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APPENDIX 6.5 

Entry, expansion and exit 

Methods of entry and expansion 

1. We asked the Large and Mid-Sized Operators to provide outlines of the methods by 
which they have expanded their services in their existing areas of operations and the 
methods by which they have entered new operating areas in the five years to spring 
2010.1

2. Table 1 presents an overview of the methods of entry and expansion used by the 
Large Operators, the Mid-Sized Operators and [] in the five years to spring 2010. 

 In the remainder of this appendix, we refer to expansion as expanding within 
an existing area of operation and entry as beginning operations in a new geographic 
area, although we note that entry into a new area may be followed by a period of 
expansion and so the distinction is not always clear-cut. In addition, we asked Large 
and Mid-Sized Operators to define their areas of operation, and so what they define 
as entry into a new area or expansion within an existing area will depend on these 
definitions, and there may be differences across the definitions used by different 
operators. Therefore, the figures on both entry and expansion should be read in 
parallel. The evidence from Small Operators is discussed in the next sections on: 
history of entry, expansion and exit; and incidence of entry and expansion. 

 
 
1 We also have some evidence from []. 
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TABLE 1   Summary of methods of entry and/or expansion by Large and Mid-Sized Operators and []  

Method Expansion or entry? 
Operators that used this method to 

expand 
Operators that used this 

method to enter a new area 
    

Increasing frequency on 
existing services 

Expansion only [], FirstGroup, Stagecoach, Go-
Ahead, National Express, EYMS, 
Transdev, Wellglade, BTS, Cardiff 
Bus, Lothian Buses, NCT, Reading 

Transport, Rotala 

N/A 

Extending existing routes 
(either to new locations 
or increased hours of 
operation) 

Expansion only [], FirstGroup, Go-Ahead, 
Stagecoach, National Express, 

Transdev, Wellglade, Cardiff Bus, 
Lothian Buses, NCT, BTS, Rotala 

N/A 

Expanding capacity on a 
route with larger vehicles 

Expansion only National Express, Stagecoach, 
BTS, Rotala 

N/A 

New commercial services 
from existing depots 

Expansion or entry [], FirstGroup, Stagecoach, Go-
Ahead, National Express, NCT, 

Rotala 

First Group, Stagecoach, 
Go-Ahead, EYMS, [] 

Winning tendered service 
contracts 

Expansion or entry [], FirstGroup, Go-Ahead, EYMS, 
Transdev Blazefield, Veolia, [], 

Stagecoach, Rotala 

[], FirstGroup, 
Stagecoach, Go-Ahead, 

EYMS, [] 

Acquisition of other 
operators 

Expansion or entry [], FirstGroup, Stagecoach, Go-
Ahead, Transdev, Rotala 

[], FirstGroup, 
Stagecoach, Go-Ahead, 

EYMS, Veolia, Rotala, [] 

New commercial routes 
with a new depot  

Expansion or entry Go-Ahead, Stagecoach, Lothian 
Buses 

Go-Ahead, Stagecoach, 
Rotala, [] 

Funding from government 
or third parties 

Expansion or entry Stagecoach Stagecoach 

Acquisition of other oper-
ators’ routes/services 

Expansion or entry Stagecoach, FirstGroup, Rotala Stagecoach, Go-Ahead, 
FirstGroup, Rotala 

Source:  [], FirstGroup, Stagecoach, Go-Ahead, National Express, EYMS, Transdev, Veolia, Wellglade, BTS, Cardiff Bus, 
Lothian Buses, Reading Transport, NCT, [], Rotala. 
 

Notes: 
1.  Lothian Buses told us that it did not purchase any new depots, but instead expanded existing facilities by purchasing adja-
cent properties. It provided the costs of these expansions, and these were more similar to purchasing a new depot so we have 
included them in this category. 
2.  N/A = not applicable. 

History of entry, expansion and exit 

3. In this section, we present a high-level descriptive analysis of the entry, expansion 
and exit events that operators have told us about. This analysis will provide an over-
view of how many entries, expansions and exits have occurred in the five years to 
spring 2010, how many by different operator types, how many using the different 
methods discussed above, as well as some information on the scale of entry or 
expansion.  

Entry and exit 

4. We have been made aware of 62 entries into a new area2 in the five years to spring 
2010 by Large and Mid-Sized Operators and [] and 100 exits from an area in the 
five years to spring 2010 by all operators.3 For Small Operators,4

 
 
2 This analysis asked operators to list when they had entered a ‘new area’—as such, these areas do not correspond to the 
Urban Areas we use elsewhere in this report, and in the next section on incidence of entry and expansion. 

 other than [], we 

3 This is taken from CC analysis of operators’ responses. We have used our judgement to categorize appropriately the entry 
and exit events discussed here and the expansion events discussed in the next section.  
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have not been able to separate entry from expansion events, and so these operators’ 
entry or expansion activity is all discussed in the next section on expansion (para-
graphs 12 to 16). Table 2 gives the breakdown of entries and exits by operators. 

TABLE 2   Entry into new areas by operators 

Operator 
Number of entries 

into new areas 
Number of exits 

from an area 

Arriva 19 22 
FirstGroup [15–20] [30–35] 
Go-Ahead 5 7 
National Express 0 0 
Stagecoach 7 4 
NCT - 1 
[] [] [] 
   Transdev 1 1 
Veolia - 4 
   [] [] [] 
Tier 1 Small Operators N/A 3 
Tier 2 Small Operators N/A 26 
  Total 62 99 

Source:  Arriva, FirstGroup, Go-Ahead, Stagecoach, National Express, [], Transdev, Veolia, NCT, Tier 1 Small Operators, 
Tier 2 Small Operators, []. 
 

Notes:  
1.  FirstGroup listed [] exit events, but some of these related to exits of more than one town. We have counted the exit of 
each town as a separate instance of exit in this table. 
2.  N/A = not available. 

5. Forty-one of the 62 entry events were identified as being entries against competing5 
operators and of the 99 exit events, operators identified 54 that were in areas where 
the operator faced competition.6

6. Table 3 shows against which types of operators the Large Operators have entered. 

 

TABLE 3   Large Operators entering against different types of operators 

 

Arriva’s entries 
against 
different 

operators 

FirstGroup's 
entries against 

different 
operators 

Go-Ahead's 
entries against 

different 
operators 

Stagecoach's 
entries against 

different 
operators 

National 
Express’s entries 
against different 

operators 

     
 

Arriva N/A [0–5] 2 2 0 
FirstGroup 6 N/A 2 3 0 
Go-Ahead 1 [0–5] N/A 0 0 
National Express 3 [0–5] 1 1 N/A 
Stagecoach 1 [0–5] 0 N/A 0 
Cardiff Bus 0 [0–5] 0 0 0 
Rotala 2 [0–5] 0 0 0 
Tier 1 Small Operators 1 [0–5] 0 0 0 
Tier 2 Small Operators 7 [20–25] 0 5 0 

Source:  Arriva, FirstGroup, Go-Ahead, National Express, Stagecoach. 
 

Note:  N/A = not applicable. 

 
 
4 In some of these tables we have distinguished between two categories of Small Operators. Tier 1 Small Operators are those 
that are at least the second largest operator in at least one Urban Area with a share of supply of at least 25 per cent, according 
to our analysis of the Traveline database. All other Small Operators are called Tier 2 Small Operators. 
5 We asked operators to define whether entry or exit was in competition with another operator. All of these refer to another 
operator being present within a town or area, but it is not clear in all cases the degree of overlap between entrant and 
incumbent. 
6 This does not mean that the other entering/exiting operators were not in competition with other operators, as we are unable to 
determine whether the remaining events were not in competition with other operators or whether the information was simply 
missing from the response. 
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7. As well as details of all exit events, we asked Large and Mid-Sized Operators to list 
whether each entry event had resulted in their subsequent exit. Of the 47 entry 
events for which we have information, 15 areas have subsequently been exited.  

8. The most common method of entry is by launching new commercial services, 
followed by entry through acquisition and entry by winning tendered contracts, as 
shown in Table 4. 

TABLE 4   Methods of entry into new areas by Large and Mid-Sized Non-Municipal Operators and [] 

Type of entry 

Number of 
entries into 
new areas 

De novo commercial 25 
Acquisition 23 
Tendered 13 
Combination of de novo commercial 

and tendered services 1 

Source:  Arriva, FirstGroup, Go-Ahead, National Express, Stagecoach, Mid-Sized Non-Municipal Operators, []. 
 

 
9. We have information on whether new entry used existing depots or involved a new 

depot for 23 of the 62 entry events. Of these 23 events, only three involved a new 
depot. Ten of the 23 events for which we have information on depot facilities used 
were new commercial entries and all of these involved using existing depots. 

10. Because of the limited number of observations, it is difficult to draw distinctions 
between the types of entry used by different categories of operators. Table 5, how-
ever, presents the methods used by each type of operator. 

TABLE 5   Methods of entry into new areas according to different operator types 

Type of entry Large 

Mid-Sized 
Non-

Municipals [] 

De novo commercial 20 3 [] 
Acquisition 12 3 [] 
Tendered 13 0 [] 
Combination of de novo commercial 

and tendered services 1 0 [] 

Source:  Arriva, FirstGroup, Go-Ahead, National Express, Stagecoach, Mid-Sized Non-Municipal Operators, []. 
 

 
11. We also asked Large Operators and Mid-Sized Non-Municipal Operators7

 
 
7 We also have information from []. 

 for 
information on the initial scale of entry. Again, some of this information is incomplete 
but we summarize the available evidence in this paragraph. Entry has more 
commonly been of a relatively small scale, as shown in Table 6, although there are a 
few examples of relatively large-scale entry. Where large-scale entry has occurred, 
this has been through acquisition, as shown in Table 7. 
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TABLE 6   Scale of entry 
Number of 

Buses 
Entry 

events Routes 
Entry 

events 

 
  

  1–5 26 1 21 
6–15 5 2 3 

16–30 6 3 1 
31–100 4 4 2 

101–200 3 10 1 
    245 1 44 1 
    700 1 

  
Source:  Arriva, FirstGroup, Go-Ahead, National Express, Stagecoach, Mid-Sized Non-Municipal Operators. 
 

Note:  There are fewer entry events for which we have information on the number of routes that were entered than for which we 
have information on the number of buses that were used for entry. 

TABLE 7   Scale of entry (number of buses) by type of entry 

Number of 
buses 

Type of entry 

Acquisition 
De novo 

commercial Tendered 

De novo 
commercial 
& tendered 

     1–5  1 15 10 0 
6–15 0 4 1 0 
16–30 3 0 2 1 
More than 30 9 0 0 0 

Source:  Arriva, FirstGroup, Go-Ahead, National Express, Stagecoach, Mid-Sized Non-Municipal Operators. 
 

 
TABLE 8   Scale of entry (number of routes) by type of entry 

Number 
of routes 

Type of entry 
 

Acquisition 
De novo 

commercial Tendered 

    
    1 1 13 7 
2 0 3 0 
3 0 0 1 
4 0 0 2 
10 1 0 0 
44 0 0 1 

Source:  Arriva, FirstGroup, Go-Ahead, National Express, Stagecoach, Mid-Sized Non-Municipal Operators. 
 

Note:  There are fewer entry events for which we have information on the number of routes that were entered than for which we 
have information on the number of buses that were used for entry. 

Expansion 

12. This section presents the available evidence on the history of expansion. We have 
information on 638 instances of operators expanding their services within their exist-
ing area of operations, although as noted in paragraph 4 above, in relation to Small 
Operators this may include some examples of entry into new or neighbouring areas. 
Table 9 gives the breakdown of these expansions by operator type. 
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TABLE 9   Expansion by different types of bus operators 

Operator type 
Number of 
expansions 

Large Operators* 486 
Mid-Sized Operators 47 
Tier 1 Small Operators 22 
Tier 2 Small Operators 83 

Source:  Arriva, FirstGroup, Go-Ahead, National Express, Stagecoach, Mid-Sized Operators, Tier 1 Small Operators, Tier 2 
Small Operators.  
 

Note:  National Express did not provide any instances of it having expanded within its area of operation. 

13. Of these expansion events, 241 were identified as being in competition with another 
bus operator.8

14. The most common method of expansion is by launching new commercial services, 
very closely followed by increasing frequency on existing services, acquisition of 
other operators and winning tendered service contracts, as shown in Table 10. We 
do not have information on whether these new commercial services were launched 
from an existing depot or involved the acquisition/construction of a new depot. 

 

TABLE 10   Methods of expansion 

Expansion type 
Number of 
expansions 

  
 Launching new commercial services 141 

Increase in frequency on existing route 139 
Acquisition 94 
Won tendered contracts 91 
Extend existing route 59 
Expansion from third party funding 15 
Extend hours/days of operation on 

existing routes 9 
Increased vehicle capacity 10 
Other/undefined 80 

Source:  Arriva, FirstGroup, Go-Ahead, National Express, Stagecoach, Mid-Sized Operators, Small Operators.  
 

 
15. In Table 11 we present the methods of expansion according to different types of 

operator.  

TABLE 11   Methods of expansion used by different operator types 

Expansion type Large 
Mid-

Sized 
Tier 1 
Small 

Tier 2 
Small 

    
   Acquisition 66 15 1 12 

De novo commercial 77 11 16 37 
Expansion from third party funding 15 0 0 0 
Extend existing route 43 14 2 0 
Extend hours/days of operation 7 0 2 0 
Increase in frequency 135 4 0 0 
Increased vehicle capacity 10 0 0 0 
Other/undefined 36 1 1 32 
Tendered 9 0 0 0 
Won tendered contract 78 2 0 2 

Source:  Arriva, FirstGroup, Go-Ahead, National Express, Stagecoach, Mid-Sized Operators, Small Operators. 
 

 

 
 
8 Again, this does not mean that all of the other expansions were not in competition with other operators, rather we are unable 
to distinguish for the remainder whether the information was missing or whether these other expansions were not in competition 
with other operators. 
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16. We also asked operators for information on the scale of their expansion. Again, some 
of this information is incomplete but we summarize the available evidence in this 
paragraph. Table 12 shows that expansion has generally been on a small scale. For 
example, in approximately 75 per cent of the cases that we were told about, expan-
sion events involved only a single route, and in nearly 90 per cent of cases they 
involved five routes or fewer. Expansion events involved five buses or fewer in over 
70 per cent of cases. The median number of routes involved in an expansion event 
was one while the median number of buses involved in an expansion event was 
two.9

TABLE 12   Scale of expansion 

 On average, commercial expansions have been on an even smaller scale—
involving a single route in 85 per cent of cases, and no more than four routes in any 
case—suggesting that they probably have not involved establishing new depot 
facilities (see paragraph 14 above). 

Buses 
 

Expansion 
events 

 

Proportion of 
all events 

% 
Routes 

 

Expansion 
events 

 

Proportion of 
all events 

% 

  
 

  
 

1 95 28.7 1 112 75.2 
2–3 102 30.8 2–3 15 10.1 
4–5 39 11.8 4–5 4 2.7 
6–15 37 11.2 6–15 8 5.4 
16–30 29 8.8 16–30 4 2.7 
31–100 20 6.0 More than 30 6 4.0 
101–200 7 2.1 

  
 

More than 200 2 0.6 
  

 

Source:  Arriva, FirstGroup, Go-Ahead, National Express, Stagecoach, Mid-Sized Operators, single area mid-tier operators, 
Small Operators. 
 

 

Incidences of entry and expansion 

17. In this section, we seek to measure the incidences of entry, exit and expansion in 
local bus operations in Urban Areas in the reference area using two methodologies.  

18. Methodology 1 refers only to entry and expansion (ie it does not discuss exit). It uses:  

(a) data on entry events from the previous section on history of entry, expansion and 
exit (paragraphs 4 to 16);10

(b) data from the Large Operators for all instances of commercial entry against their 
services in the five years to spring 2010, which included expansion on to new 
routes by operators already running other services within the local area.  

 and 

19. Methodology 2 examines changes in the structure of the supply of local bus services 
over time by comparing Traveline data detailing the timetable and location of all local 
bus services in the reference area in October 2008 with October 2009.11

 
 
9 In their response to our provisional findings, Arriva told us that a small number of routes could equate to a reasonable share of 
supply in some areas (for instance, in Great Malvern, where FirstGroup had a share of supply in October 2009 of 46.4 per cent 
through the operation of four routes), and so an expansion event involving a small number of routes may not in fact be ‘small-
scale’ (see paragraph 19 of 

 

Arriva’s response to our provisional findings). Although it is true that in some areas a small number 
of routes may account for a large proportion of total supply in an area, such situations are likely to be rare, and cases where 
expansion involving a single route might be considered to be more than ‘small-scale’ are likely to be rarer still (the mean share 
of supply accounted for by a single route in any Urban Area is 1.3 per cent, and even at the 95th percentile of the distribution the 
share of supply accounted for a single route in any Urban Area is 6.4 per cent).  
10 Although we do not use the data from Tier 2 Small Operators (see paragraph 22 below). 
11 This data set and its preparation are discussed in Appendix 4.1.  

http://www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/05_arriva_response_to_pf_non_con_scissored_rhd.pdf�


A6(5)-8 

Methodology 1: Operators’ data 

20. This methodology is presented in two sections. In the first, we use entry and expan-
sion events reported by the operator responding to the questionnaire (ie entry and 
expansion by those operators). In the second, we use reported entry and expansion 
against those operators responding to the questionnaire.  

Entry events in Urban Areas 

21. For this analysis, we have used only de novo commercial entry (ie excluded 
tenders12 and acquisitions13) by the Large, Mid-Sized Non-Municipal and Tier 1 Small 
Operators. We matched each of these to the Urban Areas defined using the method-
ology set out in Appendix 4.2 in order to measure how many of the Urban Areas 
experienced an entry event (as reported to us by the Large, Mid-Sized and Tier 1 
Small Operators).14

22. We obtained information from only a sample of Tier 2 Small Operators, and hence 
we are unable to calculate the incidences of entry or expansion by Tier 2 Small 
Operators using this data and do not include this information in this analysis (we 
include entry and expansion by Tier 2 Small Operators in the analysis in paragraphs 

 This analysis includes only urban entry events from operators’ 
responses that could be matched to an Urban Area. The analysis does not include 
expansion in existing areas of operation by Large and Mid-Sized Non-Municipal 
Operators, as we were unable to match these to the Urban Areas.  

25 to 47). 

23. Table 13 summarizes the proportion of Urban Areas that have experienced new entry 
by Large, Mid-Sized Non-Municipal or Tier 1 Small Operators in the five years to 
spring 2010. This table shows that 12 per cent of Urban Areas experienced at least 
one de novo commercial entry by one of the Large, Mid-Sized Non-Municipal or Tier 
1 Small Operators. 

 
 
12 We did not include entry into tendered services. We also did not include expansion into commercial services from tendered 
services. In paragraph 6.80, we discuss those instances of tendered service contracts identified by operators that would justify 
a new depot and expansion into commercial services. 
13 We did not include acquisition events as these represented substitution of one operator by another, although we recognize 
that in some cases the objective of the acquisition was to enhance the services operated by the acquisition target and thus 
stimulating competition.  
14 Practical considerations meant that an early version of the Urban Area definitions was used in this analysis—with the areas 
defined as set out in the CC’s notice on urban bus network areas: 

www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/100521_urban_areas_for_consultation_for_web.pdf. 
Because of a coding error, although the methodology is the same, some of the definitions of the areas differ from those in the 
finalized list of Urban Areas detailed in Appendix 4.2. The differences between the two sets of Urban Areas are relatively 
limited, and we do not consider that they would be likely to impact upon the conclusions of this analysis. 

http://www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/100521_urban_areas_for_consultation_for_web.pdf�
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TABLE 13   Number of entries in Urban Areas in the five years to spring 2010 

 
Number 

% of all 
Urban Areas 

   Total Urban Areas 224 
 Urban Areas that have experienced 

one or more de novo commercial 
entry event by a Large or Mid-
Sized Non-Municipal Operator 26 12* 

Urban Areas that have experienced 
one or more de novo commercial 
entry event by the following types 
of operator: 

  Large 10 4 
Mid-Sized Non-Municipal  3 1 
Tier 1 Small 13 6 

Source:  CC analysis of operators’ data. 
 

* This appears greater than the sum of the proportion of Urban Areas that have experienced entry by either a Large, a Mid-
Sized or a Tier 1 Small Operator due to rounding of these numbers. 

24. We have not been able to measure the scale of entry events as a proportion of the 
total services in the Urban Area. Hence the only information on scale of entry comes 
from the previous section of this appendix on the history of entry, expansion and exit 
(Tables 6 to 8 and 12).  

Entry or expansion against Large Operators’ routes 

25. The Large Multi-Regional Operators15

26. Table 14 below presents the number of routes

 provided details of commercial entry or expan-
sion in the five years to spring 2010 by other operators on routes in competition with 
their own services. We were not able to match these events to the entry events dis-
cussed in the previous section, and so the analysis of entry in Urban Areas does not 
correspond to the numbers in this section. However, to the extent that the Large 
Multi-Regional Operators have provided all instances of entry or expansion against 
their services, this data will include entry and expansion by those Small Operators 
that did not respond to our written questionnaire (where those Small Operators 
entered against a Large Multi-Regional Operator). This data is therefore complemen-
tary to that presented in paragraphs 21 to 24.  

16 run by the Large Multi-Regional 
Operators that have experienced commercial entry and expansion in competition with 
them. In order to understand the scale of this entry and expansion in competition with 
the Large Multi-Regional Operators’ routes, we would need to compare the numbers 
in Table 14 with the total number of these operators’ commercial routes. From the 
Traveline database, we know that between them the Large Multi-Regional Operators 
operated 7,988 routes in October 2009 in the reference area. However, this total 
figure includes tendered services. The Traveline database does not allow us to 
separate tendered from commercial services—instead, as an approximation we use 
the DfT statistics on the proportion of service mileage in the reference area that was 
under commercial, rather than tendered, operation.17

 
 
15 National Express told us that it did not have this information. 

 Applying this proportion to the 

16 Operators did not in general distinguish whether their routes were tendered or commercial. However, since these routes are 
those that have experienced commercial entry or expansion against them, they are likely to be commercial routes. 
17 We recognize that the proportion of service mileage that was commercial is not equivalent to the proportion of routes that 
were commercial. Arriva told us that due to the nature of their timetables, tendered routes were usually lower in journey miles 
than commercial routes and so they accounted for a proportionately higher share of route numbers than of mileage. However, 
Arriva also told us that there was no clear dividing line between tendered and commercial services—in reality, routes lay on a 
continuum in terms of the proportion of the total revenue that came from tendered revenue. This therefore suggests that it is 
difficult to categorize ‘tendered routes’ and ‘commercial routes’ and therefore that using tendered service mileage is the best 
available approximation.  



A6(5)-10 

7,988 routes operated by the Large Multi-Regional Operators gives us an estimate of 
the number of commercial routes operated in the reference area in 2009 by these 
operators of 6,211. Table 14 shows that the total number of the Large Multi-Regional 
Operators’ routes that experienced entry or expansion in competition with them in 
2009 was 178, which is less than 3 per cent of the estimated total number of com-
mercial routes operated in 2009 by these operators.  

27. Arriva and Stagecoach told us that the level of entry and expansion against the Large 
Multi-Regional Operators’ routes should be judged against the pre-existing levels of 
competition on these operators’ services. We have not been able to identify the pre-
existing level of head-to-head competition on those routes of the Large Multi-
Regional Operators that experienced entry or expansion against them. In Section 8, 
however, we set out our assessment of the current level of head-to-head competition 
across the reference area. 

TABLE 14 Number of the Large Multi-Regional Operators’ routes that experienced entry or expansion in competition 
with them in the last five years 

 

Number 
of routes 

By year* 
 2005 55 

2006 113 
2007 116 
2008 86 
2009 178 
2010 59 

  By type of entrant 
 Another Large Operator 74 

Mid-Sized 25 
Tier 1 Small 60 
Tier 2 Small 427 

Source:  CC analysis of operators’ data. 
 

*There are three events where we do not have the year (although we know that they occurred in the last five years). 
Note:  The number of entry events by year is greater than that by type of entrant. This is because in some instances we were 
unable to categorize the type of entrant as it no longer ran local bus services. 

28. We note that there may be some discrepancy in how different operators have 
answered this question. From the responses, it appears that different operators have 
made different interpretations as to, for example, what constitutes an entry being ‘in 
competition with their services’, or what constitutes a new entry or expansion event.18

Methodology 2: A comparison of the structure of supply of local bus services 
in 2008 and 2009 

 
In addition, we are not able to measure the scale of the entry or expansion in com-
parison with the incumbent operator’s level of service. 

29. Under this methodology, we analysed the across-year variation in the number and 
frequency of local bus services operated in different Urban Areas (thereafter called 
the structure of supply) over time, using Traveline data from October 2008 and 
October 2009. The analysis was carried out both for individual Urban Areas and for 
the whole of the reference area.  

 
 
18 For example, it appears that some Large Multi-Regional Operators may have included routes that do not overlap directly, but 
instead run near to each other. It is also not clear from all of the operators’ responses how long a route overlaps before they 
have counted it as competition. There is also some double counting in the way some operators have responded, which we 
endeavoured to remove but there may be some instances remaining.  
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30. The analysis shows that the structure of supply in the reference area as a whole 
changed little between 2008 and 2009. At the level of Urban Areas, the analysis 
suggests that the number of entry and exit events involving movements of operators’ 
share of supply of 5 per cent or more was low, relative to the total number of oper-
ators active in each Urban Area. A greater number of events involving an expansion 
or contraction of operators’ share of total services occurred in the period: for 
instance, we estimate that on average 10 per cent of operators active in a given 
Urban Area in the period experienced a change in share of supply of at least 5 per 
cent between 2008 and 2009.  

31. The majority of Urban Areas did not experience an entry or exit event in the period, 
or an expansion/contraction event involving a change in share of supply of 10 per 
cent or more. A higher proportion of Urban Areas contained at least one operator 
whose share of supply expanded or contracted by 5 per cent or less across the 
period. Complications with our data set, which we set out below, imply that the 
number of entry, exit and expansion events that we observe in our data is likely to 
overstate the true incidence of such events in the period. 

Data 

32. The analysis of changes in the structure of supply that we discuss here is based on a 
comparison between Traveline data on the timetable and location of local bus ser-
vices taken as at October 2008 and as at October 2009.19

(a) First, because we observe only two annual snapshots, we cannot tell whether the 
year from October 2008 to October 2009 was representative, and if the degree of 
change in the structure of supply in this period was unusual.

 Our data set has three key 
limitations: 

20

(b) Second, measurement error in the Traveline data set reduces our ability to infer 
whether apparent changes in the structure of supply are the result of actual entry, 
exit or expansion by operators or ‘noise’ in the data. In particular, the Traveline 
database for 2008 is likely to contain greater inaccuracy because the quality of 
the underlying data has increased over time, and because data for 2008 has not 
been subjected to as rigorous a cleaning process as data for 2009.

 At the same time, 
any entry, exit, expansion or contraction events which occurred in the space of 
less than a year and were not in place in either October (eg an operator that 
entered at Christmas 2008 and then exited six months later) will not be captured.  

21 Given our 
methodology, we would, on average, expect this measurement error to overstate 
the degree of across-year variation that we observe in operators’ shares of sup-
ply at the Urban Area level, and the number of entry and exit events that we 
observe.22

 
 
19 Further information on how the database for 2009 was prepared can be found in Appendix 4.1. The 2008 data was extracted 
in the same way as the 2009 data, but was subjected to a less rigorous cleaning process—see first footnote to (b) below for 
more details. An alternative data set which the CC considered using for this task was VOSA data on operator licence service 
registrations. However, the CC was unable to obtain access to this database. 

  

20 As a simple test of the representativeness of the year from October 2008 to October 2009, we compared the number of 
acquisitions (reported by TAS in its Bus Industry Monitor) in 2009 with the number of acquisitions in the preceding three years, 
and found that substantially fewer acquisitions took place in 2009 (2006: 13; 2007: 11; 2008: 12; 2009: 6). However, local bus 
market merger activity in 2009/10 was of a similar level to that in 2008/09, and so it might be thought that changes that took 
place in 2008 will be more representative of the current situation in the local bus market than previous years.  
21 In particular, because of the greater difficulties in using external data sources to verify the 2008 data because of its age, non-
unique operator codes were not fully allocated to specific local bus operators, and the data was not subjected to the same 
degree of auditing as the 2009 snapshot. 
22 For entry and exit events, this is because instances where an operator has been matched in one year but not the other will be 
incorrectly counted as instances of entry and exit. For expansion and contraction events, this is because, as we count both 
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(c) Third, our database of local bus services does not distinguish between commer-
cial and supported services. Unlike commercial services, entry into the supported 
service market will take place via the tendering system.23

Reference area 

 Similarly we are unable 
to distinguish between acquisition and de novo entry (and so events identified as 
changes in the structure of supply will include changes in ownership). Entry which 
creates a new competitor and increases overall supply is likely to have different 
competitive impacts than an acquisition which merely changes ownership 
(although acquisition can provide a basis for a new owner to adopt different 
competitive tactics).  

33. Figure 1 shows the national cumulative share of the total supply of local bus services 
in the reference area in 2008 and 2009 accounted for by local bus operators, ordered 
by the size of their operations (a logarithmic scale is used on the x-axis). In terms of 
the broad pattern, the distribution of the share of local bus services across operators 
in the reference area was very similar in both years.  

 
 
increases and decreases in share of supply, any noise that implies movement away from an operator’s true share of supply will 
create the illusion of an expansion or contraction event. 
23 Arriva said that ‘The fact that NPTDR does not distinguish between commercial and tendered trips makes any meaningful 
analysis extremely difficult and renders the approach adopted by the CC meaningless. Rather, tendering is a political/adminis-
trative decision for the relevant Local Authority, who will have a range of reasons for providing funding for all or part of a route 
and/or for particular days and times.’ Although ideally we would like to be able to consider the commercial and supported 
markets separately, we disagree that considering them together renders our analysis meaningless. Instead, it simply implies 
that the estimates which we present will reflect the incidence of entry, exit, expansion and contraction in the local bus market 
taken as a whole. While decisions to tender a route are taken by the relevant local authority, operators themselves decide 
whether or not to bid (or re-bid) for a given route. 
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FIGURE 1 

The cumulative distribution across operators of the share of 
total weekly services* run on all routes in the reference area 

in October 2008 and October 2009 

 

Source:  CC analysis of Traveline data for October 2008 and October 2009. 
*An operator’s share of total weekly services in the reference area is calculated as the total number of 
services (ie scheduled journeys) run in the course of a week on all routes served by that operator, 
divided by the total for all operators’ routes.  

34. Table 15 shows the ten largest local bus operators in 2008 and 2009 (according to 
their share of total weekly services across the reference area), and the share of total 
local bus services that their routes account for. Although the data suggests that the 
size of the operations of most of these operators contracted from October 2008 to 
October 2009, the share of total supply accounted for by these operators, taken both 
individually and as a group, remained similar across the year.  
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TABLE 15 The ten largest local bus operators in the UK (excluding London and Northern Ireland) in October 2008 and 
October 2009, and their share of total weekly services 

  
October 2008 

 
October 2009 

 Operator 
 

Number 
of routes 

 

Share of total 
weekly services* 

% 
Operator 

 

Number 
of routes 

 

Share of total 
weekly services* 

% 
       1 FirstGroup 2,267 21.3 FirstGroup 2,169 21.1 

2 Stagecoach 2,827 21.1 Stagecoach 2,800 21.1 
3 Arriva 1,775 14.4 Arriva 1,682 14.1 
4 National Express 519 6.8 National Express 447 6.7 
5 Go-Ahead 884 5.3 Go-Ahead 884 5.6 
6 Lothian  62 1.7 Lothian  64 1.5 
7 Wellglade 236 1.5 Transdev 245 1.5 
8 Transdev 232 1.5 Wellglade 240 1.5 
9 NCT 101 1.4 NCT 102 1.4 

10 Rotala 182 0.9 Rotala 253 1.3 

 
  Total 9,085 76.0   Total 8,886 75.7 

Source:  CC analysis of Traveline data for October 2008 and October 2009. 
 

*Share of total weekly services gives the total number of weekly services (ie scheduled journeys) for all routes run by each 
operator, divided by the total number of weekly services on the routes of all operators in the reference area. Any routes shorter 
than 500 metres or longer than 150 km are excluded. 

Urban Areas 

Methodology 

35. We examined three different types of changes in the structure of supply in Urban 
Areas between October 2008 and October 2009:  

(a) the number of instances where a new bus operator entered an Urban Area 
between 2008 and 2009; 

(b) the number of instances where an existing bus operator exited an Urban Area 
between 2008 and 2009; and  

(c) the number of instances where an existing operator significantly expanded or 
contracted its services in an Urban Area between 2008 and 2009. 

36. Our focus is entirely on Urban Areas as defined in Appendix 4.2, and we do not 
consider rural areas in this analysis. 

37. Our analysis focuses on changes in the structure of supply above certain size thres-
holds, as small movements in structure are more likely to be related to the measure-
ment errors mentioned in paragraph 32.24

 
 
24 This is because a large movement in an operator’s share of supply that is spurious can only be caused by a large inaccuracy 
in the data, which is relatively unlikely. When we use a lower threshold, movements could be related to both small and large 
inaccuracies. Given this, we would expect our results relating to smaller movements in share of supply to be inflated by 
measurement error to a greater degree. 

 Because of this, the smallest-scale entry, 
exit or expansion/contraction events—involving less than 2.5 per cent of share of 
supply—are not included in this analysis. An operator’s share of supply in an Urban 
Area is measured throughout using the total number of weekly services (ie number of 
scheduled journeys) on all routes that cover a distance of at least 500 metres in the 
area that are run by that operator. 
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Definitions and thresholds 

38. We define an entry event as occurring when an operator went from operating no 
service in the Urban Area in October 2008 to at least X per cent of all weekly ser-
vices in that area in October 2009. We define an exit event as occurring when an 
operator went from operating at least X per cent of all weekly services in the Urban 
Area in October 2008 to no services in that area in October 2009. Similarly, when 
considering expansion or contraction, we count instances where an operator’s share 
of supply in a given Urban Area changed in value by X percentage points between 
October 2008 and October 2009. We use three different thresholds for X: 10 per cent 
of all weekly services on routes in the Urban Area, 5 per cent of all weekly services 
on routes in the Urban Area, and 2.5 per cent of all weekly services on routes in the 
Urban Area. These thresholds serve the purpose of distinguishing entry, exit and 
expansion/contraction events of different sizes.  

39. Using share of supply as our measure of across-year variation in the structure of 
supply allows us to record changes in the relative size of the bus operators which 
were active in a particular Urban Area in 2008 and 2009. There are, however, two 
difficulties related to using this approach. First, the significance of a given change in 
shares of supply is likely to vary across different Urban Areas. A 5 per cent change in 
share of supply in a very large Urban Area will equate to a far greater absolute 
change in the number of routes or services operated than a change of the same size 
in a smaller Urban Area. Second, because operators’ shares of supply in an Urban 
Area move together, a significant movement in the services run by one operator will 
impact upon the shares of supply of other operators as well, and this may lead to a 
single event being counted multiple times when we consider the number of operators 
which were involved in entry, exit or contraction/expansion events between 2008 and 
2009. Put another way, a single instance where the scale of one operator’s services 
in an Urban Area changes may cause the share of supply of other operators in the 
area to change sufficiently to count as an expansion or contraction as well, even if 
the absolute number of services that they run has not changed. 

The relative incidence of entry, exit and expansion/contraction events 

40. We used this methodology to identify the number of entry, exit and expansion or 
contraction events in each Urban Area at each level of the threshold, X. In order to 
give the number of these events some sense of scale, we then counted the total 
number of operators who were active in each Urban Area in 2008, in 2009 and in 
both 2008 and 2009. The relative incidence of entry for each Urban Area was then 
calculated by taking the total number of entry events in that Urban Area, and dividing 
by the total number of operators who were active in the area in 2009. The relative 
incidence of exit was calculated by taking the total number of exit events, and divid-
ing by the total number of operators who were active in the area in 2008. Finally, the 
relative incidence of significant expansion/contraction events was calculated by 
taking the total number of expansion/contraction events, and then dividing by the 
total number of operators who were active in the Urban Area in either 2008 or 2009. 

41. The final step in our analysis was to calculate the average of these rates across all of 
the Urban Areas in the sample.25

 
 
25 These averages are not weighted, and so the entry rate in a very small Urban Area will be treated the same in their calcula-
tion as the entry rate in a very large Urban Area. Including some weighting for the size of an Urban Area causes the incidence 
of entry, exit and expansion/contraction that we observe to fall markedly. 

 These figures, along with a count of the total 
number of events of each type, and a count and the proportion of Urban Areas which 
experienced at least one such event, are given in Table 16.  
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TABLE 16 Average rates of entry, exit and expansion/contraction, and the proportion of Urban Areas affected by such 
events 

 

X ≥ 10% 
% Number of events 

X ≥ 5% 
% Number of events 

X ≥ 2.5% 
% Number of events 

Relative incidence of       
Entry 0.5 11 1.0 22 1.8 42 
Exit 0.7 16 1.3 35 2.5 61 
Expansion/contraction 3.2 45 10.0 151 18.9 307 

       

 

X ≥ 10% 
% 

Number of Urban 
Areas 

X ≥ 5% 
% 

Number of Urban 
Areas 

X ≥ 2.5% 
% 

Number of Urban 
Areas 

Proportion of Urban 
Areas affected by  

 
 

 
 

 

Entry 4.2 10 8.8 21 16.7 40 
Exit 6.3 15 13.0 31 20.5 49 
Expansion/contraction 13.0 31 38.9 93 63.2 151 

Source:  CC analysis of Traveline data for October 2008 and October 2009. 
 

 
42. With the various methodological and data limitations set out above in mind, these 

figures suggest that, on average, only a small proportion of operators active in the 
reference area were involved in a larger-scale (ie involving a change in share of 
supply of 5 per cent or more) entry or exit event in any Urban Area between 2008 
and 2009. At the same time, only a small proportion of Urban Areas were affected by 
such events (4.2 per cent of Urban Areas experienced an entry event involving a 
movement of at least 10 per cent of supply in that Urban Area between 2008 and 
2009, 8.8 per cent of Urban Areas an entry event involving a movement of at least 
5 per cent). Smaller-scale entry and exit events were more common, with approxi-
mately one-fifth of Urban Areas experiencing an exit event by an operator with a 
share of supply of at least 2.5 per cent between 2008 and 2009, and approximately 
one-sixth of areas experiencing an entry event of this size.  

43. Expansion and contraction events occurred more often, and affected a greater pro-
portion of Urban Areas, although the overall incidence of the largest such expansions 
or contractions—involving 10 per cent of share of supply or more—was low, at 
3.2 per cent. We estimate that 63 per cent of Urban Areas contained an operator 
whose share of supply changed by 2.5 per cent or more between October 2008 and 
October 2009. For the average Urban Area, the proportion of operators active in both 
2008 and 2009 whose share of supply changed by at least 5 per cent in the period 
was about one-tenth. 

Examples  

44. In this final section, we provide some examples of the different types of event, in 
order to give a better understanding of the events which underlie the numbers 
presented above. Table 17 illustrates six randomly selected entry and exit events for 
each of the three thresholds. Entry and exit events include changes of ownership of 
existing operators. 
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TABLE 17   Examples of entry and exit events 

  
October 2008 October 2009 

Urban Area Operator 
Number 
of routes 

Share of supply* 
% 

Number 
of routes 

Share of supply* 
% 

      X ≥10% 
     Woking/Byfleet National Express (exit) 13 18.9 0 0.0 

Cheshunt Centrebus Holdings (entry) 0 0.0 6 10.3 
Weston-super-Mare ACL Travel (exit) 4 16.1 0 0.0 
Staines National Express (exit) 18 34.8 0 0.0 
Staines Abellio (entry) 0 0.0 18 50.4 
Borehamwood Transdev (entry) 0 0.0 1 18.0 

      X ≥ 5% 
     Amersham/Chesham Redline (entry) 0 0.0 9 12.1 

Eastbourne Eastbourne Bus (exit) 16 51.1 0 0.0 
Chelmsford Essex County Buses Ltd (entry) 0 0.0 1 7.0 
Bicester Unmatched_5106 (exit) 1 5.3 0 0.0 
Esher/Molesey Abellio (entry) 0 0.0 10 32.1 
Lowestoft Nightingales of Beccles (entry) 0 0.0 6 5.9 

      X ≥ 2.5% 
     Stafford A2Z Travel UK Ltd (exit) 2 2.9 0 0.0 

Cwmbran Veolia Transport (entry) 0 0.0 3 3.0 
Herne Bay Chalkwell Garage & Coach Hire 

(exit) 2 4.8 0 0.0 
Wolverhampton A2Z Travel UK Ltd (exit) 11 4.6 0 0.0 
Chorley Click Services (exit) 1 9.7 0 0.0 
Herne Bay Poynters Coaches (entry) 0 0.0 1 3.8 

Source:  CC analysis of Traveline data for October 2008 and October 2009. 
 

*Share of total weekly services (ie scheduled journeys) on all routes which cover a distance of at least 500 metres in the Urban 
Area that is accounted for by the routes of this operator in this year. 

45. The assessment of these examples highlights four characteristics of the data. First, a 
single acquisition may lead to a number of different entry and exit events in different 
Urban Areas—for instance, National Express’s sale of its London operations to 
Abellio. Second, events are sometimes associated with part TfL routes which span 
both the Greater London area and non-TfL surrounding suburbs. Third, some events 
being counted as significant entry events relate to changes of a very small number of 
routes, even when we restrict our attention to larger movements in share of supply. 
Finally, as expected, measurement error is responsible for some of the movements 
that are being counted as entry or exit events (eg Nightingales of Beccles was active 
in Lowestoft in both 2008 and 2009; however, the operator name has not been 
matched for 2008, causing its activity in 2009 to be counted as an entry). These 
observations confirm some of the methodological limitations highlighted previously, 
and corroborate that the incidence of entry, exit and expansion that we observe in 
this analysis is likely to form an upper bound on the true level. 

46. In the same way, Table 18 lists some examples of the events underlying the meas-
ures of the incidence of expansion/contraction, again selected randomly. 



A6(5)-18 

TABLE 18   Examples of expansion/contraction events 

  
October 2008 October 2009 

Urban area Operator 
Number 
of routes 

Share of supply* 
% 

Number 
of routes 

Share of supply* 
% 

      X ≥10% 
     Worcester Rotala 1 0.7 20 20.4 

Great Malvern FirstGroup 3 62.6 4 46.4 
Leighton Buzzard Grant Palmer 5 13.0 5 26.0 

      X ≥ 5% 
     Epsom and Ewell Go-Ahead 7 33.1 11 40.8 

Brighton Go-Ahead 96 82.8 91 88.4 
Hamilton FirstGroup 12 55.3 14 61.0 

      X ≥ 2.5% 
     Wellingborough Stagecoach 11 87.0 11 81.9 

Wellingborough FirstGroup 4 12.8 4 18.0 
Taunton Webberbus 1 2.8 3 7.0 

Source:  CC analysis of Traveline data. 
 

*Share of total weekly services (ie scheduled journeys) on all routes which cover a distance of at least 500 metres in the Urban 
Area that is accounted for by the routes of this operator in this year. 

47. The key point that emerges from considering these additional examples is the confir-
mation that the number of services run by an operator does not have to change sub-
stantially (or even at all) for that operator’s share of supply to change sufficiently to 
register as an expansion or contraction event. This is as a result of using share of 
supply as our metric, which means that the share of supply of an existing operator 
can change significantly as a result only of significant changes in the number of 
services operated by another operator in the Urban Area.  
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APPENDIX 6.6 

The conduct of local bus operators 

Cases considered by the OFT 

1. The OFT told us that in 2009, it received 30 complaints alleging predation, 19 of 
which were considered to be of sufficient merit to warrant further investigation by its 
Preliminary Investigation team. Of those 19, eight (or 42 per cent) related to the bus 
sector. This was similar to the number of allegations received in 2008. 

2. The OFT provided us with a total of 47 reasoned complaints relating to exclusionary 
behaviour in local bus services that it has received since the introduction of the 1998 
Act until the end of 2009 and one complaint received in the course of a merger 
inquiry: 

(a) Twenty-five cases were closed due to administrative priorities. The complaints 
related mainly to frequency increases and/or fare reductions, but also to denial of 
access to bus stands and to market sharing.  

(b) Twelve cases were closed due to lack of evidence (sometimes because the com-
plainant did not respond to the OFT’s request for additional information).  

(c) Three cases were dismissed because they did not fall within the remit of the 1998 
Act. These cases tended to relate to the scheduling of services by the incumbent 
in front of the entrants’ services.  

(d) Three cases were dismissed following an analysis of cost and revenue, which 
showed that the services were not operated at a loss.  

(e) One case was dismissed because the subject of the complaint was unlikely to be 
dominant. 

(f) One complaint was withdrawn.  

(g) The OFT made one infringement decision (Cardiff Bus)1 and one non-
infringement decision (First Edinburgh/Lothian).2,3

3. The Cardiff Bus case related to Cardiff Bus’s ‘White Bus’ service launched in 
competition with 2 Travel. In its decision, dated 18 November 2008, the OFT 
described the conduct of the company in the following terms: 

 

Cardiff Bus provided little in the way of contemporaneous documents to 
support its explanation that the white services were introduced to test 
market demand for no-frills services, rather than merely to divert 
passengers from 2 Travel. The OFT identified evidence that conflicted 
with Cardiff Bus’ explanation that it was conducting a market test. This 

 
 
1 www.oft.gov.uk/shared_oft/ca98_public_register/decisions/cardiffbus.pdf.  
2 www.oft.gov.uk/OFTwork/competition-act-and-cartels/ca98/decisions/lothian.  
3 In addition to these two cases, which the OFT investigated under Chapter II of the 1998 Act, the OFT also investigated one 
case under Chapter I. In 2004, it found that Arriva and FirstGroup had entered into a market-sharing agreement involving bus 
routes in the Leeds area. The agreement related to the staggered deregistrations and registrations of services between Leeds 
and Holt Park (1B and 96A) and services between Leeds and Halifax via Cleckheaton (services 223 and 224), which would 
result in the operation of services 1B and 96A solely by FirstGroup and in the operation of services 223 and 224 solely by 
Arriva. The two companies were at the time in direct competition on these routes.  

http://www.oft.gov.uk/shared_oft/ca98_public_register/decisions/cardiffbus.pdf�
http://www.oft.gov.uk/OFTwork/competition-act-and-cartels/ca98/decisions/lothian�
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included evidence that Cardiff Bus planned to launch its no-frills white 
services not as a true market testing exercise, but in order to divert 
potential customers away from 2 Travel. There was also evidence that 
Cardiff Bus publicly disparaged the concept of no-frills services and 
avoided promoting them. 

Further to this, the OFT identified evidence that Cardiff Bus launched its 
white services with exclusionary intent—in other words, with the inten-
tion of diverting prospective customers away from 2 Travel and thereby 
forcing 2 Travel out of the market, thus protecting Cardiff Bus’ dominant 
position, and not with the intention of competing on the merits or carry-
ing out a genuine market test. This includes the fact that the white 
services were launched at or around the same time, and on the same 
routes, as 2 Travel’s no-frills bus services. It also includes the substan-
tial preparations made by Cardiff Bus to respond aggressively to 
2 Travel’s entry, and ongoing assessment by Cardiff Bus of the threat 
posed by 2 Travel. In particular, the evidence demonstrates that the 
launch and continued operation of the white services was loss-making 
for Cardiff Bus. Overall, the revenues generated by the white services 
did not even cover the costs of paying the wages of the drivers who 
drove the white buses. 

