18
	14

	Express bus
	0.92
	-
	0.964
	22
	-
	28d

	Metro, U-Bahn
	0.8
	0.62
	0.86
	25
	17
	34

	Suburban rail, S-Bahn
	1.3a
	2.4b, 4.5c
	4.5
	ca 50
	44b, 53c
	53

	a: in central area
b: RER (express metro)

c: SNCF (suburban trains)

d: all bus lines that are assigned to the second scale level


Data about metro and train were collected for a number of other cities. Table 10 gives an overview. The characteristics of the heavy rail networks vary largely over the cities. Therefore, it is not possible to draw hard conclusions about the generality of the results for only one city, like Amsterdam. Apart from that, the Amsterdam figures are not exceptional, except for one aspect: the operating speed of the metro is exceptionally high when considering the rather small stop spacing.

The conclusion is that it is not possible to derive general results from only one case city, though there is also no clear evidence that the Amsterdam results certainly should not be transferred to other cities. Detailed analysis of more cities is necessary for general conclusions about the match between theory and practice.
Table 10:
Observed network variables for metro and train in some large cities

	
	Metro
	Train

	
	stop spacing (km)
	operational speed

(km/h)
	line spacing

(km)
	stop spacing (km)
	operational speed

(km/h)
	line spacing

(km)

	Amsterdam

London

Madrid
	0.86

1.3

0.75
	34

31

22
	1.5-2.0

1-3
	4.5

5.0

2.3
	53

51
	2-4

	New York

Chicago

Mexico

Sao Paulo
	0.92

0.7-1.7

1.2

1-1.5
	26

20-50

37

35
	0.6-2.0

0.5-2

1-4
	4.5
3.2

10

3-5
	49
	6-11

	Hong Kong

Beijing

Seoul
	0.8-1.0

1

1
	25-30

33
	0.4-1.1

1-3.5
1-3
	2.8
2-5
	60
60-80
	


6. Conclusions

Public transport networks consist of different networks on different hierarchical levels. For each network optimal values for the network variables have been proposed in literature. Examination of the Amsterdam network proves that stop spacing values of the different hierarchical levels are lower than the proposed optimal values. As a result, the operating speeds are somewhat too low. The speed of vehicles serving the lowest hierarchical level in the old districts is even far too low. The question might be raised whether this might not lead to unnecessary high operational costs. No clear difference between the observed and optimal network densities has been found. An additional finding is a large difference between the old and new districts regarding network characteristics.

In the Amsterdam case, division of the whole network into modal networks matches fairly well with division into hierarchical networks. The exception is the regional bus, which serves both two lowest hierarchical networks.

Hard conclusions about the transferability of the Amsterdam results to other cities cannot be drawn. The problem is that network characteristics vary largely over the different cities.
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