There is little evidence that Cardiff Bus considered the likely impact on 
its profits of launching the white services. Rather, the contemporaneous 
evidence suggests that Cardiff Bus simply wanted to divert passengers 
away from 2 Travel and did not consider whether or not the white ser-
vices would be profitable in their period of operation. 

4. The First Edinburgh/Lothian case related to FirstGroup’s entry into Edinburgh, an 
area served by Lothian Buses. In its report, dated 9 July 2004, the OFT described the 
conduct of FirstGroup in the following terms: 

The OFT has concluded that it was not abusive for First Edinburgh to 
reduce its fares and increase the number and frequency of its services 
within Greater Edinburgh to the levels that it did over the period of time 
in question. Despite finding that First Edinburgh was likely to be pricing 
below average variable cost on some routes some of the time, the 
balance of the evidence indicates that the period witnessed intense 
competition between the two companies rather than an attempt by First 
Edinburgh to drive Lothian from the market. The OFT found evidence 
that First Edinburgh did not intend to drive Lothian out of the market and 
that it did not believe it was capable of doing so. Instead, the evidence 
indicated that First Edinburgh was incurring short-term losses in an 
attempt to establish a more secure commercial basis for its Edinburgh 
operations. 

5. Below are some of the facts of the case that were set out in support of this 
conclusion: 

(a) The allegation of anti-competitive conduct related to actions taken by FirstGroup 
between 27 March 2000 and mid-July 2002 within the Greater Edinburgh area. 
The OFT took a sample of routes and found that there was evidence of pricing 
below average variable cost on a significant number of routes in the sample 
considered, and that these periods of very low pricing often persisted for many 
months (paragraph 63). There was a worsening of First Edinburgh’s underlying 
profitability by over £6 million in just two years to a loss of over £2 million in 2002 
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(paragraph 64). To some extent, First Edinburgh’s revenues may have been 
below costs as a result of Lothian’s actions, rather than as a result of predatory 
intent (paragraph 65). 

(b) The OFT examined First Edinburgh’s internal documents and found that First 
Edinburgh did deliberately incur some short-term losses in the course of its activi-
ties in Greater Edinburgh because it saw future benefits in establishing a more 
comprehensive network within the Greater Edinburgh area and in rationalizing its 
depots serving the market. At no stage did First Edinburgh intend to force Lothian 
from the Greater Edinburgh market, or believe that it was capable of so doing 
(paragraph 68). Instead, the balance of evidence suggests that First Edinburgh’s 
conduct was intended to establish a more secure commercial basis for its 
Edinburgh operations. 

(c) Having carried its own analysis of the financial position of Lothian, the OFT 
considered it unlikely that Lothian was at risk of elimination from the Greater 
Edinburgh market as a result of First Edinburgh’s conduct, or of damage that 
would prevent it from competing effectively in the future (paragraph 79). 

Case considered by the High Court 

6. On 15 June 2007, the High Court dismissed the application made by Chester City 
Council and Chester City Transport against Arriva under Chapter II of the 1998 Act, 
because the claimants failed to show that Arriva was dominant in the relevant geo-
graphical market and did not prove that the relevant product market was confined to 
bus services. Although it did not make a finding on the conduct of Arriva (because it 
did not need to, as it had found its position not to be dominant), the judge described it 
in detail. 

7. Chester City Transport (CCT), which was at that time owned by Chester City Council 
(CCC), had a network of 13 services, owned just over 80 vehicles and employed 
about 150 staff. The company had achieved a poor commercial performance in 
recent years and was trading at a loss as at March 2006. In June 2006, CCC decided 
to put CCT up for sale and announced its intention in August 2006. CCC invited 
potential bidders, including Arriva, to sign a confidentiality agreement, which imposed 
a covenant on the would-be bidder that for a period of 12 months from the date of 
signature, it would not to register any new service in direct competition with CCT. 
This clause had been added to the agreement on advice from TAS, with the intended 
objective of the clause to prevent any bidder from wrecking the sale process, and 
there was a particular concern that companies like FirstGroup and Arriva, already 
active in the Chester market, might ‘cherry-pick’ the most profitable routes.  

8. Arriva told CCC that it wanted to take part in the sale process, but not on the terms of 
the confidentiality agreement, and later explained that it wanted CCT to deal with 
Arriva exclusively, and outside the sale process. Arriva also announced that it would 
register CCT’s routes and, assuming that CCC was prepared to engage with Arriva 
on the company’s terms, there would be a seamless transfer of the services from 
CCT to Arriva in January 2007. Following this exchange, CCT revised duration of the 
covenant to the shorter of six months or the sale process and did not bar Arriva from 
competing in Chester during this period, provided it could prove it was not doing so 
by using any confidential information that had been provided to it by CCT.  

9. Arriva declined to sign the agreement and on 10 September 2006, registered ser-
vices that fully matched (in terms of routes and timings) all CCT’s current services, 
with a proposed start date of 7 January 2007. On 11 September, Arriva wrote to the 
council to state its desire to provide Chester’s local network. It emphasized its 
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strength in the market, stating that it was the principal bus provider throughout 
Cheshire, Wrexham, Flintshire and the Wirral, and operated the majority of inter-
urban links to and from Chester, as well as many local routes between the city and 
Deeside. It stated that it was crucial to Arriva that the sale of CCT did not result in 
any part of its present network becoming vulnerable to, or even weakened by, the 
outcome of that process and saw the sale of CCT as a unique opportunity to 
strengthen the bus network in Chester. It added that it could provide a seamless 
transition without any disruption to the network or its customers. It had decided to 
register the commercial services currently operated by CCT and set out the terms of 
its offer, by way of an asset purchase.  

10. The judge commented that ‘that stance would be regarded as a gun to the Council’s 
head: “deal with us—or else” was something that was predictably likely to scare off 
other bidders for CCT’. The judge considered that this would have been obvious to 
Arriva. Despite Arriva’s denial that it had adopted an aggressive stance, the judge 
considered that ‘it was an aggressive tacit of the type in which the Arriva group had 
engaged before’, referring to the MMC’s report on Arriva plc and Lutonian Buses Ltd. 
Arriva denied having intended to compete with CCT and claimed that it believed that 
CCT would have ceased trading by 7 January 2007 by reason of its insolvency. The 
judge dismissed this position as ‘untrue and as advanced by way of an ex post facto 
justification for, and exculpation for a course of conduct which was, on the face of it, 
intended to be directive competitive of CCT, and which, if implemented, would in 
practice have been likely to eliminate CCT’. CCT estimated that if Arriva had carried 
out its threat, CCT would have suffered losses of at least £700,000 per year, which 
could not have been funded by CCC, as this would have required an increase in 
council tax of more than 9 per cent. 

11. In November 2007, Arriva cancelled its previous registrations, except for those on 
three routes (1, 1A and 15A), in respect of which a new timetable was to be intro-
duced, commencing on 22 January 2007. Overall the effect was to double the 
number of services on these routes. 

Evidence received by the CC 

12. We received a variety of comments regarding the conduct of local bus operators. 
They are summarized in Table 1. 

TABLE 1   Overview of allegations received by the CC in the course of its inquiry 
Source Location Against Description 

    
[] [] [] [] 

Source:  CC from evidence received from operators. 
 

 

Fare and frequency responses to entry 

13. We obtained additional evidence on a number of the above complaints in the course 
of our case studies, which are presented in Appendix 6.4 ([]). We found that the 
responses to entry varied greatly in intensity and in the range of behaviours adopted 
by both the entrants and incumbents. Examples of relatively mild responses (in terms 
of fare and frequency) include the response of Trent Barton to Premiere’s entry on 
the Bingham–Nottingham route (see Appendix 6.4—Nottingham, paragraphs 67 to 
75). A more intense response was that of FirstGroup in Worcester, where the fre-
quency of services was increased from 10 minutes to 7–8 minutes and the day fares 
were reduced by around 40 per cent on the competitive routes. An even more 
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intense response to entry was that of Wellglade on the Cotgrave–Nottingham corridor 
in response to Premiere’s new service (see Appendix 6.4—Nottingham, paragraphs 
76 to 82). The evidence we received suggests that FirstGroup’s response to Norfolk 
Green’s entry and expansion in King’s Lynn was, in terms of both scale and intensity, 
the most extreme example of response we studied in the context of our case studies: 
it involved a doubling of frequency and a 60 per cent discount on weekly tickets on 
one service and the launch of other services (in particular, the X40 service) in 
competition with Norfolk Green in the King’s Lynn area.4

On-the-road behaviour 

 We also noted that []. 

14. Throughout the inquiry, we were made aware of on-the-road behaviours that do not 
fall within the remit of the 1998 Act, but nevertheless have the potential to distort 
competition. Such behaviours can be investigated by the Traffic Commissioner under 
the 1985 Act. 

15. In the context of several case studies (Worcester, King’s Lynn, Cardiff) and in 
response to our questionnaires ([]), we heard allegations and in some cases 
counter-allegations of stand blocking. We also heard of instances of physical abuse 
by drivers ([]) and of damage to property ([]). The internal papers of some sub-
sidiaries of the Large Operators ([]5

16. One small operator ([]) considered that there was a distinction between reputable, 
professional and legal operations as opposed to disreputable, unprofessional and at 
times illegal operations. In its view, large and smaller reputable operations were very 
conscious of delivering a quality, safe, customer-friendly and customer-desired 
service. This operator told us that it competed with Large, Small and Mid-Sized com-
petitors. It told us that many of those practising predatory behaviour were small oper-
ations. It said that small operations in its area of operation engaged in ‘predatory 
behaviour’, by operating dirtier vehicles of a lower standard, providing insufficient 
information and providing unreliable services, including by adjusting registrations 
randomly. With less recognition attached to their operation, this operator told us that 
such behaviour was possible for smaller operators who could ‘fall below the radar’. 

) also recorded alleged instances of stand 
blocking by other operators, both Large and Small. The internal papers of one of the 
Large Operators ([]) also noted the behaviours of some Small Operators in [], 
including the adoption of underhand methods by one Small Operator ([]) in a bid to 
weaken the operations of another ([]) and the non-operation of registered services. 
Other internal papers also mention a number of small operators that appear to show 
little regard for regulatory requirements, but nevertheless manage to operate for 
several months before being investigated by VOSA. 

17. The Traffic Commissioner for Scotland told us that there had been instances of 
skirmishes that had occurred when operators had attempted to enter other operators’ 
areas and that this behaviour was certainly evident in the West of Scotland where 
attempts had been made to make an operator’s life difficult when entering a route.  

18. [] 

19. [] 

 
 
4 FirstGroup told us that these additional services were not part of its competition with Norfolk Green, but given the timing of 
these decisions, FirstGroup’s documented concerns about Norfolk Green’s position in King’s Lynn and its documented intent to 
take measures to ‘subtract revenue’ from Norfolk Green services, we concluded that competition with Norfolk Green was the 
primary driver behind FirstGroup’s new services.  
5 See, for example, its comments about the behaviour of [].  
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20. [] 

21. [] 

22. [] 

23. Similarly, the Traffic Commissioner for Scotland told us that the difficulty in accumu-
lating evidence relating to allegations of misconduct was that when the VOSA officers 
went out on to the streets, the operators would cease undertaking such activities. 

24. The Traffic Commissioner for the West Midlands and Wales told us that there was a 
lack of effective regulation and some businesses did not comply with the regulations 
and were sometimes able to avoid action by VOSA and the Traffic Commissioners. 
He noted several examples of complaints of unfair ‘on-the-road’ competition, such as 
the ‘Preston bus wars’,6

25. We examined the evidence provided to the Traffic Commissioner for the West 
Midlands and Wales about the conduct of Edwards Coaches and Veolia in 2010: as 
detailed in the Cardiff case study (see Appendix 6.4—Cardiff, paragraphs 90 to 105), 
following Edwards Coaches’ April 2010 launch of two services between Pontypridd 
and Cardiff in competition with Veolia, there was a period of intense competition 
between the two operators. Reports relating to the on-the-road behaviour of drivers 
of both companies were sent to the Traffic Commissioner and investigated by a 
VOSA bus compliance officer, who observed an instance of stand blocking by Veolia 
and of an Edwards Coaches bus failing to stop at a bus stop. She also reported an 
alleged assault. [] This was followed by a monitoring exercise which showed that 
there had been punctuality failures by both operators. [] 

 arson attacks on Stagecoach buses in South Wales, refusal 
by FirstGroup to let Diamond Bus use Worcester bus station, as it said the station’s 
slots were full, and complaints at Walsall bus station about buses jumping in front of 
each other to steal passengers.  

The distinction between robust response to entry and unfair7

26. We asked local bus operators and some third parties where the boundary between 
robust and unfair competition lay. The Large Operators all referred to the boundaries 
set by the 1998 Act as the appropriate point of reference. We noted that some 
internal reports provided to us by Arriva described the scheduling of a new service a 
few minutes in front of an existing one or the ‘creaming’ tactics employed by new 
entrants as ‘predatory’.

 competition 

8

27. Others varied in their definition of what constituted fair and unfair competition. There 
was an expectation that incumbents would try to defend their routes from a new 
competitor and therefore that they had the right to increase frequencies, reduce their 
fares and try to deny the new operator’s USPs ([]). However, whilst operators 
believed that this was fair if competition was designed to grow the market and 
generate more custom, it was seen as unfair if, instead of splitting headways, buses 
were scheduled to run just a few minutes in front of the incumbent to pick up that 
operator’s passengers knowing that it would destabilize the operation ([]). Two 

 One external consultant’s report provided to us by 
FirstGroup also described scheduling by new entrants in these terms. [] 

 
 
6 This refers to the period of competition between Preston Bus and Stagecoach that took place between June 2007 and 
January 2009. Appendix F, paragraphs 48–60, of the CC merger report Stagecoach Group plc/Preston Bus Limited, November 
2009, describe in detail various allegations of disruptive on-the-road behaviours, which resulted in a public inquiry.  
7 In this context, the term ‘unfair’ means unacceptable by ordinary standards rather than having any statutory or legal meaning.  
8 []; an example of a registration by [] 3 minutes in front of an Arriva service in [] is also described in these terms ([]). 
An independent analysis of competition in the [] area described some competition in the following terms: ‘[]’. 

http://www.competition-commission.org.uk/rep_pub/reports/2009/551preston.htm�
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Small Operators ([]) believed that overbussing on the contested route was unfair 
and anti-competitive, and ALBUM queried whether an operator employing long-term 
loss-making fares and increasing frequencies to a bus every few minutes moved the 
competition from robust and fair to unreasonable. 

28. Many operators thought that the larger operators using their ability to cross-subsidize 
and so offering heavy discounts and charging uneconomic fares that were too low to 
be sustainable was unfair, especially if prices were then increased once the compet-
ing operator had been forced to exit the route ([]). ATCO, on the other hand, 
believed that setting prices to make it difficult for new entrants was purely the sign of 
a competitive market and did not think it was unfair or irresponsible to then restore 
the prices to normal levels after the competition had finished. 

29. ALBUM also mentioned the unfairness of larger companies withdrawing services 
following the decision that they were uneconomic, only to then come back on to the 
route after a smaller company has stepped in to fill the gap in the market and 
successfully built up demand due to its lower cost base.  

30. Referring specifically to the situation in Manchester, one operator ([]) believed that 
taking bus station departure slots to prevent competitors from having access to them 
was unfair. Another operator (Rotala) believed that having a rival operator acting as 
bus station manager was unfair and alleged that it had been denied access to bus 
station stands. Operators also mentioned the unfairness of having their stops blocked 
so that they could not pick up passengers ([], []). 

31. One operator ([]) thought that operators could be disadvantaged if they had to 
compete with an operator who had won a tendered contract as they could use the 
income guaranteed by the council to extend the operation on to a commercial 
network and charge lower fares, thus creating an uneven playing field.  
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APPENDIX 6.7 

Operators’ tickets 

Ticket types offered 

Single and returns 

1. All the Large Operators offer single tickets and the majority of them also offer return 
tickets. Single/return tickets are purchased by those passengers who do not normally 
travel by bus and/or those who do not wish to commit to buying season tickets (see 
paragraphs 6 to 11 below).  

2. Return tickets are generally cheaper than two single tickets, encouraging loyalty and 
offering an incentive to purchase, as passengers are less likely to use other oper-
ators/other modes for their return journeys. Go-Ahead, National Express and 
Stagecoach also told us that return tickets (as distinct from single tickets) reduced 
the interaction with the driver which reduces the time taken to board the bus. 

3. The price of single and return tickets of Large Operators can be based on distance 
travelled or can be a flat rate. This varies across operators and across operating 
companies within individual operators. In addition, some operators in some areas 
offer simplified distance-based fares, such as one fare within a town and another fare 
for further afield.1

4. Where flat fares are offered, Large Operators told us that this was because it was 
helpful from a marketing perspective, was more appealing to non-regular users, 
reduced boarding times and hence journey times, and provided added security to the 
driver. The evidence provided did not, however, explain why the above factors are 
more important in certain geographic areas than others, and hence why it is optimal 
to introduce flat fares in only certain areas, although Go-Ahead Metrobus told us that, 
in its view, a flat fare structure only worked in urban areas.  

  

5. Several of the Mid-Sized Operators2

Season tickets 

 offer similar single/return tickets to the larger 
operators—single/return ticket prices usually vary with the distance travelled, 
although in some city centres flat fares were offered. 

6. We use the term season tickets to refer to any tickets that allow unlimited travel for a 
certain time period and for a certain set of routes. Where a season ticket allows travel 
across more than one route, we refer to these tickets as network tickets. Each Large 
Operator offers a range of season and network tickets valid for either their entire 
operating company operating area or discrete areas within their operating company 
operating area. Common time periods for which season tickets are available are one 
day, five days, one week, four weeks, three months, the academic year, 26/28 weeks 
and one year (most Large Operators do not offer tickets for all of these time periods 
covering all areas). FirstGroup told us that its range of tickets aimed to reflect the 
demand of its customers and its commitment to offer them better value for money. It 
told us that its season tickets were designed to provide customers with a reasonably 

 
 
1 For example, Arriva in Liverpool, Aberystwyth, Chester and Milton Keynes, Go North East, Oxford Bus Company, Brighton 
and Hove, and National Express’s ‘short hop’ fare. 
2 BTS, Cardiff Bus, Lothian Buses, NCT, Reading Transport, Veolia and Wellglade. 
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priced flexible alternative to other modes of transport. National Express told us that 
the array of different ticket types in the West Midlands offered customers a significant 
amount of choice and flexibility. 

7. Most of the Large Operators3

8. Season tickets can offer a per-journey discount over single or return tickets. In 
general, the longer the duration of the season ticket, the cheaper a day’s bus usage. 
Operators told us that this was in order to encourage brand loyalty. Arriva, 
FirstGroup, Go-Ahead and Stagecoach all told us that they offered season tickets in 
order to reward regular customers with a discount. FirstGroup and Stagecoach also 
told us that they encouraged customers to buy day tickets in order to reduce on-bus 
transaction time, which had a significant impact on overall journey time. Stagecoach 
told us that day network tickets generated greater demand by offering better value to 
the customer, as customers did not have to pay again if they had to change buses 
during the course of a journey and meant that any additional trips were free to the 
passenger, as well as generating higher overall revenues. 

 offer network tickets valid over zones or regions within 
a network, as well as network tickets covering a wider area. Arriva and FirstGroup 
told us that zone-based network tickets were only offered in certain of its operating 
areas. Some operators also offer season tickets valid only on an individual route. 

9. Operators encourage season ticket purchase by increasing the difference in the 
relative price per journey for single versus season tickets. Go-Ahead in the North-
East, Brighton and Hove and the South Coast all told us that one of the factors they 
considered when reviewing fares was to adjust the relative prices of single versus 
return or season tickets, in order to encourage return or season ticket purchase. In 
addition, Go-Ahead in the North-East told us that one of the largest fare increases it 
made in the last year was to single/return fares as they were felt to be too cheap in 
comparison with season tickets. Go-Ahead in the North-East and Arriva both told us 
that one of the largest reductions was to the price of certain online tickets in order to 
drive sales to their websites and reward loyal customers. Arriva also told us that due 
to the economic climate it had adopted a policy of [] and that this approach did not 
vary according to the level of local competition from other operators. A National 
Express board report notes that fare increases for 2009 were targeted on single fares 
so as to encourage season ticket purchase. In addition, the board report highlights a 
potential risk from this fare change in reducing the price differential between National 
Express’s own travelcards and the multi-operator product. 

10. In a limited number of areas (mainly in Scotland), Stagecoach also offers multi-
journey ‘carnet’ tickets largely for historical reasons. These tickets offer a fixed 
number of rides at a discount, say 10 trips for the price of 8 or 12 trips for the price of 
10. Stagecoach told us that these were offered mainly on long routes where a single 
price season ticket did not reflect the wide range of passenger trip lengths and ticket 
prices (such as between Aberdeen and Inverness).  

11. EYMS, Transdev and Veolia also offer season tickets in broadly the same categories 
as the Large Operators. Tier 1 Small Operators that responded to our questionnaire4

 
 
3 Arriva in some areas, FirstGroup in some areas, Go-Ahead, National Express and Stagecoach. 

 
also tend to offer similar ticket types.  

4 For the purposes of some of our evidence gathering, we distinguished between two categories of Small Operators: Tier 1 
Small Operators are those that are at least the second-largest operator in at least one urban area with a share of supply of at 
least 25 per cent, according to our analysis of the Traveline database. All other Small Operators are called Tier 2 Small 
Operators. 
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Discounted tickets 

12. In addition to the standard single/return/season tickets, bus operators offer a variety 
of special ticket types that suit specific customer segments and/or give a discount on 
their standardized tickets. All the Large Operators5 offer some form of student/child-
ren/concession discounted tickets,6 commonly around 50 to 75 per cent of the adult 
ticket price. Some operators7 also offer specific schemes for students where the 
tickets are designed to fit the academic year, and Stagecoach told us that it offered 
student discounts in areas with a high number of university students, who had a high 
propensity to travel but were price sensitive. NCT told us that it offered a range of 
discounted tickets to family groups and students. It told us that its owner, Nottingham 
City Council (NCC), viewed discounted tickets to family groups and students as a 
priority—hence why these were offered by NCT. The Tier 1 Small Operators that 
responded to our questionnaire are less likely to offer bespoke tickets aimed at 
specific customer segments.8

13. Go-Ahead cited several reasons why discounts might be offered to children, includ-
ing: pre-existing historical arrangements that would provoke a negative public 
reaction if withdrawn; a way to encourage children to become adult fare-paying 
passengers later in life;

 

9

14. Some operators also offer discounts for tickets for off-peak travel only (usually after 
0930 on weekdays and all day Saturday and Sunday) at a discount to those tickets 
that allow travel at any time of the day.  

 and likelihood that passengers with children were more price 
sensitive. National Express told us that its child discounts were a condition of the 
local concessionary fares scheme in the West Midlands and not a commercial 
decision. 

15. Group or family tickets are often offered, which give a discount to families or groups 
travelling together. Some operators told us that they offered these reduced price 
tickets in order to make bus travel more financially attractive to families with cars.  

Variations in fare structure 

16. In this section, we summarize the variations to the fare structures across the Large 
Multi-Regional Operators’ operating companies and within Large and Mid-Sized 
Operators’ networks. Variations in fare structures are of interest because as well as 
through changing fare levels, changing fare structures may be a means for operators 
to vary the prices charged to customers in different areas, possibly as a result of 
competitive pressures, and/or may be a means to vary the fares offered to different 
groups of customers. Similarly, changing the zones over which fares apply may be a 
means to change the prices paid in different areas or by different groups of cus-
tomers.  

 
 
5 Arriva, FirstGroup, Go-Ahead, National Express, Stagecoach. 
6 Some of these discounted tickets may in fact be child concessions, but it is not clear whether this is the case from the 
responses we have received from the operators. 
7 Go-Ahead, Stagecoach. 
8 [], Ensign Bus, Epsom Coaches, Grayline Coaches, Ipswich Buses, Newport Transport, Rossendale Transport, Speedwell 
Bus, Uno Buses, [], Abellio. However, Warrington Borough Transport told us that it did offer bespoke tickets to specific cus-
tomer segments, such as young people and families. 
9 Go North East, Metrobus, Brighton and Hove and Oxford Bus company all cited this as an important reason. 
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Variations to the fare structure across local areas 

17. All operators vary the level of fares in different local areas. In addition, as shown in 
paragraphs 1 to 15 above, there are also various ways in which some of the Large 
Operators vary fare structures across local areas, including: 

(a) offering flat rate or distance-based single fares; 

(b) the zonal structure of season tickets; and 

(c) offering discounted or bespoke tickets to certain consumer segments. 

18. Aside from these differences, Arriva, FirstGroup and Stagecoach all offer a relatively 
standard fare structure across their operating companies, although Arriva told us that 
each operating company controlled its own fare structure as each operating company 
was responsible for its own financial performance, with central management provid-
ing support via ‘pricing clinics’. Stagecoach also told us that another factor driving 
local variations was the effect of local authorities and local circumstances such as 
leisure attractions, other transport modes and the layouts of towns which influenced 
bespoke ticket arrangements. As an example, Stagecoach referred to a variety of 
tickets linking buses to ferries and local rail. Every Go-Ahead operating company has 
a different approach to pricing.  

Fare variations on individual routes within a local area 

19. Several operators10

20. FirstGroup also told us that on certain routes it would reduce the fare at off-peak 
times to try to encourage people who could be flexible about when they travelled and 
hence to make passenger numbers more evenly spread throughout the day. FirstGroup 
also told us that it offered reduced price tickets on certain routes in order to grow 
patronage including through modal shift (although the evidence does not give further 
detail on why these routes in particular were targeted for patronage growth and/or 
modal shift). 

 offer some services where the fare charged or ticket types avail-
able are different from other routes run by them in the area. FirstGroup, Stagecoach, 
Arriva and Lothian Buses all set different fares for certain premium services (such as 
airport links or limited stop services) and, with the exception of Lothian Buses, offer 
different ticket types on certain routes that cater largely for university passengers. 
Stagecoach, Arriva and Go-Ahead also all told us that certain of their route-specific 
fares were as a result of LTA or local council policy or requirements. Stagecoach also 
offers some different fares or ticket types on certain routes that are a legacy from 
previous operators that Stagecoach acquired. 

21. There are many examples of some operators offering reduced price fares, or offering 
different ticket types on certain routes as a result of head-to-head competition with 
other bus operators, as well as a few examples due to competition with other modes 
of transport.  

 
 
10 Arriva, Stagecoach, FirstGroup, Go-Ahead, Cardiff Bus, Lothian Buses, EYMS and Transdev (Bournemouth).  
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APPENDIX 7.1 

Performance-concentration analysis 

Introduction 

1. This appendix describes our statistical analysis of the relationship between compe-
tition and outcomes in local bus markets, namely prices and the number of services 
in a local area.1

Summary of findings 

 

2. The study area is Scotland, Wales and England, excluding Greater London. Our time 
frame is cross-sectional, a snapshot of conditions in local bus markets over the three 
months September to November 2009. Competition is measured by the number of 
operators in a local area, and/or by the degree of overlap among their bus routes. 
These measures can also be thought of as inverse measures of concentration in the 
supply of local bus services. To account for the possibility that effects of competition 
on price and the number of services may arise at different levels of geographic 
aggregation, we study these effects at the route level and at the network level. 
Moreover, we allow for the possibility that operators of different sizes may differ in 
their effects on price and the number of services. At times we therefore consider the 
competitive effects of big, medium, and small operators separately. The operators 
referred to as ‘big’ in this appendix are the Large Operators—Arriva, FirstGroup, 
Go-Ahead, Stagecoach and National Express. Those operators that are not big but 
which run more than 5,000 services per week in the reference area are labelled 
‘medium’ operators, and the remainder of operators are labelled ‘small’ (the definition 
of medium and small operators differs slightly from that used to denote Mid-Sized 
and Small Operators elsewhere in the report). 

3. The route-level analysis is undertaken for several thousand local bus routes drawn 
from throughout the study area, ranging in length from 3.2 km to 45 km. The network-
level analysis considers the relatively urbanized parts of our study area. These are 
the around 230 Urban Areas delineated using a methodology devised by the CC.2

4. In all analyses, we have controlled for other factors which may affect prices and 
quality, such as the number of people living in the area or the retail density, and have 
used suitable techniques (instrumental variable regression) to account for the poss-
ible spurious causation of concentration on outcomes. In general, statistical analysis 
may lead to a spurious inference of causation of one variable on another when both 
variables in fact depend on unobserved third factors (a problem known as ‘endo-
geneity’.)  

 

5. Various challenges of measurement confront our analysis. With respect to prices, 
there are two main issues. First, bus operators sell several types of tickets (singles, 
returns, network tickets etc). Second, the data used in this study does not contain list 
prices. To address the first issue, we analyse two different prices: single ticket prices, 

 
 
1 This appendix is accompanied by three annexes. Annex A contains more detailed versions of some of the regression tables 
presented below. Annex B summarizes parties’ criticisms of the analysis in this appendix, and presents the CC’s responses to 
those criticisms. Annex C summarizes further debate on these criticisms, and updates the analysis in certain areas, particularly 
in respect of the network-level frequency analysis. In the discussion below we use footnotes to make reference to pertinent 
parts of the updated analysis in Annex C.  
2 The methodology used to delineate these urban bus network areas is set out in Appendix 4.2. 
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and the average price for all journeys to capture the major influences on bus fares. 
To address the second issue, we infer prices as revenue per boarding. 

6. Quality has some dimensions, such as cleanliness and customer service, that are 
difficult to measure objectively. Other dimensions (such as punctuality and fleet age) 
may be measurable, but complete and reliable data is unavailable to us. We focus on 
one dimension for which we do have objectively measured data: the weekly number 
of bus services operating in a local area (a route, or a larger urban network).3

7. Changes in the number of bus services in a local area combine changes in fre-
quency, in hours of operation, and, for the Urban Area analysis, in the number of 
routes provided. All else equal, the average traveller on a particular bus route will 
benefit if he/she has more services to choose from. An exception might arise if the 
additional services run at times when nobody wishes to travel, and/or if they cause a 
reduction in service at times when people do wish to travel. Since each bus operator 
presumably chooses its timetable so as to increase average ridership, such cases 
appear to be quite unlikely in practice.

  

4

8. At the route level the target sample for the frequency analysis comprises all routes 
operated in the study area by the five Large Operators, plus Transdev.

   

5

9. We find a statistically significant positive effect of competition on the number of 
weekly services run on the route level as well as in Urban Areas. We first focus on 
effects at the level of individual bus routes. Holding fixed a variety of route, operator 
and neighbourhood characteristics, we find that more competition has a positive and 
statistically significant effect on the total number of services run by all operators 
running a route. The overall average effect of an extra rival on a route is estimated to 
be around 12 to 15 per cent. Categorizing rivals by size, the estimate for an 
additional small operator on a route is an increase of around 17 per cent in the total 
number of services. For big and medium rivals, the point estimates are not statistic-
ally significant. The estimates satisfy a variety of robustness checks.  

 We measure 
frequency as the total number of weekly services run by all operators—whether 
Large, Mid-Sized or Small—providing service along all or part of a route in this 
sample. (The contribution to total frequency of each overlapping route is adjusted to 
allow for the proportion by which it overlaps the sample route.) Thus the analysis 
asks how competition affects the combined frequency of all operators, along routes 
served by one of six reference operators. Similarly, frequency at the Urban Area level 
is measured as a count of total weekly services provided by all operators, regardless 
of size. In this case, the analysis asks how the addition of an extra operator to an 
Urban Area affects the total number of weekly services offered by all operators. 

10. At the network level, competition between bus operators also appears to have a 
positive and significant effect on the number of local bus services provided in a given 
Urban Area. The total number of services is shown to be greater in Urban Areas 
where there are a larger number of bus operators—accounting for other differences 
between those areas such as the total population, retail density etc. More precisely, 
in an Urban Area which has one more operator, but is otherwise the same, the total 

 
 
3 We have some data on bus ages at the depot level but we do not know the age of buses used on any particular route. Since 
buses from one depot may be used to run services in different towns—only one-quarter of depots are within 12 km of only one 
Urban Area—we cannot use this information to infer a meaningful average age of buses used in particular Urban Areas. 
4 When we find positive effects on number of services in the following analysis, it should be kept in mind that we have no 
detailed information on simultaneous changes in other dimensions such as passenger comfort and punctuality. Negative 
changes in these dimensions could potentially outweigh positive changes in the number of services. Another situation in which 
greater total frequency of service does not necessarily improve welfare is where a user purchases a multi-use ticket dedicated 
to a specific operator. 
5 In practice, the sample of routes used in the regressions is a subset of this target group. See the notes on the data in 
paragraphs 50–68.  
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number of local bus services is on average between 24 and 32 per cent higher 
(depending on the specification).6

11. If the big operators and medium and small operators are considered separately, the 
number of services is shown to be 20 per cent higher if there is one more medium or 
small operator in an Urban Area, while the effect of a big operator cannot be estab-
lished with certainty. Moreover, this result is somewhat less robust to changes in the 
specification than the result considering all operators jointly.  

  

12. While alternative models yield different conclusions regarding the precise size of the 
effect, almost all models suggest an economically (and statistically) significant 
positive effect of competition on frequencies, both on individual routes and in Urban 
Areas. The exceptions at the route level are a model with a number of outliers 
included (where the estimates may be affected by measurement error in the outliers), 
and a model with many additional, seemingly irrelevant, demographic variables 
added (where such extra variables reduce the precision of the estimates). 

13. In the price analysis, the target sample at the route level is the same as for the 
frequency analysis: all routes in the study area operated by the five Large Operators 
plus Transdev. (The caveat in the footnote to paragraph 8 again applies.) Although 
we measure competition on these sample routes in terms of the presence of all 
operators, regardless of size, the dependent variables—the things we are trying to 
explain—are average prices just of these six operators, as we do not have price data 
from others. The analysis thus asks how competition from any type of operator 
affects a price of one of the six reference operators. This is true also at the network 
level, where the competition measure counts the presence of all types of operator, 
but the price variable is an average price for a given one of the six in a particular 
Urban Area.  

14. The relationship between competition and ticket prices proves to be more difficult to 
pin down than that between competition and frequency. At the route level the 
analysis shows that the extent of concentration (or competition) does not appear to 
affect the price for single tickets once other factors influencing pricing are controlled 
for. However, in some specifications increased competition appears to reduce the 
average price of all tickets. If the big operators, and medium and small operators, are 
considered separately, routes with more medium or small rivals are shown to have 
lower prices.7

15. At the level of Urban Areas, no firm conclusions on the price-competition relationship 
emerge. Price here is taken as an average over all routes in the sample which over-
lap each area. Competition is also an average, across routes, of the extent of over-
laps by rivals’ bus routes. In some model specifications, more competition (ie more 

 Our results suggest that an additional small or medium rival reduces 
prices by around 37 per cent, depending on whether or not fully and partly tendered 
routes are included in the sample, and on how extreme data values are treated. 

 
 
6 This range (24 to 32 per cent) is estimated from an instrumental-variables regression which treats all operators in a network 
as homogenous in terms of their competitive effects. Versions of the regression which classify competitors by size are also 
considered below, although they are inconclusive with respect to differences between larger and smaller operators. The 
updated analysis in Annex C presents ordinary least squares results which are more suggestive of such differences, particularly 
when operator size is interacted with network size. If the competitive effects of additional operators are indeed heterogeneous, 
as suggested by that analysis, then the network-level instrumental variables approach loses precision. The network-level 
results on frequency competition then serve mainly as a check on the route-level results. Annex C emphasizes that the results 
from the two levels of analysis are consistent with each other.  
7 The difference between our finding for the big operators and other operators could be due to operators of different sizes 
having a genuinely different effect on prices for bus tickets, but could also be due to the relatively small variance in the number 
of the big operators running overlapping services on individual routes. (On around 2,200 routes there is no such big rival 
present, on around 600 routes there is one such rival, and two big rivals are the maximum on any route.) It might even be due 
to the fact that the latter enter on routes with certain characteristics which are not fully reflected by the explanatory variables 
included in our regressions. Given the larger number of cost and demand factors included, the latter appears to be unlikely. 
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overlap) appears to have an upward effect on price. However, this finding appears to 
be sensitive to details of the model specification. For example, when we control for 
an operator’s total output, the positive competition effect becomes statistically 
insignificant. The apparent positive effect might therefore be explained by the 
correlation of price with unobserved factors that determine an operator’s underlying 
level of demand. 

16. The positive price-competition effect is also sensitive to details of the model specifi-
cation. It disappears if we change the type of average price used (from all prices to 
single-ticket price), or if we restrict the sample just to the operators facing the most 
direct competition (ie facing the biggest overlaps). It would seem, however, that the 
number of observations is too small to enable us to determine accurately the true 
relationship between average price and competition at this level of aggregation.  

17. Among the various possible reasons for the lack of a pronounced price-competition 
relationship in our analysis, one is simply that the effect may not exist, because, for 
example, prices are set competitively regardless of the degree of concentration in the 
local area.  

18. Alternatively, it may be that an effect exists but is difficult to pin down with the data 
available to us. This technical difficulty could be due, for example, to ticket mix 
effects. Bus operators were unable to provide list prices for the different types of 
tickets. Therefore, we cannot observe ticket prices directly, but infer an average ticket 
price from revenue divided by number of trips. As there are a variety of ticket types, 
including single, weekly, network and concessionary tickets (and prices for a ticket 
type may vary, eg with length of journey), the average price of a journey on a certain 
route depends on the mix of tickets used by passengers on that route. The relation-
ship between competition and the average price of some or all of these ticket types is 
likely to vary in complex ways with demographic and other characteristics of the local 
area. This is not just because there are multiple prices over which to average, but 
also because an operator’s choice of any single price (eg for single tickets) will affect 
its optimal price for other types of ticket (eg weeklies). It is difficult to measure 
accurately this complex relationship between competition and multi-dimensional 
prices in the relatively small number of Urban Areas which comprise our study area.  

19. In sum, our analysis yields some evidence that competition in the provision of local 
bus services tends to reduce the price for local bus journeys at least as far as the 
average price for any type of ticket on the route level is concerned. However, overall 
the evidence, with respect to prices, is mixed. In certain specifications there is no 
effect (in particular, competition is not shown to have a significant effect on the prices 
of single tickets, at either the route or network level), and in a few network-level 
specifications there is even a positive effect (although these cases are not robust to 
changes in the model specification). This conclusion of mixed evidence is not altered 
by any of the criticisms of the price analysis raised by parties and considered by us in 
Annexes B and C. Indeed some of the parties’ criticisms simply reiterate caveats 
already mentioned in this appendix. 

20. A statistically significant positive competition effect does appear to be present with 
respect to the total number of weekly services provided, at both the route and 
network levels. We find that higher competition is associated with more weekly 
services and this finding is robust to a variety of checks. 

21. It may be thought contradictory to find a statistically significant competition effect with 
respect to frequency of service, but only mixed statistical significances with respect to 
prices. In fact there is no such contradiction. The finding of mixed price effects 
reflects the ‘noise’ in each of the two price measures, and should not be construed as 
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showing that there is definitely no effect of competition.8 It may be that such an effect 
is present, but is difficult to estimate precisely given the current dataset. For example, 
in the route-level price analysis below we estimate the effect of an extra rival on the 
price of single tickets to be –0.9 per cent, all else equal, an estimate which is not 
statistically significantly different from zero.9 However, the 95 per cent confidence 
interval for this estimate shows that the effect of an extra rival could be anywhere 
from –12 per cent to +11 per cent, a broad range consistent with either negative or 
positive price effects.10

Structure of appendix 

 

22. The remainder of the appendix describes: 

(a) the methodology used;  

(b) the underlying data set; and 

(c) results of the econometric analyses conducted to assess how concentration on 
routes or in Urban Areas affects: 

(i) the prices for single tickets and the average price for all tickets; and 

(ii) the number of services run. 

The methodology  

23. Our investigation asks whether the structure of the bus industry in local areas has an 
impact on outcomes for consumers, in terms of the price and quality of service 
received. The geographic scope of this exercise, henceforth referred to as the 
reference area, comprises Scotland, Wales and England excluding Greater London. 
Our price-concentration analysis asks whether more competition leads to lower 
prices for bus journeys, while our frequency-concentration analysis looks at whether 
more competition leads to a greater total number of local bus services running on a 
route or on a network of routes.  

24. To determine the relationship between competition (or inversely concentration) and 
price or the number of services run, we use a reduced form approach, which is the 
method commonly used in price-concentration studies. Focusing on reduced form 
models is advantageous since we are only interested in the relationship between 
competition and price or service and do not aim to develop or test a model of oper-
ator behaviour, and also because this approach does not rely on any of the assump-
tions underlying structural approaches which implement and test a theoretical model 
—assumptions which are usually hard or impossible to verify. (See also paragraph 
97 below.) 

25. This type of analysis is very common in competition inquiries. A classic example is 
the Staples/Office Depot merger in the USA. In the UK, this approach has recently 
been used in the Groceries investigation to assess the effect of concentration on 

 
 
8 Sources of noise in the price measures are discussed in this appendix in paragraphs 18, 70, 74, & 75 and in Table 3, and also 
in Annex B, paragraphs 11 & 12, and Annex C, paragraphs 63 & 64.  
9 See model PR1 in Table 6 below. 
10 A further explanation for differences between the price and frequency analyses is that, as noted above in paragraphs 8 & 13, 
in the former analysis the dependent variable (price) is measured just for the six reference operators, while in the frequency 
analysis it is measured for all operators. See also paragraph 49 below.  
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local profitability of supermarkets.11

26. Two particular practical problems need to be addressed to ensure that the con-
clusions from such analyses are valid.  

 The OFT report on the first phase of this inquiry 
into the provision of local bus services also relies on the results of a price-
concentration study. 

27. First, it is important to determine the relevant geographical area for the analysis. This 
implies that the researcher(s) need(s) to rely on additional information to judge at 
which level of geographical aggregation the effect of concentration on, for example, 
price might arise (for example, within towns, areas around shops or depots, at the 
level of counties or government office regions, etc). The geographic levels chosen for 
our analysis are described below. 

28. Second, researchers typically also need to account for a more technical problem in 
the estimation procedure, namely the potential endogeneity of the concentration 
measure which may lead to a spurious inference of causation of concentration on 
price or number of services if simple regression methods (ordinary least square 
regressions) are used. As we will explain below, this problem also needs to be 
addressed in our study. 

Endogeneity 

29. In our analysis, we need to address the potential endogeneity of market structure 
both in the analysis of the price-concentration relationship and the frequency-
concentration relationship. 

30. Both market structure and outcomes (prices and number of services) may be 
affected by some unobserved factors. These factors may confound the observed 
relationship between market structure and prices and lead to a spurious finding of a 
negative causal relationship between competition and prices or service quality. 
Alternatively they could lead to a false negative, ie a failure to detect the relationship 
although it is present in the data. The following examples illustrate this issue.  

31. Unobserved characteristics such as a high preference for bus travel in the local 
area—caused, for example, by a policy which discourages car use—may lead to 
higher bus demand than expected (since this preference is not reflected in the avail-
able data). Such preferences may attract a large number of bus operators and simul-
taneously raise ticket prices. Although the additional competition may have its own, 
separate, effect on prices, this will be hard to discern because both variables (com-
petition and price) are also affected by the unobserved high preference for bus travel. 
Unobserved third factors may thus obfuscate the true relationship between concen-
tration and ticket prices—a false negative. 

32. Unobserved characteristics of local traffic conditions, in contrast, may lead to higher 
costs of operation than expected. These high costs may discourage entry of bus 
operators, but may still lead to relatively high prices. In this case, we would observe a 
negative correlation between ticket prices and the number of operators which is 
driven by unobserved cost factors (not greater competition). 

33. The same reasoning applies to the relationship between frequency and concen-
tration. Again, unobserved demand factors may lead to a higher number of bus 

 
 
11 See Appendix 4.4 of the final report on the Groceries Market Investigation dated 30 April 2008: www.competition-
commission.org.uk/rep_pub/reports/2008/fulltext/538_4_4.pdf. 

http://www.competition-commission.org.uk/rep_pub/reports/2008/fulltext/538_4_4.pdf�
http://www.competition-commission.org.uk/rep_pub/reports/2008/fulltext/538_4_4.pdf�
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operators (or larger overlap of local bus routes) and may induce operators to run a 
larger number of services. Unobserved cost factors, in contrast, may discourage 
operators and could thus reduce the number of operators as well as the number of 
services provided. 

34. We deal with this problem of unobservables using the econometric method of 
‘instrumental variables’. These are auxiliary variables which are believed to shift the 
competition measures (number of rivals or extent of overlap) around, but which are 
not affected by the unobserved factors. We ‘filter out’ the problem by focusing on 
situations where changes in competition are caused by these auxiliary variables, 
rather than by the unobserved factors. The suitability of a given indicator or indicators 
for inclusion among the auxiliary variables (or ‘instruments’) is usually in part an 
assumption, rather than a verifiable fact. Different variables may be exogenous 
shifters of competition at different levels of competition, eg on the route level or on 
the Urban Area level. The set of instruments in those analyses therefore does not 
need to be the same in both analyses.  

35. To be valid instruments, the candidate variables need to fulfil two conditions: 

(a) They should, at least to some extent, be correlated with the potentially endogen-
ous variable. 

(b) They should be exogenous, that is not correlated with the omitted unobservable 
factors that determine price or frequency.  

36. The instruments used in our analyses of the price-concentration and frequency-
concentration relationship are discussed in paragraphs 39 and 43. Given any 
candidate instrument and the data on the other variables in the regression, both of 
the above conditions can be subjected to a certain amount of testing. In general, 
condition (a) is somewhat more amenable to such testing, in the sense that condition 
(b) must almost always be justified, at least in part, by appealing to assumptions. 

37. In our analysis, we consider standard tests for both conditions (a) and (b). With 
respect to (a), the danger is that the instruments may be ‘weak’, ie not strongly 
correlated with the endogenous variable(s), conditional on all the other controls (such 
as demographics) that are included in the regression. It is known that the 
instrumental-variables technique may perform poorly if the instruments are weak, in 
the sense that it leads to biased estimates and misleading statistical significances. A 
recent econometric literature develops tests for diagnosing this problem, and we 
implement some of those tests in our regressions.  

38. With respect to condition (b), the danger is that the supposed instrument may 
actually be correlated with some unobservable factor (such as an unobservable 
factor influencing demand) that affects the number of services on a route. We can 
test for this possibility if we have more instruments than endogenous variables. Since 
we only actually need the same number of instruments as there are endogenous 
variables, by assuming that at least that many instruments are valid (ie satisfy 
condition (a)), we can test the validity of any supernumerary instruments. (Although 
such instruments may be supernumerary, they may not be superfluous, because they 
may add explanatory power to the regression.) This is a standard testing technique 
(called a test of ‘overidentification’) which we also implement in our analysis. It is 
nevertheless ultimately based on the assumption that at least some of the 
instruments are valid. 
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Instruments used in the analysis 

39. At the route level, we instrument the potentially endogenous competition measures, 
whether measured as a total number of operators or split into size categories, using 
the variables listed at the bottom of Table 2. These variables measure: (a) presence 
of rivals’ depots in the vicinity of the route, (b) presence of operators with depots in 
the vicinity of the route, (c) distances to these depots (also split by operator size), 
(d) distances to own nearest depots, (e) the share of major roads in the area around 
the route, and (f) the distance from the Urban Area to London. These variables are 
assumed to be correlated with the number of operators, but uncorrelated with un-
observed factors affecting price or frequency, conditional on all the other controls in 
the model. That is, these variables are assumed to affect only price or frequency 
through their correlation with the observed explanatory factors in our models.  

40. Instruments of types (a), (b) and (c) capture the notion that the entry of rivals on a 
route is more likely when they have a depot nearby. The motivation for the measures 
in (d) is that the presence of an own depot nearby may deter rivals from entering, and 
thereby reduce the amount of competition on the route. The share of major roads in 
the vicinity (e) may make a route more attractive to bus operators, while it will not be 
related to omitted factors such as transport policies, or depot- or operating company 
(‘opco’)-specific efficiency differences.  

41. Distance to London (f) is considered since London, which is outside our study area, 
might still affect surrounding markets which are in our sample. An operator with 
several depots in London would likely find it less costly to monitor and manage 
depots in surrounding markets. Furthermore there may be cost savings arising from 
the ease with which buses can be shifted from London to surrounding markets, and 
vice versa, according to seasonal changes in demand.12,13

42. We see good reason to believe that these variables are unrelated to the price of 
tickets and the total frequency of service other than through their influence on rivals’ 
choices of whether or not to compete on a route. Therefore, the measures listed 
under (a) to (e) are valid instruments. 

 

43. At the Urban Area level, we consider the following variables as instruments (listed in 
Tables 4 and 5): (a) the number of operators with depots in the vicinity (within 12 km) 
of the Urban Area, split into the number of big operators, medium operators and 
small operators; (b) the average number of operators and the average number of big 
operators in other Urban Areas within 40 km; (c) the distance to the closest Urban 
Area with a big operator, and analogously a medium or small operator; (d) the 
average population of other Urban Areas within 40 km, and the average number of 
persons above working age in other Urban Areas within 40 km; (e) the share of major 
routes in all routes in the given Urban Area; and again (f) the distance from the Urban 
Area to London.  

44. Again, instruments of types (a), (b) and (c) capture the notion that the entry of rivals 
is more likely when they have a depot in the vicinity or if they are already present in 
areas nearby. A larger population, or number of working persons, in the wider area 
(d) and a larger share of major roads in the network area (e) may make a given 

 
 
12 For simplicity, we do not truncate the distance, although it is certainly likely that any distance-to-London effect peters out well 
before we get to, for example, Scotland. We have tried in some specifications versions of this instrument which truncate the 
distance at around 80–150 km, and no major changes in the results are apparent. 
13 In response to comments on earlier analyses, the role of this distance-to-London instrument has been de-emphasized as 
work on the econometric analysis has progressed. This instrument is not used in the route-level frequency analysis, and in the 
network-level frequency and route-level price analyses it is only used in exploratory regressions. To quote from Annex C, this 
instrument ‘has only a peripheral relationship to the main findings’ (Annex C, paragraph 74). 
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Urban Area more attractive to bus operators, but would not be directly related to 
prices and frequencies in that area or related to omitted factors (such as local 
transport policies or depot- or opco-specific efficiency differences). It thus appears 
plausible that these variables are unrelated to the price of tickets and the total 
frequency of service other than through their influence on bus operators’ choices of 
whether or not to compete on a given network. 

45. In the following, it will be noted that we sometimes use several more instruments 
than are technically required to estimate the model. When extra instruments are 
used, it is always possible that they do not have as strong a correlation with the 
endogenous variable as a few ‘key’ instruments. In this sense, some of the extra 
instruments may be ‘weak’, raising concerns about the weak-instrument bias referred 
to above in paragraph 37. We find, however, that the results using the larger and 
smaller sets of instruments do not substantially differ. Moreover, both larger and 
smaller specifications typically pass the diagnostic tests for the weak-instruments 
problem discussed above (see the detailed regression results in Annex A for details).  

Levels of analysis 

46. Bus transport does not segment neatly into distinct units of analysis because of the 
complex geography of consumer locations and because of the many ways that oper-
ators can combine routes into interlocking and overlapping networks. 

47. A route-level analysis, focusing on single point-to-point trips, may miss important 
aspects of how a given route—and the number of services run on that route—fits into 
the overall network. Also, operators may not set prices at the route level since cus-
tomers may find price differences between routes in their area inconvenient or 
confusing and may choose to avoid this complication by not going by bus. Some of 
the effects of concentration, or conversely competition, may thus arise only in a 
network of neighbouring routes. (See paragraph 49 for further discussion of this 
point.)  

48. A network-level analysis requires that we average prices, driving distances, compe-
tition measures and other factors influencing prices or frequencies in the given Urban 
Areas, thereby potentially averaging out potential effects of concentration. The latter 
could be true, for example, if for some reason the effect arises only in the southern 
part of an Urban Area, but not in the northern part. Reasons could be a very different 
population density or socio-economic stratification in different parts of the area. (We 
use the terms network and Urban Area interchangeably.) 

49. We run the price and frequency analyses at both the route and the network level to 
allow for the possibility that any particular level of geographic focus does not capture 
all aspects that are relevant to the provision of local bus services. It can be argued 
that price and frequency analyses are suited to different levels of geographic 
aggregation. The price of bus travel for a given type of ticket on a given route may be 
subject to constraints from other routes in the same Urban Area. For example, an 
operator may have a single network-wide flat fare for single tickets, set in response to 
the average conditions prevailing in a whole Urban Area.14

 
 
14 See Annex B, paragraph 13, for further discussion of flat fares. 

 Prices of travelcards and 
other multi-use tickets would be set similarly, if these tickets are usable on multiple 
routes. If present, such constraints would make the price on any given route less 
responsive to the details of competition around that particular route. Therefore it 
might be argued that the Urban Area is the more appropriate level of analysis for 
prices. On the other hand total frequencies may be more suited to analysis at the 



A7(1)-10 

route level. This is because operators would have more freedom to vary frequencies 
from route to route in response to quite localized variations in demand and compe-
tition. While the complexities of scheduling no doubt sometimes cause a service to 
run with a less-than-optimal load factor, it is clear that the dominant factors in setting 
route-specific service frequencies will be the local demand, and the nature of compe-
tition, around each particular route.15 There would be no need for an operator 
systematically to maintain high frequencies on certain routes just because it has high 
frequencies on other routes in the same Urban Area.16

Data and variable construction 

 

50. Two key data sources underlie the empirical work which is set out in this appendix. 
The first is the Traveline database, based on the DfT’s National Public Transport 
Data Repository which provides a snapshot from October 2009 of the locations, 
paths, and timetables of all bus routes in the UK. More information on the database, 
and the steps taken by the CC to prepare it, are set out in Appendix 4.1.17

51. Local bus networks are approximated by the Urban Areas derived using the method-
ology set out in Appendix 4.2. These network areas are centred on urban centres of 
population. The Urban Area level analysis thus does not cover routes that are located 
entirely in rural areas or urban centres with populations under 30,000 unless they are 
part of the same network as a larger local area.  

 The 
second key data source is comprised of data collected from the Large Operators and 
Transdev relating to the patronage, revenue, cost and operational performance of 
their routes and depots in our study area. Routes were matched between the two 
databases using the methodology set out in Appendix 4.1. Since we have timetable 
and route information only for October 2009, we match it to the operators’ data for 
the surrounding quarter, namely the three months from September to November 
2009. (Using that quarter instead of the month of October reduces the noise in the 
data.) 

52. The operators in the sample include the Large Operators (Arriva, FirstGroup, 
Go-Ahead, Stagecoach and National Express) and Transdev, as the next largest 
Multi-Regional Operator. Transdev runs a large number of services in a greater 
number of Urban Areas than any other Mid-Sized Operator.  

53. For matched routes, the operators’ data gives us information on the operator’s 2009 
prices of capital, fuel and tyre inputs at the depot servicing the route.18

 
 
15 This is clear from our route-level frequency analysis, which shows the elasticity of total frequency with respect to population 
around the route to be very close to one. See, for example, model FR2 in Table 2 below.  

 The price of 
capital is a weighted average of an interest cost (which is constant across depots) 
and bus-type-specific depreciation rates (which vary with differences in fleet com-
position across depots). We also need a price for labour inputs, which we derive by 
combining region-specific wages from ONS sources with information on depots’ 
wage costs from our data request. Where the sum for the chosen three months 
would not be sensible, eg for input prices, we average the monthly values for vari-
ables from these depots over the three months bracketing October 2009. ONS and 

16 The greater suitability of the route level for the analysis of total frequencies is another potential reason for the differences 
between the price and frequency results discussed above in paragraph 21.  
17 As set out in that appendix, although the quality of this data is good—it underlies the online journey planning service of 
Traveline and Transport Direct—we are aware that it is likely to contain some inaccuracies. Our auditing efforts suggest that the 
likely incidence of such inaccuracies is low, however. 
18 In order to make data comparable across operators, the CC went through a process of ‘recalendarizing’ the operators’ data. 
In particular, we used the operators’ data to construct daily averages for each variable for each of their financial periods, and 
then derived calendar month estimates by allocating these daily estimates to months on the basis of the overlap between each 
financial period and each calendar month. 
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GROS data and additional sources give us detailed information on the neighbour-
hoods through which each route passes, such as demographic characteristics and 
key locations such as rail stations and bus stops. 

54. Demographic information is calculated using Census 2001 output area data collected 
by the ONS (and GROS in Scotland). In most instances, we use CACI-produced, 
transformed versions of this data, which provides more recent estimates, for 2006. 
Household income is taken from output-area level CACI Paycheck data, also for 
2006. In the route-level analysis, we look at demographics in a buffer of 500m around 
each route. More specifically, we use the proportion of each output area which over-
laps a route’s buffer to calculate a weighted average estimate for each demographic 
variable of interest within that buffer. Similarly, when we look at the presence of local 
points of interest (which are taken from both the DfT’s Accession ‘destination’ data 
for 2009 and a MapInfo mapping product, GBPRO, which contain geocoded lists of 
such features), we consider their presence in a buffer of 500m around a route. At the 
network level, we construct our control variables by considering the output areas, and 
points of interest, which lie inside the Urban Area itself.  

55. Not all routes in the data request could be matched to the routes of the six operators 
included in the Traveline database, and vice versa, but after careful investigation we 
were able to come up with a base sample of several thousand matched routes. This 
includes several hundred entries for ‘routes’ in the data request which in fact refer to 
a collection of routes. Generally this grouping of routes has taken place for bundles 
of related routes at the same depot. The revenues and boardings are known only for 
the ‘bundle’ of such routes and cannot be split out for each route included in the 
bundle. In addition to the bundling of routes within the same route group, for example 
routes that run additional distances only at certain times of the day, or routes that 
diverge at a certain stop to serve different population centres, some individual entries 
may in fact group several quite distinct routes. To prevent such observations from 
distorting the results, we drop entries which include more than one route from the 
route-level analysis. Since the network analysis does not necessitate a distinction 
between individual routes, we include such ‘bundles’ of routes (‘multiroutes’) in the 
Urban Area analysis. For ‘multiroutes’ which include no more than two routes, we are 
able to make a reasonable imputation of boardings and revenues for each route 
using the information on number of services per week in the DfT data.  

56. The single ticket price is calculated as the given operator’s total revenue from sales 
of single tickets on buses on the given route divided by the total number of boardings 
with a transaction for single tickets on buses of the given operator on that route. We 
deliberately exclude revenues for single tickets sold elsewhere and boardings without 
a transaction since we understand that bus drivers may not always accurately record 
the number of boardings without a transaction. An average price for single tickets 
including off-bus sales and boardings without a transaction would hence most likely 
be an inaccurate measure of the actual price of a single ticket on a given route. 

57. The average ticket price is calculated as the total revenue from the sale of all types of 
tickets regardless of the point of sales (ie those sold on buses and those sold off-bus) 
divided by total boardings (with and without a transaction). Total boardings includes 
concessionary passengers, and total revenue includes any revenue for such passen-
gers, whether received directly from the passenger or as a compensating payment 
from a transport authority. Some imprecision will be introduced into this variable by 
the possible inaccurate recording of boardings without a transaction.  

58. The price of single tickets and the average price for bus trips including all types of 
tickets are the dependent variables considered in our price-concentration analysis. 
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59. The dependent variable ‘frequency’ in our route-level frequency-concentration 
regressions is the total number of weekly services run on any given route. A simple 
measure of this frequency would be the total number of services, regardless of oper-
ator, running along the route within a period of a week. However, the routes of differ-
ent operators rarely completely overlap, and furthermore the density of bus traffic 
(passengers per bus) varies along a route. To incorporate these complications, we 
construct a weighted measure of aggregate frequency, which effectively measures 
the number of weekly services running on an average section of the route, given the 
variations in overlap and population density along its path. 

60. Specifically, consider two alternative measures of total frequency. Suppose that a 
given route A is overlapped by just one other route B, but only for y per cent of its 
length. (B could be a route of the same operator as route A, or a different operator.) 
Let freqA and freqB be the weekly number of services on A and B, respectively. Then 
our first measure of the total weekly frequency on route A, FREQ1, is defined as: 
FREQ1 = freqA + (y/100)freqB. The frequency of overlapping routes is thus down-
weighted when they do not completely overlap the given route. 

61. Our second measure allows for the fact that the overlaps most valued by consumers 
are those that coincide with their desired journeys. We do not have detailed infor-
mation on where passengers actually embark and disembark, but we can proxy 
those locations by the population density in the vicinity of each section of a route. A 
greater population density should imply a higher demand for boardings in the immed-
iate neighbourhood.  

62. With this in mind, we first divide each route into a number of discrete sections, and 
then calculate the population density in the vicinity of each of these sections, pr, and 
the average population density across all road sections passed by the route, p*. Our 
second total frequency measure, FREQ2, weights the contribution to total frequency 
of a given route section by this ratio pr/p*. In the preceding example of routes A and 
B, let p1 be the population density on the sections where A and B overlap, and let p* 
be the average population density across all road sections which the route passes. 
Then FREQ2 = freqA + (y/100)(p1/p*)(freqB). We use FREQ2 as our preferred 
frequency measure, but also run our main regression with the alternative FREQ1 to 
check that the results are robust to changes in the way frequency is measured. 

63. A restriction on the above two frequency measures is that, to discount very small 
overlaps between routes, we only count the frequencies of routes which overlap the 
given route by at least x km, where x is a chosen threshold. Our preferred specifica-
tion sets x to 3.2 km, but we also consider alternatives with x set to 2 km, or to zero. 
Approximately 66 per cent of bus journeys are longer than 3.2 km. Moreover, only 
1.3 per cent of the routes in our sample are shorter than 3.2 km. Therefore, we most 
often use the latter threshold. As we do not have data on the profile of passenger 
journeys along the routes in our database, the choice of any threshold to distinguish 
meaningful and irrelevant overlaps is likely to result in both type 1 (wrongly identifying 
irrelevant overlaps as relevant) and type 2 (wrongly identifying relevant overlaps as 
irrelevant) error. The choice of threshold should therefore seek to minimize both of 
these errors. We believe that a threshold of 3.2 km minimizes the risks of over- and 
undercounting overlaps.  

64. We measure the amount of competition in two ways: as a simple count of the number 
of rivals, and as the proportion of an operator’s route or routes that is overlapped by 
the routes of rival operators. When counting the number of rivals, we at times con-
sider big operators and the remaining operators separately. At the route level, we 
count only rival operators with routes overlapping the given route by at least 3.2 km, 
since the majority of all local bus journeys are longer than that distance. Very short 
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overlaps are less likely to impose a constraint on the operator which runs the route. 
See the discussion in Appendix 4.4 for more details.  

65. In our alternative competition measure, the degree of overlap, we simply sum the 
proportion by which all rival routes overlap the given route. Two qualifications are 
that: (a) as in the simple count of rivals, we impose a minimum threshold of 3.2 km 
for inclusion of any rival route in the overlap count, and (b) we weight the overlaps of 
rival routes according to the similarity of their timetable with that of the given route. 
The latter restriction takes account of the fact that rival routes are only in effective 
competition with a given route if they run at similar times of the day and week. We 
also test whether the results are sensitive to the choice of threshold. 

66. A common problem in econometric analysis is the problem of outlying observations. 
At issue is the question of how extreme an observation has to be before it is judged 
as an ‘obvious’ error. If all observations are measured accurately, then there should 
be no deletion of outliers. If measurement error is clearly evident in some degree (as 
in bus routes with zero fuel costs), then the problem is more complex. Data values 
that are extreme, but accurately measured, can add explanatory power to a regres-
sion. By the same token, extreme values arising from gross measurement error can 
seriously bias the results. Although there are no hard-and-fast rules for resolving this 
paradox, a standard approach is to test the sensitivity of any statistically significant 
estimates to the deletion or inclusion of extreme data values. If a result holds up with 
or without outliers, then we can have more confidence that it is not simply an 
unfortunate consequence of inaccuracies in the data. This is the approach adopted 
here. 

67. Table 1 below shows the samples of our data used for our base models. Additional 
robustness checks include changing the definition of outliers, and testing sensitivity 
to the inclusion or exclusion of tendered or supported routes. These robustness 
checks are discussed in detail in the individual sections below. 

TABLE 1   Data samples used in the performance concentration analysis 
Analysis Sample used for the base model(s) 

  Route-level price-concentration analysis Commercial and supported routes, excluding outliers 
Urban Area level price-concentration analysis Commercial and supported routes, excluding price outliers only 
Route-level frequency-concentration analysis Commercial routes, excluding outliers 
Urban Area level frequency-concentration analysis Commercial and supported routes, not excluding outliers 

Source:  CC analysis. 
 

 
68. The summary statistics discussed below are those for the full samples, including 

commercial and supported routes and (unless otherwise stated) observations 
classified as outliers. 

Summary statistics: route-level analysis 

69. Table 2 shows summary statistics at route level for price, frequency and competition 
measures, and for the other variables used in our regression analysis. Our chosen 
instrumental variables are shown as a separate group at the end; the motivation for 
these is discussed in the next section of this appendix. We have deleted routes over 
45 km in length from our sample, so as to focus more on local bus competition to 
maintain comparability of the routes in our sample. (Thereby we exclude routes 
which are most likely very long rural services or interurban services.) After these 
deletions, the routes in our sample range from 2.3 to 45 km in length, with an 
average of 16.8 km. (The median is 14.4 km.) 
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70. Our indicators for the prices of single tickets, and of average ‘total’ price (all revenues 
divided by all boardings), are represented in the table as PSIN and PTOT respec-
tively. There is a substantial amount of measurement error in these indicators, since 
they are not directly observed prices, but are instead computed as average revenues 
per boarding. The table reports statistics for these two variables after deletion of the 
top and bottom 5 per cent of observations. This deletion gets rid of clearly erroneous 
prices, such as zero, or prices in the hundreds of pounds. Even after these deletions, 
some measurement error in these prices may remain, although omitting the observa-
tions with the most severe outliers addresses this problem to a great extent. Assum-
ing that the error is random, in the sense that it is unrelated to any of the observed 
variables in our model, it will not bias our estimate of the price-competition effect in 
any particular direction. It will, however, add noise to the estimate, so that the price-
competition effect is measured with less accuracy. 

71. Weighting by overlap and population density, the data shows an average of about 
750 total services per week running on each of the routes in our sample. (An out-
and-back trip counts as two services.) The distribution of this measure is quite broad, 
ranging from just two services per week to almost 10,000. (Total frequency includes 
own routes as well as rivals’ routes.) Trimming the upper tail by just 1 per cent 
reduces the maximum to 3,453. 
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TABLE 2   Summary statistics of the route-level data set, 2009 
Variable Description Mean Std dev Min Max 

      
FREQ1 Total frequency, weighted by propn of overlap only, 

x=3.2km 
888.33 786.50 4.00 9,048.01 

FREQ2 Total freq, weighted by propn of overlap and popn 
density, x=3.2km 

770.08 754.71 2.00 9,688.77 

PSIN Av single ticket price, for boardings with a 
transaction on the bus (£) 

2.02 21.64 0.00 1,230.74 

PTOT Av ticket price (incl all ticket types; on-bus and off-
bus sales, £) 

2.65 17.57 0.00 904.48 

      
NUMOPS No of op on the route (excl owner of the route) , not 

weighted 
1.81 1.84 0.00 14.00 

BIGOPS No of big op on the route (excl owner of route) , not 
weighted 

0.27 0.51 0.00 2.00 

MIDOPS No of medium operators on the route, not weighted 0.21 0.45 0.00 3.00 
SMALLOPS No of small operators on the route, not weighted 1.33 1.60 0.00 14.00 
MIDSMALLOPS No of medium & small operators on the route, not 

weighted 
1.54 1.69 0.00 14.00 

NUMOPSW No of op on the route (excl owner of the route) , 
50% simil of timetable 

0.49 0.94 0.00 12.00 

BIGOPSW No of big op on the route (excl owner of route), 75% 
simil of timetable 

0.15 0.39 0.00 2.00 

MIDOPSW No of medium operators on the route, 50% simil of 
timetable 

0.07 0.26 0.00 2.00 

SMALLOPSW No of small operators on the route, 50% simil of 
timetable 

0.27 0.74 0.00 11.00 

MIDSMALLOPSW No of medium and small operators on the route, 
50% simil of timetable 

0.34 0.80 0.00 11.00 

LENGTH Length of route (km) 16,858.60 9,841.66 2,328.86 45,015.08 
KPRICE Price of capital at depot to which route belongs 

(weighted ave %) 
0.31 0.03 0.26 0.38 

LPRICE Driver wage per hour, in 2009 £ 10.43 0.71 8.72 11.66 
MPRICE Weighted av of fuel and tyre prices at depot, in 

2009 p/mile 
36.64 11.06 6.94 93.43 

POPN Population within a 500m buffer around route (’000) 31,778.51 20,734.36 1,087.12 158,294.10 
UNEMP Proportion of POPN unemployed 0.04 0.01 0.01 0.11 
AB Proportion of POPN in socio ec classes A or B 0.13 0.04 0.04 0.31 
CHILDREN Proportion of POPN under 15 years 0.18 0.03 0.06 0.27 
DAYTIMEPOP Ratio of total daytime popn to POPN 0.75 0.39 0.14 5.85 
HHOLDSIZE Av h’hold size in a 500m buffer around route 

(persons) 
2.27 0.13 1.64 3.18 

SHARECONC Proportion of POPN above working age 0.20 0.04 0.06 0.48 
RETAILDENS Av no of retailers per 1,000 population in a 500m 

buffer around the route 
9.14 4.87 0.51 51.83 

CARS Proportion of h’holds in a 500m buffer owning a car 0.67 0.09 0.28 0.94 
INCOME Av income in a 500m buffer around route (£’000) 29,700.78 3,964.51 21,050.2

5 
49,809.26 

RAIL No of rail stations in a 500m buffer around the route 1.85 2.04 0.00 15.00 
BUS No of bus stops in a 500m buffer around the route 248.83 158.88 10.80 1,201.50 
AROADS Proportion of the route spent on A-class roads 0.35 0.23 0.00 0.99 
BROADS Proportion of the route spent on B-class roads 0.15 0.18 0.00 0.98 
      
AREABIGOPS No of big operators with depots within 12 kms of the 

route 
0.66 0.77 0.00 2.00 

AREAMSOPS No of medium and small operators with depots 
within 12 kms of route 

6.33 5.30 0.00 30.00 

AREAMIDOPS No of medium operators with depots within 12 kms 
of the route 

0.34 0.58 0.00 4.00 

AREASMALLOPS No of small operators with depots within 12 kms of 
the route 

5.98 5.08 0.00 30.00 

AREABIGDEPS No of depots of big operators within 12 kms of the 
route 

1.26 1.84 0.00 10.00 

DISTBIGMID1 Av distance to nearest depot of other big or medium 
op (km) 

12.83 17.27 0.01 208.44 

DISTBIGMID2 Av dist to 2nd nearest depot of other big or medium 
op (km) 

19.13 19.15 0.07 260.68 

DISTOWN1 Av distance to nearest depot of the op of the given 
route (km) 

1.62 2.62 0.00 28.77 

DISTLON Distance to London 219.73 153.67 0 829.31 
MAJROADS Share of larger roads 0.22 0.08 0.02 0.64 

Source:  CC analysis. 
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72. Apart from the ‘owner’ (ie the operator of the route with respect to which overlaps are 
defined), there are on average 1.81 operators present on a route (overlapping by at 
least 3.2 km), with a minimum of zero and a maximum of 14. About 65 per cent of 
routes have at least one medium or small rival present, whereas only about 25 per 
cent of routes have at least one of the big operators as a rival. Less than 5 per cent 
of routes have two of the big operators present as rivals. It is much more likely that 
these rivals are medium or small operators than one of the big operators included in 
our sample. 

73. The prices of capital, labour, and fuel and tyres, respectively represented by 
KPRICE, LPRICE, and MPRICE, were used previously in the CC’s econometric 
study of bus-operator cost functions.19

74. The summary statistics in Table 2 also show that the average price for all journeys 
(including on-bus and off-bus transactions) is higher than the average price for single 
tickets bought on buses. However, the median price for single tickets bought on 
buses is £1.50, while the median price for all tickets is £1.41. The median is less 
sensitive to outliers and measurement error than the mean which can be heavily 
influenced by just one very large or very small value.  

 KPRICE is a depot-level measure of economic 
capital costs which sums the interest and depreciation costs on the capital invested 
in a depot’s bus fleet. The depreciation component is a weighted average of depre-
ciation rates specific to particular bus types, reflecting variation in fleet composition 
across depots. We take the price of labour from ONS data on wages for transport 
drivers by region, adjusted for a firm-specific premium which we calculate from the 
data on wage costs in our data request. The materials price is a weighted average of 
fuel and tyre costs (with a 94 per cent weight on fuel), both calculated from the 
responses to our data request as prices per mile. Thus by construction our estimated 
fuel price takes account of the variation in traffic conditions from depot to depot, 
which will cause different depots to operate with different fuel efficiencies. 

75. Table 3 summarizes factors which affect the relation between the price of single 
tickets and the average price of all tickets which may explain this observation. Total 
revenues include any concessionary revenues received from local government allo-
cated to this route, as well as (if applicable) any revenues received from the sales of 
tickets to part-subsidized concessionary passengers. The observation that the aver-
age price for all tickets is higher than the price of single tickets bought on buses 
suggests that the factors (3) and (4) below outweigh (1) and (2). As explained above, 
the median price for singles is higher than the median price of all tickets—which is a 
plausible relationship of these prices (£1.50 and £1.41 respectively). That suggests 
that the measurement error implied by (3) causes some values of the average price 
to be unreasonably large, which affects the mean price more than the median. 

 
 
19 See www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/econometric_analysis_bus_operator_costs.pdf. 

http://www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/econometric_analysis_bus_operator_costs.pdf�
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TABLE 3   Factors which influence the price for single tickets and the average price of tickets for all bus journeys 

Factor 
Effect on the 
relative price 

  (1) Average concessionary fares are cheaper than single tickets. ptot < psin 

(2) The average fare per journey on network tickets is lower than the average price of a single ticket bought 
on-bus (otherwise it would not be rational to buy a network ticket). ptot < psin 

(3) Concessionary boardings and boardings on network tickets often do not involve a transaction and are not 
always accurately recorded. The total number of boardings used for the calculation of the average price of 
all tickets may thus be understated. ptot > psin 

(4) A network ticket or multi-journey ticket rather than two single tickets may be used for long journeys, also 
those involving a change of bus. Since journeys involving changes are likely longer than those made using 
single tickets, a greater length of the journey may be a reason why the average price of the ticket is higher 
than the price of a single ticket. If the price of single tickets varies with journey length, for example 
because fare stages are used, this will ‘bias’ the average single ticket price towards the lower price for 
short trips. ptot > psin 

Source:  CC analysis. 
 

 

Summary statistics: Urban Area frequency analysis 

76. At the Urban Area level, we have different sample sizes for the frequency and price 
analyses. The frequency analysis studies total frequency in an Urban Area; hence it 
has one observation for each Urban Area in our study area, giving us a little over 200 
observations. The price analysis studies pricing choices by each of our sample oper-
ators in each local area. In some Urban Areas there is more than one such operator, 
leading to a sample size of over 300. Summary statistics for the two different sample 
sizes are presented separately. 

77. At the network level, any idiosyncratic values for observations at route level will most 
likely average out. Moreover, the deletion of those observations on the basis of 
unusual values for only one variable would imply excluding the information for all 
other variables which may well be unproblematic. We hence include all observations 
in our frequency-concentration analysis at this level.  

78. The input prices at the network level are the price of capital, the price of labour and 
the materials price which includes the price of fuel and the price of tyres per mile. 
These are calculated as averages for the six operators in our sample using the input 
prices at the depots from which the routes in the Urban Area are run, weighted by the 
boardings on these routes.  

79. As the measure of competition, we use the number of operators running services on 
more than five routes in the given Urban Area (NUMOPS), as a total and alternative 
split into the number of the big operators (NUMBIGOPS) and other operators (ie the 
number of medium and small operators, NUMMIDSMALLOPS). Five routes have 
been chosen as the threshold to avoid considering operators with a more marginal 
presence in the given area which are less likely to impose a significant competitive 
constraint on other operators’ decisions regarding their own offer.20

80. In addition, we consider the overlap of local bus routes. The overlap is calculated as 
the share of a given route which coincides with a competing operator’s route. If, for 
example, the given route coincides with one other route over its whole length, the 
overlap measure takes the value 1. If a third route would also coincide on half of the 

  

 
 
20 We recognize that in individual cases operators with fewer than five routes may impose a meaningful constraint, but that 
using the threshold allows for a better reflection of the average situation. 
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length of the given route, a 50 per cent overlap would be added. The overlap 
measure would thus take the value 1.5. (See also paragraph 65.)  

81. To avoid inclusion of trivial overlaps where bus routes coincide =for just short 
distances, we only considered overlaps of 3.2 km or more. This threshold is based on 
the observation that around two-thirds of all journeys are more than 3.2 km long. This 
is also true for urban journeys if urban journeys are defined as those originating or 
ending in Urban Areas (and whether urban is defined as a settlement with more than 
3,000 or more than 10,000 inhabitants). Using that definition, only a very small share 
of the trips are rural (in fact ‘rural-to-rural’). If we define urban trip as ‘urban-to-urban’ 
and consider all other trips—including ‘urban-to-rural’ and ‘rural-to-urban’—as rural, 
the 33-percentile is still 3.2 km (for both definitions of urban settlement). This is due 
to the fact that a large share of the trips in the sample is reported to have a length of 
3.2 km. 

82. In addition, overlaps are considered only if the services on the overlapping route fall 
in the same rolling 3-hour time window of the weekly timetable as the services run on 
the route considered.21

83. As an alternative measure of overlap, OVERLAP, used in some of the price-
frequency regressions at route level, is the number of potential boardings lost to 
rivals (on the given route) as a proportion of the total number of potential boardings. 
The potential boardings are an estimate of the total boardings on the given route, ie 
those of the given operator and the rivals running overlapping routes. They are esti-
mated as the operator’s own boardings on the route plus the operator’s own board-
ings on the route multiplied by the total length of overlapping services with a similar 
timetable. The latter is an estimate of the number of additional boardings the given 
operator could have had if rivals had not run overlapping services.

 That is, routes are only considered to overlap the given route 
if the timetable of services on both routes is similar. More precisely, the extent to 
which some route B is considered to overlap another route A is weighted by the 
degree to which the timetable of the route B overlaps that of route A. Additional 
details on the similarity of timetable weighting, as well as the distance thresholds 
used to distinguish between overlaps, can be found in Appendix 4.4. 

22

84. At the network level, we use a weighted measure of the overlap of routes in a given 
Urban Area. This measure is constructed analogously to the alternative overlap 
measure at route level. The variable OVERLAPS is hence the share of total potential 
boardings the six operators in the sample ‘lost’ to rivals in the total potential 
boardings in the Urban Area.  

  

85. At the network level, the variable FREQ is the total number of weekly services on all 
routes which run for more than 500m in the given Urban Area.  

86. Table 4 shows summary statistics for the variables used in the network-level 
frequency analysis. 

 
 
21 More precisely, we consider each 1-hour period of a seven-day week, and then calculate the number of buses operated by 
the operator on the given route and operator(s) running overlapping routes in that hour, the preceding hour, and the following 
hour. If the number of buses operated in the 3-hour period along the intersecting route is more than 50 per cent of those run 
along the primary route, we deem the routes to have similar timetables. The exact figure used for this calculation is the number 
of buses which begin the route in each hour. 
22 Alternative overlap measure = (total pot. boardings – pot. boardings lost to rivals) / total pot. boardings; pot. boardings = total 
no. of boarding of the given op. on the route*(1+length of the overlaps considering the similarity of the timetable). 



A7(1)-19 

TABLE 4   Summary statistics of the Urban Area data set 2009 (network level) 
Variable Description Mean Std dev Min Max 

      FREQ No of weekly frequencies in ’000 11.58 16.20 0.91 136.59 
NUMOPS (more 

than 4 routes) 
No of operators with 5 routes or more 2.99 1.99 1.00 17.00 

BIGOPS (more than 
4 routes) 

No of big operators with 5 routes or more 1.16 0.63 0.00 3.00 

MIDSMALLOPS 
(more than 4 
routes) 

No of medium and small operators with 5 
routes or more 

1.83 1.71 0.00 14.00 

NUMOPS No of operators 9.75 5.97 1.00 42.00 
BIGOPS No of big operators 1.73 0.71 0.00 4.00 
MIDSMALLOPS No of medium and small operators 8.02 5.72 0.00 39.00 
MATPRICE Average materials price 35.69 9.99 9.44 72.40 
CAPPRICE Average capital price 0.31 0.02 0.25 0.38 
LABPRICE Average labour price 10.45 0.66 8.72 11.66 
ROADDEN Road density 93.21 13.13 60.14 147.04 
AROADS Share of A roads 0.10 0.03 0.02 0.18 
BROADS Share of B roads 0.05 0.03 0.00 0.17 
POPN Total population 128,209.50 192,911.80 23,073.32 1,795,627.00 
DAYTIMEPOP Daytime population 55,682.90 87,482.83 6,821.03 777,472.90 
INCOME Annual income 31,068.08 4,334.18 23,876.85 44,010.18 
CARS Share of households owning a car 0.72 0.07 0.53 0.88 
UNEMP Proportion of unemployed in population 0.04 0.01 0.02 0.09 
CHILDREN Proportion of persons under 15 years old 0.19 0.02 0.15 0.24 
RETAILDENS Retail density 4.08 1.17 1.78 8.66 
UNI At least one university 0.21 0.41 0.00 1.00 
SPORT At least one sports facility 0.16 0.37 0.00 1.00 
SHOP At least one major shopping centre 0.10 0.30 0.00 1.00 
P&R At least one park & ride  0.14 0.35 0.00 1.00 
      
AREABIGOPS No of big operators in 12 km buffer 1.31 0.95 0.00 3.00 
AREAMIDOPS No of medium operators with depots in 

12 km buffer 
0.38 0.66 0.00 3.00 

AREASMALLOPS No of small operators with depots in 12 
km buffer 

5.81 4.82 0.00 24.00 

DISTLON Distance to London 181.04 153.58 0.00 688.27 
POPNEUA Average population in neigh UAs 147.79 64.96 37.18 326.86 
DISTNEUABIG5 Dist to the closest UA with one of the big 

op 
6.20 12.25 0.01 117.12 

KMNONCPAX km per non-concessionary passenger 5.24 35.97 0.52 550.36 
MAJROADS Share of major roads 0.15 0.03 0.04 0.25 
NUMOPSNEUA Av no of operators in neighbouring UAs 3.15 0.89 1.00 5.25 
BIGOPSNEUA Av number of big operators in neigh UAs 1.79 0.33 1.00 3.00 
NEIGHSHARERET Av share of pop. above retirement age in 

neigh UAs 
0.19 0.02 0.16 0.26 

Source:  CC analysis. 
 

Note:  UA = Urban Area. The input prices are averages weighted by boardings. 

Summary statistics: Urban Area price analysis 

87. Table 5 below shows summary statistics for the variables used in the Urban Area 
price analysis. While there are only about 230 networks in our sample area, the total 
sample size here is about 370, reflecting the fact that some networks host routes 
from more than one of our six sample operators. 

88. For each of our six surveyed operators, we define price as PTOT, which is total 
revenues divided by total boardings, over the three months September to November 
2009, summed over all the operator’s routes in the network.23

89. The competition faced by each of the six operators is measured across all rivals, 
because our data on route paths and timetables covers all (or nearly all) bus routes 

 

 
 
23 For routes which travel through multiple networks, we allocate revenues and boardings to networks according to the distance 
travelled in each, as a proportion of the total distance travelled in Urban Areas. 
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in each local area. Specifically, we measure competition as the amount of route over-
lap, weighted by the similarity between operator’s and rivals’ timetables, averaged 
across all of the operator’s routes in the network. In constructing this average, we 
need additionally to weight by the amount of passenger traffic on a route, since 
competition presumably matters more when it occurs on the busiest routes. The 
resulting weighted average is called COMPIND. Its construction is analogous to the 
construction of the variable OVERLAPS discussed earlier in paragraph 83.24

90. For the price variables, the summary statistics shown are after deletion of outliers. If 
outliers are not deleted, the average total price PTOT, for example, has a minimum 
of 3p and a maximum of £14.60, which are clearly unrealistic extremes. (This may in 
part be a consequence of the way in which we allocate boardings and revenues 
across networks for routes which traverse more than one network—see the footnote 
to paragraph 

  

89.) We trim the top 2.5 per cent and bottom 2.5 per cent of 
observations from PTOT and PSIN (the average singles price) to get rid of these 
outliers. (See also paragraphs 66 and 70 above.)  

91. The competition indicator COMPIND has a mean of 0.20, representing about 20 per 
cent route overlap on average, but this is after weighting by similarity of timetable and 
boardings, so this measure may not coincide with other direct measures of overlap 
used elsewhere in the CC’s research. COMPIND takes a median value of only 0.15 
(not shown in the table), and is less than 0.05 for more than 25 per cent of our 
operator-network observations. Thus there seem to be many instances where an 
operator may be present in the same Urban Area as other bus companies, but in fact 
faces very little direct competition in terms of route and timetable overlap.25

92. Among the other explanatory variables, OPCOST is an index of the input prices 
(principally of capital, labour and fuel) faced by the operator in the network. The 
weights in the index are derived from our work on bus operators’ cost functions. 
Combining the input prices into a single index helps achieve a parsimonious specifi-
cation, an important consideration given the modest number of observations in the 
sample. The variable KMNONCPAX represents, for the three months September to 
November 2009, the operator’s average distance driven per boarding. This is a proxy 
for the load factor (percentage of seats occupied). It may help to capture scale 
effects, another possible determinant of operating costs. 

 

93. Listed as a separate group are the five variables which we use as instruments for the 
potentially endogenous competition indicator. These are measures of factors outside 
the Urban Area, which might affect the number of operators active in the Urban Area.  

 
 
24 We weight routes by a hypothetical potential number of boardings on a route, imputed from the operator’s observed 
boardings and the amount of overlap it faces. This allows for situations where, because of competition, an operator has a small 
market share on a route that is overall quite busy (and hence relatively important within the network). 
25 In the context of the present price-concentration and frequency-concentration analysis, it is not possible to determine whether 
this ‘coexistence’ without or with small overlap of routes is a result of a tacit or implicit market sharing arrangement.  
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TABLE 5   Summary statistics for the Urban Area (UA) price analysis 
Variable Description Mean Std dev Min Max 

      
PTOT* Operator’s total revenues divided by total 

boardings (£) 
1.55 0.53 0.77 3.84 

PSIN* Operator’s single-ticket revenues divided by 
single-ticket boardings (£) 

1.62 0.30 1.00 2.37 

COMPIND Index of amount of competition faced by 
operator in UA 

0.20 0.17 0 0.79 

OPCOST Index of (logs of) operator’s capital, labour, 
fuel and tyre prices 

2.13 0.11 0.60 2.35 

UATOTPOP Total population of the UA (’000) 172,684.40 267,968.20 23,073.32 1,795,627.00 
UAPOPDENS Population density of the UA 32.41 5.20 16.83 57.19 
UAINCOME Mean household income in the UA (£) 31,139.14 4,269.86 23,876.85 44,010.18 
UAUNEMP Unemployment rate in the UA (percentage 

points) 
3.96 1.30 1.80 8.87 

UACHILD Proportion of children under 15 in the UA 
(percentage points) 

19.37 1.67 14.75 24.40 

UAMAINROAD Propn of motorways and A-class roads 
among all roads in UA 

0.10 0.03 0.02 0.18 

UACLASSAB Propn of UATOTPOP in social class A or B 
(percentage points) 

14.18 4.04 7.66 25.18 

UABUSSTOPS Number of bus stops in the UA 1,122.11 1,688.20 128.00 11,193.00 
UARETAILDEN Density of retail establishments in the UA 4.03 1.18 1.78 8.66 
UACARS Propn of households with cars in the UA 

(percentage points) 
71.64 7.16 53.31 87.98 

UARAIL Number of rail stations in the UA 6.46 12.56 - 92.00 
KMNONCPAX Operator’s ave kms driven per non-

concessionary boarding 
5.59 28.92 0.28 550.36 

      
NEIGHPOP Total popn of all other UAs within 40 km of 

this UA (’000) 
0.02 0.01 0.00 0.06 

NEIGHOPS No of big operators in UAs within 12 km of 
this UA 

1.48 0.97 0.00 3.00 

NEIGHDEPS No depots of big operators in UAs within 
12 km of this UA 

2.94 2.50 0.00 11.00 

BIGOPSNEUA Av number of big operators in neighbouring 
UAs 

1.79 0.33 1.00 3.00 

NUMOPSNEUA Av no of operators in neighbouring UAs with 
more than 4 routes 

3.19 0.89 1.00 5.25 

DISTLON Distance to London (km) 185.17 148.84 0.00 688.27 
DISTNEXTRIV Distance to the next UA that contains a big 

operator (km) 
9.20 14.77 0.01 117.12 

Source:  CC analysis. 
 

*Summary statistics for prices are after deletion of outliers. 

Competition and ticket prices at the route level 

94. Summary. We analyse the effect of concentration (inversely of competition) on the 
price of single tickets bought on buses and on the average price of tickets for local 
bus journeys using regression analysis including instrumental variables to account for 
possible spurious correlation due to an endogeneity problem. (We use a number of 
statistical tests to assess the validity of the instruments used. These tests show that 
their validity cannot be rejected.) 

95. At the route level, we do not find any statistically significant impact of competition on 
single ticket prices sold on buses. In some specifications for the average price of 
tickets (calculated as total revenues divided by total boardings), an additional 
medium or small competitor is shown to reduce the average price by around 37 per 
cent. 

96. To assess whether concentration has an effect on the price of local bus services in 
Great Britain, we regress the price of tickets set by the operator on the given route on 
our measure of concentration and other explanatory factors, ie our model is: 



A7(1)-22 

       log(PRICE) = β0 + β1 CONC. MEASURE + β w  

   + (firm and region dummies) + ε ,  

where w is a vector of explanatory variables which contains input prices and charac-
teristics of the Urban Area and ε is a random error. By clustering on the depot level in 
all route-level models, we account for interdependency of observations for routes run 
from the same depot. 

97. It is generally not appropriate to include variables such as boardings among the 
explanatory factors in such regressions. This is because boardings (a measure of 
quantity) is jointly determined with price. That is, it is itself endogenous because it is 
affected by the same unobservable factors that determine price.26 To include board-
ings as an explanatory factor in the above regression would move the analysis in the 
direction of a ‘structural’ model, ie, a model of the relationship between variables 
(such as price and quantity) whose observed outcomes are simultaneously deter-
mined by third factors (such as demand and supply conditions). Such approaches 
inevitably involve additional assumptions, which, depending on the context, may not 
be free of controversy. Since we wish to make our assumptions as plausible as 
possible, we eschew structural approaches in favour of the simpler ‘reduced form’ 
model above.27

98. To account for the endogeneity of the concentration measure, the number of oper-
ators, in the above equation, we use instrument variable regression. Furthermore, we 
estimate each specification alternatively with a larger set of instruments and with a 
more parsimonious set of instruments. The similarity of the results for the different 
sets of instruments suggests that even the variants based on a larger set of instru-
ments are not affected by a weak instrument problem. Moreover, almost all model 
variants pass the diagnostic test of instrument validity.

  

28

99. To account for possibly differing effects of concentration depending on the type of 
ticket, we consider the effect of concentration (or competition) on single tickets 
individually and on the price for all types of bus tickets on average. 

 With respect to the exogen-
eity of the instruments, it is particularly worth noting that the instruments AREAxOPS, 
and MAJROADS used in model PR 4 are conceptually very different. The fact that 
Hansen's J test has weak power and may not indicate endogeneity if all instruments 
are of the same type is hence not a concern with respect to the models PR 1 to PR 4. 

100. In the interpretation of the results regarding the effect of concentration (or compe-
tition) on the prices of bus tickets, it is important to keep in mind that these results are 
based only on the prices of six bus operators (among them the Large Operators). 
The results do not necessarily hold for the prices of other Mid-Sized and Small 
Operators (whose prices are not in our data). 

 
 
26 See Annex B responses to comments 75 and 76. 
27 Note that simply including boardings on the right-hand side of the equation in paragraph 96 would not turn it into a 
recognizable demand function. To turn that model into a demand function we would also need to include the prices or quantities 
of all rival operators providing competing service. These additional variables would themselves all be endogenous, ie they 
would need their own instruments. Thus in moving to a structural model we would potentially be adding not just one, but many 
endogenous variables to the model. The only way to make sense of the relationships among these additional endogenous 
variables is to add further assumptions, about, for example, the game-theoretic structure of competition. Our present approach 
avoids these additional assumptions.  
28 The single exception is model PR3 using the large set of instruments, where Hansen's J-test rejects the exogeneity of the 
instruments. Since all other models based on those instruments and sets of instruments which include conceptually different 
instruments pass this test, we see no reason to believe that this actually indicates that these are endogenous. Rather it might 
be a case of over-rejection due to some weakness of the instruments. Below we discuss the model variants including a parsi-
monious set of instruments. The results based on different sets of instruments are in Annex A. 
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The price for single tickets 

101. All results reported below are based on the smaller data set, which excludes entries 
with unusual data values (the 1 per cent with the highest or lowest values or both, 
depending on the skewness of the distribution; see paragraph 66 above). The results 
are qualitatively similar for regressions on the full data set. Hence we do not present 
tables detailing those results. Summary statistics for the dependent variable and the 
explanatory factors considered can be found in Table 2 above. 

102. We measure the extent of competition (ie the inverse of concentration) as the 
number of rivals on routes which overlap the given operator's route for at least 
3.2 km (NUMOPS). Alternatively, we include the number of big rivals29

63

 on routes 
which overlap the given operator’s route for at least 3.2 km (NUMBIGOPS) and the 
number of medium and small rivals on such routes (NUMMIDSMALLOPS) to assess 
whether the Large Operators have a stronger impact on pricing than other operators. 
(As explained above in paragraph , the threshold of 3.2 km has been chosen to 
exclude overlaps which are shorter than a considerable share of actual bus trips. 
Most journeys would hence not be viable on overlaps shorter than 3.2 km.) Further-
more we use a threshold of 50 per cent similarity of the timetable (see paragraphs 65 
and 82 for details). 

103. Table 6 below summarizes the results for the specifications including the single ticket 
price (full results can be found in Annex A).30

104. The coefficients of the remaining variables (which are statistically significant) are 
plausible: more urban areas will likely have more demand for bus travel allowing for 
higher number prices. A higher share of A roads, higher daytime population and a 
higher retail density are likely indicators of more urban areas. It is hence plausible 
that these characteristics have a positive impact on price. Conversely, a longer route 
may imply higher costs, for example if the end of that route runs in rural areas where 
the number of passengers is lower which explains the positive coefficient on 
RLENGTH.  

 Importantly, these results show that the 
number of rival operators has no statistically significant effect on the price of single 
tickets, whether jointly or whether considering big rivals and medium and small rivals 
individually. 

105. The regression results suggest that the price for single tickets is higher on routes in 
areas with a higher annual income (everything else equal). This may be due to 
travellers in richer areas having a higher willingness to pay which may allow charging 
a higher single ticket price. However, a higher share of people in socio-economic 
categories A/B is also shown to coincide with lower prices for single tickets, which 
may initially seem contradictory to the previous observation. This could be due to bus 
operators setting low prices on routes running in areas with a high share of popula-
tion in the category A/B to make bus journeys attractive to the best off among the 
potential passengers—who may otherwise not travel by bus, for example, because 
they could afford to travel by taxi. This suggests an impact of the income distribution 
in addition to the level of income. Since areas with a high share of population in the 
category A/B will have a higher average annual income, an effect of either a change 
in the share of population in A/B or a change in the average annual income will 

 
 
29 As before, we refer to Arriva, FirstGroup, Go-Ahead, Stagecoach and National Express as the Large Operators. 
30 The number of rival operators here includes only operators running services with a similar timetable. If all operators 
regardless of the time and frequency of their services are considered, the results are qualitatively similar. Especially, the 
coefficients of the variables NUMOPS and NUMBIGOPS, NUMMIDSMALLOPS are also statistically insignificant in the 
regressions for the price of singles.  
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hardly occur and the effect on price will be a net effect resulting from changes in both 
variables.  

106. On bus routes with a high share of unemployed and on those passing by universities, 
operators appear to set lower prices (or perhaps simply sell a higher proportion of 
discounted tickets), everything else equal, probably to account for the likely higher 
price sensitivity of unemployed and student passengers. 

107. The negative (but small) coefficient on the (log) number of rail stations, log(RAIL), 
suggests that on average bus operators charge lower prices on routes near rail 
stations, possibly reacting to competition from train services. 

108. The dummy indicating that a part or all of a route or timetable on a route is tendered 
is statistically not significant as an explanatory factor of the single ticket price and is 
thus not shown in the table below. This may be due to single prices for tendered 
services set equal to those for commercial services by the operator (for example, 
because of a signal effect of single prices). In some cases, the LTA may stipulate 
that identical prices are set on tendered and commercial routes.  



A7(1)-25 

TABLE 6   The effect of concentration on price of single tickets at the route level, models PR1 and PR2 
 PR 1 PR 2 

   
Dep variable Log(PSIN) Log(PSIN) 

   
NUMOPSW –0.009  
 (0.057)  
NUMOPSBIGW  –0.074 
  (0.086) 
NUMOPSMIDSMALLW  0.055 
  (0.077) 
TENDER –0.041* –0.028 
 (0.022) (0.025) 
Log(AROADS) 0.081*** 0.077*** 
 (0.015) (0.016) 
RLENGTH 0.011*** 0.009*** 
 (0.002) (0.002) 
Log(DAYTIMEPOP) 0.036** 0.046** 
 (0.016) (0.019) 
Log(INCOME) 0.514*** 0.550*** 
 (0.195) (0.205) 
Log(AB) –0.203*** –0.211*** 
 (0.062) (0.064) 
Log(CARS) 0.196* 0.167 
 (0.117) (0.125) 
log(UNEMP) –0.128*** –0.125*** 
 (0.046) (0.048) 
Log(RAIL) –0.006** –0.007** 
 (0.003) (0.003) 
Log(RETAILDENS) 0.074*** 0.078*** 
 (0.024) (0.025) 
UNI –0.061** –0.056* 
 (0.027) (0.029) 
Constant –6.508*** –7.049*** 
 (2.443) (2.540) 
   
Observations 2,612 2,612 
No of clusters 233 233 
RMSE 0.216 0.222 
F stat 40.973 35.486 
Cragg-Donald F stat 29.980 18.327 
Kleib-Paap F stat 9.721 5.128 
Hansen's J-test (p-value) 0.257 . 
Joint significance of big & 

medium/small ops  0.528 

Source:  CC analysis. 
 

Note:  Cluster robust standard error in brackets, *** p<0.01, ** p<0.05, * p<0.1; Instrumented: NUMOPS; Instruments: 
AREABIGOPS, AREASMALLOPS. 

109. We were also interested to test whether the share of concessionary passengers has 
an impact on pricing. Since concessionary boardings do not involve a transaction on 
the bus, they are not always accurately measured (we were told that bus drivers do 
not always reliably record such boardings). To avoid a bias from measurement error, 
we included the share of the total population above working age as a proxy for con-
cessionary boardings. The share of population above working age was not significant 
in these specifications. This is true whether we include or exclude outliers and also 
whether we include or exclude fully or partly tendered services. 

The average price for bus tickets 

110. Table 7 below summarizes the results for the regressions involving the average price 
for all types of tickets using the full data set including commercial and tendered ser-
vices and considering only rival operators with an overlap of 3.2 km or more and a 
similar timetable (using the threshold of 50 per cent similarity of the timetable); full 
results can be found in Annex A. Again, those results are based on the data set 
excluding outliers.  
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111. Importantly, the results show that, holding constant all other factors, although the 
total number of rival operators has no statistically significant effect on the average 
price of tickets (model PR 3 in Table 7 below), nevertheless the results considering 
operators of different size separately show a statistically significant negative effect of 
the number of medium and small rival operators on the average ticket price. On 
routes with one more medium or small rival, the ticket price is on average 37 per cent 
lower (model PR 4).  

112. It has been suggested to us that we include the demographics in a wider area around 
the routes in our regressions. Therefore, we rerun our models PR3 and PR4 includ-
ing the same demographics as in our original specification additionally for the 0.5 to 
12 km buffer around the route (using the more parsimonious set of instruments). 
Diagnostic tests show that these specifications are identified. Furthermore, Hansen's 
J-test does not reject exogeneity of the instruments. Using demographics in a buffer 
of 0.5 to 12 km, neither of these additional explanatory variables is statistically signifi-
cant (details omitted here). To explore this issue further, we rerun this regression 
again adding the same set of additional demographic variables for a buffer of 0.5 to 
12.25 km or 0.5 to 8.75 km instead.31

113. This also shows that concerns that any potential correlation between the instruments, 
AREABIGOPS, AREASMALLOPS and MAJROADS, and the previously omitted 
additional demographics is not a concern for our results. This is consistent with the 
hypothesis that those instruments are not themselves endogenous, ie correlated with 
the (previously or presently) omitted variables. That is, the instruments may be 
correlated with omitted demographics, but if those demographics do not themselves 
show an effect on prices, then this correlation will not bias our results. 

 Only with the buffer of 0.5 to 8.75 km is one of 
those variables, Log(RETAILDENS 8.75km), significant. All remaining additional 
demographics are individually and jointly insignificant. The same is true for model 
PR3 (omitted here since it does not show a price-concentration effect).  

114. Results for the data set including the outliers are very similar. Detailed results are 
therefore omitted here.  

115. If only routes without supported services are considered, no price-concentration 
effect is apparent. 

116. As explained above in paragraph 37, we also consider whether our instruments are 
sufficiently strongly correlated with the potentially endogenous competition measures 
(ie not ‘weak’). We observe that a number of the instruments are statistically signifi-
cant in the first-stage regression of each model and that the results of model variants 
based on a large and small number of instruments are similar (see Tables 3 and 4 in 
Annex A). This suggests that the instruments are reasonably strong. We conduct 
some additional testing to assess this point in depth.  

117. For model PR 3, the Kleibergen-Paap statistics are very close to or even above the 
threshold value of 10 suggested in the literature. The equivalent statistic for the 
homoskedastic case, the Cragg-Donald F statistic, is always higher than the rule-of-
thumb threshold of 10 suggested in the literature.32

 
 
31 The threshold of 8.75 km is the mean of the straight-line extensions of all routes which overlap the given route by at least 
3.2 km beyond the 500m buffer around the route, while the threshold of 12.25 km is the 75 percentile of those extensions. 

 This test hence also suggests 
that the instruments are not weak. For model PR 4, we find that the Kleibergen-Paap 
F statistics (and Cragg-Donald F statistics) are often quite low, lower than the critical 

32 Simulations show that the maximal bias in the instrument variable regression is no more than 10 per cent of OLS if the F 
statistic is larger than 10. This threshold falls to around 6.5 for a maximal bias of 20 per cent. A C Cameron, P K Trivedi, 2005, 
Microeconometrics. Methods and Applications, Cambridge University Press, p109. 
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values for models with homoskedastic errors or the threshold value of 10, which may 
be taken to indicate some weakness of the instruments. However, since the critical 
values for the case of heteroskedastic errors have not been published yet, it is not 
possible to draw any firm conclusions on the basis of this test.33

118. Therefore we rely on the comparison of two-stage least squares regression (2SLS) 
used for our base model and results from an alternative approach, limited-information 
maximum likelihood (LIML), to check for a potential weak instruments problem since 
the latter is known to be more reliable than the 2SLS approach under a wide range of 
circumstances if instruments are weak. If the results of 2SLS and LIML are very 
similar, the bias due to weak instruments can therefore not be significant.  

  

119. A reduction in the number of instruments by omitting those with weaker correlation 
with the endogenous variables will also reduce a possible weak instruments problem. 
Similarity of the results of a model using a larger and a smaller set of instruments 
hence also indicates that the results are not significantly affected by a weak instru-
ment problem. 

120. Similarity of the results of PR 3 and PR 4 using 2SLS and LIML and using large and 
small set of instruments suggests that these results do not show a perceptible bias 
due to a weak instrument problem (see Tables 3 and 4 in Annex A).  

121. To address the problem that the reported standard errors may overstate the precision 
of the estimated coefficients of the endogenous variables due to instrument weak-
ness, we use the Anderson-Rubin test (reported in our results tables). This test 
allows for inference which is robust to a potential weak instrument problem. Based on 
these test results, we can confirm our conclusion that only medium or small oper-
ators, NUMOPSMIDSMALLW, appear to have an effect on the average price of 
tickets.  

 
 
33 In addition to the unavailability of the appropriate values for those test statistics, we note that Monte Carlo results reported in 
Hahn and Hausman (2003, pp121 & 122) indicate that, in a so-called weak-instruments situation, two-stage least squares does 
not necessarily perform as badly as predicted by the most pessimistic analyses of the problem. Hahn and Hausman state (in 
the context of the Monte Carlo analysis under discussion) that ‘... “instrument pessimism” seems overstated for 2SLS, which 
may be why 2SLS often performs better than expected ... in the WI ie “weak instruments” situation’; see J Hahn, J Hausman, 
2003, ‘Weak Instruments: Diagnosis and Cures in Empirical Econometrics’, American Economic Review 93(2), p121 & 122. 
This supports the view that the value of a weak-instruments test statistic such as the Kleibergen-Paap F or Cragg-Donald F 
statistic should not be the sole grounds for accepting or discarding a model. 
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TABLE 7   The effect of concentration on price of average price of all tickets at the route level, models PR3 and PR4 
 PR 3 IV PR 4 IV 
   

Dep variable Log(PTOT) Log(PTOT) 
   
NUMOPSW 0.075  
 (0.118)  
NUMOPSBIGW  0.166 
  (0.149) 
NUMOPSMIDSMALLW  –0.365** 
  (0.165) 
LOWFREQ 0.348*** 0.519*** 
 (0.076) (0.092) 
TENDER 0.374*** 0.297*** 
 (0.036) (0.044) 
Log(AROADS) 0.038 0.079** 
 (0.025) (0.033) 
Log(BROADS) 0.011 0.025** 
 (0.011) (0.011) 
RLENGTH 0.016*** 0.027*** 
 (0.004) (0.004) 
Log(DAYTIMEPOP) –0.172*** –0.224*** 
 (0.024) (0.037) 
Log(INCOME) 0.661** 0.694** 
 (0.264) (0.311) 
Log(AB) 0.140* 0.183* 
 (0.083) (0.099) 
Log(CARS) –0.665*** –0.587** 
 (0.191) (0.258) 
Log(RETAILDENS 8.75km)  0.202*** 
  (0.066) 
UNI –0.064** –0.055 
 (0.031) (0.035) 
Constant –5.739* –4.552 
 (3.084) (3.217) 
   
Observations 2,688 2,666 
No of clusters 239 239 
RMSE 0.401 0.501 
F stat 40.081 22.024 
Cragg-Donald F stat 13.731 11.016 
Kleib-Paap F stat 9.193 3.969 
Anderson-Rubin F (p-value) 0.660 0.014 
Anderson-Rubin chi^2 (p-value) 0.653 0.012 
Hansen's J-test (p-value) 0.656 0.640 
Equality of NUMBIGOPSW & 

NUMMIDSMALLOPS  0.013 
Joint significance of NUMBIGOPSW 

& NUMMIDSMALLOPS  0.037 

Source:  CC analysis. 
 

Note:  Cluster robust standard error in brackets, *** p<0.01, ** p<0.05, * p<0.1; Instrumented: Model PR3: NUMOPS; 
Instruments, AREABIGOPS, DISTBIGMID2, MAJROADS; Model PR4: AREABIGOPS, AREASMALLOPS, MAJROADS. 

122. The effects of other factors which may influence the price for bus journeys is not 
always the same for single ticket prices and average ticket prices. While the dummy 
for partly or fully tendered routes, TENDER, is not statistically significant for singles 
prices, it has a strong and positive coefficient for the average price of all tickets which 
suggests that prices on partly or fully tendered services are on average approxi-
mately 30 to 37 per cent higher (controlling for other factors influencing price). 
Furthermore, tickets are considerably more expensive on routes with a particularly 
low number of services—fewer than ten services per week indicated by the dummy 
variable LOWFREQ (while a low frequency does not affect the price of single tickets). 
Both could be due to a ticket mix effect: journeys will likely be more expensive on 
average if network tickets or multi-journey tickets are less frequently used on such 
routes. 
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123. The share of larger A and B roads and the route length have the same sign for both 
prices, although the latter coefficients are not statistically significant if all operators 
are considered jointly and for singles. The share of households owning a car is now 
significant and negative, suggesting that bus operators set a lower price where 
access to cars is high to make bus travel attractive to car owners. 

124. The effects of the share of persons in socio-economic categories A/B and of income 
on the average price are positive (although the former is significant only at the 10 per 
cent level). This is consistent with a lower price sensitivity of such persons allowing 
bus operators to set a higher price (everything else equal). 

125. The insignificance of (the log of) retail density for the average price (as opposed to a 
positive effect on the price for single tickets) could be due to a ticket mix effect if 
travellers would use other types of tickets, eg network tickets, frequently in areas 
where the retail density is high. 

126. As for single ticket prices, the share of persons above retirement age (the proxy for 
concessionary passengers) is not significant in models PR3 and PR4. 

127. Since the only specification which suggests an effect of competition on the average 
price of all tickets is model PR4, we investigate this model further (including the retail 
density in the 0.5 to 8.75 km buffer as explanatory variable). We consider alternative 
thresholds and the potential difference of the price-concentration relationship on 
‘multiroutes’ (see paragraph 55 for details).  

128. First, we consider the effect of varying the thresholds used to determine the relevant 
overlaps (see paragraphs 63, 65 and 82 for details). As the results in Tables 8 and 9 
below show, the estimated negative effect of medium and small operators on the 
average price of all tickets remains statistically significant if an alternative threshold 
length of 2 km is used, and is also shown to be significant regardless of the similarity 
of the timetable.  

129. The estimated effect of medium and small operators on price is smaller for the 
shorter threshold of 2 km, and is also smaller if the threshold for the similarity of the 
timetable is lower. The decline of the estimated effect of an additional medium or 
small operator on the average ticket price is consistent with the conjecture that 
operators with overlaps and similarity of timetable below a certain threshold are not 
effective competitors on the given route. Since they impose a weaker competitive 
constraint on the operator running the route than those which are above the 
threshold, the overall effect of one more competitor on average, ie averaging over 
effective and weak competitors, is plausibly lower. 
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TABLE 8 The effect of concentration on price of average price of all tickets at the route level, models PR3 and PR4—
different length of the overlap threshold (50 per cent similarity of the timetable) 

 PR 4 IV 3.2km PR 4 IV 2km 
   

Dep variable Log(FREQ) Log(FREQ) 
   
NUMOPSBIGW  0.166 0.129 
 (0.149) (0.082) 
NUMOPSMIDS'W  –0.365** –0.207** 
 (0.165) (0.089) 
Constant –4.552 –4.667 
 (3.217) (3.229) 
   
Observations 2,666 2,666 
No of clusters 239 239 
RMSE 0.501 0.465 
F stat 22.024 26.750 
Anderson-Rubin F (p-value) 0.014 0.014 
Anderson-Rubin chi^2 (p-value) 0.012 0.012 
Hansen's J-test (p-value) 0.640 0.839 
Joint significance of NUMOPSBIGW 

& NUMOPSMIDSMALLW 0.037 0.023 
Equality of NUMOPSBIGW & 

NUMOPSMIDSMALLW  0.013 0.007 

Source:  CC analysis. 
 

Note:  Cluster robust standard error in brackets, *** p<0.01, ** p<0.05, * p<0.1; Instrumented: NUMBIGOPS, 
NUMMIDSMALLOPS, Instruments: AREABIGOPS, AREASMALLOPS, MAJROADS. 

TABLE 9 The effect of concentration on price of average price of all tickets at the route level, models PR3 and PR4—
different thresholds for the similarity of the timetable (3.2 km overlap) 

 PR 4 75% PR 4 50% PR 4 33% PR 4 0% 
     

Dep variable Log(PTOT) Log(PTOT) Log(PTOT) Log(PTOT) 
     
NUMOPSBIGW 0.191 0.166 0.171 0.078 
 (0.166) (0.149) (0.138) (0.081) 
NUMOPSMIDSMALLW –0.431** –0.365** –0.315** –0.090*** 
 (0.203) (0.165) (0.139) (0.031) 
     
Observations 2,666 2,666 2,666 2,666 
No of clusters 239 239 239 239 
RMSE 0.516 0.501 0.485 0.418 
F stat 20.802 22.024 22.635 37.792 
Kleib-Paap LM rk stat 8.599 10.858 12.586 24.305 
Kleib-Paap LM rk (p-value) 0.014 0.004 0.002 0.000 
Anderson-Rubin F (p-value) 0.012 0.012 0.012 0.012 
Anderson-Rubin chi^2 (p-v.) 0.014 0.014 0.014 0.014 
Hansen's J-test (p-value) 0.698 0.640 0.891 0.897 
Joint significance of NUMOPSBIGW 

& NUMOPSMIDSMALLW 0.039 0.037 0.033 0.007 
Equality of NUMOPSBIGW & 

NUMOPSMIDSMALLW 0.012 0.013 0.012 0.047 

Source:  CC analysis. 
 

Notes:  Cluster robust standard error in brackets, *** p<0.01, ** p<0.05, * p<0.1; Instrumented: NUMBIGOPS, 
NUMMIDSMALLOPS, Instruments: AREABIGOPS, AREASMALLOPS, MAJROADS. 

130. Since around 66 per cent of bus trips are longer than 3.2 km, we see good reason to 
believe that only an operator with a service which overlaps for 3.2 km or more is a 
reasonable competitor for the large majority of bus trips. This is consistent with the 
finding that the estimated effect is lower for a lower threshold of the overlap. 
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131. In a working paper,34 a threshold of 75 per cent similarity of timetable has been used, 
while our present analysis is based on the threshold of 50 per cent. With respect to 
this alternative threshold, it is worth noting that the effect of a 37 per cent lower price 
based on the threshold of 50 per cent similarity of timetable is not very different from 
the estimate based on a threshold of 75 per cent which suggests a 43 per cent lower 
price. The standard errors of both alternative estimates of the coefficients on 
NUMOPSMIDSMALLW in models PR4 75%, PR4 50% and PR4 33% show that 
these are statistically not different since their confidence intervals overlap to a 
significant extent.35

132. Second, we investigated the potential difference of the price-concentration effect for 
routes which are reported individually and routes which have been grouped together 
for the purposes of reporting (‘multi-routes’). As explained in paragraph 

 Only the estimated effect for all medium and small operators with 
overlapping services (0 per cent similarity) is significantly smaller. 

55, we 
maintain that these should be excluded from our analyses since we cannot accur-
ately attribute the revenues and boardings or other information to individual routes. 
Since it has been suggested to us that these multi-routes may differ from the 
remaining routes with respect to competition, we rerun variants of models PR3 and 
PR4 on an extended data set which includes the observations which aggregate 
several routes.  

133. To test whether these ‘multi-routes’ are different with respect to the price-
concentration relationship, we have constructed an indicator variable, MULTIROUTE, 
for these observations and have interacted this indicator with our concentration 
measures. The interaction, for example, of MULTIROUTE and the number of 
operators on a route, NUMOPSW, named NUMOPSW*MULTIROUTE below, shows 
whether the effect of competition on price differs between observations which contain 
information for several routes and other observations.  

134. Table 10 summarizes the key regression results. They show that (a) a price-
concentration relationship is not apparent if all competitors are considered jointly (see 
model PR3 B below); (b) competition on ‘multi-routes’ does not differ significantly 
from competition on other routes (coefficients on the indicator variable, 
MULTIROUTE, and interactions with this variable are not statistically significantly 
different from zero); and (c) the price-concentration relationship shown by model 
PR 4 B is similar to the relationship apparent in other variants of model PR 4, where 
only medium and small operators, NUMOPSMIDSMALLW, are shown to have an 
effect on the average ticket price.36

 
 
34 Available at 

 

www.competition-
commission.org.uk/inquiries/ref2010/localbus/pdf/performance_concentration_analysis_housesty_ex.pdf.  
35 As a rule of thumb, confidence intervals can be calculated as ‘coefficient +/- 2 * standard error’.  
36 Again, the estimated coefficients of NUMOPSMIDSMALLW in models PR 4 and PR 4 B fall in the respective confidence 
intervals of each of those variants. 

http://www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/performance_concentration_analysis_housesty_ex.pdf�
http://www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/performance_concentration_analysis_housesty_ex.pdf�
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TABLE 10 The effect of concentration on price of average price of all tickets at the route level, models PR3 and PR4 
including obs covering a larger number of routes 

 PR 3B  PR 4B 
   

Dep variable Log(FREQ) Log(FREQ) 
   
NUMOPSW 0.166  
 (0.112)  
NUMOPSW*MULTIROUTE 0.028  
 (0.186)  
NUMOPSBIGW  0.166 
  (0.124) 
NUMOPSMIDSMALLW  –0.280** 
  (0.134) 
NUMOPSBIGW*MULTIROUTE  –0.020 
  (0.213) 
NUMOPMSW*MULTIROUTE  –0.116 
  (0.201) 
MULTIROUTE –0.148 –0.125 
 (0.096) (0.090) 
 (0.186)  
Constant –7.944** –6.794** 
 (3.475) (3.086) 
   
Observations 3,680 3,685 
No of clusters 251 251 
RMSE 0.398 0.446 
F stat 43.995 32.846 
Anderson-Rubin F (p-value) 0.367 0.021 
Anderson-Rubin chi^2 (p-value) 0.357 0.017 
Hansen's J-test (p-value) 0.506 0.884 
Joint significance of MULTIROUTE 

and its interactions 0.000 0.000 

Source:  CC analysis. 
 

Note:  Cluster robust standard error in brackets, *** p<0.01, ** p<0.05, * p<0.1; Instrumented: Model PR3 C: NUMOPS, 
NUMOPSW*MULTIROUTE; Model PR4 C: NUMBIGOPS, NUMMIDSMALLOPS, NUMOPSBIGW*MULTIROUTE, 
NUMOPSMIDSMALLW*MULTIROUTE; Instruments: Model PR3 C: AREABIGOPS, DISTMIDSMALL2, 
AREABIGOPS*MULTIROUTE and DISTMIDSMALL2*MULTIROUTE, Model PR4 C: AREABIGOPS, AREAMIDOPS, 
AREASMALLOPS, AREABIGOPS*MULTIROUTE and AREASMALLOPS*MULTIROUTE. 

135. Importantly, the above results suggest that there is a statistically significant 
relationship between concentration (or inversely competition) and the average price 
as far as medium and small operators are concerned. The average price is shown to 
be around 37 per cent lower on average if there is one more of these rival operators 
on a given route. Even if any operator on a route regardless of the similarity of the 
timetable is considered, the average price of all tickets is still around 9 per cent lower 
where there is one more such rival on a route. Overall, the results hence show that 
competition may have an effect on average prices. That this is true for the overall 
average fare but not for single tickets in isolation may reflect pricing incentives 
particular to single fares.37

Competition and ticket prices at the network level

  

38

136. Summary. Our analysis at the level of Urban Areas produces no firm conclusions on 
the direction of the price-competition relationship. Price here is taken as an average 

 

 
 
37 A consumer purchasing a weekly (or other seasonal) ticket is benefiting from a form of quantity discount. Consumers 
purchasing this type of ticket (eg students and commuters) have different characteristics to those purchasing single tickets. Bus 
operators have incentives to set the quantity discount so as to exploit these differences—in economics this is known as 
‘second-degree price discrimination’. The manner in which the optimal quantity discount responds to competition is complex, 
except under special assumptions that are unlikely to hold here. It is conceivable that the main price response to competition 
might be to offer commuters a steeper quantity discount, while retaining a relatively high price to the infrequent bus travellers 
who buy single tickets. 
38 As explained above, the local bus networks (also referred to as ‘Urban Areas’) are derived using the methodology detailed in 
Appendix 4.2. 
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over all routes in an Urban Area. Competition is also an average across routes, of the 
extent of overlaps by rivals’ bus routes. In some specifications more competition (ie 
more overlap) appears to have an upward effect on price. We show that this some-
what counterintuitive finding may be explained as a scale effect. This positive effect 
is also sensitive to details of the model specification. It weakens or disappears if we 
change the type of average price used (from all prices to single-ticket price), or if we 
restrict the sample just to the operators facing the most direct competition (ie facing 
the biggest overlaps). It would seem that the number of observations is too small to 
enable us to accurately determine the true relationship between average price and 
competition at this level of aggregation. 

137. At the Urban Area level, we think of the relevant local area as an entire network of 
interconnected routes. We use ‘local area’ interchangeably with the terms ‘Urban 
Area’ (UA) and ‘network’ here. These networks have been constructed from our own 
analysis of bus traffic flows, as noted above in paragraph 3. 

138. The aim is to discover whether, after controlling for other characteristics of the local 
areas, there is a causal relationship between the amount of competition faced in a 
network and the average price charged. The unit of analysis is an operator in a 
network. We look at the prices of the Large Operators and Transdev covered by our 
data request, not average prices over all bus companies in a network. We cannot 
measure the latter because we lack revenue data from mid- and small-sized bus 
companies. 

139. We run regressions of the following form:  

            log(PTOT) = (Company and region indicators) + β1 log(COMPIND) 

+ γ · (Controls for market characteristics) + ε , 

where ε is a random error, and γ is a vector of parameters to be estimated. The 
market controls are as listed in Table 5; some of these enter the regression in 
logarithms.39

140. Table 11 shows the results of instrumental-variable regression of four versions of this 
equation. Models PN 1 and PN 3 in the table are run on the full sample of 347 obser-
vations (after trimming 5 per cent as price outliers, explained above), differing in the 
variables used to measure competition. In model PN 1 we just use our basic 
measure COMPIND. Model PN 3 adds also the square of this measure. Model PN 2 
has the same explanatory variables as model PN 1, but is run on a subset of the 
observations. Model PN 4 changes the dependent variable from average ‘total’ price 
PTOT (total revenues/total boardings) to the average single-ticket price PSIN.  

 

141. In model PN 1, with COMPIND only, we find a positive competition effect, significant 
at the 5 per cent level. Absent any scale effects, the range of theoretical models 
which predict price increasing in competition is rather narrow, relying on abstract 
frameworks which are not an obvious fit for bus markets. To examine the potential 
role of scale effects, we add to the model a control for an operator’s total boardings in 
the Urban Area (including it as an additional endogenous explanatory variable). The 
detailed results are omitted for brevity, but the estimated coefficient on COMPIND 
becomes insignificantly different from zero. Although this is consistent with scale 
economies that bias the estimated competition effect in the positive direction, the 

 
 
39 The competition measures used here are based on a 50 per cent timetable similarity threshold. In the analysis reported in our 
earlier working paper, we used a 75 per cent threshold. The two sets of results are quite similar, suggesting that they are robust 
to alternative reasonable specifications of this component of the competition measure. 
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coefficient on boardings itself is not statistically significant. The true magnitude of the 
scale effects here thus remains an open question.40

142. Further investigation of the data tended to suggest that a negative competition effect, 
if present at all, was most likely to show up for operators facing relatively high levels 
of overlap. To this end, model PN 2 restricts the regression to the subset of obser-
vations for which COMPIND exceeds 0.148. This is about the median of this variable, 
so the restriction discards about half the observations. The estimated competition 
coefficient is now smaller (at 0.058), but still positive, although not statistically signifi-
cantly different from zero. 

 Rather than constituting a true 
scale effect, the positive competition coefficient might reflect a correlation of price 
with unobserved factors that determine a firm’s underlying demand.  

143. As an alternative way of allowing some flexibility in the competition effect, model 
PN 3 includes both log(COMPIND) and a squared term (log(COMPIND) x 
log(COMPIND)). This would allow for U-shaped (or inverse-U-shaped) competition 
effects, in the sense that the effect on price of route overlap may first increase and 
then decrease, or vice versa, as overlap increases. Since neither COMPIND nor its 
square is significantly different from zero, this specification is inconclusive. The two 
terms are jointly significant, at the 10 per cent level. This (weakly) suggests that 
competition may have some effect on prices, but it does not allow us to say with any 
confidence whether the effect is negative or positive. 

 
 
40 For evidence of limited economies of scale in the production of local bus services, see the CC’s cost-function estimates in 
www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/econometric_analysis_bus_operator_costs.pdf. 

http://www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/econometric_analysis_bus_operator_costs.pdf�
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TABLE 11   Results of the Urban Area price-concentration regressions 

 
(PN 1) (PN 2) (PN 3) (PN 4) 

 

IV, full 
sample 

IV, restricted 
to COMPIND 

> 0.148 
IV, full 
sample 

IV, full 
sample 

    
 

Dependent variable log(PTOT) log(PTOT)     log(PTOT)        log(PSIN) 
Explanatory variables 

   
 

log(COMPIND) 0.182** 0.058 –0.086 0.093* 

 
(0.076) (0.331) (0.423) (0.055) 

log(COMPIND) squared 
  

–0.018  

   
(0.078)  

OPCOST 0.366** 0.593*** 0.339* 0.215** 

 
(0.158) (0.159) (0.192) (0.102) 

log(UATOTPOP) –0.122 –0.307*** –0.100 –0.107 

 
(0.089) (0.109) (0.128) (0.065) 

log(UAPOPDENS) –0.063 0.039 –0.090 0.014 

 
(0.132) (0.182) (0.159) (0.120) 

log(UAINCOME) 1.215** 0.990 1.267** 1.048** 

 
(0.600) (0.834) (0.626) (0.476) 

UAUNEMP –0.003 –0.020 –0.008 –0.022 

 
(0.030) (0.046) (0.036) (0.021) 

UACHILD –0.006 –0.014 –0.003 –0.009 

 
(0.014) (0.022) (0.019) (0.009) 

UAMAINROAD 0.003 –0.100 –0.004 –0.011 

 
(0.047) (0.086) (0.061) (0.037) 

UACLASSAB –0.012 –0.009 –0.012 –0.016* 

 
(0.014) (0.014) (0.015) (0.009) 

log(UABUSSTOPS) 0.092 0.299*** 0.067 0.108* 

 
(0.087) (0.107) (0.134) (0.060) 

log(UARETAILDEN) 0.185** 0.266** 0.191** 0.024 

 
(0.090) (0.106) (0.097) (0.073) 

UACARS 0.001 0.006 –0.000 –0.005 

 
(0.007) (0.010) (0.008) (0.006) 

UARAIL –0.002 –0.000 –0.001 -0.001 

 
(0.002) (0.003) (0.002) (0.001) 

KMNONCPAX 0.006 0.007 0.008 –0.002 

 
(0.011) (0.013) (0.014) (0.004) 

East of England –0.075 0.120 –0.084 –0.019 

 
(0.089) (0.101) (0.101) (0.071) 

North-East –0.070 0.181 –0.071 –0.132 

 
(0.111) (0.135) (0.114) (0.087) 

North-West –0.037 0.112 –0.028 –0.012 

 
(0.088) (0.114) (0.100) (0.064) 

Scotland 0.057 0.350* 0.057 –0.117 

 
(0.097) (0.186) (0.099) (0.092) 

South-East 0.019 0.192* 0.004 0.064 

 
(0.091) (0.116) (0.114) (0.071) 

South-West 0.077 0.215* 0.075 0.098 

 
(0.100) (0.123) (0.105) (0.079) 

Wales 0.168* 0.395*** 0.161 0.090 

 
(0.099) (0.133) (0.106) (0.073) 

West Midlands 0.019 0.112 0.024 0.011 

 
(0.100) (0.122) (0.105) (0.069) 

Yorkshire & The Humber –0.119 0.023 –0.121 –0.113 

 
(0.105) (0.135) (0.107) (0.080) 

[] [] [] [] [] 
 [] [] [] [] 
[] [] [] [] [] 
 [] [] [] [] 
[] [] [] [] [] 
 [] [] [] [] 
[] [] [] [] [] 
 [] [] [] [] 
[] [] [] [] [] 
 [] [] [] [] 
Constant –11.465** –10.333 –12.025* –9.318** 

 
(5.740) (8.100) (6.149) (4.321) 

    
 

No of observations 347 169 347 301 

Source:  CC analysis. 
 

Note:  Standard errors clustered by UA. Instruments for COMPIND are: log(NEIGHPOP), NEIGHOPS, NEIGHDEP, DISTLON, 
DISTNEXTRIV. Excluded operator category is []; excluded region is East Midlands. *** p<0.01, ** p<0.05, * p<0.1. 



A7(1)-36 

144. Model PN 4 changes the dependent variable in the regression to the single-ticket 
price PSIN. Apart from this change, the regression is otherwise the same as model 
PN 1. (The model has only 301 observations because of some missing values in the 
data on single-ticket prices.) The idea here is that any competition effects may show 
more clearly when the analysis focuses on the price of a single category of ticket. 
However, the estimated competition effect again turns out to be positive, although of 
weak significance, and becomes insignificant if we include the operator’s total 
boardings in the model as an additional control, as in paragraph 141. 

145. An alternative variation on model PN 1 is to categorize the overlap measure 
COMPIND by size of rival. We replace log(COMPIND) with three categories of over-
lap (big, medium, small), depending on the size of the competing operator. (We 
include these as levels rather than logarithms, because there are now more zeros 
among the observed overlaps in each category.) The detailed results are again 
omitted for brevity. Of the three size categories, only the coefficient on big competi-
tors comes out (weakly) statistically significant. It is again positive (coefficient = 1.63, 
p-value = 0.056). If we control for boardings, all three coefficients are statistically 
insignificant. 

146. Among the other explanatory variables in our models, only a few are consistently 
statistically significant across most or all specifications in Table 11. As would be 
expected, the coefficient on input prices, OPCOSTS, is positive, at significance levels 
ranging from 1 to 10 per cent. The coefficients on income and retail density, 
UAINCOME and UARETAILDEN, are also positive, but with less significance. It is 
plausible that prices increase in consumer incomes. The positive coefficient on retail 
density might be explained as a demand effect. It could be that prices respond 
directly to greater demand for bus journeys in busy commercial areas, or that retail 
density is a proxy for unmeasured aspects of general economic conditions in a 
market. Alternatively this variable might be picking up cost-side factors, notably 
unmeasured road congestion. The estimated region effects are almost always not 
significant, but two of the firm indicators—on [] and []—are consistently negative 
and significant, usually at the 1 per cent level. That is, all else equal, [] and [] 
average revenue per boarding (our measure of price) is lower than [] (the excluded 
category). The estimated magnitudes are quite large, on the order of 10–20 and 40–
60 per cent for [] and [] respectively. It is possible that unmeasured character-
istics of the local area explain these differentials, characteristics which just happen to 
be most prevalent in areas served by [] and []. 

147. The general tenor of the results in Table 11 is that the statistical significance of the 
estimated price-competition effect is often weak, and sensitive to the details of the 
model specification. The price indicator PTOT in particular combines many different 
bus fares, for singles, weekly tickets, concessions, etc. Furthermore some fares will 
vary by the distance travelled. The true relationship between competition and the 
average of all these fares is in practice very complex. (For example, how does the 
average fare respond to more competition if the operator changes the mix of ticket 
types sold?) Our specifications of competition in Table 11 are necessarily simple, 
because of the limited sample size, and thus may be poor approximations of the true 
relationship with prices. Hence it would seem that at the level of Urban Area 
networks there are not enough observations to allow us to pin down the price-
competition effect with any confidence. 

Competition and frequency of service at the route level  

148. Summary. We study the effects of greater competition on the aggregate frequency of 
bus service along particular bus routes. The basic question of interest is whether, 
with all other factors held constant, increased competition leads to an increased 
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number of services. Holding fixed a variety of route, operator and neighbourhood 
characteristics, we find that more competition has a positive and statistically 
significant effect on the total number of services run by all operators running a route. 
The overall average effect of an extra rival is estimated to be around 12 to 15 per 
cent more services. The point estimate for an additional small rival is an increase of 
around 17 per cent in the total number of services. For big and medium rivals the 
point estimates are not statistically significant; however, we cannot reject the 
statistical hypothesis of equality between the effects for small and larger rivals. The 
estimates satisfy most of a variety of robustness checks, including: changes in the 
measurement of total frequency, transformations of the competition measures, 
variations in the sample definition, inclusion or exclusion of outliers, and tests of the 
instruments. 

149. A difference with the route-level price-competition analysis is that we look at the 
effects of competition on total outcomes rather than on individual operator outcomes. 
All else equal, for example bus quality or congestion, it would seem uncontroversial 
that consumers are better off when the total number of services on a route increases. 
However, the benefits that arise depend on whether services are bunched or more 
equal headways apply, and whether there is any substantial detrimental impact on 
traffic congestion. 

150. Since we have often been told that customers typically take the first arriving bus, 
irrespective of the operator running the service and survey evidence shows that they 
place a high value on the total number of services on a given route or in a given 
network, it is plausible to assume that they benefit if the number of services 
increases.41

7

 A larger number of services will thus allow at least some travellers to 
take a bus closer to their desired departure time or will allow reduced connection time 
(as discussed above in paragraph ). Hence, we analyse the effect of competition on 
the total number of (weekly) services provided by all operators.  

151. It is worth noting that our frequency-concentration results hold more generally than 
those from the price-concentration analysis since our frequency data includes 
services provided by all bus operators regardless of their size. The price data used in 
the latter analysis, in contrast, is based on average prices for the six operators in our 
sample. 

152. To analyse the competition effects, we again use a standard regression methodology 
which estimates the effects of market structure (number of operators) and other 
characteristics of the competitive environment on the market outcome, ie the total 
number of services. As in the price-concentration analysis, we use instrumental 
variables to take account of the potential endogeneity of market structure, the 
possibility that a correlation between the number of operators and total number of 
weekly services run is not causal, but simply represents the joint dependence of both 
variables on a third unobserved factor.  

153. Summary statistics for the route-level frequency analysis were shown in Table 2. 
Although the data on fuel costs come directly from operators, MPRICE—the index of 
fuel and tyre costs per mile—has an implausibly wide range from 6.9p to 93.4p per 
mile (even after deletion of obvious errors such as zero entries). Trimming the upper 
and lower tails by 1 per cent results in a more reasonable range of 18.2p to 62.5p per 
mile. Several other variables (eg the distance-to-own-depot instruments) also show 
long upper and/or lower tails. These other cases most likely represent natural varia-

 
 
41 See, for example, slides 9 and 10 of the presentation on qualitative findings, www.competition-
commission.org.uk/inquiries/ref2010/localbus/pdf/002_qualitative_survey_presentation_final_version.pdf, in paragraphs 5.20 & 
5.22, as well as in Annex B, paragraph 98, regarding the results from [] survey. 

http://www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/002_qualitative_survey_presentation_final_version.pdf�
http://www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/002_qualitative_survey_presentation_final_version.pdf�
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tion in the data rather than measurement error. Nevertheless, to minimize the 
chances of our results being driven by a relatively small number of outliers, our 
preferred econometric model trims all variables with long-tailed distributions. (See 
paragraph 66 above.) 

154. Our basic model for the frequency-competition relationship is: 

  log(FREQ2) = (Firm and region indicators) + 

 β1 NUMOPS + β2 log(LENGTH) + β3 log(KPRICE) + β4 LPRICE  

 + β5 log(MPRICE) + β6 log(POPN) + β7 log(UNEMP) + β8 log(CHILD) 

 + β9 log(DAYPOP) + β10 log(HHOLDSIZE) + β11 log(RETAILDENS) 

 + β12 log(CARS) + β13 log(INCOME) + β14 RAIL + β15 log(BUS)  

 + β16 AROADS + ε , 

where ε is a random error. 

155. Including most variables in log form facilitates the interpretation and comparison of 
the coefficients. The variable AROADS enters in levels because a non-trivial number 
of routes take a value of zero for this variable. The variables NUMOPS and RAIL 
enter as levels rather than logs because they are quite discrete in nature, eg if there 
are only two operators on a route it is more natural to think of an increase of one 
operator than an increase of 10 per cent. Nevertheless the variable log(NUMOPS) 
would have the appealing property of allowing the impact of an additional operator on 
total frequency to decline in the number of operators already on the route. Hence we 
also consider alternative specifications with the log form of this variable as the 
competition measure.  

156. Table 12 shows results for our basic specification. In this regression we restrict the 
sample only to ‘non-tendered’ routes, for which the operators report zero tendered 
revenues. This is so as to focus the study on outcomes of market competition rather 
than government intervention. However, we also report the results of auxiliary regres-
sions on the whole sample, including tendered routes. Furthermore to reduce the 
model’s dependence on outlying observations, we trim 1 per cent of the observations 
from both the top and bottom tails of all the continuous or nearly-continuous 
variables.42

157. For reference, the table shows both uninstrumented and instrumented regressions. 
The former (model FR 1) is a specification that ignores the possibility that frequency 
and competition are jointly determined by unobserved third factors. Model FR 2 is the 
preferred specification which allows for such potential endogeneity. The instruments 
are discussed in paragraphs 39 to 

  

44 above. In both models LPRICE enters in 
levels—because of the way this variable is constructed, collinearity problems arise if 
it is introduced in logs.43

 
 
42 For skewed log-normal type distributions with a long upper tail, we just trim the upper tail. 

 

43 Specifically, the labour price LPRICE is constructed as a region-specific wage times a firm-specific wage premium. When 
logarithms are taken, the region- and firm-specific effects separate into additive effects which become collinear with the 
operator and region dummies already included in the model. 
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TABLE 12   The effect of concentration on the total number of frequencies 

 
(FR 1) (FR 2) 

 
OLS regression IV regression 

 
log(FREQ2) log(FREQ2) 

Explanatory variable Coefficient se Coefficient se 

     NUMOPS 0.12*** 0.02 0.15** 0.07 
log(LENGTH) –0.28*** 0.07 –0.33*** 0.10 
log(KPRICE) –0.31 0.48 –0.35 0.47 
LPRICE –0.49 0.53 –0.49 0.52 
log(MPRICE) –0.47** 0.23 –0.50** 0.22 
log(POPN) 1.04*** 0.12 1.02*** 0.12 
log(UNEMP) –0.10 0.17 –0.11 0.17 
log(CHILD) –0.57* 0.30 –0.55* 0.29 
log(DAYPOP) 0.15 0.14 0.15 0.13 
log(HHOLDSIZE) 3.07*** 0.79 3.05*** 0.76 
log(RETAILDENS) 0.28** 0.13 0.28** 0.13 
log(CARS) –0.46 0.59 –0.52 0.57 
log(INCOME) –1.21** 0.55 –1.24** 0.55 
RAIL 0.02 0.02 0.02 0.02 
log(BUS) –0.07 0.15 –0.06 0.14 
AROADS 0.40*** 0.13 0.36** 0.14 
[] [] [] [] [] 
[] [] [] [] [] 
[] [] [] [] [] 
[] [] [] [] [] 
[] [] [] [] [] 
East of England –0.00 0.39 0.01 0.39 
North-East –0.10 0.16 –0.10 0.16 
North-West –0.02 0.15 –0.02 0.15 
Scotland 0.60** 0.27 0.61** 0.27 
South-East 0.02 0.32 0.05 0.33 
South-West –0.33** 0.14 –0.32** 0.14 
Wales –0.59 0.36 –0.58 0.35 
West Midlands –0.47*** 0.16 –0.46*** 0.15 
Yorkshire & Humber 0.02 0.13 0.02 0.13 
Constant 12.28 8.16 13.07 8.24 

     No of obs 
 

1,018 
 

1,018 
Hansen J test (p-value) 

   
0.998 

R2 
 

0.51 
  

Source:  CC analysis. 
 

Note:  se = standard errors clustered by depot. *** p<0.01, ** p<0.05, * p<0.1. OLS regression assumes no endogeneity in 
NUMOPS. IV regression uses AREABIGOPS, AREABIGDEPS, AREAMSOPS,DISTBIGMID1, DISTBIGMID2, DISTOWN1 as 
instruments for NUMOPS. 

158. Our preferred specification model FR 2 indicates that, all else equal, on average an 
extra operator on a route raises total frequency by 15 per cent. This effect is statistic-
ally significant at the 5 per cent level.44

159. Those controls which are statistically significant generally have intuitively plausible 
signs. Longer routes have lower frequency. This pattern might arise because, for 
example, there are some fixed scheduling costs associated with tying a bus to a 
route. Problems of timetable coordination might make it costly to switch a bus from 
one route to another during the course of a day. Then a single bus working a short 
route would naturally run at a higher number of weekly services than a bus working a 
long route. 

 

160. It is natural that higher costs should lead to a lower number of weekly services on a 
route. Although the coefficients on the labour and capital prices are not statistically 

 
 
44 It will be noted that the uninstrumented model FR1 (an OLS regression) yields an estimated frequency effect of 12 per cent 
per additional operator, compared with 15 per cent in model FR2 (an IV regression). Comments on this analysis have argued 
that the former estimate should be an upper bound on the true value of the frequency effect, and that the IV estimate therefore 
cannot be valid. Annex C discusses this point further, and shows that the IV estimate is in any case statistically consistent with 
the upper-bound argument, because the difference between the two estimates could arise from sampling error.  
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significant, that on MPRICE, the depot’s price of fuel and tyres, is significant, 
indicating that a 10 per cent increase is associated with a fall of 5 per cent in total 
frequency. 94 per cent of the weight in the MPRICE index is given to fuel. Since this 
price is measured in pence per mile driven (not per litre), most of its variation across 
routes stems from differences in the efficiency with which buses can run on a route. 
This is a function of the type of bus, and route characteristics such as traffic conges-
tion and the number of stops. 

161. MPRICE is actually an average cost for all routes running from the same depot as 
the route in question. However, to the extent that these routes share similar charac-
teristics (urban, suburban, rural, etc), the depot’s average fuel cost is likely to be 
representative of the fuel cost on specific routes. (Furthermore, it is a measure 
specific to the owner of the route, but to the extent that all other operators on the 
route are driving in similar circumstances, it will be representative of their costs 
also.)45

162. As expected, routes passing through more populated areas have higher total 
frequency. The estimated coefficient on log(POPN) in model FR 2 is very close to 1, 
suggesting that, all else equal, a 10 per cent increase in population induces a 10 per 
cent increase in total frequency. Holding total population constant, lower frequency is 
found in areas with a higher proportion of children, although the estimated effect has 
only weak statistical significance. The positive coefficient on log(HHOLDSIZE) 
indicates that frequency is driven not just by total population, but also by the popula-
tion’s living arrangements. One possible explanation for this household-size effect is 
that a larger household has difficulty transporting ‘everyone’ in the family car, and 
hence some household members must travel by bus instead. Also, larger households 
may include share-houses occupied by, for example, students, who would naturally 
have a higher propensity toward bus usage. 

 To test whether model FR 2 omits a substantial route-specific fuel cost, we 
ran a version of this regression with a measure of the average speed of the owner’s 
buses on the route included among the explanatory variables. The speed variable 
was not statistically significant, suggesting that the route-specific fuel costs of traffic 
congestion etc are well captured by MPRICE. 

163. Routes on A-class roads have higher frequency. This is a natural consequence of the 
fact that major roads go where people want to travel—road type is thus a proxy for 
unmeasured aspects of passengers’ demand for journeys. The same explanation 
would apply to the significantly positive coefficient on retail density. On the other 
hand, the negative coefficient on log(INCOME) may indicate that higher-income 
neighbourhoods have a higher taste for alternatives to bus transport, such as car and 
rail. Although model FR 2 controls for access to both car and rail transport (finding 
neither to be statistically significant), it does not control for the usage of these modes, 
which most likely is an increasing function of income. 

164. None of the operator effects is statistically significant. Several of the region effects 
are statistically significant, most notably those for Scotland (positive, relative to the 
omitted category which is the East Midlands), and those for the South-West and the 
West Midlands (negative). These evidently represent unmeasured region-specific 
characteristics (of, for example, the local economic base) in addition to those already 
captured by the other explanatory variables in the model. 

165. Model FR 3 in Table 13 subdivides NUMOPS into three size categories: big, medium 
and small. Apart from these changes, all other variables are as in model FR 2, and 
once again we trim 1 per cent of observations from the tails where appropriate. For 

 
 
45 By ‘owner’ of the route, we mean the operator of the reference route, ie the route under analysis. See paragraph 72. 
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brevity, we omit from the table the estimated coefficients on the controls and the 
operator and region effects, as their magnitudes are very similar to those in model 
FR2. Virtually the only substantive change in the significances of these variables is 
that one of the operator effects and one of the region effects become weakly 
significant. 

TABLE 13   The effect of concentration on the total number of weekly services, model FR3 

 
(FR 3) 

 
IV regression 

 
log(FREQ2) 

Explanatory variable Coefficient se 

   BIGOPS 0.11 0.17 
MIDOPS 0.02 0.37 
SMALLOPS 0.17** 0.07 
MIDSMALLOPS 

  
   Other controls (see model 2) included 

 Operator and region effects included 
 

   No of obs 
 

1,018 
Hansen J test (p-value) 0.994 

 
Source:  CC analysis. 
 

Note:  se = standard errors clustered by depot. *** p<0.01, ** p<0.05, * p<0.1. IV regression uses AREABIGOPS, 
AREABIGDEPS, AREAMSOPS,DISTBIGMID1, DISTBIGMID2, DISTOWN1 as instruments for NUMOPS. 

166. All else equal, a route with an additional small operator (in addition to the owner) has 
on average 17 per cent more total services, significant at the 5 per cent level. Point 
estimates for the effects of big and medium operators are not statistically significant, 
either separately or jointly. We cannot reject the hypothesis that the true coefficient 
on each of these size categories is equal to that for small operators.46

167. The general conclusion from the above regressions is that more competition has a 
significant positive impact on total number of services, but it is not clear whether or 
not this effect extends beyond competition from small operators. To examine the 
robustness of this conclusion, we have conducted a variety of tests of our model 
specification and estimation method. For brevity we do not show all these results 
explicitly, but instead summarize their impacts on our preferred base specification in 
model FR 2. 

 Thus, while a 
positive effect on total frequency is observed at least for the small operators, whether 
the same holds for big and medium operators remains an open question. One reason 
for this uncertainty lies in the relative preponderance of small rivals among competing 
operators. Of the 1,018 routes that comprise the sample for regression FR3, only 
21 per cent have at least one big rival operator, and only 23 per cent have at least 
one medium rival operator. In comparison, 61 per cent have at least one small rival, 
and the number of such operators ranges up to seven (in comparison with a 
maximum of two for both MIDOPS and BIGOPS). The relatively small numbers of big 
and medium rivals mean that their coefficients are estimated with less precision.  

168. First, the frequency-competition effect is robust to measuring the competition indi-
cators (NUMOPS etc) in logs rather than levels, and it is robust to removing area 
population from the weighting of overlapping frequencies (and just weighting by 
percentage-of-route-overlapped). The effect is also robust to changes in the ‘mini-
mum overlap’ used to define both the total frequency, and the number of operators, 
on a route. When we re-estimate model FR2 with this minimum-overlap threshold 

 
 
46 Specifically, we have three competition coefficients, and we cannot reject the hypotheses, either singly or jointly, that these 
coefficients are equal to each other in any pairwise combination. 



A7(1)-42 

reduced from 3.2 km to 2 km, the estimated effect of an extra operator on total 
frequency is 8 per cent, significant at the 5 per cent level. On the other hand, when 
the threshold is raised from 3.2 km to 6.4 km, the estimated effect of an extra oper-
ator rises to 55 per cent, significant at the 1 per cent level. The latter estimate repre-
sents a large jump compared with our base model. However, the higher estimate 
comes with a wider 95 per cent confidence interval, according to which the effect of 
an extra operator on total frequency could be as low as 18 per cent.47

169. The above changes show that the estimated frequency-competition effect increases 
as we raise the minimum-overlap threshold, ie as we restrict the set of routes which 
are taken as competing with the given route and adding to its total frequency. This 
accords with economic intuition about the nature of competition on these routes. In 
an aggregate sense, a competing route with more overlap is a closer substitute for 
the given route. Strategic choices, such as operators’ choices of price and number of 
services, should show more mutual sensitivity on routes that are closer substitutes. 
Hence the estimated frequency-competition effect should increase when we restrict 
the set of competing routes to closer substitutes. 

 

170. Importantly, the frequency-competition effect is also mostly robust to changes in the 
precise sample definition. If we run model FR 2 on the whole sample of tendered and 
non-tendered routes (but still trim outliers), the estimated coefficient on NUMOPS is 
0.13, significant at the 1 per cent level. (The sample size increases to about 2,500 
with this change—apart from the outliers, the missing routes from those summarized 
in Table 2 are those in multi-route route groups, discussed in paragraph 55 above, 
and in more detail in paragraph 173 below.)  

171. Returning to the non-tendered subsample, we considered varying the threshold for 
trimming outliers. We re-ran the base model FR2 for different values of a parameter 
k, where k is the percentage of observations trimmed from one tail of a distribution. 
Specifically, we let k equal 0, 0.5, 1, 1.5, or 2. The case of k = 1 corresponds to the 
original sample used in FR2, while the case of k = 0 represents no trimming. We 
found that in four out of five cases, for k = 0.5, 1, 1.5, 2, the coefficient on NUMOPS 
(the frequency-competition effect) is stable at 0.14 or 0.15, always significant at the 
5 per cent level. Only when we include the most extreme 0.5 per cent of observations 
(ie when k = 0) does this coefficient lose statistical significance, falling to 0.05 (p-
value = 0.44). This pattern is consistent with extreme observations that are dis-
proportionately affected by measurement error, and which consequently introduce a 
bias into the estimates. It is not necessarily inconsistent with alternative interpreta-
tions, eg situations where the extreme observations are ‘good’, and the measurement 
error actually infects the less extreme observations. Nevertheless we would argue 
that the assumptions required to generate the observed pattern of statistical signifi-
cances are more intuitively obvious under the former interpretation (ie under the 
supposition of ‘extreme observation = likely measurement error’). 

172. An alternative approach to outliers is to use a quantile-regression estimation tech-
nique, which is less sensitive to values that deviate a long way from the mean. We 
ran a median-regression (LAD) version of the ‘no instruments’ model FR 1 in Table 
12. If outliers are biasing our results, we would expect this regression to show sub-
stantially different point estimates from those in model FR 1. In fact, the estimated 
frequency effect of an additional operator in this regression comes out at around 
9 per cent, quite close to that in model FR 1. 

 
 
47 With a minimum-overlap threshold of 6.4 km, about 40 per cent of routes in the sample have at least one additional operator 
(in addition to the operator of the given route). About 20 per cent of routes have at least two additional operators. In the 
subsample of 1,018 observations used in our basic regression, these are reasonable numbers on which to base inferences.  
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173. As in the case of the price-competition effect, the frequency-competition effect is 
robust to the inclusion of routes in multi-route route groups (henceforth, simply ‘route 
groups’). As mentioned in paragraph 55 above, such route groups are deleted from 
the subsample used in the basic route-level analyses. Table 14 shows regression 
results for the case where such routes are included. 

174. It is possible, indeed likely, that in many cases the routes within any given group are 
quite similar to each other. (For example, this would occur when a hypothetical route 
57 is grouped together with a minor variant 57A.) If so, then including all routes in a 
group in the regression may give rise to double counting, which is undesirable as it 
would give too much weight to routes in route groups.48

175. Both models show a positive frequency-competition effect. The coefficients on 
NUMOPS indicate an increase in total frequency of 18 per cent per additional 
operator in model FR5, and 16 per cent per operator in model FR6, both significant at 
the 5 per cent level. With the exception of a couple of weakly significant coefficients 
in model FR5, the magnitudes and significances of the estimates for the controls in 
both models are quite close to those in the base model FR2. On this basis, there 
does not seem to be any evidence that the omission of the route groups is biasing 
the results in any particular direction. 

 To address this potential 
problem, Table 14 presents two different models. In the first model (FR5), we include 
all routes in all route groups (conditional on such routes satisfying the non-tendered, 
maximum-distance, and outlier criteria explained previously with respect to the base 
model). In the second model (FR6), we include just a single randomly-selected route 
from each group. The approaches are designed to capture two different characteriz-
ations of route groups: the first allows for the possibility that such groups mostly com-
prise distinct routes, while the second allows for the alternative possibility that routes 
in a given group may often be very similar.  

 
 
48 Continuing the example, if routes 57 and 57A follow the same path for most of their length, then they will share almost 
identical values for total frequency, number of operators, and all other variables in the regression. 
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TABLE 14   The frequency-competition model extended to multi-route route groups 

 FR5 
IV regression 
log(FREQ2) 

FR6 
IV regression 
log(FREQ2) 

Explanatory variable Coefficient se Coefficient se 
     
NUMOPS 0.18** 0.08 0.16** 0.07 
log(LENGTH) –0.33*** 0.11 –0.32*** 0.10 
log(KPRICE) –0.49 0.44 –0.36 0.44 
LPRICE –0.61 0.54 –0.52 0.53 
log(MPRICE) –0.48** 0.22 –0.47** 0.22 
log(POPN) 1.10*** 0.11 1.09*** 0.11 
log(UNEMP) –0.06 0.16 –0.10 0.17 
log(CHILD) –0.41 0.28 –0.52* 0.28 
log(DAYPOP) 0.25** 0.12 0.17 0.12 
log(HHOLDSIZE) 2.68*** 0.65 2.76*** 0.70 
log(RETAILDENS) 0.34*** 0.12 0.32** 0.13 
log(CARS) –0.13 0.46 –0.35 0.49 
log(INCOME) –1.44*** 0.45 –1.31*** 0.47 
RAIL 0.00 0.02 0.01 0.01 
log(BUS) –0.15 0.13 –0.13 0.13 
AROADS 0.26* 0.15 0.29** 0.14 
[] [] [] [] [] 
[] [] [] [] [] 
[] [] [] [] [] 
[] [] [] [] [] 
[] [] [] [] [] 
East of England 0.11 0.39 0.04 0.39 
North-East –0.04 0.16 –0.07 0.16 
North-West 0.08 0.16 0.02 0.15 
Scotland 0.70*** 0.27 0.63** 0.27 
South-East 0.10 0.32 0.04 0.32 
South-West –0.35*** 0.12 –0.36*** 0.13 
Wales –0.61* 0.36 –0.58 0.36 
West Midlands –0.40** 0.16 –0.42** 0.17 
Yorkshire & Humber 0.07 0.13 0.04 0.12 
Constant 16.5 7.32 14.0 7.5 
     
No of obs 1,276 1,146 
Hansen J test (p-value) 0.836  0.944  

Source:  CC analysis. 
 

Note:  se = standard errors clustered by depot, *** p<0.01, ** p<0.05, * p<0.1. IV regression uses AREABIGOPS, 
AREABIGDEPS, AREAMSOPS,DISTBIGMID1, DISTBIGMID2, DISTOWN1 as instruments for NUMOPS. 

176. It is important to test the suitability of the instruments used for the competition 
measures. An instrument should satisfy the criteria of (a) ‘validity’—it should not be 
correlated with the unobservable factors that may affect frequency, and (b) ‘rele-
vance’—it should be correlated with the number of operators on a route, which is the 
endogenous variable in this case. 

177. Unfortunately it is not possible to test the validity (criterion (a) above) of all instru-
ments simultaneously. A widely-used alternative is to test the validity of some instru-
ments while assuming that others are valid. We used Hansen’s J statistic for this 
purpose and found that the null hypothesis of exogenous instruments (ie valid 
instruments) is not rejected (p-value is 0.998). 

178. We also tested the relevance of our instruments, ie whether they were of a suf-
ficiently strong correlation with the competition measures (criterion (b) above). 
Instruments that are only weakly correlated with their corresponding endogenous 
variables can lead to biases in the estimates. 

179. Model FR7 in Table 15 shows a version of model FR2 in which the only instruments 
used for the endogenous variable NUMOPS are AREAMSOPS and DISTOWN1. 
These are the ‘strongest’ instruments from model FR2, ie those which are most 
closely correlated with NUMOPS. Along with the results for the main regression in 
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Table 15 (corresponding to those already shown for a larger set of instruments in 
FR2), we show in Table 16 statistics summarizing the relevance (or ‘strength’) of the 
two instruments. It will first be noted that all the coefficients in the main regression in 
Table 15 are very close to those in the original model FR2. In particular, the co-
efficient on NUMOPS is essentially identical to its previously estimated value: 0.15, 
significant at the 5 per cent level. Discarding the four weaker instruments from model 
FR2 thus results in no appreciable change in the competition coefficient. On this 
basis, it does not seem that these four weaker instruments are introducing any bias 
into the estimation of the competition coefficient. 

180. It might nevertheless be argued that the remaining two instruments are themselves 
still weak, and therefore bias the estimates. This argument is contradicted by the 
evidence from the ‘first-stage’ regressions shown for model FR7 in Table 16 (second 
and third columns). These additional statistics are estimates from the first stage of a 
two-stage least-squares (2SLS) estimation procedure.49

181. This F-statistic is used in some of the tests for weak instruments referred to in 
comments on our original working paper on the performance-concentration 
analysis.

 These regressions show 
that, after controlling for other factors (the demographics and other controls), each of 
the instruments is closely correlated with NUMOPS. The regression coefficient on 
each instrument shows significance at the 1 per cent level. Also shown is the statistic 
for an F-test of the instruments’ joint significance. With a value of 20.75, this statistic 
shows significance at an even higher level of (at least) 0.01 per cent, meaning (at 
least) 99.99 per cent confidence that we can reject the hypothesis of no relationship 
between NUMOPS and the two instruments. 

50 Its value here of 20.75 exceeds the standard thresholds used in the 
literature to conclude that the instruments are in fact ‘strong’. It also far exceeds the 
value of 10 which is claimed at various places in the literature as a ‘rule-of-thumb’ 
minimal value for the F-statistic of the instruments.51

182. As a general comment on the use of weak-instruments tests, we should reiterate an 
elementary point of statistics, that failure to reject a certain null hypothesis X does not 
mean that X is accepted, since there may be many other hypotheses that are also 
consistent with the data. Thus, in the above tests, a failure to reject the hypothesis of 
weak instruments would not have automatically led to the conclusion that ‘the instru-
ments are definitely weak’. Such a failure to reject would only tell us that a range of 
instrument strengths remain plausible, from ‘weak’, through to ‘somewhat strong, but 
not really strong’. In so far as model FR7 is concerned, we are in the happier alterna-
tive situation of being able to conclude that the instruments are definitely strong. 

 We conclude that the 
instruments in this regression are not weak. 

183. We also examine the strength of the instruments in model FR3, which subdivides 
NUMOPS into big, medium and small operators. Once again, we focus on a version 
of the model which just uses the strongest instruments. In FR3 these are 
AREABIGOPS, AREAMSOPS, and DISTBIGMID1. Model FR8 in Table 15 presents 

 
 
49 Two-stage least squares is the most commonly-used way of implementing an instrumental-variables regression. The purpose 
of the first stage is to isolate just the correlation between NUMOPS and the instruments, conditional on all the other controls. 
50 Available at www.competition-
commission.org.uk/inquiries/ref2010/localbus/pdf/performance_concentration_analysis_housesty_ex.pdf.  
51 To be more precise, we can reject the following two null hypotheses, which are the most stringent (hard-to-satisfy) criteria 
generally cited in the weak-instruments literature. We can reject the hypothesis that a coefficient’s notional statistical 
significance of 5 per cent might, because of weak instruments, in fact only be significance at the 10 per cent level. And we can 
reject the hypothesis that any weak-instrument problem is biasing the estimates in Table 15 by more than 5 per cent (relative to 
the bias that would be introduced by running the regression with no instruments). (For technical reasons, to test the latter 
hypothesis we need to add another instrument to the regression. We choose AREABIGOPS for this purpose. Because of the 
extra instrument the F-statistic for the test falls to 13.92, but still exceeds the relevant threshold, ie the hypothesis is rejected.) 

http://www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/performance_concentration_analysis_housesty_ex.pdf�
http://www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/performance_concentration_analysis_housesty_ex.pdf�
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the results for the main regression, while Table 16 shows statistics summarizing the 
strength of the instruments. 

184. The estimated coefficients in model FR8 are almost identical to those in the original 
model FR3, showing that the deletion of the weaker instruments (AREABIGDEPS, 
DISTBIGMID2, DISTOWN1) has essentially no effect on the results. As in the case of 
model FR7, we still need to consider whether the three instruments that remain in the 
regression are introducing their own bias. Columns four and five of Table 16 show 
results from the first-stage regressions and auxiliary statistics. Coefficients from the 
first-stage regressions show that, when the three endogenous variables (BIGOPS, 
MIDOPS, SMALLOPS) are considered separately, each is highly significantly 
affected by at least one instrument (where ‘highly significantly affected’ means that 
the coefficient on the instrument is significant at the 1 per cent level). Furthermore, 
each of the three instruments highly significantly affects at least one endogenous 
variable. This establishes that none of the three remaining instruments can be 
individually targeted as obviously weak or irrelevant. 

185. When there is more than one endogenous variable, as in this model, the weak-
instruments framework in fact requires that we look at a different statistic, which con-
siders the joint impact of all three instruments on all three endogenous variables 
simultaneously (rather than their impacts on each endogenous variable separately, 
as in the preceding paragraph). This is the Kleibergen-Paap F statistic, which shows 
a value of 3.15 in model FR8. Except perhaps for fairly weak versions of the test, this 
value most likely falls below the threshold required for rejection of the hypothesis of 
non-negligible weak-instrument bias.52

186. As noted above in paragraph 182, failure to reject a hypothesis does not mean that 
the hypothesis of significant weak-instrument bias is accepted. In the present case, it 
may be that the instruments are just of moderate strength, but not sufficiently strong 
to discriminate statistically among the competitive effects of big, medium and small 
operators. Indeed in our discussion of the frequency-competition effects in model 
FR3, we noted that, while a statistically significant effect was only discernible for 
small operators, we could not reject the hypothesis that the effects for all sizes of 
operators were in fact equal. In this sense, the failure here to reject the weak-
instruments hypothesis is again telling us that it is difficult to separate the effects of 
different-sized operators. 

 

187. Nevertheless, on the basis of model FR7 (with one endogenous variable), which 
does reject the weak-instruments hypothesis, there is good reason to believe that 
competition from some grouping of operators does have a positive effect on 
frequency. The question at issue then is, first, whether that grouping should be by 
size, or perhaps some by some other criterion (eg age of firm), and secondly, if by 
size, whether it is really the small operators which have the relevant statistically 
significant effect. 

188. We take two approaches to answering this question while addressing the possibility 
of weak instruments. The first reduces the number of competition measures from 
three to two by combining big and medium operators into a single category, 

 
 
52 We say ‘most likely’ because, to the best of our knowledge, the relevant thresholds have not yet been tabulated for the case 
of more than two endogenous variables. Our statement is based on comparison of the observed value of 3.15 with the 
published thresholds for the case of two endogenous variables. Also in focusing on the Kleibergen-Paap statistic, rather than 
an alternative called the Cragg-Donald statistic, we are allowing for a more general ‘heteroskedastic’ pattern of random errors 
in the model. This means that we are adopting a stance on the strength of the instruments that is if anything more pessimistic 
than necessary. 
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BIGMIDOPS.53 Simultaneously we reduce the number of instruments by one, keep-
ing just AREAMSOPS and DISTBIGMID1. We re-run model FR8 with this smaller 
number of endogenous variables and instruments, and with all other variables the 
same. For brevity, we omit the detailed results, but we find that the coefficient on 
BIGMIDOPS (value 0.06) is not statistically significant (as expected), while that on 
SMALLOPS is very close to its estimated value in model FR8: 0.16, significant at the 
5 per cent level. Estimated coefficients on the demographics and other controls are 
also very close to their values in FR8. On the other hand, the Kleibergen-Paap statis-
tic referred to in paragraph 185 is now much higher, at 11.176. This value is high 
enough to comfortably exceed even the strictest available threshold for a weak-
instrument test.54

189. Our second approach is to re-run the original model FR3 with a different implementa-
tion of the instrumental-variables technique. This implementation, called LIML 
(‘limited-information maximum likelihood’) has been suggested in the literature as 
possibly more robust to a weak-instruments problem than our present 2SLS method. 
We omit the results for brevity. The LIML estimates are in all substantive respects 
identical to those from the original model, which again suggests that the instruments 
in FR3 are of sufficient strength to justify our main conclusion there, which is that 
small operators have a statistically significant positive effect on total frequency. For 
the larger-sized operators there may be a frequency effect, but with the present data 
it is not possible to determine the size of this effect with any confidence. 

 (It also exceeds the rule-of-thumb threshold of 10 referred to 
previously.) We conclude that the instruments in this regression are not weak. Since 
the inferences from this regression are essentially identical to those in models FR8 
and FR3, those earlier models do not appear to have been affected by weak-
instrument bias. 

 
 
53 This combination is justified by our failure to reject the hypothesis of equality between the effects of big and medium 
operators in model FR3. Since weak-instruments bias is argued to make reported standard errors too small, this conclusion 
would hold more strongly if any such bias were to be explicitly accounted for. 
54 Specifically, we can reject the hypothesis that a coefficient’s notional statistical significance of 5 per cent might, because of 
weak instruments, in fact only be significance at the 10 per cent level. With two endogenous variables and two instruments, the 
tabulated critical value for rejection of this hypothesis is 7.03. 
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TABLE 15   The frequency-competition relationship with a smaller set of instruments 

 FR7 
IV regression 
log(FREQ2) 

FR8 
IV regression 
log(FREQ2) 

Explanatory variable Coefficient se Coefficient se 
     
NUMOPS 0.15** 0.07   
BIGOPS   0.11 0.19 
MIDOPS   0.01 0.38 
SMALLOPS   0.17** 0.08 
log(LENGTH) –0.32*** 0.11 –0.34*** 0.11 
log(KPRICE) –0.34 0.47 –0.30 0.51 
LPRICE –0.49 0.52 –0.62 0.60 
log(MPRICE) –0.49** 0.22 –0.48** 0.22 
log(POPN) 1.03*** 0.12 1.05*** 0.13 
log(UNEMP) –0.11 0.17 –0.12 0.17 
log(CHILD) –0.55* 0.29 –0.55* 0.30 
log(DAYPOP) 0.15 0.13 0.18 0.16 
log(HHOLDSIZE) 3.05*** 0.77 3.05*** 0.75 
log(RETAILDENS) 0.28** 0.13 0.27* 0.14 
log(CARS) –0.52 0.57 –0.42 0.61 
log(INCOME) –1.24** 0.55 –1.27** 0.55 
RAIL 0.02 0.02 0.01 0.02 
log(BUS) –0.06 0.14 –0.04 0.16 
AROADS 0.37** 0.15 0.38** 0.16 
[] [] [] [] [] 
[] [] [] [] [] 
[] [] [] [] [] 
[] [] [] [] [] 
[] [] [] [] [] 
East of England 0.01 0.38 0.04 0.38 
North-East –0.10 0.16 –0.15 0.22 
North-West –0.02 0.15 –0.05 0.18 
Scotland 0.61** 0.27 0.63** 0.27 
South-East 0.04 0.33 0.03 0.33 
South-West –0.32** 0.14 –0.37** 0.16 
Wales –0.58 0.35 –0.66* 0.39 
West Midlands –0.47*** 0.15 –0.46*** 0.17 
Yorkshire & Humber 0.02 0.13 0.02 0.14 
Constant 13.0 8.27 14.5 8.7 
     
No of obs 1,018 1,018 
Hansen J test (p-value) 0.852 N/A 

Source:  CC analysis. 
 

Note:  se = standard errors clustered by depot. *** p<0.01, ** p<0.05, * p<0.1. IV regression in model FR7 uses AREAMSOPS, 
DISTOWN1 as instruments for NUMOPS. IV regression in model FR8 uses AREABIGOPS, AREAMSOPS, DISTBIGMID1 as 
instruments for BIGOPS, MIDOPS, SMALLOPS. 
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TABLE 16   The frequency-competition relationship with a smaller set of instruments: first-stage estimates 

 FR7 
IV regression 

FR8 
IV regression 

 Coefficient se Coefficient se 
Dependent variable NUMOPS BIGOPS 
Coefficients on instruments     
AREAMSOPS 0.095*** 0.016   
DISTOWN1 0.066*** 0.025   
AREABIGOPS   0.26*** 0.03 
AREAMSOPS   –0.00 0.00 
DISTBIGMID1   –0.00 0.00 
 (other coeffs not shown) (other coeffs not shown) 
F-statistic for joint significance 

of the instruments 
F(2, 199) = 20.75 
P-value = 0.0000 

F(3, 199) = 25.65 
P-value = 0.0000 

     
Dependent variable   MIDOPS 
Coefficients on instruments     
AREAMSOPS     
DISTOWN1     
AREABIGOPS   –0.11*** 0.03 
AREAMSOPS   0.01 0.01 
DISTBIGMID1   –0.01*** 0.00 
  (other coeffs not shown) 
F-statistic for joint significance 

of the instruments: 
  F(3, 199) = 5.32 

P-value = 0.0015 
     
Dependent variable   SMALLOPS 
Coefficients on instruments     
AREAMSOPS     
DISTOWN1     
AREABIGOPS   –0.08 0.09 
AREAMSOPS   0.09*** 0.02 
DISTBIGMID1   0.01* 0.01 
 

 
(other coeffs. not 

shown) 
F-statistic for joint significance 

of the instruments   
F(3, 199) = 10.07 
P-value = 0.0000 

     
Cragg-Donald Wald F statistic 35.25 9.19 
Kleibergen-Paap Wald F 

statistic 20.75 3.15 

Source:  CC analysis. 
 

Note:  se = standard errors clustered by depot. *** p<0.01, ** p<0.05, * p<0.1. 

190. In parties’ comments on our original working paper, it was suggested that the route-
level frequency analysis may suffer from a problem of omitted variables. In particular, 
it was argued that, although our regressions included controls for demographics 
around the reference route, they did not sufficiently account for the demographics of 
overlapping routes. Since a route’s total frequency is a (weighted) sum of frequencies 
on both the reference and overlapping routes, it may well depend on these ‘off-route’ 
demographics, ie on the types of neighbourhoods through which overlapping routes 
pass when they ‘branch off’ the reference route. 

191. To investigate this issue, we included additional demographic variables in our basic 
regression. This base specification currently measures demographics in a 0.5 km 
buffer around the reference route. We now introduce, as additional variables separ-
ate from the existing demographic measures, location characteristics measured over 
an expanded buffer, covering neighbourhoods between 0.5 km and X km from the 
reference route. The value of X is chosen to represent the distance traversed by a 
‘typical’ overlapping route when it branches off the reference route. Specifically we 
consider for X two alternative values, 8.75 km and 12.25 km, which respectively 
correspond to the mean, and 75th percentile of the straight-line distances travelled by 
such ‘branching’ routes once they leave the reference route. 
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192. The demographics included among our off-route characteristics are: population, 
proportion of children, ratio of daytime to total population, household size, average 
income and retail density. These are equivalents to the existing variables POPN, 
CHILDREN, DAYTIMEPOP, HHOLDSIZE, INCOME and RETAILDENS, measured 
over a broader buffer. These were chosen as the most statistically significant 
demographic variables appearing in the base model FR2. 

193. We consider first the addition of the new demographics to the regressors in FR2, with 
X set at 8.75 km. Detailed results are omitted, but we find that the estimated compe-
tition effect, ie the coefficient on NUMOPS, is 0.15, significant at the 5 per cent level, 
the same as in the base model FR2. None of the six new regressors is statistically 
significant on its own. Nor are they statistically significant as a group. Irrelevant 
regressors just add noise to a regression and make it harder to draw inferences 
about other parameters. Hence it would seem justified to drop these additional 
demographics and stick with FR2. 

194. Our alternative specification of the off-route demographics sets X to 12.25 km. When 
the additional demographics are measured with this cut-off and included in FR2, the 
coefficient on NUMOPS falls to 0.11 and is no longer significant (p-value = 0.109). 
However, the only additional variable which is statistically significant is log(average 
income), with a coefficient of –1.21, significant at the 5 per cent level.55

195. The conclusion seems to be that the inclusion of additional off-route demographic 
measures can somewhat weaken the estimated frequency-competition effect. How-
ever, the extent of this weakening is sensitive to the way in which the additional 
demographics are measured. It appears that average income in a range 8.75 to 
12.25 km from a route has more of an impact on frequency than income at shorter 
distances (0.5 to 8.75 km), although the economic reason for such a distinction is not 
clear. 

 The remain-
ing five new variables seem to be just adding noise to the regression, so we drop 
them and repeat the analysis with ‘log(average income) in 0.5–12.25km’ as the sole 
additional regressor. The coefficient on NUMOPS is then 0.12, significant at the 
10 per cent level (p-value = 0.069). That is, an extra rival on a route is estimated to 
increase total frequency by 12 per cent. 

196. We would note that the estimation method used in our route-level frequency analysis, 
while standard, is not the most efficient available technique if the sample size is 
large.56

 
 
55 The negative sign on log(average income) here is consistent with the negative sign on INCOME in the original model FR2. 
Evidently residents of wealthier neighbourhoods have a lower demand for local bus services. 

 Furthermore the efficiency of our estimates is further reduced if any included 
regressors are in fact irrelevant to bus frequency. Apart from the off-route demo-
graphics discussed above, some of the ‘local’ route characteristics (within the 0.5 km 
buffer), such as the number of rail stations, are of questionable relevance due to their 
small coefficients and low statistical significance. If the model of the preceding para-
graph (with average income in 0.5 to 12.25 km as the only off-route demographic) is 
re-estimated with the potentially more efficient technique, the coefficient on NUMOPS 
is 0.13, significant at the 10 per cent level (p-value = 0.054). If, in addition, RAIL is 
dropped from the explanatory variables, the coefficient is unchanged but is now 
significant at the 5 per cent level (p-value = 0.03).  

56 An efficient technique is one that estimates coefficients with more precision (lower standard errors). The standard technique 
is 2SLS, and has been used in all route-level frequency regressions so far except for those considered in paragraph 189. The 
potentially more efficient technique is called GMM (robust to heteroskedasticity and clustering by depot). Unfortunately there 
can be no fixed definition of what constitutes a ‘large’ sample. Relative to other modern econometric studies, the present data 
set is of moderate size. 
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197. In sum, none of the above robustness checks overturns the conclusion of positive 
frequency-competition effects, although there seems to be scope for some weaken-
ing of the conclusion if off-route demographics are incorporated in a certain way.57

Competition and frequency of service at the network level

 

58

198. Summary. To analyse the effect of competition on the total number of services run on 
the network level (ie in an Urban Area), we use similar specification as for the pre-
vious analysis. We regress the total number of weekly services on the total number 
of operators and other factors which influence competition in the provision of local 
bus services in a local area. As before, we account for a possible endogeneity prob-
lem by using instrumental variables. (Their validity is not rejected by a statistical test.) 

 

199. On the network level, the total number of services is shown to be greater in Urban 
Areas where there are a larger number of bus operators—accounting for other differ-
ences between those areas such as the total population, retail density etc. More 
precisely, in an Urban Area which has one more operator, but is otherwise the same, 
the total number of local bus services is on average around 24 to 32 per cent higher 
(depending on the specification).  

200. If the big operators and other operators are considered separately, we find an effect 
which is similar in size. How the big operators and medium and small operators 
contribute to this effect is less clear-cut. The number of services is shown to be 
54 per cent higher (but with a lower statistical significance) if there is one more big 
operator in one specification and to be 20 per cent higher if there is one more 
medium or small operator.59

201. While alternative models yield different conclusions regarding the precise size of the 
effect, all models suggest an economically (and statistically) significant positive effect 
of competition on frequencies, both on individual routes and in urban networks. To 
determine the effect of concentration on the frequency of services at the network 
level, we consider the total number of weekly services run on the network and use 
the number of operators which run at least five routes in the given Urban Area as a 
measure of competition. In fact, we analyse the effect of the total number of oper-
ators in the Urban Area on the service frequency as well as the effect of the big 
operators and medium and small operators separately.  

 

202. The codetermination of the total number of weekly frequencies and the concentration 
measure by unobservable factors, such as local preferences for bus trips or details of 
local cost conditions, may lead to a spurious correlation of frequencies and concen-
tration (ie a false positive) or a failure to detect the relationship although it is present 
in the data (ie a false negative). To circumvent this problem, we again use the 
instrumental variables approach. In addition, we use the Kleibergen-Paap F test to 

 
 
57 The route-level price-competition analysis included a test of the sensitivity of the results to variations in the ‘similarity-of-
timetable’ thresholds used to define the amount of competition faced on a route. Such checks are not needed here because the 
number-of-services and number-of-competitors measures used here are not weighted by similarity of timetable. To use such a 
weighting would involve circular reasoning, as it is natural that competing routes with a greater number of services would also 
have a greater similarity of timetable. (Thus higher frequency ‘causes’ a higher timetable similarity, rather than the other way 
around.) 
58 As explained above, the local bus networks (or Urban Areas) are derived using the methodology detailed in Appendix 4.2. 
59 The regression results below should be considered in conjunction with updated comments on the network-level frequency 
analysis in Annex C. Partly in response to the ‘upper-bound argument’ mentioned in the footnote to paragraph 158, that update 
presents a detailed comparison of OLS and IV regression results, including versions of these models which categorize 
operators by size, and which interact operator size with market size. The OLS results are particularly suggestive of a need to 
extend the competition measures to allow for such categorization and interaction. With the competition measures extended in 
this way, IV estimation becomes too noisy to be useful, but the annex shows that the OLS results are nevertheless consistent 
with those from the route-level frequency analysis. In that light the results in this appendix, relying on IV regressions with less 
elaborate competition measures, might be read mainly as a check for consistency with the route-level IV frequency analysis.  
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test for weak identification, the Anderson-Rubin test for statistical inference which is 
robust to a potential weak instrument problem and Hansen’s J test for overidentifica-
tion to test the validity of our instruments.  

203. Given the above variable definitions, our basic model for the frequency-competition 
relationship is: 

       log(FREQ) = β0 + β1 CONC. MEASURE + β w  

   + (firm and region dummies) + ε ,  

where w is a vector of explanatory variables which contains input prices and 
characteristics of the Urban Area and ε is a random error. 

204. While the extent to which the effect of the concentration on the total number of 
weekly services offered in each Urban Area depends on the details of the model 
specification, the regression results show a clear positive effect of competition (ie a 
larger number of competing operators) on the total number of services offered. 

205. The regressions summarized in Table 17 show that one operator more yields on 
average a 24 per cent higher number of total weekly services on the Urban Area 
(model FN A), while one medium or small operator more yields a 20 per cent higher 
number of total frequencies (model FN B). In both models, the road density in the 
Urban Area, ROADDENS, is shown to increase the number of frequencies 
significantly.  

206. The signs of other explanatory factors are also plausible. Since Urban Areas with a 
high road density are likely more ‘urban’ than others, ie have a higher population and 
more shopping opportunities, it is very likely that a higher number of frequencies will 
be run in those areas. Similarly, a high population and a high daytime population 
have a strong effect on the number of bus services in Urban Areas.  

207. The negative effect of the presence of at least one major shopping centre may be 
due to shoppers coming largely by car, thus in fact decreasing the number of bus 
services in the area. For the same reason, the presence of at least one sports facility 
may also plausibly have a negative impact on the total number of bus services in an 
area. Park-and-ride facilities, in contrast, have a positive impact on the total number 
of weekly services—plausibly so since users typically continue to the city centre 
by bus.  

208. Last but not least, the share of households owning a car has—plausibly—a negative 
effect on the number of weekly bus services in the local area. However, the effect is 
statistically different from zero only at the 10 per cent significance level. 

209. We also investigate whether the big and medium operators differ in their effect on the 
frequency of bus services. To that end, we run the same regression including counts 
of big operators and medium and small operators as measure of competition, instead 
of the number of all operators jointly. 

210. As the results in Table 17 show, it is difficult to determine whether the effect of the 
number of operators on frequencies is largely due to a strong effect of one of the big 
operators or to a strong effect of medium and small operators. In fact, model FN B 
suggests that frequencies are 20 per cent higher in Urban Areas with more medium 
or small operators, while the positive effect of 54 per cent of big operators is signifi-
cant only at the 10 per cent level. Jointly the two measures of competition, number of 
the big operators and number of medium and small operators are significant at the 
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conventional 5 per cent level, while the equality of these coefficients cannot be 
rejected. It remains therefore unclear whether the positive effect of competition on 
the number of services is driven by big operators only or is equally due to big oper-
ators as to medium and small operators.60

211. To check the sensitivity of our results to the potential problem of weak instruments, 
we estimated the regressions using alternative sets of instruments for the potentially 
endogenous competition measures using alternatively two-stage least squares 
(2SLS) and limited information maximum likelihood regression (LIML). In addition, we 
use the Kleibergen-Paap F test to test for weak identification. However, since the 
critical values for models with heteroskedasticity have not been published yet, these 
test statistics need to be interpreted with great caution. Since the statistical inference 
is not valid if instruments are weak, we use the Anderson-Rubin test for statistical 
inference, which is robust to a potential weak instrument problem. This approach is 
explained in more detail in paragraphs 

 

116 to 119. 

212. Hansen’s J test is used to test the validity of our instruments. The instrumented 
variables, instruments and the results of diagnostic tests are given below each table 
of results; detailed results can be found in Tables 5 and 6 in Annex A. It is worth 
noting that the instruments used are conceptually very different. The fact that 
Hansen’s J test has low power for sets of similar instruments is hence not a problem 
here. 

213. Although the Kleibergen-Paap F statistics may be taken to indicate some weakness 
of our instruments, the results based on alternative sets of instruments and regres-
sion approaches are not very different. This suggests that the results are not to a 
significant extent affected by a weak instrument bias.61

214. Therefore, we conclude that competition has in fact a positive effect on the number of 
services in an Urban Area (which is also consistent with qualitative evidence we have 
seen).

 Furthermore, the Anderson-
Rubin test shows that the coefficients of NUMOPS, NUMBIGOPS and 
NUMMIDSMALLOPS are statistically different from zero (in all variants of models FN 
A and FN B where the standard p-value indicates their statistical significance).  

62

 
 
60 This is also evident from a comparison of the results for alternative specifications presented in Annex A For those variants, 
the equality of the effect (ie the coefficients) of big and medium or small operators on the number of services in the Urban Area 
can never be rejected. 

 

61 The variants discussed in detail below are again those which use a parsimonious set of instruments. 
62 The summary of operators’ comments on the competitive response to entry suggests that adjustments of service frequencies 
and introduction of new services are the more common reaction to entry (see Section 6 (paragraph 6.128 and following) of the 
report. 
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TABLE 17   The effect of concentration on the total number of frequencies in the Urban Area, models FN A & FN B 
 FN A IV FN B 1 IV 

Dep variable Log(FREQ) Log(FREQ) 
   
NUMOPS 0.235***  
 (0.089)  
NUMBIGOPS  0.540* 
  (0.293) 
NUMMIDSMALLOPS  0.200*** 
  (0.076) 
Log(ROADDENS) 0.974*** 0.825*** 
 (0.234) (0.260) 
Log(POPN) 0.561*** 0.502*** 
 (0.093) (0.097) 
Log(DAYTIMEPOP) 0.865*** 0.890*** 
 (0.183) (0.190) 
Log(CARS) –1.174* –1.141* 
 (0.646) (0.674) 
SPORT –0.222** –0.263** 
 (0.112) (0.114) 
SHOP –0.338** –0.331** 
 (0.156) (0.144) 
P&R 0.219** 0.293** 
 (0.097) (0.127) 
Constant –10.939** –10.772** 
 (4.932) (5.193) 
   
Observations 232 232 
RMSE 0.384 0.391 
F stat 34.750 30.678 
Anderson-Rubin chi-sq test (p-
value) 

0.002 0.001 

Anderson-Rubin F test (p-value) 0.006 0.003 
Kleibergen-Paap LM rk stat 13.163  
Kleibergen-Paap LM rk (p-value) 0.001 0.031 
Cragg-Donald F stat 5.461 1.716 
Kleibergen-Paap F stat 6.746 2.070 
Hansen's J-test (p-value) 0.424 0.509 
Joint significance of NUMOPSBIG 

& NUMOPSMIDSMALL  0.004 
Equality of NUMOPSBIG and 

NUMOPSMIDSMALL  0.268 

Source:  CC analysis. 
 

Note:  Robust standard error in brackets. *** p<0.01, ** p<0.05, * p<0.1. Instrumented: NUMOPS; Instruments, model FN A: 
AREASMALLOPS, MAJROADS; model FN B: MAJROADS, NEIGHBIGOPS and NEIGHSHARERET. 

215. We also investigated whether the frequency concentration relationship differs for 
Urban Areas which are small with respect to the total number of bus routes and small 
(or very large) by population.63,64

216. First, we assess whether Urban Areas with a small number of routes, that is those 
where five routes are a large share of all routes, do in fact differ from other Urban 
Areas regarding the frequency-competition relationship. To that end, we include an 
indicator variable for the x-percentile of Urban Areas with the smallest total number of 
routes (xc) and its interaction (NUMOPS*xc) in addition to the number of operators 
active in the Urban Area (NUMOPS). To test the sensitivity of these results to this 
threshold, we run this analysis for different percentiles. Table 18 shows the share of 
five routes in all routes at the x-percentile. For example, the 10 per cent Urban Areas 

 

 
 
63 In the round-table discussion, it has been suggested that the results of the analysis may not reflect the frequency-
concentration relationship in small Urban Areas since five routes—the threshold for a ‘significant’ operator—may be large in 
relation to the total number of routes in such areas. 
64 Below we discuss the results for model FN A, including the total number of competitors, only. It proved to be impossible to 
find a sufficient number of strong instruments for analogous variants of model FN B. 
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with the smallest number of total routes are those above the 90-centile. Here, five 
routes are at least 20 per cent of all routes in the Urban Area. 

TABLE 18   The share of five routes in all routes at the x-percentile 
x-

percentile 
 

Share of 5 routes 
in all routes 

% 

  90c 20.0 
85c 17.9 
80c 16.1 
75c 14.5 
70c 13.2 

Source:  CC analysis. 
 

 
TABLE 19 The effect of concentration on the total number of frequencies in the Urban Area considering potential 

differences for Urban Areas with a small number of routes, variants of models FN A 

 FN A 90c FN A 85c FN A 80c FN A 75c FN A 70c 
Dep variable Log(FREQ) Log(FREQ) Log(FREQ) Log(FREQ) Log(FREQ) 

      
NUMOPS 0.250** 0.218** 0.223** 0.208** 0.213** 
 (0.100) (0.091) (0.097) (0.095) (0.095) 
NUMOPS*xc 0.279 0.160 0.218 0.129 0.126 
 (0.548) (0.238) (0.219) (0.141) (0.130) 
xc –0.489 –0.377 –0.448 –0.361 –0.361 
 (0.692) (0.353) (0.354) (0.265) (0.260) 
Constant –12.236** –12.859*** –13.086*** –12.787*** –13.151*** 
 (5.072) (4.680) (4.846) (4.623) (4.673) 
      
Observations 232 232 232 232 232 
RMSE 0.402 0.372 0.382 0.366 0.369 
F stat 30.262 36.452 35.513 39.268 38.721 
Kleib-Paap LM rk stat 11.001 12.405 12.077 12.199 12.513 
Kleib-Paap LM rk (p-value) 0.012 0.006 0.007 0.007 0.006 
Anderson-Rubin F (p-value) 0.031 0.041 0.022 0.027 0.008 
Anderson-Rubin chi^2  (p-

value) 0.013 0.018 0.008 0.011 0.002 
Hansen's J-test (p-value) 0.761 0.721 0.756 0.701 0.676 
Joint significance of xc and 

NUMOPS*xc 0.355 0.262 0.336 0.215 0.222 

Source:  CC analysis. 
 

Note:  Robust standard error in brackets. *** p<0.01, ** p<0.05, * p<0.1. Instrumented: NUMOPS; Instruments, model FN A: 
AREASMALLOPS, MAJROADS, AREASMALLOPS* 90c, MAJROADS *90c. 

217. As the regression results in Table 19 show, these additional variables (NUMOPS*xc 
and xc) are always individually as well as jointly insignificant. This demonstrates that 
the relationship between frequency and concentration does not differ between Urban 
Areas with a small number of routes and other Urban Areas. On a more technical 
level, this result shows that NUMOPS*xc and xc should be omitted from the regres-
sion—which brings us back to model FN A. 

218. Secondly, we assess whether Urban Areas with a small population differ from others 
regarding the frequency-concentration relationship. Since it is a priori not clear 
whether particularly large or particularly small Urban Areas (if any) differ from the 
remaining Urban Areas, we construct indicator variables for both the largest and 
smallest Urban Areas (LARGEST 10% and SMALLEST 10%) and interact those with 
NUMOPS, the number of operators in the Urban Area. The largest 10 per cent Urban 
Areas are those with a population of more than 250,000, while the smallest 10 per 
cent have a population below 32,500. 

219. The dummy SMALLEST 10% and its interaction with NUMOPS are individually as 
well as jointly insignificant, while the dummy LARGEST 10% and its interaction with 
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NUMOPS are individually as well as jointly significant. Therefore we excluded the 
former from the model (FN A POP in Table 20). The latter model shows that the 
effect for all but the largest Urban Areas is larger if this difference is accounted for (a 
32 per cent increase in frequencies for one operator, compared with 24 per cent in 
the base specification), while the effect is much smaller for the largest Urban Areas 
(around a 6 per cent increase in frequencies for one more operator).  

TABLE 20 The effect of concentration on the total number of frequencies in the Urban Area considering potential 
differences for Urban Areas with a large and/or small population, variants of models FN A 

 
FN A POP 

large&small FN A POP 
Dep variable Log(FREQ) Log(FREQ) 

   
NUMOPS 0.285*** 0.322*** 
 (0.094) (0.117) 
NUMOPS * SMALLEST 10% –0.203  
 (0.296)  
SMALLEST 10% 0.313  
 (0.567)  
NUMOPS * LARGEST 10% –0.245** –0.258** 
 (0.095) (0.111) 
LARGEST 10% 0.906** 0.932** 
 (0.411) (0.474) 
Constant –17.303*** –18.671*** 
 (5.492) (5.992) 
   
Observations 232 232 
RMSE 0.357 0.384 
F stat 73.151 62.963 
Kleib-Paap LM rk stat 12.759 11.019 
Kleib-Paap LM rk (p-value) 0.047 0.026 
Anderson-Rubin F (p-value) 0.015 0.022 
Anderson-Rubin chi^2 (p-value) 0.003 0.008 
Hansen's J-test (p-value) 0.403 0.763 
Joint significance of NUMOPS* 

SMALLEST 10% & SMALLEST 10% 0.616  
Joint significance of NUMOPS* 

LARGEST 10% & LARGEST 10% 0.024 0.032 

Source:  CC analysis. 
 

Note:  Robust standard error in brackets. *** p<0.01, ** p<0.05, * p<0.1. Instrumented: NUMOPS; Instruments, model FN A 
large&small: AREASMALLOPS, MAJROADS, POPNEUA and their interactions with LARGEST 10% and SMALLEST 10%; 
model FN A POP: AREASMALLOPS, MAJROADS and their interactions with LARGEST 10% and POPNEUA. 

220. In addition, we run analyses to test the sensitivity of our results with respect to the 
threshold of at least five routes. Table 21 summarizes the results for our base model 
with the five-route threshold (FN A 5r), and the same models with a threshold of two 
routes and without any threshold (models FN A 2r and FN A 0r respectively). In 
addition, we run the model considering only operators which run 2.5 per cent or more 
of the total number of services in the Urban Area (model FN A 2.5%).  
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TABLE 21 The effect of concentration on the total number of frequencies in the Urban Area for varying thresholds of 
the route number, variants of models FN A 

 FNA 5r FNA 2r FNA 0r FNA 2.5% 
Dep variable Log(FREQ) Log(FREQ) Log(FREQ) Log(FREQ) 

     
NUMOPS 0.235*** 0.101*** 0.055*** 0.337** 
 (0.089) (0.038) (0.019) (0.165) 
Constant –10.939** –7.129 –6.266 –7.551 
 (4.932) (5.112) (4.435) (6.676) 
     
Observations 232 232 232 232 
RMSE 0.384 0.367 0.346 0.554 
F stat 34.753 35.685 42.733 26.374 
Anderson-Rubin chi-sq test 

(p-value) 0.002 0.002 0.002 0.002 
Anderson-Rubin F test (p-

value) 0.006 0.006 0.006 0.006 
Kleib-Paap rk (p-value) 0.001 0.003 0.000 0.045 
Hansen's J-test (p-value) 0.424 0.374 0.336 0.406 

Source:  CC analysis. 
 

Note:  Robust standard error in brackets, *** p<0.01, ** p<0.05, * p<0.1. Instrumented: NUMOPS; Instruments, 
AREASMALLOPS, MAJROADS. 

221. These results show that the positive effect of the number of operators in the number 
of bus services in the Urban Area is robust to changes in the threshold, ie it remains 
statistically significant. As discussed for the route-level analysis, the addition of mar-
ginal competitors which run only a very small number of routes in the given Urban 
Area adds noise to the measure of competition NUMOPS. Thus, the average effect 
for effective competitors (with five routes or more) is very plausibly higher than the 
average effect of those competitors and a number of additional ineffective compe-
titors. In addition, model FN A 2.5% shows that considering only operators with a 
frequency-share of 2.5 per cent or more, an additional such competitor leads on 
average to 34 per cent increase in the total number of services in the Urban Area. 

222. As an additional check of the relevance of operators with fewer than five routes in the 
Urban Area, we estimated an alternative variant of model FN A where we included 
the number of operators with five routes or more and the number of operators with up 
to five routes separately.65

 
 
65 The model passes the tests reported below each result table. 

 In this model, an additional operator running five routes or 
more is shown to increase the total number of services by 28 per cent (statistically 
significant at the conventional level) while an operator with fewer than five routes is 
shown to have no effect (details omitted).  
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TABLE 22 The effect of concentration on the total number of frequencies in the Urban Area for varying thresholds of 
the route number, variants of models FN B 

 FNB 5r FNB 2r FNB 0r FNB 2.5% 
Dep variable Log(FREQ) Log(FREQ) Log(FREQ) Log(FREQ) 

     
NUMBIGOPS 0.540* 0.292 0.355 0.801* 
 (0.293) (0.245) (0.220) (0.419) 
NUMMIDSMALLOPS 0.200*** 0.077** 0.027* 0.047 
 (0.076) (0.036) (0.016) (0.110) 
Constant –10.772** –5.439 –3.899 7.127 
 (5.193) (5.388) (4.619) (9.834) 
     
Observations 232 232 232 232 
RMSE 0.391 0.350 0.332 0.465 
F stat 30.678 40.826 54.234 22.734 
Anderson-Rubin chi-sq test   (p-

value) 0.001 0.004 0.012 0.030 
Anderson-Rubin F test (p-value) 0.003 0.010 0.026 0.050 
Kleib-Paap rk (p-value) 0.031 0.002 0.011 0.004 
Hansen's J-test (p-value) 0.509 . 0.577 . 
Joint significance of NUMOPSBIG 

& NUMOPSMIDSMALL 0.004 0.014 0.011 0.146 

Source:  CC analysis. 
 

Note:  Robust standard error in brackets. *** p<0.01, ** p<0.05, * p<0.1. Instrumented: NUMOPS; Instruments, FN B 5r: 
MAJROADS, AREABIGOPSNEUA, NEIGHSHARERET; FN B 2r: AREASMALLOPS, AREABIGOPS; FN B 0r: 
AREASMALLOPS, AREABIGOPS, NEIGHSHARERET; FN B 2.5%: AREABIGOPSNEUA, NEIGHSHARERET. 

223. The effect of a lowering of the route threshold considering big and medium and small 
operators is shown in Table 22 above. Closer inspection suggests that these results 
are also consistent with a dilution of the effect of competition on the number of 
services due to the inclusion of weak competitors (apparent from the variants of 
model FN A).  

224. Using no threshold at all (model FNB 0r) in contrast implies an inclusion of too many 
ineffective competitors, so that in this case medium and small operators on average 
no longer have an effect on the number of services (which is also true for big oper-
ators).  

225. Using the threshold of a frequency-share of 2.5 per cent or more as a criterion, big 
operators may still have an effect on the total number of services. This is less certain 
since the respective estimate is not statistically significant at conventional 5 per cent 
level, but only at the 10 per cent level (model FN B 2.5%). 

226. Overall, these results show that the positive effect of the number of operators on the 
number of bus services in the Urban Area is robust to changes in the threshold, ie it 
remains statistically significant (at least if all operators are considered jointly and—to 
a somewhat lesser degree—also if big and medium and small operators are consid-
ered separately). Since the addition of marginal competitors which run only a very 
small number of routes in the given Urban Area adds noise to the measure of compe-
tition NUMOPS, the average effect for effective competitors (with five routes or more) 
is higher than the average effect of those competitors and a number of additional 
ineffective competitors.  

227. In sum, all models and model variants suggest that competition between bus oper-
ators has a material positive effect on frequency. 
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ANNEX A 

Route-level price-concentration regressions 

TABLE 1   The effect of concentration on single-ticket price at the route level, model PR 1 

 PR 1 fs PR 1 IV 2sls 
Dep variable NUMOPSW Log(PSIN) 

   
NUMOPSW  –0.009 
  (0.057) 
TENDER –0.264*** –0.041* 
 (0.049) (0.022) 
AIRPORT –0.155 –0.003 
 (0.212) (0.053) 
Log(AROADS) 0.050 0.081*** 
 (0.047) (0.015) 
Log(BROADS) 0.053*** 0.007 
 (0.013) (0.007) 
RLENGTH 0.025*** 0.011*** 
 (0.003) (0.002) 
CAPPRICE –2.674** –0.318 
 (1.357) (0.472) 
MARPRICE –0.023*** 0.001 
 (0.005) (0.002) 
LABPRICE 0.226 0.044 
 (0.401) (0.146) 
Log(DAYTIMEPOP) 0.031 0.036** 
 (0.050) (0.016) 
Log(INCOME) –0.027 0.514*** 
 (0.497) (0.195) 
Log(AB) 0.237 –0.203*** 
 (0.168) (0.062) 
Log(CARS) 0.342 0.196* 
 (0.500) (0.117) 
log(UNEMP) 0.038 –0.128*** 
 (0.145) (0.046) 
Log(RAIL) –0.011 –0.006** 
 (0.009) (0.003) 
Log(RETAILDENS) –0.177*** 0.074*** 
 (0.064) (0.024) 
UNI 0.096 –0.061** 
 (0.077) (0.027) 
SPORT 0.211 –0.027 
 (0.129) (0.026) 
[] [] [] 
 [] [] 
[] [] [] 
 [] [] 
[] [] [] 
 [] [] 
[] [] [] 
 [] [] 
[] [] [] 
 [] [] 
East of England –0.249 0.090 
 (0.286) (0.103) 
North-East –0.079 0.083 
 (0.125) (0.070) 
North-West –0.021 0.061 
 (0.131) (0.063) 
Scotland –0.043 –0.072 
 (0.231) (0.080) 
South-East –0.199 0.023 
 (0.239) (0.088) 
South-West –0.070 0.057 
 (0.087) (0.063) 
Wales 0.116 0.190 
 (0.247) (0.118) 
West Midlands –0.043 0.030 
 (0.106) (0.060) 
Yorkshire & Humber 0.023 –0.013 
 (0.101) (0.061) 
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AREABIGOPS 0.130***  
 (0.041)  
AREASMALLOPS 0.030***  
 (0.009)  
Constant 0.972 –6.508*** 
 (6.419) (2.443) 
   
Observations 2,612 2,612 
No of clusters 233 233 
RMSE 0.908 0.216 
F stat 11.197 . 
Adj R sq 0.187 0.396 

Source:  CC analysis. 
 

Note:  Cluster robust standard error in brackets. *** p<0.01, ** p<0.05, * p<0.1. fs = first stage, iv = instrument variable 
regression. Considering rival operators with a similar timetable (50% similarity). 

TABLE 2   The effect of concentration on single ticket price at the route level, model PR 2 

 PR 2 fs  PR 2 fs  PR 2 IV 2sls  

Dep variable 
NUMOPS- 

BIGW 
NUMOPS-   

MIDSMALLW Log(FREQ) 
    
NUMOPSBIGW   –0.074 
   (0.086) 
NUMOPSMIDSMALLW   0.055 
   (0.077) 
TENDER –0.039** –0.225*** –0.028 
 (0.019) (0.042) (0.025) 
AIRPORT 0.033 –0.188 0.011 
 (0.105) (0.134) (0.056) 
Log(AROADS) 0.002 0.048 0.077*** 
 (0.018) (0.043) (0.016) 
Log(BROADS) 0.019*** 0.033*** 0.006 
 (0.007) (0.012) (0.007) 
RLENGTH 0.002** 0.023*** 0.009*** 
 (0.001) (0.003) (0.002) 
CAPPRICE –0.935 –1.740 –0.210 
 (0.637) (1.201) (0.484) 
MARPRICE –0.015*** –0.008** 0.001 
 (0.003) (0.004) (0.002) 
LABPRICE 0.095 0.131 0.046 
 (0.149) (0.318) (0.153) 
Log(DAYTIMEPOP) 0.080*** –0.049 0.046** 
 (0.021) (0.045) (0.019) 
Log(INCOME) 0.222 –0.249 0.550*** 
 (0.242) (0.446) (0.205) 
Log(AB) 0.067 0.171 –0.211*** 
 (0.067) (0.154) (0.064) 
Log(CARS) 0.031 0.310 0.167 
 (0.200) (0.432) (0.125) 
log(UNEMP) 0.084* –0.046 –0.125*** 
 (0.050) (0.127) (0.048) 
Log(RAIL) –0.008** –0.003 –0.007** 
 (0.004) (0.008) (0.003) 
Log(RETAILDENS) –0.050** –0.127** 0.078*** 
 (0.022) (0.055) (0.025) 
UNI 0.073** 0.023 –0.056* 
 (0.032) (0.067) (0.029) 
SPORT 0.020 0.191 –0.039 
 (0.044) (0.134) (0.029) 
[] [] [] [] 
 [] [] [] 
[] [] [] [] 
 [] [] [] 
[] [] [] [] 
 [] [] [] 
[] [] [] [] 
 [] [] [] 
[] [] [] [] 
 [] [] [] 
East of England –0.149 –0.100 0.083 
 (0.108) (0.229) (0.108) 
North-East 0.243*** –0.322*** 0.126 
 (0.077) (0.113) (0.078) 
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North-West –0.001 –0.020 0.060 
 (0.051) (0.112) (0.065) 
Scotland –0.030 –0.013 –0.076 
 (0.079) (0.200) (0.085) 
South-East –0.116 –0.083 0.018 
 (0.089) (0.192) (0.092) 
South-West –0.029 –0.041 0.056 
 (0.041) (0.083) (0.064) 
Wales 0.030 0.086 0.187 
 (0.102) (0.192) (0.123) 
West Midlands 0.049 –0.092 0.034 
 (0.053) (0.095) (0.061) 
Yorkshire & Humber 0.055 –0.032 –0.005 
 (0.047) (0.089) (0.062) 
AREABIGOPS 0.161*** –0.030  
 (0.019) (0.036)  
AREASMALLOPS 0.002 0.028***  
 (0.003) (0.009)  
Constant –2.506 3.478 –7.049*** 
 (2.772) (5.542) (2.540) 
    
Observations 2,612 2,612 2,612 
No of clusters 233 233 233 
RMSE 0.340 0.797 0.222 
F stat 7.698 6.056 . 
Adj R sq 0.294 0.142 0.361 
Joint significance of 

NUMOPSBIGW & 
NUMOPSMIDSMALLW   0.528 

Source:  CC analysis. 
 

Note:  Cluster robust standard error in brackets. *** p<0.01, ** p<0.05, * p<0.1. fs = first stage, iv = instrument variable 
regression. Considering rival operators with a similar timetable (50% similarity). 
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TABLE 3   The effect of concentration on average ticket price at the route level, model PR 3 

 PR 3 all fs PR 3 all 2sls PR 3 all liml 
PR 3 parsim 

fs 
PR 3 parsim 

2sls 
PR 3 parsim  

liml 
PR 3 just id 

fs 
PR 3 just id 

2sls/liml 
Dep variable NUMOPSW Log(PTOT) Log(PTOT) NUMOPSW Log(PTOT) Log(PTOT) NUMOPSW Log(PTOT) 

         
NUMOPSW  –0.123 –0.189  0.075 0.078  0.142 
  (0.090) (0.137)  (0.118) (0.124)  (0.127) 
LOWFREQ 0.494*** 0.448*** 0.482*** 0.496*** 0.348*** 0.346*** 0.500*** 0.314*** 
 (0.129) (0.073) (0.092) (0.130) (0.076) (0.079) (0.130) (0.078) 
TENDER –0.218*** 0.333*** 0.319*** –0.211*** 0.374*** 0.374*** –0.215*** 0.389*** 
 (0.048) (0.033) (0.041) (0.048) (0.036) (0.037) (0.048) (0.038) 
AIRPORT –0.239 0.138 0.125 –0.212 0.178* 0.178* –0.220 0.191* 
 (0.200) (0.095) (0.100) (0.195) (0.095) (0.095) (0.201) (0.099) 
Log(AROADS) 0.050 0.054** 0.060** –0.040 0.038 0.037 0.075* 0.031 
 (0.044) (0.027) (0.030) (0.063) (0.025) (0.025) (0.045) (0.026) 
Log(BROADS) 0.048*** 0.023** 0.026** 0.019 0.011 0.011 0.052*** 0.007 
 (0.013) (0.011) (0.013) (0.017) (0.011) (0.012) (0.013) (0.012) 
RLENGTH 0.027*** 0.021*** 0.023*** 0.026*** 0.016*** 0.016*** 0.028*** 0.014*** 
 (0.003) (0.003) (0.004) (0.003) (0.004) (0.004) (0.003) (0.004) 
CAPPRICE –2.817** –0.671 –0.813 –2.505** –0.233 –0.227 –2.863** –0.098 
 (1.223) (0.918) (0.972) (1.200) (0.888) (0.892) (1.256) (0.886) 
MARPRICE –0.025*** –0.002 –0.004 –0.021*** 0.002 0.002 –0.023*** 0.003 
 (0.005) (0.003) (0.004) (0.005) (0.003) (0.003) (0.005) (0.004) 
LABPRICE –0.075 0.021 0.006 –0.113 0.092 0.092 –0.197 0.085 
 (0.494) (0.136) (0.126) (0.482) (0.213) (0.214) (0.489) (0.221) 
Log(DAYTIMEPOP) –0.014 –0.159*** –0.155*** 0.041 –0.172*** –0.172*** 0.017 –0.177*** 
 (0.048) (0.023) (0.025) (0.049) (0.024) (0.024) (0.048) (0.025) 
Log(INCOME) 0.288 0.780*** 0.817*** 0.086 0.661** 0.660** 0.401 0.629** 
 (0.509) (0.256) (0.270) (0.531) (0.264) (0.265) (0.506) (0.267) 
Log(AB) 0.202 0.171** 0.181** 0.220 0.140* 0.140* 0.183 0.130 
 (0.173) (0.084) (0.088) (0.174) (0.083) (0.083) (0.169) (0.087) 
Log(CARS) 0.080 –0.717*** –0.732*** 0.204 –0.665*** –0.665*** 0.016 –0.654*** 
 (0.462) (0.204) (0.217) (0.462) (0.191) (0.191) (0.459) (0.196) 
log(UNEMP) 0.017 0.053 0.051 0.061 0.059 0.059 0.026 0.061 
 (0.145) (0.076) (0.078) (0.151) (0.078) (0.078) (0.152) (0.080) 
Log(RAIL) 0.001 –0.001 –0.001 0.003 –0.002 –0.002 0.006 –0.003 
 (0.008) (0.004) (0.005) (0.008) (0.004) (0.004) (0.008) (0.005) 
Log(RETAILDENS) –0.219*** –0.021 –0.041 –0.253*** 0.038 0.039 –0.251*** 0.060 
 (0.063) (0.036) (0.047) (0.067) (0.039) (0.041) (0.064) (0.044) 
UNI 0.132* –0.040 –0.032 0.123 –0.064** –0.064** 0.113 –0.072** 
 (0.074) (0.028) (0.032) (0.076) (0.031) (0.031) (0.076) (0.032) 
SPORT 0.195 –0.024 –0.011 0.215* –0.065 –0.065 0.207 –0.078* 
 (0.127) (0.056) (0.066) (0.127) (0.047) (0.048) (0.129) (0.047) 
[] [] [] [] [] [] [] [] [] 
 [] [] [] [] [] [] [] [] 
[] [] [] [] [] [] [] [] [] 
 [] [] [] [] [] [] [] [] 
[] [] [] [] [] [] [] [] [] 
 [] [] [] [] [] [] [] [] 
[] [] [] [] [] [] [] [] [] 
 [] [] [] [] [] [] [] [] 
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[] [] [] [] [] [] [] [] [] 
 [] [] [] [] [] [] [] [] 
East of England –0.190 –0.102 –0.112 –0.116 –0.088 –0.087 –0.150 –0.061 
 (0.354) (0.112) (0.110) (0.341) (0.159) (0.159) (0.352) (0.165) 
North-East –0.209 –0.259*** –0.270*** –0.181 –0.221*** –0.221*** –0.251* –0.214*** 
 (0.159) (0.063) (0.066) (0.147) (0.068) (0.068) (0.149) (0.070) 
North-West –0.064 0.051 0.063 0.142 0.007 0.006 0.080 –0.000 
 (0.146) (0.097) (0.099) (0.149) (0.106) (0.106) (0.149) (0.105) 
Scotland –0.082 –0.132 –0.134 –0.014 –0.135 –0.135 –0.045 –0.121 
 (0.261) (0.088) (0.089) (0.261) (0.112) (0.112) (0.261) (0.114) 
South-East –0.129 –0.028 –0.035 –0.076 –0.020 –0.020 –0.107 0.000 
 (0.290) (0.085) (0.083) (0.281) (0.125) (0.126) (0.287) (0.130) 
South-West –0.136 0.049 0.040 –0.057 0.076 0.076 –0.138 0.088 
 (0.098) (0.053) (0.055) (0.099) (0.056) (0.057) (0.097) (0.058) 
Wales –0.236 0.034 0.011 –0.217 0.119 0.120 –0.305 0.130 
 (0.310) (0.098) (0.100) (0.300) (0.136) (0.137) (0.306) (0.145) 
West Midlands –0.177 –0.070 –0.083 –0.124 –0.034 –0.033 –0.151 –0.020 
 (0.113) (0.070) (0.075) (0.113) (0.070) (0.071) (0.116) (0.073) 
Yorkshire & Humber –0.036 –0.268*** –0.269*** –0.013 –0.271*** –0.271*** –0.041 –0.267*** 
 (0.116) (0.053) (0.054) (0.115) (0.059) (0.059) (0.117) (0.062) 
AREABIGOPS 0.136***   0.121**   0.160***  
 (0.041)   (0.047)   (0.045)  
AREAMIDOPS 0.065        
 (0.049)        
AREASMALLOPS 0.023**        
 (0.010)        
DISTBIGMID2    –0.004***     
    (0.001)     
MAJROADS    1.139**     
    (0.538)     
Constant 0.956 –5.854** –5.945** 2.599 –5.739* –5.735* 0.784 –5.489* 
 (6.971) (2.640) (2.672) (6.943) (3.084) (3.094) (6.942) (3.200) 
         
Observations 2,688 2,688 2,688 2,688 2,688 2,688 2,688 2,688 
No of clusters 239 239 239 239 239 239 239 239 
RMSE 0.906 0.421 0.443 0.908 0.401 0.402 0.911 0.413 
F stat 13.161 38.769 33.651 12.415 40.081 39.906 12.769 34.144 
Adj R sq 0.208   0.201   0.200  
Kleib-Paap LM rk stat  21.292 21.292  21.042 21.042  11.356 
Kleib-Paap LM rk (p-value)  0.000 0.000  0.000 0.000  0.001 
Cragg-Donald F stat  18.571 18.571  13.731 13.731  27.316 
Kleibergen-Paap F stat  10.206 10.206  9.193 9.193  12.864 
Anderson-Rubin F (p-value)  0.008 0.008  0.660 0.660  0.258 
Hansen's J-test (p-value)  0.025 0.034  0.656 0.656  . 

Source:  CC analysis. 
 

Note:  se = cluster robust standard error, fs = first stage, iv = instrument variable regression. *** p<0.01, ** p<0.05, * p<0.1. Considering rival operators with a 
similar timetable (50% similarity); Instrumented: NUMOPS; Hansen's J-test did not reject exogeneity of the instruments for PR 3 B using the previous version of 
the data set. Given that the instruments AREAxOPS are not rejected in other specifications including conceptually dissimilar instruments such as PR 4 (B) below, 
rejection here might be a case of overrejection due to (somewhat) weak instruments, vgl. Hahn, Hausman (2003). 
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TABLE 4   The effect of concentration on average ticket price at the route level, model PR 4  
            

 
PR 4 all 

fs 
PR 4 all 

fs 
PR 4 all 

2sls PR 4 all liml 
PR 4 

parsim fs 
PR 4 

parsim fs 
PR 4 

parsim 2sls 
PR 4 

parsim liml 
PR 4 just 

id fs 
PR 4 just 

id fs 
PR 4 just id 

2sls/liml 

Dep variable 
NUMOPS- 

BIGW 
NUMOPS

MSW Log(FREQ) Log(FREQ) 
NUMOPS- 

BIGW 
NUMOPS

MSW Log(FREQ) Log(FREQ) 
NUMOPS- 

BIGW 
NUMOPS

MSW Log(FREQ) 
            
NUMOPSBIGW   0.224** 0.232*   0.166 0.166   0.159 
   (0.113) (0.121)   (0.149) (0.150)   (0.154) 
NUMOPSMIDSMALLW   –0.275** –0.319**   –0.365** –0.368**   –0.382** 
   (0.119) (0.141)   (0.165) (0.167)   (0.176) 
LOWFREQ 0.098** 0.387*** 0.480*** 0.496*** 0.101** 0.385*** 0.519*** 0.521*** 0.102*** 0.387*** 0.527*** 
 (0.039) (0.107) (0.075) (0.083) (0.039) (0.107) (0.092) (0.093) (0.039) (0.107) (0.098) 
TENDER –0.026 –0.184*** 0.316*** 0.309*** –0.027 –0.189*** 0.297*** 0.297*** –0.027 –0.188*** 0.294*** 
 (0.018) (0.040) (0.035) (0.038) (0.019) (0.040) (0.044) (0.044) (0.019) (0.040) (0.046) 
AIRPORT 0.051 –0.283** 0.063 0.050 0.039 –0.300** 0.039 0.038 0.038 –0.301** 0.035 
 (0.106) (0.117) (0.106) (0.108) (0.108) (0.120) (0.110) (0.110) (0.110) (0.122) (0.111) 
Log(AROADS) –0.042* –0.009 0.071** 0.075** –0.043* –0.016 0.079** 0.079** –0.002 0.057 0.081** 
 (0.024) (0.060) (0.029) (0.031) (0.025) (0.061) (0.033) (0.033) (0.018) (0.041) (0.034) 
Log(BROADS) –0.002 0.010 0.020** 0.021** 0.004 0.011 0.025** 0.025** 0.015** 0.032*** 0.026** 
 (0.009) (0.016) (0.010) (0.010) (0.008) (0.016) (0.011) (0.011) (0.007) (0.012) (0.012) 
RLENGTH 0.002 0.023*** 0.024*** 0.025*** 0.002 0.023*** 0.027*** 0.027*** 0.003** 0.024*** 0.027*** 
 (0.001) (0.003) (0.003) (0.004) (0.001) (0.003) (0.004) (0.004) (0.001) (0.003) (0.005) 
CAPPRICE –0.741 –1.641 –0.794 –0.870 –0.825 –1.584 –0.981 –0.986 –0.877 –1.676 –1.013 
 (0.563) (1.045) (0.974) (1.000) (0.567) (1.066) (1.051) (1.053) (0.576) (1.065) (1.060) 
MARPRICE –0.013*** –0.011*** 0.001 0.000 –0.014*** –0.011*** –0.001 –0.001 –0.014*** –0.011*** –0.001 
 (0.002) (0.004) (0.003) (0.003) (0.003) (0.004) (0.004) (0.004) (0.003) (0.004) (0.004) 
LABPRICE –0.134 0.110 0.074 0.074 –0.165 0.036 0.052 0.052 –0.164 0.039 0.050 
 (0.143) (0.429) (0.166) (0.169) (0.141) (0.444) (0.168) (0.168) (0.145) (0.457) (0.170) 
Log(DAYTIMEPOP) 0.112*** –0.057 –0.222*** –0.226*** 0.095*** –0.067 –0.224*** –0.224*** 0.080*** –0.094** –0.224*** 
 (0.024) (0.048) (0.035) (0.037) (0.023) (0.047) (0.037) (0.037) (0.022) (0.045) (0.038) 
Log(INCOME) 0.285 –0.181 0.651** 0.653** 0.154 –0.076 0.694** 0.694** 0.197 0.000 0.699** 
 (0.254) (0.469) (0.294) (0.304) (0.238) (0.463) (0.311) (0.311) (0.242) (0.445) (0.313) 
Log(AB) 0.029 0.148 0.169* 0.174* 0.060 0.157 0.183* 0.183* 0.052 0.142 0.185* 
 (0.070) (0.159) (0.093) (0.097) (0.067) (0.159) (0.099) (0.099) (0.068) (0.156) (0.101) 
Log(CARS) 0.080 0.263 –0.560** –0.553** 0.076 0.179 –0.587** –0.587** 0.054 0.140 –0.588** 
 (0.203) (0.394) (0.241) (0.251) (0.205) (0.397) (0.258) (0.259) (0.208) (0.395) (0.262) 
log(UNEMP) 0.087* 0.006 0.084 0.084 0.077 –0.025 0.079 0.079 0.072 –0.033 0.079 
 (0.052) (0.126) (0.080) (0.082) (0.052) (0.129) (0.084) (0.084) (0.052) (0.129) (0.085) 
Log(RAIL) –0.007* 0.010 0.005 0.006 –0.006* 0.010 0.006 0.006 –0.006* 0.010 0.006 
 (0.003) (0.007) (0.006) (0.006) (0.003) (0.007) (0.006) (0.006) (0.003) (0.007) (0.006) 
Log(RETAILDENS) –0.056** –0.140** 0.015 0.009 –0.052** –0.159*** –0.007 –0.008 –0.040 –0.137*** –0.011 
 (0.024) (0.057) (0.037) (0.039) (0.025) (0.057) (0.043) (0.044) (0.025) (0.053) (0.045) 
Log(RETAILDENS 8.75km) 0.029 0.229** 0.177*** 0.187*** 0.032 0.232** 0.202*** 0.203*** 0.037 0.241*** 0.206*** 
 (0.033) (0.093) (0.056) (0.060) (0.035) (0.093) (0.066) (0.067) (0.035) (0.091) (0.069) 
UNI 0.057* 0.059 –0.061** –0.060* 0.062** 0.053 –0.055 –0.054 0.064** 0.055 –0.053 
 (0.030) (0.061) (0.031) (0.033) (0.031) (0.063) (0.035) (0.035) (0.032) (0.063) (0.036) 
SPORT 0.032 0.182 0.001 0.009 0.032 0.188 0.020 0.021 0.029 0.182 0.023 
 (0.043) (0.131) (0.076) (0.081) (0.044) (0.134) (0.089) (0.090) (0.044) (0.134) (0.092) 
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[] [] [] [] [] [] [] [] [] [] [] [] 
 [] [] [] [] [] [] [] [] [] [] [] 
[] [] [] [] [] [] [] [] [] [] [] [] 
 [] [] [] [] [] [] [] [] [] [] [] 
[] [] [] [] [] [] [] [] [] [] [] [] 
 [] [] [] [] [] [] [] [] [] [] [] 
[] [] [] [] [] [] [] [] [] [] [] [] 
 [] [] [] [] [] [] [] [] [] [] [] 
[] [] [] [] [] [] [] [] [] [] [] [] 
 [] [] [] [] [] [] [] [] [] [] [] 
East of England 0.058 –0.198 –0.104 –0.110 0.018 –0.158 –0.113 –0.113 0.014 –0.167 –0.115 
 (0.105) (0.309) (0.127) (0.130) (0.102) (0.316) (0.131) (0.132) (0.105) (0.325) (0.133) 
North-East 0.066 –0.300* –0.415*** –0.436*** 0.183** –0.410*** –0.442*** –0.444*** 0.180** –0.415*** –0.448*** 
 (0.085) (0.181) (0.093) (0.100) (0.072) (0.136) (0.103) (0.104) (0.073) (0.138) (0.106) 
North-West –0.025 –0.113 –0.024 –0.026 0.066 –0.150 –0.015 –0.015 0.063 –0.155 –0.014 
 (0.058) (0.149) (0.106) (0.107) (0.050) (0.133) (0.107) (0.108) (0.050) (0.136) (0.108) 
Scotland –0.172 –0.069 –0.187* –0.193* 0.079 –0.179 –0.194* –0.194 0.080 –0.178 –0.195 
 (0.122) (0.299) (0.111) (0.116) (0.078) (0.241) (0.118) (0.118) (0.079) (0.246) (0.120) 
South-East 0.063 –0.176 –0.055 –0.061 0.012 –0.159 –0.062 –0.062 0.008 –0.165 –0.064 
 (0.087) (0.255) (0.099) (0.102) (0.083) (0.256) (0.101) (0.102) (0.085) (0.264) (0.103) 
South-West –0.022 –0.096 0.036 0.031 –0.020 –0.135 0.023 0.023 –0.025 –0.142 0.021 
 (0.038) (0.096) (0.058) (0.060) (0.040) (0.093) (0.062) (0.062) (0.040) (0.093) (0.063) 
Wales –0.157 –0.103 0.039 0.032 –0.136 –0.161 0.003 0.002 –0.135 –0.159 –0.002 
 (0.098) (0.279) (0.116) (0.119) (0.096) (0.279) (0.122) (0.123) (0.098) (0.288) (0.126) 
West Midlands 0.035 –0.216** –0.104 –0.113 0.039 –0.230** –0.123 –0.124 0.042 –0.223** –0.127 
 (0.055) (0.100) (0.083) (0.086) (0.053) (0.097) (0.086) (0.087) (0.054) (0.098) (0.088) 
Yorkshire & Humber 0.018 –0.069 –0.305*** –0.310*** 0.082* –0.089 –0.307*** –0.307*** 0.079* –0.094 –0.307*** 
 (0.052) (0.117) (0.061) (0.063) (0.046) (0.102) (0.062) (0.063) (0.046) (0.103) (0.063) 
            
AREABIGOPS 0.160*** –0.032   0.163*** –0.031   0.165*** –0.028  
 (0.017) (0.037)   (0.019) (0.038)   (0.019) (0.038)  
AREAMIDOPS 0.011 0.066          
 (0.020) (0.043)          
AREASMALLOPS 0.001 0.022**   0.001 0.025***   0.001 0.025***  
 (0.003) (0.009)   (0.003) (0.008)   (0.003) (0.008)  
MAJROADS 0.496** 0.658   0.409* 0.727      
 (0.208) (0.482)   (0.212) (0.488)      
DISTOWN1 0.016*** 0.019**          
 (0.004) (0.010)          
DISTLON 0.001** –0.000          
 (0.000) (0.000)          
Constant –1.905 2.781 –4.536 –4.449 0.121 2.402 –4.552 –4.546 –0.052 2.094 –4.540 
 (2.879) (6.168) (3.042) (3.151) (2.665) (6.277) (3.217) (3.227) (2.697) (6.334) (3.266) 
            
Observations 2,662 2,662 2,662 2,662 2,666 2,666 2,666 2,666 2,666 2,666 2,666 
No of clusters 238 238 238 238 239 239 239 239 239 239 239 
RMSE 0.339 0.793 0.463 0.481 0.341 0.796 0.501 0.502 0.341 0.797 0.509 
F stat 10.407 6.818 25.053 23.004 8.756 6.758 22.024 21.892 8.670 6.798 21.417 
Adj= R sq 0.302 0.170   0.292 0.171   0.291 0.170  
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Kleib-Paap LM rk stat   25.653 25.653   10.858 10.858   9.408 
Kleib-Paap LM rk (p–value)   0.000 0.000   0.004 0.004   0.002 
Cragg-Donald F stat   7.571 7.571   11.016 11.016   15.102 
Kleib-Paap F stat   4.968 4.968   3.969 3.969   4.826 
Anderson-Rubin F (p-value)   0.047 0.047   0.014 0.014   0.005 
Hansen's J-test (p-value)   0.607 0.647   0.640 0.641   . 
Joint significance of 

NUMOPSBIG & 
NUMOPSMIDSMALL   0.025 0.029   0.037 0.038   0.039 

Equality of NUMOPSBIG 
and NUMOPSMIDSMALL   0.007 0.008   0.013 0.013   0.013 

Source:  CC analysis. 
 

           

            
Note:  se = cluster robust standard error, fs = first stage, iv = instrument variable regression,  *** p<0.01, ** p<0.05, * p<0.1. Considering rival operators with a similar timetable (50% 
similarity). 
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1. The average price of a bus ticket for a local service is shown to be lower in the 
government office regions North-East and Yorkshire & Humber—accounting for 
differences in demand and cost captured by the explanatory factors included in these 
regressions; see models PR 3 to PR 4B above. For variants of this regression, this 
holds only for Yorkshire & Humber. Given that we control for a large number of 
demand and cost factors, a possible explanation could be that unobserved differ-
ences in local transport policies, eg those implemented by Regional Transport 
Strategy (RTS), cause a difference in the competitive conditions in Yorkshire & 
Humber and other government office regions and force bus operators to set lower 
average prices than in other regions. 

Urban-area network level freq-concentration regressions 

TABLE 5   The effect of concentration on the total number of services run in the Urban Area, model FN A 
         

VARIABLES FN A all fs 
FN A all 

2sls 
FN A all 

liml 
FN A parsim 

fs 
FN A parsim 

2sls 
FN A parsim 

liml 
FN A just id 

fs 
FN A just id 

2sls/liml 
         

Dep variable NUM-OPS Log(FREQ) Log(FREQ) NUMOPS Log(FREQ) Log(FREQ) NUMOPS Log(FREQ) 
         
NUMOPS  0.203*** 0.245***  0.235*** 0.249**  0.302** 
  (0.063) (0.084)  (0.089) (0.098)  (0.147) 
         
AVMATPRICE 0.020 –0.003 –0.004 0.016 –0.004 –0.004 0.017 –0.006 
 (0.015) (0.004) (0.004) (0.013) (0.004) (0.004) (0.013) (0.005) 
AVCAPPRICE –12.028** 1.911 2.278 –10.296* 2.189 2.313 –9.467* 2.780 
 (5.869) (1.539) (1.712) (5.550) (1.725) (1.797) (5.603) (2.166) 
AVLABPRICE –0.112 –0.009 –0.009 –0.125 –0.009 –0.009 –0.044 –0.009 
 (0.273) (0.073) (0.080) (0.270) (0.079) (0.081) (0.267) (0.091) 
Log(ROADDENS) –0.123 0.963*** 0.978*** –0.331 0.974*** 0.979*** –0.416 0.998*** 
 (0.784) (0.221) (0.239) (0.767) (0.234) (0.240) (0.785) (0.269) 
Log(AROADS) 0.033 –0.012 –0.032 0.065 –0.027 –0.033 0.386 –0.058 
 (0.315) (0.074) (0.084) (0.302) (0.082) (0.086) (0.264) (0.113) 
Log(POPN) 1.048*** 0.591*** 0.551*** 1.004*** 0.561*** 0.547*** 0.929*** 0.496*** 
 (0.174) (0.072) (0.090) (0.168) (0.093) (0.101) (0.156) (0.152) 
Log(DAYTIMEPOP) –0.359 0.848*** 0.871*** –0.274 0.865*** 0.873*** –0.538 0.901*** 
 (0.591) (0.173) (0.187) (0.588) (0.183) (0.188) (0.593) (0.211) 
Log(INCOME) –2.932* 0.091 0.156 –1.962 0.140 0.162 –1.824 0.244 
 (1.540) (0.442) (0.492) (1.469) (0.473) (0.490) (1.470) (0.573) 
Log(CARS) –0.072 –1.173** –1.174* –0.238 –1.174* –1.174* 0.116 –1.175 
 (2.322) (0.597) (0.663) (2.378) (0.646) (0.670) (2.395) (0.764) 
Log(RETAILDENS) 0.768 0.001 –0.027 0.786 –0.020 –0.029 0.897* –0.065 
 (0.543) (0.156) (0.169) (0.526) (0.162) (0.167) (0.527) (0.189) 
SPORT 0.855*** –0.195** –0.231** 0.847*** –0.222** –0.234* 0.876*** –0.280* 
 (0.324) (0.092) (0.110) (0.322) (0.112) (0.120) (0.316) (0.155) 
SHOP 1.010** –0.299** –0.351** 1.001** –0.338** –0.356** 1.037** –0.421* 
 (0.442) (0.131) (0.158) (0.457) (0.156) (0.166) (0.465) (0.242) 
P&R 0.170 0.224** 0.217** 0.160 0.219** 0.216** 0.240 0.207* 
 (0.384) (0.088) (0.100) (0.365) (0.097) (0.102) (0.368) (0.123) 
[] [] [] [] [] [] [] [] [] 
 [] [] [] [] [] [] [] [] 
[] [] [] [] [] [] [] [] [] 
 [] [] [] [] [] [] [] [] 
[] [] [] [] [] [] [] [] [] 
 [] [] [] [] [] [] [] [] 
[] [] [] [] [] [] [] [] [] 
 [] [] [] [] [] [] [] [] 
[] [] [] [] [] [] [] [] [] 
 [] [] [] [] [] [] [] [] 
[] [] [] [] [] [] [] [] [] 
 [] [] [] [] [] [] [] [] 
East of England 0.545 –0.194 –0.202 0.412 –0.200 –0.203 0.304 –0.213 
 (0.468) (0.134) (0.143) (0.434) (0.141) (0.145) (0.435) (0.159) 
North-East 0.141 0.186 0.180 0.143 0.181 0.179 0.152 0.171 
 (0.636) (0.195) (0.210) (0.638) (0.206) (0.211) (0.640) (0.234) 
North-West 0.119 0.034 0.030 –0.096 0.031 0.029 –0.141 0.024 
 (0.465) (0.122) (0.131) (0.439) (0.128) (0.131) (0.450) (0.145) 
Scotland –0.584 0.510*** 0.530*** –0.545 0.525*** 0.532*** –0.462 0.558*** 
 (0.502) (0.122) (0.133) (0.496) (0.133) (0.138) (0.498) (0.165) 
South-East –0.266 –0.082 –0.061 –0.402 –0.066 –0.059 –0.424 –0.033 
 (0.421) (0.130) (0.140) (0.408) (0.143) (0.147) (0.410) (0.167) 
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South-West –0.098 0.089 0.100 –0.196 0.097 0.101 –0.283 0.114 
 (0.442) (0.121) (0.130) (0.386) (0.129) (0.133) (0.388) (0.148) 
Wales 0.286 0.140 0.130 0.096 0.132 0.129 0.181 0.116 
 (0.567) (0.137) (0.146) (0.524) (0.144) (0.147) (0.545) (0.163) 
West Midlands 0.498 –0.204* –0.223* 0.369 –0.218* –0.225* 0.528 –0.249* 
 (0.482) (0.124) (0.133) (0.459) (0.132) (0.135) (0.443) (0.151) 
Yorkshire & Humber –1.169** 0.328** 0.378** –1.162** 0.366** 0.383** –1.169** 0.448* 
 (0.529) (0.147) (0.169) (0.531) (0.173) (0.183) (0.533) (0.244) 
         
AREABIGOPS –0.141        
 (0.127)        
AREASMALLOPS 0.048   0.048   0.062**  
 (0.032)   (0.030)   (0.028)  
MAJROADS 8.019**   7.355**     
 (3.307)   (3.411)     
NUMOPSNEUA –0.122        
 (0.172)        
BIGOPSNEUA 0.444        
 (0.301)        
NEIGHSHARERET –10.355        
 (7.007)        
Constant 23.995 –10.611** –11.044** 13.718 –10.939** –11.085** 13.961 –11.635** 
 (16.727) (4.617) (5.108) (15.758) (4.932) (5.103) (15.823) (5.860) 
         
Observations 232 232 232 232 232 232 232 232 
RMSE 1.305 0.360 0.392 1.307 0.384 0.395 1.318 0.443 
F stat 7.750 41.157 32.946 8.777 34.753 32.252 8.949 24.903 
Adj R^2 0.570   0.569   0.562  
Kleib-Paap LM rk stat  19.767 19.767  13.163 13.163  5.267 
Kleib-Paap LM rk (p-

value)  0.003 0.003  0.001 0.001  0.022 
Anderson-Rubin F 

test (p-value)  0.005 0.005  0.006 0.006  0.002 
Kleib-Paap rk (p-

value)  0.003 0.003  0.001 0.001  0.022 
Cragg Donald F stat  2.586 2.586  5.461 5.461  6.324 
Kleibergen-Paap F 

stat  3.693 3.693  6.746 6.746  4.788 
Hansen's J-test (p-

value)  0.596 0.674  0.424 0.440  . 

Source:  CC analysis. 
 

Note:  se = robust standard error, fs = first stage, iv = instrument variable regression.  *** p<0.01, ** p<0.05, * p<0.1. 
Considering rival operators with more than four routes. 
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TABLE 6   The effect of concentration on the total number of services run in the Urban Area, model FN B 
            

 
FN B all 

fs 
FN B all 

fs 
FN B all 

2sls 
FN B all 

liml 
FN B 

parsim fs 
FN B 

parsim fs 
FN B 

parsim 2sls 
FN B 

parsim liml 
FN B just 

id fs 
FN B just 

id fs 
FN B just 
id 2sls/liml 

Dep variable 
NUMBIG- 

OPS 
NUMMS- 

OPS Log(FREQ) Log(FREQ) 
NUMBIG- 

OPS 
NUMMS- 

OPS Log(FREQ) Log(FREQ) 
NUMBIG- 

OPS 
NUMMS- 

OPS Log(FREQ) 
            
NUMBIGOPS   0.346* 0.422   0.540* 0.647   0.518 
   (0.207) (0.297)   (0.293) (0.396)   (0.420) 
NUMMIDSMALLOPS   0.197*** 0.232***   0.200*** 0.221**   0.307** 
   (0.065) (0.084)   (0.076) (0.091)   (0.148) 
            
AVMATPRICE 0.004 0.016 –0.003 –0.004 0.001 0.016 –0.003 –0.004 0.002 0.016 –0.006 
 (0.006) (0.014) (0.004) (0.004) (0.005) (0.013) (0.004) (0.005) (0.005) (0.013) (0.005) 
AVCAPPRICE –4.043** –7.985 2.290 2.720 –3.565* –7.676 2.876 3.303 –3.476* –6.833 3.434 
 (1.756) (5.550) (1.631) (1.864) (1.823) (5.441) (1.834) (2.088) (1.840) (5.455) (2.220) 
AVLABPRICE 0.081 –0.193 –0.023 –0.026 0.096 –0.200 –0.040 –0.048 0.108 –0.130 –0.029 
 (0.083) (0.263) (0.077) (0.087) (0.085) (0.262) (0.086) (0.096) (0.086) (0.258) (0.105) 
Log(ROADDENS) 0.348 –0.471 0.901*** 0.897*** 0.338 –0.600 0.825*** 0.798*** 0.369 –0.835 0.914*** 
 (0.324) (0.790) (0.238) (0.269) (0.329) (0.778) (0.260) (0.296) (0.333) (0.802) (0.344) 
Log(AROADS) 0.012 0.021 –0.018 –0.037 0.023 0.043 –0.031 –0.046 0.068 0.327 –0.073 
 (0.082) (0.295) (0.074) (0.082) (0.081) (0.297) (0.079) (0.086) (0.072) (0.251) (0.109) 
Log(POPN) 0.254*** 0.794*** 0.557*** 0.512*** 0.261*** 0.788*** 0.502*** 0.459*** 0.269*** 0.656*** 0.435*** 
 (0.057) (0.162) (0.081) (0.106) (0.058) (0.163) (0.097) (0.123) (0.056) (0.151) (0.144) 
Log(DAYTIMEPOP) –0.071 –0.288 0.864*** 0.888*** –0.037 –0.332 0.890*** 0.912*** –0.117 –0.406 0.931*** 
 (0.211) (0.590) (0.175) (0.188) (0.211) (0.585) (0.190) (0.206) (0.216) (0.601) (0.217) 
Log(INCOME) –0.465 –2.467 0.155 0.231 –0.256 –2.689* 0.256 0.330 –0.563 –1.363 0.357 
 (0.661) (1.545) (0.460) (0.515) (0.643) (1.554) (0.497) (0.553) (0.551) (1.456) (0.600) 
Log(CARS) –0.403 0.330 –1.159* –1.156* –0.540 0.533 –1.141* –1.134 –0.295 0.128 –1.156 
 (0.868) (2.287) (0.611) (0.677) (0.880) (2.338) (0.674) (0.739) (0.847) (2.355) (0.819) 
Log(RETAILDENS) 0.203 0.564 –0.029 –0.062 0.168 0.757 –0.076 –0.109 0.233 0.673 –0.117 
 (0.206) (0.516) (0.159) (0.176) (0.197) (0.502) (0.174) (0.195) (0.192) (0.506) (0.214) 
SPORT 0.195 0.660** –0.220** –0.259** 0.184 0.685** –0.263** –0.298** 0.200 0.669** –0.328** 
 (0.125) (0.325) (0.097) (0.120) (0.127) (0.325) (0.114) (0.136) (0.127) (0.315) (0.148) 
SHOP 0.088 0.922** –0.307** –0.355** 0.103 0.870** –0.331** –0.365** 0.101 0.928** –0.449* 
 (0.107) (0.411) (0.131) (0.154) (0.106) (0.425) (0.144) (0.163) (0.106) (0.435) (0.238) 
P&R –0.233* 0.403 0.255** 0.257** –0.241* 0.451 0.293** 0.307** –0.208 0.440 0.248 
 (0.125) (0.367) (0.103) (0.124) (0.127) (0.362) (0.127) (0.151) (0.126) (0.353) (0.179) 
[] [] [] [] [] [] [] [] [] [] [] [] 
 [] [] [] [] [] [] [] [] [] [] [] 
[] [] [] [] [] [] [] [] [] [] [] [] 
 [] [] [] [] [] [] [] [] [] [] [] 
[] [] [] [] [] [] [] [] [] [] [] [] 
 [] [] [] [] [] [] [] [] [] [] [] 
[] [] [] [] [] [] [] [] [] [] [] [] 
 [] [] [] [] [] [] [] [] [] [] [] 
[] [] [] [] [] [] [] [] [] [] [] [] 
 [] [] [] [] [] [] [] [] [] [] [] 
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[] [] [] [] [] [] [] [] [] [] [] [] 
 [] [] [] [] [] [] [] [] [] [] [] 
East of England –0.087 0.632 –0.186 –0.190 –0.039 0.631 –0.177 –0.177 –0.010 0.372 –0.203 
 (0.197) (0.515) (0.132) (0.141) (0.191) (0.497) (0.138) (0.147) (0.187) (0.481) (0.165) 
North-East 0.245 –0.103 0.126 0.104 0.168 –0.158 0.047 0.009 0.221 –0.336 0.083 
 (0.284) (0.619) (0.208) (0.235) (0.288) (0.628) (0.234) (0.269) (0.269) (0.622) (0.278) 
North-West 0.028 0.091 0.032 0.027 –0.049 0.060 0.027 0.023 –0.001 –0.179 0.019 
 (0.184) (0.467) (0.121) (0.129) (0.181) (0.464) (0.129) (0.138) (0.173) (0.452) (0.148) 
Scotland –0.129 –0.455 0.510*** 0.528*** –0.122 –0.421 0.515*** 0.527*** –0.078 –0.467 0.564*** 
 (0.180) (0.518) (0.118) (0.128) (0.180) (0.514) (0.125) (0.136) (0.179) (0.518) (0.164) 
South-East –0.222 –0.045 –0.072 –0.051 –0.146 –0.083 –0.053 –0.036 –0.086 –0.335 –0.013 
 (0.186) (0.448) (0.128) (0.139) (0.176) (0.435) (0.138) (0.150) (0.166) (0.428) (0.169) 
South-West –0.090 –0.008 0.086 0.095 –0.029 –0.025 0.086 0.090 0.010 –0.290 0.114 
 (0.174) (0.462) (0.118) (0.126) (0.170) (0.433) (0.123) (0.131) (0.166) (0.413) (0.148) 
Wales 0.025 0.261 0.125 0.111 0.085 0.273 0.102 0.088 0.167 0.091 0.091 
 (0.199) (0.552) (0.140) (0.151) (0.198) (0.536) (0.151) (0.163) (0.180) (0.537) (0.172) 
West Midlands 0.128 0.370 –0.214* –0.233* 0.036 0.383 –0.232* –0.248* 0.080 0.444 –0.269* 
 (0.179) (0.466) (0.123) (0.133) (0.181) (0.455) (0.131) (0.143) (0.179) (0.447) (0.150) 
Yorkshire & Humber –0.011 –1.157** 0.312** 0.353** 0.001 –1.180** 0.306* 0.326* 0.015 –1.240** 0.442* 
 (0.200) (0.505) (0.147) (0.169) (0.197) (0.500) (0.163) (0.186) (0.195) (0.501) (0.258) 
            
AREABIGOPS 0.042 –0.182          
 (0.047) (0.120)          
AREASMALLOPS –0.004 0.052*   –0.002 0.043   –0.003 0.063**  
 (0.009) (0.030)   (0.008) (0.029)   (0.008) (0.027)  
MAJROADS 1.204 6.815**   1.159 6.026*      
 (1.053) (3.164)   (1.037) (3.220)      
NUMOPSNEUA –0.112* –0.010          
 (0.059) (0.165)          
BIGOPSNEUA 0.332*** 0.112   0.282** 0.024   0.258** 0.107  
 (0.124) (0.302)   (0.112) (0.289)   (0.110) (0.286)  
NEIGHSHARERET 4.087 –14.442**   4.130 –15.214**      
 (3.566) (7.184)   (3.574) (7.147)      
Constant –0.284 24.278 –10.629** –11.020** –2.880 27.328 –10.772** –11.029* 0.914 13.685 –11.800* 
 (7.408) (16.641) (4.745) (5.252) (7.198) (16.647) (5.193) (5.690) (6.080) (15.277) (6.205) 
            
Observations 232 232 232 232 232 232 232 232 232 232 232 
RMSE 0.457 1.274 0.363 0.395 0.459 1.275 0.391 0.424 0.460 1.291 0.465 
F stat 16.969 4.449 37.393 30.236 15.710 4.573 30.678 25.561 15.839 4.586 21.276 
Adj R^2 0.479 0.445   0.473 0.445   0.471 0.431  
Kleibergen-Paap LM rk 

stat   18.515 18.515   8.900 8.900   5.252 
Kleibergen-Paap LM rk 

(p-value)   0.002 0.002   0.031 0.031   0.022 
Anderson-Rubin F test 

(p-value)   0.005 0.005   0.003 0.003   0.001 
Kleibergen-Paap rk (p-

value)   0.002 0.002   0.031 0.031   0.022 
Cragg-Donald F stat   1.837 1.837   1.716 1.716   1.936 
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Kleibergen-Paap F stat   2.263 2.263   2.070 2.070   2.466 
Hansen's J-test (p-value)   0.552 0.630   0.509 0.566   . 
Joint significance of 

NUMOPSBIG & 
NUMOPSMIDSMALL   0.003 0.009   0.004 0.010   0.027 

Equality of NUMOPSBIG 
& NUMOPSMIDSMALL   0.489 0.536   0.268 0.303   0.655 

Source:  CC analysis. 
 

          

            
Note:  se = robust standard error, fs = first stage, iv = instrument variable regression. *** p<0.01, ** p<0.05, * p<0.1. Considering rival operators with more than four routes. 
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2. We are aware that Scotland is shown to have local urban bus networks with a higher 
number of weekly services than the East Midlands—holding everything else con-
stant; see models FN 1 to FN 5 above. In these regressions, the omitted government 
office region, the benchmark with which other regions are compared, is the East 
Midlands. The total number of weekly local bus services run in the East Midlands is 
relatively low. Its largest three Urban Areas are Leicester (40.1), Derby (25.7) and 
Chesterfield (14.3); numbers in brackets are weekly services in thousands. 
Nottingham is not one of the Urban Areas considered because none of the sample 
routes are in that area. 

3. A possible reason for this result is the large number of weekly services in the largest 
Urban Areas in Scotland: Glasgow (98.0), Edinburgh (51.3) and to a lesser extent 
Dundee (30.0), while all other Urban Areas in Scotland have smaller number of 
weekly services. Only the government office regions North-West and West Midlands 
have total numbers of weekly services which are similar to Scotland’s in levels and 
distribution.  

4. However, Urban Areas cover a small part of Scotland, while a greater share of the 
North-West and the West Midlands are covered by relatively urban areas. This dif-
ference may cause the demand for bus services and thus total weekly frequencies in 
those government office regions and Scotland to differ. That may explain why only for 
Scotland the existence of a small number of Urban Areas with high numbers of local 
bus services shows up as a significantly higher number of frequencies in the 
regression results.  
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ANNEX B 

Responses to parties’ comments not addressed in Appendix 7.1 

In this annex we summarize and respond to comments by the parties and their advisers 
which did not require further analyses (other than to discuss these comments in detail). 
References to the working paper refer to the working paper on the performance-
concentration analysis unless stated otherwise.1

This appendix is structured in the following way: the comments from parties and their 
advisers are set out in italics, followed by the CC’s response to the point in normal typeface. 

 

A.  Data issues 

1. Data preparation and sample definition 

1. Arriva’s adviser Oxera stated that it was not possible to trace the data used in the 
estimation back to the data supplied to the CC by Arriva. 

The data provided in the data room contained the raw data provided by six large 
operators, among them Arriva (data set named ‘101207 Operator route output v2’) as 
well as other raw data, for example the route information from the National Public 
Transport Data Repository (NPTDR) data set, demographic data, and the code used 
to match the raw data sets thus generating the data set used for the analysis. The 
content of the raw data sets, final data sets and data generation code was clearly 
explained in a ‘Readme’ document. An additional file, entitled ‘Variable list’, that was 
also available in the data room explained the content of these files, and gave 
definitions of all variables included in the raw data sets. As the readme document 
explained, the raw data set ‘101207 Operator route output v2’ contained the 
operators’ data from the responses to the data request and each was labelled (eg 
data from Arriva was labelled ‘Arriva’ in the variable ‘operator’). All these data sets 
and documents were made available to each party in the data room. Therefore 
Arriva’s adviser could have found the data supplied by Arriva very easily as those 
entries in the data set ‘101207 Operator route output v2’ which had ‘Arriva’ in the 
variable named ‘operator’. 

2. Stagecoach’s adviser Oxera argued that the absence of data on potentially important 
explanatory variables (such as policies to encourage bus use) limits the value of the 
analysis and may result in a spurious relationship between the number of competitors 
and price or frequency. 

See our discussion of omitted variables in response to comments 37 and 53. 

3. ALBUM queried the exclusion of long routes (more than 45 kms in length) from the 
sample. 

We note that even with this upper threshold our samples still include the great 
majority of local bus routes in the study area. Since rural bus routes tend to be 
longer, the distance threshold will make the sample somewhat overweighted in 
favour of urban routes. However, this overweighting is to some extent ameliorated by 

 
 
1 Published at www.competition-
commission.org.uk/inquiries/ref2010/localbus/pdf/performance_concentration_analysis_housesty_ex.pdf.  

http://www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/performance_concentration_analysis_housesty_ex.pdf�
http://www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/performance_concentration_analysis_housesty_ex.pdf�
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the inclusion of region dummies, since longer rural routes are likely to predominate in 
particular regions, notably Scotland. 

4. Arriva pointed out that a substantial part of the requested data had not been used in 
the analysis due to inconsistent reporting by the different operators. 

This statement is only partly correct. Only a small number of variables, such as 
information on punctuality, could not be used because of inconsistent reporting. A 
part of the data has not been used for the performance-concentration analysis since 
the corresponding information on the location and service frequency of routes could 
not be extracted from the NPTDR with a reasonable amount of time.  

Importantly, it should be noted that the requested data, for example data for years 
other than 2009, has been requested for and used for other analyses such as the 
analysis of the cost of providing local bus services in Appendix 9.6.  

5. Arriva and its adviser Oxera was especially concerned because only data for the 
months of September to November 2009 had been used, and stated that using 12 
months of data would have been more appropriate. Arriva was concerned that the 
chosen time period might not give a representative snapshot because fare and 
service changes often took place at this time of year and that, for this reason, the 
choice of this time of year might introduce additional noise into the analysis.  

Choosing the three months around October 2009 is appropriate in the present case 
since the route and frequency information is only available as a ‘snapshot’ for 
October 2009. This specific time is chosen for the preparation of the NPTDR data 
and therefore not a choice that can be influenced by the CC. Averaging across the 
data for the three months around this snapshot will still allow us to obtain a repre-
sentative data set which corresponds reasonably closely to the competitive situation 
in October 2009, while using the average over 12 months around this date would 
likely include a large number of events which are distant in time and are unrelated to 
the competitive situation in October 2009. In so far as this approach might introduce 
additional noise into the analysis, it would tend to make it more difficult to pin down 
any effect of competition on ticket prices or service frequency.  

6. Arriva’s adviser Oxera maintained that the quality of the frequency information from 
the NPTDR was poor and concluded that the high degree of uncertainty and in-
consistency in this data was such that the results of the analysis could not be safely 
relied upon. Arriva referred the CC to examples it had by chance noted in the Luton 
NPTDR data where one Arriva route was excluded and another route had been 
included twice instead. 

Although we are aware of inaccuracies existing within the NPTDR—inevitable for a 
data set of its size and complexity—efforts taken to cross-check the database with 
other information sources suggest that the overall incidence of such inaccuracies is 
low. The fact that the database underlies journey planning services and local council 
accessibility studies gives us confidence in its reliability (see Appendix 4.1 for 
details).  

7. Arriva’s adviser Oxera saw the analysis as incomplete because it was partly based 
on the information obtained from six larger operators only. 

We are aware that the availability of information on prices (revenues and boardings) 
may limit the generality of the conclusions. In paragraph 83 of the working paper on 
performance-concentration analysis, we have pointed out that ‘it is important to keep 
in mind that these results are based only on the prices of six bus operators (among 
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them the five largest). The results do not necessarily hold for the prices of medium 
and small operators (whose prices are not in our data).’ 

However, it is also worth noting that the frequency-concentration analysis does not 
rely only on frequency information for the six large operators only, but is based on the 
frequencies of all bus operators regardless of their size. Therefore, conclusions from 
this analysis apply more generally. 

8. Arriva’s adviser Oxera noted that approximately 20 per cent of the operator-reported 
routes did not have a corresponding entry in the NPTDR database. Likewise, over 
14,000 routes in the NPTDR database (out of a total of approximately 18,000) did not 
have a corresponding entry in the data provided by the operators. Arriva’s adviser 
Oxera concluded that this caused substantial discrepancies which cast doubt about 
the representativeness of the final data set used and therefore its value as the basis 
of any calculation. National Express made a similar point, arguing that the underlying 
NTS and NPTDR data was inconsistent and incomplete. Stagecoach’s adviser Oxera 
argued that there were issues in the data set regarding unmatched observations 
(from different data sets), incorrect or missing data, duplication etc. These meant that 
it was not clear if the final regression sample was representative of the bus market. 
ALBUM and Arriva’s adviser Oxera expressed concern at the exclusion of ‘multi-
route route groups’ from the route-level analysis. 

The CC has devoted considerable resources to ensuring that the information on the 
routes which appear in our performance-competition analysis is as accurate as 
possible. These efforts included extensive ‘cleaning’ of the data (identifying duplicate 
observations etc), and matching information from these databases with information 
provided by parties in response to our data request. There are indeed numerous 
cases where a route from either data source went unmatched, resulting in the ‘loss’ 
of that observation from our sample. These missing values will not affect the quality 
of our estimates as long as the attrition is random, in the sense of being unrelated to 
the performance-competition relationship. In the present context, there are no 
obvious factors which would lead to a systematic pattern of attrition. 

The issue of potential duplication from the use of multi-route route groups is dealt 
with by running our regressions both with and without these route groups.2

We see no reason why the matching process—which was conducted using route 
number and depot information provided by the parties—would have led to a sample 
of routes that would be unrepresentative of the routes run by the surveyed operators 
(the Large Operators and Transdev) in such a way that our estimates would have 
been significantly affected. As a simple test for sample selection bias, we compared 
the characteristics of the matched routes to the characteristics of all routes in the 
database, and did not observe substantial differences in the characteristics of the two 
sets of routes.  

 The 
rationale for the exclusion is explained in Appendix 7.1, paragraph 55. We have 
tested robustness of our findings and find that inclusion or exclusion of those routes 
does not affect our results to a material degree. 

The fact that a large share of the routes included in the NPTDR data has no corres-
ponding entry in the operators’ data is due to the fact that data has been provided 
only by the Large Operators and Transdev while the NPTDR data contains the routes 
of more than 1,000 operators. Consequently the large share of unmatched routes 
from the NPTDR data is not an inconsistency.  

 
 
2 Furthermore, in the route-level frequency analysis we consider two alternative ways of introducing these route groups into the 
sample. 
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2. Comment on possibility of using panel data 

9. National Express stated that the CC’s cross-section approach to the performance-
concentration analysis failed to take into account the effects of any lagged variables 
(ie factors that take time to affect prices, frequencies and the demand for bus travel), 
such as hedged fuel costs, and pay awards. National Express wondered why the CC 
had not used panel data instead, which would have allowed the underlying trends in 
the data to be identified.  

In response, we note, first, that panel data was used in the CC’s related work on the 
estimation of depot cost functions. To use panel data in the performance-
concentration analysis would have required data on changes in the competition 
measures in each market (ie route or network) over a number of years. While the 
underlying data from the NPTDR gives an excellent picture of the cross-sectional 
variation in competition across routes and networks, it is less clear that it would give 
a sufficiently accurate picture of variation over time for a panel approach to be 
advantageous. In particular, because the accuracy of the timetable data has been 
increasing over time, and because cleaning older data is substantially more difficult 
because of the difficulties of finding external sources which can be used to check 
their accuracy, we were concerned about the extent of spurious cross-year variation 
that such competition measures would contain. Coupled with the fact that the actual 
degree of cross-year variation in the competitive landscape would have been limited, 
this would potentially negate any gains from using more years of data. Second, with 
respect to the effects of lagged variables, if these are specific to an operator (as is 
likely the case with fuel hedging), then they will be captured by the operator dummies 
in our regressions.  

3. Outliers 

10. Stagecoach’s adviser Oxera argued that the results of the network-level frequency 
analysis were sensitive to the deletion of outliers, where outliers had been identified 
using ‘standard statistical outlier tests’. 

First, as noted in Appendix 7.1, paragraph 77, the averaging process used to con-
struct variables at the network level will in many cases naturally even out sources of 
measurement error at the route or neighbourhood level. Second, putting the depen-
dent variable and most of the explanatory variables in logarithms also counteracts 
the influence of outliers, because it compresses the ranges of those variables. Third, 
there is by no means a standardized set of tests for definitively identifying outliers in 
econometric models. There is a simple reason for this: the available tests are either 
ad hoc graphical methods, or rely on assumptions that are stronger than appropriate 
in many contexts—for example, the assumption that the regression errors are 
normally distributed, or distributed independently of the explanatory variables. These 
assumptions do not suit our models, which emphasize robustness to arbitrary hetero-
skedasticity and clustering in the regression errors.3

 
 
3 To illustrate, we surveyed seven leading econometrics textbooks—six graduate-level, one undergraduate—for their coverage 
of ‘standard’ tests for outliers. Five of the graduate texts appear not to cover any such tests at all (Amemiya (1985), Cameron 
and Trivedi (2005), Hamilton (1994), Wooldridge (2002), Johnston and DiNardo (1997)), while the remaining two texts (Greene 
(1997), Wooldridge (2003)) give the topic brief coverage, with caveats such as the following from Greene (1997, p444): ‘It is 
worth emphasizing, though, that there is a certain danger in singling out particular observations for scrutiny or even elimination 
from the sample on the basis of statistical results that are based on those data. At the extreme, this may invalidate the usual 
inference procedures.’ (Takeshi Amemiya, Advanced Econometrics, 1985. A Colin Cameron & Pravin Trivedi, Microeconometrics: 
Methods and Applications, 2005. William H Greene, Econometric Analysis, 3rd ed, 1997. James D Hamilton, Time Series 
Analysis, 1994. Jack Johnston & John DiNardo, Econometric Methods, 4th ed, 1997. Jeffrey M Wooldridge, Econometric 
Analysis of Cross Section and Panel Data, 2002. Jeffrey M Wooldridge, Introductory Econometrics, 2nd ed, 2003.) 
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4. Derivation of the ticket price variables  

11. FirstGroup’s adviser Frontier Economics and Stagecoach’s adviser Oxera stated that 
there was measurement error in the price variables. National Express said that the 
CC’s construction of ‘average’ prices did not take into account route-to-route 
variations, such as the mix of tickets, the average distance travelled, the proportion of 
concessionary travellers and season ticket holders, the methodology for allocating 
travelcard revenue between routes etc. ALBUM noted that differences in prices 
across routes may reflect differences in average journey lengths.  

At the Urban Area level, caveats about the possible confounding influence of ticket 
mix and other factors are discussed in Appendix 7.1, paragraph 19. With respect to 
the adviser’s comment raising the possibility that there is measurement error in the 
price variable related to unobserved journey lengths, the following is worth noting. At 
least some of the unobserved journey length will be explained by the actual length of 
the route, and other variables such as the local density of bus stops which are 
already included among the explanatory variables. The question then is whether the 
remaining unobserved components of journey length are systematically related to the 
instruments, in particular to the indicators of depot location. We see no obvious 
reason why this should be true, in which case the remaining error in prices will not 
bias the estimates. 

12. National Express noted that average price depended in part on an operator’s 
somewhat arbitrary assignment of certain portions of revenue (eg concessionary and 
travelcard revenue) to routes. It said that different operators would have used 
different allocation methodologies, which affected the comparability of the data. 
National Express said that a number of extreme values for the average price variable 
in the data set therefore raised serious questions about its accuracy. It said that the 
CC needed to understand where errors were coming from rather than just trimming 
outliers. Moreover it stated that calculating an average fare at the network-area level 
was ‘not a meaningful metric’ and could reflect an array of factors.  

First, in the route-level regressions, many sources of error in the measured price are 
captured by the constant term, and the random error term ε since the prices are 
included in the models in logs. For example, this would include any error which 
causes a true price p to be measured as p’ = wi X p, where wi represents a ‘noise’ 
term specific to route i that varies randomly from route to route, independent of any of 
the explanatory variables. Second, sources of such error at the route level are 
discussed in Appendix 7.1, paragraphs 74–75 and Table 3. We consider that the 
average price for all types of tickets is useful information since any effect of compe-
tition on a specific type of tickets will lead to an effect on this average price shown in 
the analysis. The only exception to this is an effect of competition on a type of ticket 
which is relatively rarely sold, so that the price-concentration effect here ‘averages 
out’ if all tickets are considered. However, the latter biases our results, if at all, 
towards a non-finding. 

13. National Express maintained that it charged a network-wide flat fare, which was not 
consistent with route-to-route variation in prices according to levels of competition. 

The data provided by National Express shows that it charges a cash fare of £1.60 or 
£1.80 depending on the length of the journey. On its website it also states that 
‘Higher [cash] fares apply on services crossing county boundaries and certain special 
services’. Moreover, a four-week travelcard, for example, is cheaper for Coventry 
only than for the West Midlands and Coventry, and there appears to be no card for 
the West Midlands only. It also offers travelcards with fare stages for 1, 4, 13 and 52 
weeks, that is, their prices differ by length of journey (see http://nxbus.co.uk/west-

http://nxbus.co.uk/west-midlands/tickets-prices/cash-fares/�
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midlands/tickets-prices/cash-fares/ and http://nxbus.co.uk/west-midlands/tickets-
prices/travelcards/adult-travelcards).  

Differences in the mix of ticket types sold on each route will cause differences in the 
average prices paid for tickets on different routes. There is hence some variation in 
the average price of a given ticket type which will arguably to some extent be driven 
by the number of rivals operating services on the routes in those areas since the 
latter affects the alternatives passengers can choose from. Therefore, there may be a 
link between the ticket mix sold and the number of rivals on a route. 

It is also worth noting that this operator’s use of relatively similar (cash) flat fares for 
singles is consistent with the observation that there is no apparent price-
concentration relationship apparent in the analysis of single tickets.  

14. National Express argued that tendered services should be excluded from the price-
competition analysis because competition took place at the bidding stage. ALBUM 
questioned the validity of including concessionary passenger boardings in average 
ticket price calculations.  

In the route-level price-concentration analysis where we found a significant negative 
price-competition relationship, the latter becomes insignificant if tendered routes are 
excluded. Evidently, on those fully-commercial routes no concessionary boardings 
are included in the price calculation (see Appendix 7.1, paragraph 115). Moreover, 
we included a proxy for the share of concessionary boardings in the route-level and 
network-level price analysis, which yields no substantive change in the results.  

5. Derivation of the frequency measure 

15. National Express argued that the frequency-competition estimates would be biased 
upwards. It argued that the methodology used to construct the frequency measures 
may create a systematic upward bias because there were a range of factors that 
resulted in higher frequencies on certain routes which were unrelated with 
competition (eg different bus routes that converged on to the main arterial corridors 
that served the town, and routes with higher demand would typically operate at 
higher frequencies). It said that the frequency-concentration analysis would result in 
spurious correlation if all relevant local demand factors were not controlled for. 

We note that measurement error in our frequency variable will not bias the estimates 
unless it is correlated with the explanatory variables. We do not see any reason why 
such a correlation should exist.4

16. National Express also commented that the CC indicated at the round table meeting 
on 19 January that it found it very difficult to produce data on a consistent basis 
across operators which could be used to measure quality. It stated that this did not, 
however, justify the use of an inadequate proxy measure for quality. 

 It is true that unobserved demand factors can 
generate spurious correlation. However, the point of our instrumental-variables 
technique, discussed extensively throughout the working paper and Appendix 7.1, is 
to incorporate such unobservables (in addition to many observed demand factors) 
without biasing the estimates. 

Bus operators will presumably choose their timetable so as to increase patronage 
and will thus aim to provide additional frequencies at times preferred by actual and 

 
 
4 Continuing the example in the response to comment 12, for bias to be introduced it would have to be the case that any 
multiplicative noise factor wi is correlated with the explanatory variables. It is not clear why this should be the case. 

http://nxbus.co.uk/west-midlands/tickets-prices/travelcards/adult-travelcards�
http://nxbus.co.uk/west-midlands/tickets-prices/travelcards/adult-travelcards�
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potential passengers. Therefore, the average traveller on a particular bus route will 
benefit from an increase in the number of services since he or she has more services 
to choose from. We have been told that bus operators at times add frequencies with 
a view on arriving first at a given bus stop, just in advance of rivals, which may not be 
optimal from the passengers’ point of view. This phenomenon is discussed in more 
detail in paragraphs 8.61 and 8.65 and in Appendix 7.1, paragraphs 6, 7 and 149. 

17. In relation to the route-level frequency concentration analysis, Go-Ahead’s adviser 
RBB stated that it might not be necessary to use a threshold for the measure of the 
number of operators given that the frequency measure itself weighted frequency by 
the ratio of the overlap length to overlap route length—an alternative approach might 
have been to weight each operator by the level of route overlap. 

See paragraphs 168 and 169 in the working paper for discussion of how the 
estimates change when the minimum-overlap threshold is changed. As pointed out 
by the adviser, the estimated competition effect does indeed increase as the 
minimum overlap is increased. The economic intuition for this pattern is explained in 
paragraph 169. We do not believe that it is necessarily innocuous or advisable to 
reduce the minimum-overlap threshold to zero. The baseline threshold of 3.2 km is 
chosen because only around a third of all bus trips are shorter than 3.2 km. If two 
routes overlap just between two points A and B, 3.2 km apart, the proportion of total 
journeys on the reference route that could have been made on the overlapping route 
will be still smaller, because not all desired journeys of 3.2 km or less will be between 
A and B. Even with an overlap of 3.2 km, the alternative route will likely compete for a 
relatively small share of the passengers of the reference route. Furthermore it is not 
necessarily innocuous to count routes with quite small overlaps among the possible 
competitors. The smaller the overlap, the less likely it is that the alternative route 
offers any true competition for the reference route, and the more likely it is that 
adding that overlap to the competition measure simply makes that measure more 
noisy.  

6. Measurement of competition 

18. Stagecoach’s adviser Oxera suggested the use of the N-firm concentration ratio, or 
the Herfindahl index, in place of our current measures of concentration.  

Both suggested measures are based on firms’ quantities produced (boardings). 
Since these quantities are jointly determined with price and service frequency, 
including them as explanatory variables in our regressions would contradict the 
theoretical motivation for our regressions (see the response to comment 75 below), 
and would exacerbate the endogeneity problem. Therefore, the number of 
competitors is preferable as a measure of competition. 

19. Stagecoach’s adviser Oxera questioned the suitability of, and evidentiarty support 
for, the choice of a 75 per cent timetable-similarity threshold in defining competing 
overlaps.  

First, this threshold does not affect the route-level frequency analysis, where time-
table similarity is not used in defining competition. In our other analyses, the base 
models now use a threshold of 50 per cent timetable similarity, and test the sensitivity 
of key results to the use of higher and lower thresholds. Comparison of the results 
shows that alternative thresholds do not significantly affect the results. Moreover, 
even without such a threshold, competition is shown to reduce the average price of 
all tickets by around 9 per cent (see Appendix 7.1, Table 9). 
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20. National Express argued that, since ‘competition takes place on a flow-by-flow basis’, 
the CC’s ‘one-size-fits-all’ methodology was inappropriate. National Express argued 
that the CC’s approach was extremely sensitive to a number of arbitrary 
assumptions, and would make many Type 1 and Type 2 errors (false positives and 
false negatives). National Express also noted that previous CC work conducted its 
competitive assessment on a flow-by-flow basis; now competition on specific flows 
was being used as a proxy to assess competition at the route level, which would 
result in errors since it conflated competition at the flow and route level.  

In response, we note first that the two arbitrary assumptions mentioned by the party 
are the choices of minimum-overlap distance, and of the threshold for timetable 
similarity, which are used in defining the amount of competition on a route or in an 
area. Both the route-level and network-level analyses have been tested under 
alternative specifications of these competition criteria, and have been found to be 
generally robust (see the discussion under heading 17 below for details).  

Second, we note that operators themselves must thus do some aggregation of 
individual passenger journeys into similar groups when they design bus routes. In the 
frequency analysis, for example, an operator is clearly not able to provide a different 
frequency of service for each individual passenger journey along a bus route. All 
journeys along that route will receive the same frequency of service, and so it does 
not seem inappropriate to use the route as the building block in the competition 
analysis.5

From a more practical perspective, two comments apply. First, averaging over indi-
vidual observations which are to some extent different from each other is necessary 
in regression analysis. Clearly, without any such difference there would be no varia-
tion in the data and a regression analysis would therefore be impossible. Second, 
basing the route-level analysis on flows as previously used in merger cases is not 
feasible in the context of the present inquiry since their definition requires a high 
degree of manual checking to attribute routes to individual flows. Since the reference 
area of this inquiry is considerably larger than the overlap areas previously 
considered in mergers, such flows could not be derived even within the time frame of 
a market inquiry and would have placed an unreasonable administrative burden on 
the parties that supplied data to us. Our approach already takes into account that 
passenger substitution occurs on individual passenger flows, consequently a flow-
based analysis would yield only small gains in terms of accuracy.  

 It is true that there is heterogeneity across routes in the types of journeys 
made, but our models allow for such unobservable route-specific factors, via the 
random error term ε. The party has not explained why this specification of the 
heterogeneity might be inappropriate.  

21. National Express argued that a binary 0–1 classification of competition was too 
crude, and that the CC’s competition measures would miss important variations in 
the true degree of competition from route to route.  

Our competition measures are chosen to be appropriate for the application. In the 
route-level frequency analysis they are counts of operators (satisfying a minimum 
overlap) to address the simple question: ‘Do more operators on a route lead to a 
greater total number of services?’ For that analysis it would in fact be counter-
productive to weight competitors by timetable similarity, for example. That would 
exacerbate the endogeneity problem because operators which run more services on 

 
 
5 An alternative approach would be a more ‘structural’ model, starting from consumers’ demand for individual journeys, and 
aggregating over these to derive the demand for each bus route, and so on up to total demand at the network level. 
Implementing this approach would require additional assumptions, some possibly more ‘arbitrary’ than those used in our 
present methodology (see also paragraph 50 below). 



A7(1)AnB-9 

a route would automatically have greater timetable similarity with their rivals. (So 
higher frequency causes higher similarity, rather than the other way around.) For the 
price analysis, on the other hand, it is appropriate to weight by timetable. There the 
question is: ‘Do prices change when an operator faces more competition?’ Clearly 
two services will be in closer competition if they run at the same time of day. 
Regardless of the application, we test the sensitivity of the results to changes in the 
criteria defining the rival operators. Thus we vary the minimum-overlap distance 
threshold in the frequency analysis, and also the similar-timetable threshold in the 
price analysis. To this extent, it is misleading to describe our analysis as ‘treating 
competition as either being perfect or zero’.  

22. National Express argued that routes might be in competition even if their paths did 
not coincide anywhere. The party maintained that ‘it is the origin and destination 
points of the journey that are relevant to customers in making their journey choice, 
and which are, therefore, key to identifying overlaps’. The party also argued that the 
measure of competition should consider the location of passengers along a route, not 
just raw route mileage. 

In response, we agree that passenger journeys are fundamental to defining passen-
ger substitution on a route. However, we would point out that operators have an 
incentive to design bus routes that coincide with desired passenger journeys. The 
extent to which two bus routes coincide can therefore be taken as a reasonable 
proxy for the similarity in the journeys that they serve. The party’s argument evidently 
imagines a case where two competing bus routes share the same endpoints A and 
B, serve only journeys from A to B, but take different paths to arrive there. We think 
that overlaps of this type are likely to be rare in practice. The argument that the 
measure of competition should consider the location of passengers along a route is a 
valid point, although once again, to the extent that operators design routes to pass 
through more populated areas, it seems likely that distance-weighted overlaps would 
give similar results to population-and-distance-weighted overlaps.6

23. National Express argued that two alternative competition measures used by the CC 
both faced problems: the simple count of the number of operators did not take into 
account differences in the competitive effects presented by different rivals, while the 
proportion-of-overlap measure assumed that competition varied in direct proportion 
to raw mileage of overlap, which was not correct.  

  

In response, we would note that it is certainly true that different operators may pre-
sent different competitive constraints. Due the relative scarcity of routes on which the 
larger operators overlap (see Appendix 7.1, paragraph 166), it is unlikely that we 
would have enough observations to identify operator-specific competitive effects. 
Instead our estimate of the competition effect in any given model can be interpreted 
as the average effect for all operators (or for all operators within a size category). 
With respect to weighting overlap by population as well as by raw mileage, we refer 
the reader to our response to comment 22 above.  

 
 
6 In fact in measuring route-level total frequency (not competition), we used both of these alternative weighting approaches, and 
found that the regression results were very similar with either measure (see Appendix 7.1, paragraph 166). The correlation 
between the two measures is very high—over 0.9. 
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B.  Instrument variable approach 

7. Relation between the OLS and IV estimates 

24. FirstGroup’s adviser Frontier Economics said that it was important to compare the 
results of the IV and the OLS estimates of the competition effect in the route-level 
frequency-competition analysis. These were the estimated coefficient on NUMOPS in 
models FR and FR21. Noting our discussion of the potential endogeneity of 
NUMOPS in paragraph 32 in our earlier working paper (see also Appendix 7.1, 
paragraph 33), the adviser said that this endogeneity should bias the OLS coefficient 
upwards and so the OLS results should provide an empirical upper bound to the size 
of the true causal relationship between frequency and concentration.  

According to this argument, the true value of the competition effect must lie below the 
estimated OLS coefficient. However, our instrumental-variables (IV) estimate of the 
competition effect (model FR2) comes in somewhat higher than the OLS coefficient. 
(Compare the IV estimate of 0.15 with the OLS estimate of 0.12.) The adviser inter-
preted this as evidence of the invalidity of our approach, arguing that the IV method 
had evidently failed to correct the competition coefficient in the right direction. In fact 
the adviser’s argument is based on a false premise. Paragraph 32 in our earlier work 
suggested that NUMOPS was likely positively correlated with unobservable 
explanatory factors in the model. It is indeed true that in a single-variable model, 
where NUMOPS was the only regressor, such correlations would lead to an upward 
bias in the estimated coefficient on NUMOPS. However, it is well known that this no 
longer need be true in a model with multiple regressors, as in the case of FR1 (which 
has 30 regressors).7 In such models, the direction of the bias in the NUMOPS 
coefficient cannot be signed ex ante, because NUMOPS is most likely correlated not 
just with the unobservable factors, but also with the other observable factors (such as 
population). The complex nature of the multiple correlations among NUMOPS and 
these other variables can cause the OLS estimate to be biased downward rather 
than upward. Therefore the claim propounded by the adviser that the OLS estimate is 
a strict upper bound on the true competition effect is not correct. Nevertheless we 
would note in passing that in any case both the OLS and IV coefficients are 
estimated with noise (called ‘sampling error’). Given that the IV estimate in FR2 does 
not greatly exceed the OLS estimate in FR1, it seems likely that in a formal statistical 
test we would not be able to reject the hypothesis that the true value of competition 
effect is indeed lower than the OLS estimate.8

25. FirstGroup’s adviser Frontier Economics said that our instrumental-variables (IV) 
analysis had exacerbated, not solved, the problem of endogenous competition 
measures in the frequency-competition analysis. Frontier Economics went on to 
claim that the IV approach therefore did not add anything to the standard OLS 
approach, which was known to be biased.  

  

The first claim is related to that referred to earlier in response to comment 24: our 
response there indicates that the simple fact that the IV estimate of the competition 
effect is higher than the OLS estimate cannot be taken as evidence that the former 
has ‘exacerbated’ a bias in the latter. The second claim, that the OLS estimate is 
known to be biased, may or may not be true, but in any case is not material to our 
conclusions, none of which rely on this estimate. 

 
 
7 See, for example, William H Greene, Econometric Analysis, 3rd ed, 1997, p402. 
8 For example, the 95 per cent confidence interval for the IV estimate runs from 0.024 to 0.284, comfortably encompassing the 
OLS estimate of 0.12. However, this in itself is not a formal statistical test, because it does not take into account the fact that 
the OLS estimate has its own sampling error, which furthermore will be correlated with that in the IV estimate, because both 
estimates are based on the same data set. 
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26. FirstGroup’s adviser Frontier Economics claimed that instrumental-variable (IV) 
estimates that differed ‘by a very large extent’ from their OLS equivalents were ‘an 
indicator of a potential problem in the IV analysis that is worth further exploration’. 

It is not clear to us why such a difference in and of itself should cause the IV esti-
mates to fall under greater suspicion than the OLS estimates. Indeed, presumably 
the reason for running IV in the first place was a suspicion of bias in the OLS 
estimates. Thus if the IV and OLS results tell different stories (and if the instruments 
have been thoroughly tested and justified) then presumably suspicion should fall first 
on the OLS estimates. 

8. Validity and strength of instruments 

(a)  General comments 

27. Stagecoach’s adviser Oxera suggested that little intuition or economic theory was 
provided to justify the choice of instruments used in our analyses.  

In response, we note that the justification for the instruments is discussed extensively 
in Appendix 7.1, paragraphs 39 to 44. Model-specific diagnostic tests of the instru-
ments are discussed in the paragraphs presenting the regression results (also in 
Appendix 7.1).  

28. Stagecoach’s adviser Oxera claimed that the instruments used in the analysis were 
of little relevance because they had low unconditional correlations with the variables 
which they instrumented.  

In response, we would point out that it is not the unconditional correlations which 
matter for instrument relevance, it is the correlations conditional on all the other 
variables. All our main conclusions rest on models in which these ‘partial correlations’ 
are strong—see the extensive discussion of instrument strength in the respective 
subsections on the price and frequency regressions below.  

29. FirstGroup’s adviser Frontier Economics carried out analysis that it said showed that 
the instruments used in our regressions suffered from the ‘weak-instruments 
problem’, which could cause the estimates to be biased. Go-Ahead’s adviser RBB 
raised the same issue and therefore believed the regression results to be unreliable.  

Appendix 7.1 now addresses this problem in detail when discussing robustness of 
our key models. We find that our estimates are generally robust to this critique.  

30. Stagecoach’s adviser Oxera claimed that the first-stage regressions showed 
statistically insignificant and counter-intuitive coefficients on the instruments.  

Our main regressions are run on ‘large’ sets of instruments, and on smaller subsets. 
The larger and smaller sets do not produce any substantive differences in the key 
results. In the smaller subsets, the first-stage coefficients on the instruments are 
statistically significant. But for one exception, first-stage regressions do not show any 
instruments with statistically significant but counter-intuitive signs.9

31. National Express claimed that the analysis contained no explanation of how instru-
ments were selected, or whether they were appropriate. National Express also 

  

 
 
9 The exception is a negative sign on log(DAYTIMEPOP) in the just-identified variant of model PR4. Since this is not one of our 
base models, we see this as uncritical and did not investigate it further. 
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argued that some instruments appear to be biased and should be included as 
regressors in the second stage. For example, the number of rival depots nearby was 
a measure of potential competition, which could have a direct effect on frequency 
and prices. 

In response, we note first that there is a general discussion of the instruments in 
Appendix 7.1, paragraphs 39 to 44, and specific discussions of their strength and 
other properties in the paragraphs on the regression results. (It is also worth noting 
that the advisers of the party would have had the opportunity to test this in the data 
room.) 

In the route-level price-concentration analysis, we consider a variation of model PR4, 
including the depot-related instruments, AREABIGOPS and AREASMALLOPS, used 
in that model as additional explanatory variables, in the same way as, for example, 
the demographics, and use the distance to the nearest depot owned by the operator 
running that route, DISTOWN1, the share of major roads, MAJROADS, and the 
distance to London, DISTLON as instruments (in all possible combinations). These 
instruments prove unsuitable to identify the model. A firm conclusion on this point is 
hence impossible. However, in models where the underidentification problem is 
smaller (ie where the Kleibergen-Paap rk LM test rejects underidentification at the 
10 per cent significance level), the variables AREABIGOPS and AREASMALLOPS 
are not statistically significant (even at the 10 per cent level). 

The model is not underidentified if MAJROADS is added and DISTOWN1 and 
DISTLON are used as instruments. MAJROADS is then not statistically significant.  

If MAJROADS, AREABIGOPS and AREASMALLOPS are included, the model 
underidentification is again rejected only at the 10 per cent level of significance, and 
the three newly-added explanatory variables are insignificant. 

In the route-level frequency-concentration analysis, we consider the following varia-
tion on FR2, the base model in the route-level frequency analysis with respect to 
potential competition. We keep the variable DISTOWN1 as the only instrument for 
NUMOPS, the endogenous variable in the regression. Treating AREABIGDEP and 
AREAMSOPS (respectively, the number of nearby big rival depots, and nearby rival 
medium and small operators) as measures of potential competition, we include these 
two variables as regressors in the main regression. (Thus they are treated as explan-
atory factors in the same way as population, household size, etc.) In the resulting 
instrumental-variables regression neither of the potential-competition measures is 
statistically significant.  

Furthermore their estimated magnitudes are very small: the estimated response of 
total frequency to an extra big rival depot, or an extra rival medium or small operator, 
is less than 0.5 per cent in absolute value in either case. On the other hand, the 
estimated coefficient on NUMOPS is actually a little larger than in FR2, at 0.19 
(although no longer statistically significant, because, as discussed in the main text, it 
is of course correlated with both AREABIGDEP and AREAMSOPS). On this basis 
there is no evidence of total frequency on a route responding to potential competition. 
We conclude that it is valid to use the two variables in question, and other measures 
of depot proximity, as instruments.  

In the Urban Area-level frequency-concentration analysis, we use the same approach 
and consider similar variants of models FNA and FNB in turn. 

In model FNA we add the depot-related instrument used, AREASMALLOPS, and 
included it in the same way as explanatory variable instrumenting with MAJROADS 
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alone. This model is in fact not shown to be underidentified and AREASMALLOPS 
are shown to be insignificant. Exclusion of AREASMALLOPS is hence justified. The 
same is true if MAJROADS is added as explanatory variable and the share of 
persons above working age, NEIGHSHARERET, is used as instrument. (If both 
AREASMALLOPS and MAJROADS are added, the model is not identified.) 

For similar variants of model FNB underidentification cannot be rejected. The 
observation that AREASMALLOPS and/or MAJROADS are not statistically significant 
in these variants of model FNB is hence not telling, we cannot draw conclusions 
because the modified model is not a valid specification.  

32. ALBUM suggested that too great an emphasis had been placed on depot location as 
a criterion for the likelihood of competition, and that more emphasis should be placed 
on the location of population centres.  

We interpret the adviser’s comment as a suggestion that depot locations are poten-
tially endogenous with the unobservables that affect price and frequency, and that 
population in neighbouring areas be used as instruments instead. In response, we 
note that neighbouring populations are indeed used as instruments in the network-
level analyses. There seems to be less scope for using these alternative instruments 
at the route level. As suggested by some other advisers, it is possible that neighbour-
ing populations may directly influence price or frequency on a route through their 
influence on overlapping routes after they branch off the reference route. See our 
discussion of this issue in paragraphs 188 to 194 in the route-level frequency 
analysis, for example. Regarding the potential endogeneity of the depot-location 
instruments, see our discussion below in response to comments 34, 37 and 40. 

33. Similarly, Go-Ahead’s adviser RBB said that the analyses did not adequately account 
for omitted demand factors, or endogeneity of the number of operators (the compe-
tition measure) more generally and doubted that the instruments fulfilled the three 
criteria which ensured their validity. 

We assessed in detail whether our instruments fulfil these three criteria. The discus-
sion of the instruments, which is included in different parts of the working paper on 
the performance-concentration analysis, has been extended and is now summarized 
in Appendix 7.1, paragraphs 35 to 45; see also the more detailed discussion below. 

(b) Route-level price-concentration analysis 

34. FirstGroup’s adviser Frontier Economics said that the depot-location instruments 
used in the route-level price-concentration analysis were potentially invalid, because 
they might be correlated with unobservables affecting price. 

First, we would like to point out that we use Hansen’s J-test (an overidentification 
test) to assess the validity of our instruments. This test relies on the assumption that 
at least one instrument is valid and is therefore not a reliable test if instruments are of 
the same type. With respect to this requirement, it is worth noting that the only model 
in route-level price-concentration analysis which shows an effect of competition on 
price, PR4, is based on a set of instruments that consists of the number of big oper-
ators and the number of small operators with depots in the 12 km buffer around a 
route (AREABIGOPS and AREASMALLOPS) as well as the share of major roads 
(MAJROADS). Thus, the set of instruments contains variables relating (to some 
extent) to depot locations and a variable is conceptually very different (it does not 
depend on depot locations). Hansen’s J-test can hence be used and does not reject 
the validity of our instruments (see the regression and test results for this model 
reported in Appendix 7.1.  
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Second, we can address this potential problem directly by including previously 
excluded factors (those not included in model PR4). In this model, we included 
additional demographics for the 12 km buffers around routes (only one of which was 
shown to be significant and is included in model PR4; see Appendix 7.1 for details), 
and by including the number of routes operated from the depot from which the given 
route is run, DEPROUTES, as a proxy for ‘good bus territory’ (using a suggestion 
made by a party). The additional demographics as well as DEPROUTES are not 
statistically significant in model PR4. If DEPROUTES is included, routes with one 
more medium or small operator are shown to have a 35 per cent lower price than the 
average route (statistically significant at the conventional level). However, since the 
DEPROUTES itself is insignificant it should in fact remain excluded from the model.  

Third, alternative instruments which are not related to depot locations could be used 
to assess this issue further. However, such alternative instruments are often difficult 
to find (or more technically, candidate alternative instruments often prove not suitable 
to identify the relationship in question). To implement this approach, we replaced the 
set of instruments by the number of Urban Areas which a route intersects, NUMUAS, 
or the proportion of the route spend in the Urban Area are used, URBANPROP. 
However, using these instruments underidentification of model PR4 is not rejected. 
Assessing the robustness of our results in this manner is hence not possible (see 
also the discussion in response to comment 37 below). 

(c) Route-level frequency-concentration analysis 

35. FirstGroup’s adviser Frontier Economics said that the results in our route-level 
frequency analysis were driven in an implausible manner by the instrument DistOwn2 
(distance to the operator’s second-nearest depot).  

We have now dropped this instrument—it is no longer used in any of our analyses of 
price or frequency.  

36. FirstGroup’s adviser Frontier Economics suggested repeating the route-level 
frequency analysis without the instruments it considered most problematic.  

We have followed this suggestion—see models FR7 and FR8 in Appendix 7.1, which 
repeat models FR2 and FR3 with a smaller set of instruments. The estimated 
coefficients show no substantive changes relative to those in the original models.  

37. In the route-level frequency analysis all of our instruments are measures of proximity 
to bus depots, whether depots of rivals or depots of the route’s operator. FirstGroup’s 
adviser Frontier Economics suggested that such measures were likely to be invalid 
instruments, because depot locations might be correlated with unobserved factors 
defining ‘good bus territory’, which could also affect the total frequency of service on 
a route.  

First, our route-level frequency regressions already include, in addition to a variety of 
demographic measures, the variable BUS, representing the density of bus stops in 
the neighbourhood of a route. This variable is presumably closely correlated with any 
unobservable factors which determine good bus territory. The coefficient on BUS is 
not significant in any of these regressions, which suggests that the good-bus-territory 
factor is captured by the other explanatory variables (population, income, etc) already 
included in the model. 

To further explore this issue, we ran alternative specifications of our base model FR2 
with an additional explanatory variable: DEPROUTES, the number of routes operated 
by the depot from which the route originates. This variable is also likely correlated 
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with unobservable factors that favour a depot location, with more routes representing 
better bus territory. When including DEPROUTES, we have to deal with a potential 
confounding factor in the way depot variables are reported. For about half of the 
1,018 routes in the base model, the depot data is reported as part of a ‘combined’ 
depot, aggregating two or more nearby depots of the same operator (eg all of the 
operator’s depots in Swansea). To avoid any biases from such aggregated counts we 
exclude these routes, and run the alternative specification of model FR2, with 
DEPROUTES included, on the remaining 532 routes. We find that the coefficient on 
NUMOPS is now 0.13, slightly lower than its value of 0.15 in the base model. In 
contrast to the base model, the coefficient is no longer statistically significant at 
standard levels (p-value = 0.18). This fall in significance is consistent with the large 
reduction in the sample size because of the combined-depot issue noted above. The 
coefficient on the new variable DEPROUTES is small and not statistically significant. 
Furthermore it is estimated to be negative, even though we would expect it to be 
positive if, as argued by the adviser, omitted factors positively affect both route 
frequency and depot locations. These considerations all weigh against the argument 
that our depot-proximity instruments are invalidated by unobserved determinants of 
good bus territory. We conclude that it is legitimate to drop DEPROUTES and return 
to model FR2 as the base specification.10

We have also run additional analysis on the route level to test whether the instru-
ments used in the performance-concentration analysis are correlated with the omitted 
variables because the latter are measures of the quality of the area as ‘bus territory’ 
(which affect depot locations). Therefore, we have rerun our route-level models 
including the number of depots run from a route as measure of ‘quality of bus 
territory’. On the route level, this variable is shown not to affect the average price for 
all tickets (model PR4).  

  

38. FirstGroup’s adviser Frontier Economics pointed out that the overidentification test 
which we used may have low power, ie it might be imprecise in the sense that had a 
low ability to distinguish between valid and invalid instruments.  

In fact, at various points in the analysis we use the Hansen J-test (a test of over-
identification) to examine the validity of our instruments. As explained earlier (see, for 
example, Appendix 7.1, paragraph 38), this standard procedure tests the validity of 
some of the instruments while assuming that others are valid. In almost all of our 
specifications the test is passed, ie the validity of the instruments is not rejected by 
this test.  

Frontier Economics’ point is a valid comment on the general properties of this test in 
some situations, although we would like to add some qualifications pertinent to the 
present exercise. With the present data set, any concern over low power in the 
Hansen J test may be addressed in two ways. The first is a direct approach, to bring 
into the regression hitherto unmeasured factors, the omission of which might cause 
the instruments to be invalid. In the route-level price analysis and the route-level 
frequency analysis, for example, we did this by introducing additional ‘off-route’ 
demographics, and by introducing the DEPROUTES variable as a proxy for ‘good 
bus territory’. In both cases, we found that our existing results were robust to the 
change (see also the responses to comments 34 and 37 above).  

 
 
10 An alternative approach to the combined-depot problem is to include the routes from these depots (except for one very large 
‘super depot’ which aggregates all of an operator’s depots within an entire region), but to include along with DEPROUTES a 
dummy variable COMBINED, which is a 0–1 indicator for these routes. In this specification, the sample size rises to 989, and 
the coefficient on NUMOPS is essentially identical to its value in the base model FR2, ie a value of 0.15, significant at the 5 per 
cent level. The coefficients on DEPROUTES and COMBINED are not statistically significant, either singly or jointly.  
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The second approach is to look for alternative instruments with which to test the 
validity of the current instruments. Good alternative instruments are not always easy 
to find—indeed we would argue that most good instruments were already used in our 
earlier working paper (and we do not recall advisers suggesting any serious 
alternatives in their comments on that analysis).  

In the route-level frequency analysis the instruments currently used for the endogen-
ous competition measure(s) are measures of depot proximity. As alternatives, con-
sider NUMUAS, a count of the number of Urban Areas through which a route passes, 
and URBANPROP, an indicator of the proportion of the route lying within an Urban 
Area. To the extent that these measures capture the tendency of a route to span 
multiple bus networks, or extend beyond a single network, they could be correlated 
with NUMOPS, the measure of direct competition on a route. At the same time, 
holding all other factors equal (including route length and population along the route), 
there is no obvious reason why these variables should have any effect on frequency, 
other than through their effect on NUMOPS.11

We consider including NUMUAS and URBANPROP as alternative instruments in 
model FR7, replacing AREAMSOPS and DISTOWN1 (both of which are measures of 
depot proximity). In the first-stage regression, the two new instruments are jointly 
significant at the 5 per cent level.

  

12 With these new instruments the second-stage 
coefficient on NUMOPS is estimated at –0.02, compared with 0.15 in the original 
model FR7. The new estimate is, however, substantially more noisy than that in FR7, 
and the 95 per cent confidence interval for the coefficient ranges from –0.30 to +0.25, 
comfortably encompassing the original estimate. As a consequence, it is not surpris-
ing that when we include all four instruments in the regression, both old and new, the 
estimated NUMOPS coefficient is 0.13, significant at the 5 per cent level, and the 
Hansen test for the validity of the instruments is not rejected (p-value = 0.61).13

The conclusion seems to be that there is no evidence from either the additional-
regressors approach, or the alternative-instruments approach, that the original depot-
proximity instruments (ie AREAMSOPS, DISTOWN1, etc) are invalid. In passing, we 
would note that one of the advisers who has stressed the possible low power of the 
Hansen J-test also consistently maintains that our regressions suffer from a weak-
instruments problem. We note that with weak instruments the Hansen J-test is biased 
toward over-rejection of instrument validity.

 

14

The results using alternative instruments in the route-level price-concentration 
analysis and in the Urban Area level frequency analysis are discussed in response to 
comments 

 In spite of this fact, we fail to reject 
instrument validity in almost all cases. We may take this as further evidence in favour 
of the strength of the instruments, or the true validity of the instruments, or both.  

34 and 40. 

39. ALBUM noted that unobserved dimensions of ‘good bus territory’ could make the 
instruments endogenous, since they may affect both depot locations and total 
frequency.  

 
 
11 NUMUAS has a mean of 1.07. The majority (71 per cent) of routes in our data pass through one Urban Area, but about 
17 per cent pass through more than one, and about 12 per cent lie entirely outside any Urban Area. URBANPROP is a dummy 
variable which equals one if the proportion of a route lying within an Urban Area exceeds 78.4 per cent (which is the median 
value for such proportions), and equals zero otherwise. 
12 Holding all the controls fixed, NUMOPS is positively correlated with NUMUAS and negatively correlated with URBANPROP. 
13 If the instruments in this regression are reduced to three, by deleting NUMUAS, the weaker of the two new instruments, the 
coefficient on NUMOPS is 0.14, significant at the 5 per cent level, and the Hansen test statistic moves even further from the 
threshold for rejecting instrument validity.  
14 Jinyong Hahn & Jerry Hausman, ‘Weak instruments: Diagnosis and cures in empirical econometrics’, American Economic 
Review Papers & Proceedings 2003, pp119–120. 
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We have dealt with the possibility of such unobserved factors above in, for example, 
in response to comment 37. 

(d) Urban Area level frequency analysis 

40. Go-Ahead’s adviser RBB doubted that the instruments did not affect the measure of 
frequency directly, in particular because the threat of entry from neighbouring areas 
might have a direct effect on frequency. Similarly, FirstGroup’s adviser Frontier 
Economics found that the instruments used in the network-level frequency analysis 
(ie depot locations) were potentially invalid, because they were related to unobserved 
factors that affected total frequency. Put differently, Frontier Economics argued that 
they were endogenous because the ‘choice of whether or not to locate a depot, the 
choice of whether or not to operate, and the choice of how much frequency to 
operate, are all driven by the market characteristics of the urban area’. 

In principle, it is possible to test statistically whether the chosen instruments have a 
direct effect on the dependent variable by running additional regressions including 
the instruments as explanatory variables (this would have been possible in the data 
room); see the discussion of comment 31 above.  

It is also worth noting that a variant of model FN A not using instruments based on 
depot locations or operator presence in the nearby area, but using only the share of 
major roads, MAJROADS, share of persons above working age in neighbouring 
Urban Areas, NEIGHSHARERET, and distance to London, DISTLON, as instru-
ments, yields an estimated effect of competition of 15 per cent which is significant at 
the 5.2 per cent level (ie at a somewhat lower level than the conventional 5 per cent 
level). This suggests that our finding of a positive effect of competition on the number 
of weekly services in an Urban Area is not due to a bias from endogenous 
instruments related to depot locations. 

41. Go-Ahead’s adviser RBB raised the concern that instruments might be correlated 
with the omitted variables, ie they might be themselves endogenous and therefore 
invalid. Moreover, RBB pointed out that Hansen’s J-test was not a reliable test if 
instruments were of the same type, which was said to be a problem which was 
particularly pronounced in the analysis of the frequency-concentration relationship on 
the Urban Area level for models FN1 and FN3.  

Since the omitted variables are not observable by the researcher, the exogeneity of 
all instruments is necessarily an assumption that cannot be verified. The exogeneity 
of the instruments is hence justified on qualitative arguments (now summarized in 
Appendix 7.1, paragraphs 39 to 44). The adviser in contrast stated that the instru-
ments might be correlated with the omitted variables, we see no credible reason why 
this would be the case.  

As explained in response to comment 40 above, a variant of model FN A not using 
instruments based on depot locations still yields an estimated effect of competition of 
15 per cent which is significant at the 5.2 per cent level (ie at a somewhat lower level 
than the conventional 5 per cent). The positive effect of competition on the number of 
weekly services we found is thus most likely not due to bias from endogenous 
instruments. 

As the adviser stated, we are aware that Hansen’s J-test relies on the assumption 
that at least one instrument is valid and is thus not a reliable test if instruments are of 
the same type. Therefore, we used different sets of instruments for each model, 
including a set of instruments which comprises conceptually very different variables, 
eg the share of persons above retirement age in neighbouring Urban Areas, 
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NEIGHSHARERET, the share of major roads in the Urban Area, MAJROADS, and 
the number of operators in the neighbouring Urban Areas, NUMOPSNEUA, and 
others (for example, models FN2 and FN4 in the working paper on performance-
concentration analysis). The weak power of Hansen’s J-test for models with 
instruments of the same type is therefore unproblematic.  

The models in Appendix 7.1 are again estimated using different sets of instruments, 
including conceptually different estimates such as the number of operators with 
depots in a 12 km buffer around the Urban Area and the share of major roads. Again 
Hansen’s J-test does not reject the exogeneity of the instruments which gives some 
reassurance regarding their exogeneity, also exogeneity of the instrument depending 
on depot location such as the number of operators with depots in a 12 km buffer 
around the Urban Area; see also the responses to comments 34 and 38 above. 

Relating to the adviser’s comment, two points are worth noting. Models FN2 and FN4 
yield results which are consistent with those of models FN1 and FN3 and are based 
on instruments which are conceptually different. (Models FN1 to FN4 are presented 
in the working paper.)  

Moreover, as explained in response to comment 40 above, we have estimated model 
FNA using an additional alternative set of instruments, DISTLON and 
NEIGHSHARERET, and have obtained results in line with our previous findings 
(albeit significant at a somewhat lower level). Since it is highly unlikely that these 
alternative instruments are endogenous, this gives additional support to the 
conclusion that our results are not biased due to endogeneity of the instruments. 

42. In relation to the potential endogeneity of the instruments, Go-Ahead’s adviser RBB 
reported results of an additional regression. To take into account that demand may 
be non-linearly related to population at the Urban Area level, RBB included a 
‘measure of population, and of population squared [fn 7]’ in models to FN1 and FN3. 
As RBB reported, the exogeneity of the instruments is rejected by Hansen’s J-test. 

It is surprising that RBB, having stated that Hansen’s J-test is not reliable if 
instruments are conceptually similar, actually uses this test for a model which is 
based on such a set of instruments.  

However, to assess this point in detail, we re-ran models FNA and FN B reported in 
Appendix 7.1 and found that Hansen’s J-test does not reject the exogeneity of the 
instruments (which include conceptually different instruments) regardless of whether 
‘log(population)’ and ‘log(population^2)’or ‘population in 1000’ and ‘population in 
1000^2’ are included.  

(e) Frequency-concentration analysis generally 

43. With respect to the frequency-concentration analysis, Arriva’s adviser Oxera found 
that the only instruments which had explanatory power were the variables reflecting 
small operator depots (ie only the variables reflecting the presence of small operators 
had been found to correlate strongly with the competition variables of interest). Oxera 
reported that it had rerun the models on approximately equal-sized subsamples, 
splitting the data set around the median of these variables (the instruments reflecting 
small operator depots), and had obtained substantially different results for both 
samples. From this observation, Oxera concluded that these variables were not 
suitable instruments since it expected the results to be the same in both subsamples 
if these variables were truly exogenous.  
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First, as could have been verified by inspecting the first-stage regressions included in 
the annex of the working paper (and the adviser could confirm this in the data room), 
there are a number of instruments other than those relating to small operators’ 
depots which correlate strongly with the endogenous competition measures. 

Second, splitting the data set according to a percentile of a candidate instrument is 
not a reasonable or generally accepted test for the validity of this instrument and has, 
to the best of our knowledge, not been used in other published studies. Other gener-
ally accepted tests, in contrast, such as Hansen’s J-test, have a clear statistical 
rationale. Therefore, tests which have such a clear rationale should be used (and 
have been used in the performance-concentration work) to assess the validity of the 
instruments. 

The difference in the results based on the resulting subsamples might well be a mere 
coincidence which need not be related to the relationship under investigation. 
Especially, in the present case splitting the sample significantly reduces the sample 
size underlying each regression, to around 500 observations for the route-level 
analysis and 116 for the Urban Area analyses. In such small data sets, each 
individual observation has a higher impact on the result (compared with the original 
models). It is hence possible that different conclusions emerge for those relatively 
small subsamples, even if a split at the median would lead to identical results if more 
observations would be available.  

Since the results of the extensive testing discussed above do not reject the validity of 
our instruments, the results of those tests suggest that the finding reported by Oxera 
is in fact spurious.  

44. Arriva’s adviser Dr Walter Beckert found it ‘harder to see why competition would have 
to be instrumented in the “frequency”-competition relationship. Dr Beckert argued 
that the potential correlation between the market structure regressor and the 
residuals in the frequency-concentration relationship might be due to third, 
unobserved factors (so-called “confounders”), but it is not adequately explained what 
such unobserved factors might be).’ 

The reason for the potential endogeneity of the number of operators (the competition 
measure) in the frequency-concentration analysis is explained in paragraph 32 of that 
working paper—building on the analogous explanation for the price-concentration 
analysis in the preceding paragraphs. In support of these arguments, a statistical test 
rejects the exogeneity of the competition measures in the network-level frequency-
concentration models reported in Appendix 7.1. In the route-level analysis, a 
Hausman-type test does not reject exogeneity of the competition measures. 
Nevertheless the potential for endogeneity of the route-level competition measures 
seems so strong that we hesitate to accept the hypothesis that these variables are 
exogenous, and continue to work with instrumental-variables models as our base 
specifications.15

45. Arriva’s adviser Dr Walter Beckert doubted that instruments related to depots 
provided the strong exogenous variation one might look for in an instrument. Dr 
Beckert wondered whether entry and exit on bus routes, which to him appeared to be 
more flexible short-term decisions, ought not be instrumented by measures whose 

  

 
 
15 In the OLS regression which assumes that the competition measures are exogenous (model FR1), the effect on total 
frequency of an extra operator is 12 per cent, significant at the 0.1 per cent level. While the estimate is not far off the 15 per 
cent figure from our (instrumented) base model FR2, the statistical significance is extremely high (for a single-parameter 
hypothesis). In fact it is at a level that would immediately raise suspicions of endogeneity among those familiar with the 
significance levels usually observed in econometric analysis. 
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variation was of similar frequency (and not with instruments related to depots which 
he believed to be typically more long-term decisions). To determine whether and to 
what extent any of the three largest operators responded to its rivals’ depots, Dr 
Beckert regressed operator-level depots on its rivals’ depots across localities, 
instrumenting rivals’ depots by local characteristics (population size, car ownership, 
income, taste for public transport (proxied by the total number of boardings), retail 
density etc). To this end, Dr Beckert regressed the number of depots in a 12 km 
buffer around the Urban Area (or in a 1 to 12 km buffer around the Urban Area; this is 
not quite clear) on the number of all rivals’ (big, medium and small) depots. Dr 
Beckert acknowledged that this question could not be comprehensively examined 
empirically due to the cross-sectional nature of the data and stated that the results of 
this analysis were to be treated with caution. Nevertheless these results suggested 
that big operators were typically in head-to-head competition in terms of depots. In Dr 
Beckert’s view, this finding suggested that the number of depots of operators of any 
size was unlikely to be a good instrument. Detailed results of these regressions were 
not reported. 

It indeed seems plausible that depot locations and price-frequency choices are 
decisions made on different timescales. Instruments need to fulfil a number of criteria 
to be valid. The two conditions for an instrument to be ‘good’ are given in paragraph 
35 of the working paper and have not been disputed by any adviser. It would appear 
that Dr Beckert’s criticism refers to the first condition, that an instrument be correlated 
with the endogenous variable, since Dr Beckert stated that ‘depots are the outcomes 
of strategic capacity decisions that are made with different time- and cost implications 
in mind than the subsequent pricing and service-frequency decisions’. Similarity of 
the frequency with which the endogenous variables and the instruments change is 
not among those and is not related to these conditions. Moreover, we fail to see why 
then depot locations cannot be correlated with the numbers of operators on routes in 
an area. In fact this correlation is measurable and has been verified for our key 
specifications at various places in the analysis. We conclude that Dr Beckert’s point 
does not in fact undermine the validity of our instruments. 

We do not intend to confirm or dispute Dr Beckert’s regression results. The question 
at issue is simply whether indicators of depot location make good instruments. In 
addition to the extensive discussion of depot-related instruments above, we would 
like to point out that the results of this regression would only show that the number of 
depots owned by any of the three large operators Dr Beckert considered depends on 
the number of rivals’ depots in the same 12 km buffer around an Urban Area (leaving 
aside Dr Beckert’s own caveats). This does not imply that these operators’ depots or 
rivals’ depots are correlated with the unobservables in the frequency-concentration 
models or are directly correlated with the dependent variable, total number of weekly 
services, and therefore does not show that the depot-related instruments are 
endogenous. 

46. Another specification issue mentioned by Arriva’s adviser Dr Beckert is the use of a 
linear specification which models the effect of an additional operator on competition 
as constant, regardless of their number. Dr Beckert stated that his implicit assump-
tion would not be supported by economic theory and empirical research; for example, 
Bresnahan and Reiss (1991), and the ensuing empirical literature. 

Let N be the number of operators in a market. The empirical results in Bresnahan 
and Reiss (1991) suggest that, in homogeneous goods markets, the effect of an 
additional rival on the profit per consumer of incumbent firms decreases in N (ie in 
NUMOPS). That is, the relationship between competition and profit per consumer is 
‘non-linear’. Our models can allow for non-linear relationships because they put the 
dependent variable into logarithms. In the route-level price analysis, when we regress 
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log(price) on NUMOPS, we are implicitly assuming that each additional operator has 
a fixed percentage effect on price. But if we estimate a coefficient of –0.1 on 
NUMOPS, for example, then the absolute effect of each additional rival on price will 
be declining in the number of rivals. In the frequency analysis, we typically regress 
the log of the total number of services, Log(FREQ), on NUMOPS, implicitly assuming 
that each additional operator has a fixed percentage effect on total frequency. But we 
also estimated a log-log (‘constant-elasticity’) specification, described in Appendix 
7.1, paragraph 168. That specification implies that the percentage effect of an 
additional rival falls in NUMOPS, and the positive frequency-competition effect is 
robust to this change in specification—it is still significant at the 5 per cent level (p-
value = 0.023).16

(e) Urban Area level analyses generally 

  

47. FirstGroup’s adviser Frontier Economics said that the CC’s method of constructing 
network areas would tend to make the instruments used in the network-level 
analyses weak.  

Tests of instrument strength in the network-level frequency analysis are discussed in 
Appendix 7.1, paragraphs 212 to 214. 

48. FirstGroup’s adviser Frontier Economics said that, in the network-level analyses, 
there might be unmeasured sub-regional market characteristics that affected the 
dependent variable. If these unmeasured characteristics were also correlated with 
the instruments, they would make the instruments invalid.  

To take one area as an example, Leeds, Bradford, Halifax, Huddersfield and 
Wakefield are all in the same sub-region, but enter our network-level data as distinct 
networks. Frontier Economics is suggesting that there may be some unobservable 
factors distinct to this group that affect the instruments and also the number of bus 
services in each of these markets.  

We note first that our Urban Area markets are already constructed so as to 
encompass contiguous areas with high levels of overlap in their bus networks. Hence 
the omitted factors need to be influences that: (a) extend beyond this to encompass 
nearby networks that overlap to a lesser extent, but (b) do not apply to the whole 
region, and which are (c) not already captured by our other explanatory variables 
such as income, retail density, etc. It is possible that such unobservable factors may 
be present.  

However, we note a tension here between this point and Frontier Economics’ earlier 
criticism that the network-level instruments might be too weak, precisely because 
they were characteristics from outside a network of interlocking bus routes (see the 
response to comment 29 above). If unobservables simultaneously affect an 
instrument, such as the number of operators in nearby markets, and total frequency, 
they would presumably also affect the number of operators in the reference market. It 
seems contradictory to then argue that the correlation between the instrument and 
the local number of operators must be low. 

In addition, we note that the network-level frequency analysis uses as instruments 
from nearby markets not just indicators of operator presence, but also other variables 
such as the share of retired people. It is not entirely clear, given the other variables 

 
 
16 The estimated elasticity (the coefficient on log(NUMOPS)) is 0.43. If total frequency shows a fixed response of x per cent to, 
say, a 10 per cent increase in NUMOPS, then the percentage response to a single extra operator must be falling in NUMOPS. 
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already included in the model, how the latter type of variable might be correlated with 
a sub-regional unobservable that also affects local frequency. We note that Frontier 
Economics has not supplied any examples, other than the general notion of ‘sub-
regional demand characteristics’.  

9. Comments regarding individual instruments 

49. Stagecoach’s adviser Oxera queried the use of the proportion of retired people in 
neighbouring network areas as an instrument for the amount of competition in a 
given area. Oxera suggested that this proportion was unlikely to influence entry since 
‘the national concessionary travel scheme operates on a “no net loss, no net gain” 
basis’. 

The proportion of retired people in neighbouring network areas is indeed intended as 
a proxy for the potential size of the concessionary travel market in those areas. The 
idea is that changes in this proportion may affect operators’ profitabilities on routes in 
neighbouring areas and hence, indirectly, their propensity to enter routes in the given 
area. It is clear that what matters for any such differential effect on operators’ entry 
decisions is the difference in profitability between this and other market segments. 
The relevant question is whether the profits earned from this market segment are 
different from those earned from other types of customer, not whether concessionary 
passengers yield zero economic profits. In any case, the issue of instrument ‘rele-
vance’ here can be resolved by rigorous statistical testing—results of such tests are 
discussed at length in the subsection on network-level frequency analysis above.  

C.  Other modelling issues 

10. General comments on model choice 

50. Arriva’s adviser Dr Walter Beckert perceived a lack of economic insight and 
conceptual economic underpinning that would enable a meaningful, consistent and 
persuasive interpretation of whatever results the CC’s analysis might ultimately 
produce. Dr Beckert stated that if: 

the model of competition is not laid out with adequate detail, then it 
remains unclear (a) what the analysis approximates and (at best) iden-
tifies, (b) why certain variables can be considered endogenous or 
exogenous, respectively (especially when the timing and temporal 
commitment associated with various decisions and decision outcomes 
is quite different), and (c) what the justification for treating certain 
variables as instruments is. Specifically, in [Dr Beckert’s] view this sort 
of analysis ought to be in a framework that offers much more on what 
the appropriate model for strategic decision making by bus operators is, 
i.e. where, when and governed by what considerations do they 
establish depots, how do they configure the network of routes operated 
out of a given depot, what is the impact of the regulated portion of fares 
on these decisions, and more generally what short-term and long-term 
incentives operate in this industry. 

Dr Beckert also commented that a more fully spelled-out competition model would be 
desirable. 

It is worth noting that the performance-concentration study aims to determine the 
relationship between competition (or inversely concentration) and price or the 
number of services. It does not aim to test a theoretical model of the strategic 
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behaviour of bus operators more generally. (The former type of analysis is very 
common in competition inquiries, while the latter is more common in academic work.) 
To this end, we use a reduced form approach, the method commonly used in price-
concentration studies. Focusing on reduced form models is advantageous also 
because this approach does not rely on any of the assumptions underlying structural 
approaches which implement and test a theoretical model (which the adviser appears 
to prefer)—assumptions which are usually hard or impossible to verify. 

This methodological approach was clearly spelled out in the subsection entitled 
‘Methodology’ in the working paper and is now included in the introduction to 
Appendix 7.1. The reasons why certain variables are used as instruments was 
previously discussed in each of the four subsections of that paper (on route-level and 
network-level price-concentration and frequency-concentration respectively). This is 
discussed in the introduction to Appendix 7.1. In terms of the flexibility of the 
decision, there is little difference between pricing and frequency. Since we do not 
attempt to test for such a difference in the degree of flexibility, it is not necessary to 
spell out details of operators’ behaviour (described in the main part of the report and 
previously discussed in other working papers published on the CC’s website).  

51. Arriva’s adviser Dr Beckert noted that: 

while the CC paper [the working paper] correctly refers to the Groceries 
Inquiry as a precedent where the econometric methodology chosen by 
the CC has been usefully employed ..., it is not a priori clear that this 
methodology can simply be adopted for the kind of markets relevant 
here. The reason for my scepticism is that, in the case of grocery 
retailing, the relevant geographic market for closely located 
supermarkets in terms of largely overlapping catchment areas is 
relatively clearly delineated; this is less likely to be the case for bus 
routes that only partly overlap, with possibly quite divergent end 
segments. 

Dr Beckert suggested that the results might therefore not be robust to other approxi-
mations of local areas. 

The performance-concentration analysis considers two geographic areas as approxi-
mations of local catchment areas, the 500m buffer around routes (route-level 
analyses) and the Urban Area networks defined as delineated in a previous pub-
lished working paper (Urban Area analysis).17

Based on these two delineations, our base models yield the results summarized in 
Table 1 below. Considering that regression analysis yields coefficients which are 
estimated with some degree of imprecision (apparent from the standard errors 
reported in Appendix 7.1), the comparison of these results for the route-level 
analyses and Urban Area network analysis shows that both alternative delineations 
of the catchment areas yield the same results. The only exception to this is the analy-
sis of the average price of all tickets. Since the latter are based on 2,666 observa-
tions for the route level, but only on maximally 347 observations for the Urban Area 

 Both are plausible approximations of 
catchment areas for local bus services. Moreover, these are no more of an approxi-
mation than the isochrones around supermarkets used in the Groceries inquiry. For 
example, the latter can be centred alternatively on the store or on population centres 
while it is not clear which would be the better approximation. In addition, it is clearly 
debatable which drive-time to use. 

 
 
17 Available at: 

www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/100521_urban_areas_for_consultation_for_web.pdf. 

http://www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/100521_urban_areas_for_consultation_for_web.pdf�
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level, the relatively small number of observations for the latter is likely the reason for 
the apparent differences. Given that the results arising from the two alternative 
delineations of the catchment area are essentially the same, there is no reason to 
believe that plausible alternative delineations would yield substantially different 
results.  

TABLE 1 Comparison of the results at route level and Urban Area level (coefficient estimates in brackets, statistically 
significant at the 5 per cent level) 

 Route level Urban Area level 

Single ticket price 
  

All operators No effect No effect 
Big operators No effect No effect 
Medium and small operators No effect No effect 
   
Average ticket price   
All operators No effect No effect 
Big operators No effect No effect 
Medium and small operators Neg effect (–37%) No effect 
   
Total number of weekly services   
All operators Pos effect (+15%) Pos effect (+24%) 
Big operators Unclear effect Unclear effect 
Medium operators Unclear effect N/A 
Small operators Pos effect (+17%) N/A 
Medium and small operators N/A Pos effect (+20%) 

Source:  CC analysis. 
 

Note:  N/A = not available 

11. Potential omitted-variable problems 

52. FirstGroup’s adviser Frontier Economics said that there was also a potential omitted-
variable problem in the route-level frequency analysis. Off-route demographics were 
not included among the explanatory variables, but could affect total frequency 
through their effect on the frequency of service on routes that partially overlapped the 
given route (branching off at some point to travel to other neighbourhoods). Our base 
route-level frequency regressions used demographic characteristics measured over a 
buffer of 0.5 km around a route, which does not contain the demographics on the 
non-overlapping section of the competing routes. Frontier Economics said that a 
partial solution to the issue was to include the demographic characteristics of a 
broader zone, extending 0.5 km to 12 km around the route. Frontier Economics con-
cluded that the results of this frequency analysis were therefore suspect, since the 
instruments were correlated with demographics which might also affect total fre-
quency, but which were omitted from the base regressions. Frontier Economics 
found that when the population of the broader buffer was included as an explanatory 
variable, the frequency-competition effect became statistically insignificant. Further-
more, Frontier Economics said that adding more demographic characteristics from 
broader buffers would continue to reduce the estimated frequency-competition effect, 
to the point where it was no longer statistically significant.  

We now test the sensitivity of our based models to the inclusion of these off-route 
demographics—see Appendix 7.1, paragraphs 112–113 and 191–195.  

Specifically, we test the sensitivity of the base results to the addition of a group of six 
different demographic characteristics from two alternative secondary buffers, 0.5–
8.75 km and 0.5–12.25 km. We concluded that the results from the base regression 
were generally robust to the addition of characteristics from these secondary buffers. 
We are able to reproduce closely the specific result referred to by Frontier Economics 
by just including population in the range 0.5–12.25 km as the sole additional 
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regressor. Then we find that the estimated frequency-competition effect is an 
increase of 12 per cent per additional operator, significant at the 10 per cent level. 
However, the coefficient on the new population regressor is statistically insignificant, 
and also very small, showing that a 10 per cent increase in the population of this 
broader buffer leads to an increase in total frequency on the given route of just 
0.3 per cent.  

As we have argued in Appendix 7.1, paragraph 194, it seems that the only role of this 
and other demographic measures from the broader buffer (except for income) is to 
add noise to the regression, and there is therefore a strong argument for leaving 
them out of the model.  

In response to Frontier Economics’ idea that adding more demographic character-
istics from broader buffers would continue to reduce the estimated frequency-
competition effect, we would point out that this cannot be claimed with any certainty. 
The direction in which the effect changes will depend on the complex multiple 
correlations among the instruments, the existing explanatory variables, and the 
additional explanators. In fact, as noted in Appendix 7.1, paragraph 194, when we 
added six demographics from the buffer 0.5–8.75 km, we found that the frequency-
competition effect did not change at all—it was still 15 per cent per additional oper-
ator, significant at the 5 per cent level. (Of course, as more and more explanatory 
variables are added, the degrees of freedom in the regression fall, eventually to the 
point where all coefficients are statistically insignificant, but we do not believe that 
this was Frontier Economics’ point.)  

53. Stagecoach’s adviser Oxera claimed that the analysis might be biased by omitted 
variables which affected both the performance and competition measures. As 
examples, Oxera mentioned high levels of traffic congestion, the availability of 
parking, and the use of initiatives to reduce car usage.  

In response, we note first that the costs of traffic congestion already enter our models 
through at least four variables: fuel costs (which are measured per mile, not per litre), 
road types, population and retail density. All of these variables (particularly the first) 
would be correlated with traffic congestion. With respect to the other two variables, 
we stress first that our models do not assume the complete absence of any omitted 
variables—the relevant question is rather whether such omitted variables are 
correlated with the instruments. Parking and car usage are examples of factors 
determining whether an area is ‘good bus territory’. We already have indicators of 
good bus territory in our model (for example, the density of bus stops in the local 
area). The robustness of our estimates to the inclusion of additional indicators is 
discussed in detail above in response to comment 37. 

54. National Express maintained that observed higher frequencies on a route would 
reflect a range of factors other than competition. National Express also argued that 
the route-level analysis would be ‘heavily skewed towards those services that 
converge onto the major arterial corridors into town/city centres’).  

Since we already control for many local market characteristics which may affect 
frequency, we interpret National Express’s comment as an omitted-variables 
argument. In particular, National Express appears to be concerned about off-route 
demographics which affect frequency on a competing route that branches off the 
reference route. As explained above, the robustness of our results to the measure-
ment of these off-route demographics is discussed in Appendix 7.1, paragraphs 191 
to 195. We agree that many of the routes in our regression samples will run along 
major arterial routes. Since major roads go where people want to travel, this just 
represents sampling in proportion to consumers’ desired journeys, not ‘skewing’.  
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55. National Express argued that the analysis suffered from omitted-variable bias. The 
examples given were factors affecting a consumer’s bus choice: waiting times, relia-
bility, journey time, appearance/quality, cleanliness/safety.  

In response, we note that some of these factors are endogenous variables, jointly 
determined with price and frequency. It is not appropriate to include these in our 
reduced-form regressions. (On the reduced-form approach, see also our response to 
comment 75 below.) The other factors include some aspects of quality which may be 
partly determined at the time a bus is purchased. The omission of these factors will 
not bias the estimates if they are uncorrelated with our instruments (eg measures of 
depot proximity), which seems a reasonable assumption.  

56. National Express mentioned a range of factors such as the weather as examples of 
an important variable which had been omitted from the analysis.  

We note in response that any weather effects on price or frequency will be picked up 
by the region dummies. In the same comment, National Express listed a number of 
other factors which may affect the consumer’s transport choice, including: distance to 
bus stop, parking, cost of petrol, cost of a bus ticket, number of people travelling, 
luggage, and the cost of the consumer’s time. Some of these (eg ticket prices) are 
endogenous and clearly do not belong as explanatory variables in a reduced-form 
regression. Most of the other factors already enter our specifications in aggregate 
form. For example, the sum total of consumers’ distances from a bus route will be 
related to the (inverse of the) population in the 500m buffer around a route.18

57. National Express argued that some explanatory variables could actually be 
endogenous, eg the local unemployment rate, because it was correlated with GDP 
which could have a direct effect on frequency.  

 A sub-
stantial portion of the cost of petrol to consumers will be explained by population 
density, region, and retail density, indicators of which already appear in our models. 
Similarly, the cost of a consumer’s time will be proxied by income, which is already 
included in the regressions. To the extent that the remaining variables (eg propensity 
to carry luggage) are not also explained by the included demographics (such as 
household size), their route-to-route variation can be thought of as random, and 
therefore captured by the error term ε.  

In response, we note that any national or regional effects of GDP are accounted for 
by the constants and region indicators in our regressions, so the party is presumably 
referring here to variations in local economic conditions across the markets in our 
samples. These variations are already controlled for via the unemployment and 
income measures included in our regressions (plus other variables such as car 
ownership, retail density, etc).  

58. Arriva’s adviser Oxera stated that the performance-concentration analysis was 
‘based on passengers who live within 500 yards of a route’. Arriva pointed out that 
this choice of distance ‘may not adequately reflect reality because living within 
500 yards of a bus route is not a relevant factor in whether you use a bus if the 
nearest stop is further away)’. Arriva concluded that unless the proximity to a route 
was a good proxy for proximity to a bus stop, the analysis was flawed. 

First, it is only the route-level performance-concentration analysis (not the Urban 
Area network-level analysis) which uses demographic information for the 500m (not 
yard) buffer around the routes in the sample. 

 
 
18 Distance-to-route is not quite the same as distance-to-stop, but for many consumers these distances will be close, because 
operators have incentives to locate more stops where there are more customers. 



A7(1)AnB-27 

Second, the choice of a 500m buffer around a route for the calculation of the relevant 
demographic information is based on information from the NTS which shows that a 
typical bus stop draws its passengers from a 500m radius (a value which has also 
been used in previous merger cases). Since bus stops are situated on bus routes, 
proximity to a route is a very reasonable proxy for proximity to a bus stop. For the 
same reason, demographic information for the 500m buffer around a given route is a 
reasonable proxy for the characteristics of demand for journeys on that route. 

12. Model specification and robustness tests 

59. Stagecoach’s adviser Oxera claimed that, ‘unless supported by economic theory’, 
explanatory variables that did not show statistical significance should be removed 
from our models. 

We note that: (a) there is a sound theoretical basis for all the explanatory variables in 
our regressions, as they are all controls for demand or cost factors (including region- 
and firm-specific effects), (b) if the variables which do not show statistical significance 
are truly irrelevant, then their removal will only serve to increase the statistical signifi-
cance of the remaining variables, including the competition measures. In view of (a) 
and (b), we choose to keep these variables in the regressions. 

60. FirstGroup’s adviser Frontier Economics claimed that ‘standard statistical robustness 
tests’ indicated that the network-level price model ‘is highly likely to be mis-specified 
and therefore biased’. 

Since the four models PN1 to PN4 (Appendix 7.1, Table 11) all pass the Hansen J-
test for exogeneity of the instruments, we take the Frontier Economics comment as 
referring to failures to pass the RESET test. This is a test for the appropriateness of 
the functional forms used for the explanatory variables. Models PN1 and PN3 fail this 
test, while models PN2 and PN4 pass it. Furthermore the variation on PN1 which 
includes boardings as an explanatory variable (discussed in Appendix 7.1, paragraph 
141) fails the test, but only weakly (in the sense that the hypothesis of correct func-
tional forms can only be rejected at the 10 per cent significance level). We are not 
really surprised that models PN1 (and its variant PN3) fail the test, since the positive 
price-competition effect in this model suggests to us that something is missing from 
this model (as discussed in Appendix 7.1, paragraph 141). We find it interesting that 
the test is passed by versions of the model which do not give statistically significant 
positive competition effects. These are the models which conform most closely to our 
theoretical expectation, that the price-competition effect should be zero or negative. 
In conclusion, we would simply note that since some of the network price models do 
pass this test, one cannot reach the blanket conclusion that all analysis at the 
network level (whether of price or frequency) is mis-specified. Instead it seems that 
the appropriateness of the functional form will vary from case to case, depending in 
particular on the specific dependent variable. 

61. Stagecoach’s adviser Oxera reported that some quantile regressions yielded different 
results from those in the CC’s main regressions. 

We note that the regressions shown by Oxera do not instrument for the endogenous 
competition measure. Yet the potential endogeneity of this measure is surely the 
prime modelling problem in deducing the true performance-competition relationship. 
Because they do not account for this endogeneity, Oxera’s regression results are of 
little use in measuring this relationship. 

62. National Express claimed that the models had weak explanatory power despite the 
inclusion of a large number of variables. Some relevant factors were omitted, while 
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some irrelevant variables were included. Some explanatory variables had low 
statistical significance, meaning that the model was mis-specified, making the 
estimates noisy and biased. 

Explanatory power in instrumental-variable models is difficult to quantify because 
there is no commonly accepted standard for the ‘goodness of fit’ in such models.19 
As a partial substitute one can point out that the explanatory variables in our key 
regressions are invariably of high joint significance. That is, the hypothesis that none 
of them has anything to do with the relevant dependent variable (price or frequency) 
can be easily rejected.20

37

 With regard to the omission of relevant explanatory factors, 
our instrumental-variable methodology specifically allows for such omissions, in so 
far as these may affect both the competition measures and the dependent variable. 
See the discussions of our instruments at various places in the main text of Appendix 
7.1. Our key results are also tested against the inclusion of additional explanatory 
factors such as off-route demographic characteristics (see Appendix 7.1, paragraph 
[191]), and indicators of ‘good bus territory’ (see the response to comment  above). 
With regard to the fact that not all explanatory variables are statistically significant, 
we note that this is not a source of ‘mis-specification’ or bias—see the response to 
comment 59 above. 

63. ALBUM emphasized the possibility that bus services and prices might be influenced 
by the socio-economic characteristics of an area. ALBUM also suggested that the 
residential location of families with children be included as an explanatory variable. 

Our analyses include controls for such characteristics, for example income, car 
ownership, etc. A variable representing the proportion of children in the population is 
already included in the analysis. 

64. Go-Ahead’s adviser RBB found that results were not robust to small changes in the 
specification. Arriva’s adviser Oxera pointed out that using a threshold of five routes 
to determine the number of relevant operators in each Urban Area invalidated any 
general conclusions from this analysis (since five routes may be most of the services 
in a small town).  

We have run the base models for each analysis with: 

• different sets of instruments; 

• different values of the thresholds; 

• different estimation approaches (2sls and liml); and 

• different data sets (different definitions of outliers, excluding and including ‘multi-
routes’ (reported in Appendix 7.1). 

Results have proven robust to these changes, which are now reported in 
Appendix 7.1. 

 
 
19 Indeed, if the sole aim were to maximize explanatory power (goodness-of-fit), one would ignore the endogeneity of the 
competition measures and stick with (uninstrumented) OLS procedures. Of course, this would not be a good idea because of 
the likely bias induced by the endogeneity. 
20 Furthermore we estimate elasticities of plausible magnitude and high significance on variables such as population in the 
route-level frequency analysis (model FR2). This elasticity indicates that a 10 per cent increase in population produces a 10 per 
cent increase in frequency, which on its own is already likely to explain a significant amount of the overall variation in 
frequency. 
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Specifically, analyses based on alternative thresholds for the number of routes show 
that the number of operators in the Urban Area has a significant and non-trivial 
positive effect on the number of weekly services even if no threshold is used, and 
also that the number of operators has a strong (and statistically significant) effect if a 
low threshold for the operators’ share of frequencies in the Urban Area of 2.5 per 
cent is used instead of the threshold of five routes. In addition, we have considered 
whether the effect of a significant competitor (running five routes or more) is different 
for Urban Areas with a small and a larger number of routes, and found that this is not 
the case. These additional analyses (reported in Appendix 7.1) show that the con-
clusions regarding the frequency-concentration relationship apply more generally. 

Examples of non-robustness to changes found by parties’ advisers typically rely on 
implausible changes in the specification. For example, Frontier Economics included 
boardings as an exogenous explanatory variable, although it is likely to be endogen-
ous. Arriva’s adviser Oxera dropped, without giving reasons,21

65. While in the data room, Arriva’s adviser Oxera tested the published models for 
heteroskedasticity, functional form and endogeneity, using an alternative command 
to the one used by the CC and concluded that most of the models reported in the 
working paper on performance-concentration analysis did not perform satisfactorily. It 
concluded that these results may either be biased, or the reported standard errors 
may be inappropriate.  

 the observations for 
one individual operator from the data set (and thus excluded a large number of 
observations from the data set which may explain finding no performance-
concentration relationship). 

As Stagecoach raised similar points we address this in detail in response to comment 
66 below for those models expressly mentioned by Oxera. 

66. Stagecoach’s adviser Oxera noted that some models failed the Ramsey RESET test 
(a test of functional form), specifically models PR4, FN2, FN4. 

The presence of heteroskedasticity is not a concern for our conclusions, because all 
our inferences are robust to arbitrary heteroskedasticity and clustering in the stan-
dard errors. Hence there is no sense in which the estimates need to be validated by 
testing for heteroskedasticity.22

Regarding endogeneity, it is worth noting that according to this adviser, a statistical 
test rejects the hypothesis that the concentration measure is exogenous for one of 
the two alternative models for the Urban Area level frequency-concentration analysis, 
but not for the other (for models FN1 and FN3, but not for models FN2 and FN4). 
Since this casts doubt on the exogeneity of the competition measures, it is preferable 
to treat them as endogenous (ie choose a consistent estimator which is less efficient 
(2SLS), rather than a quite likely inconsistent estimator (ordinary least squares—
OLS)). With respect to this point, it is also worth considering that analogous tests 
based on the models FNA and FNB reported in Appendix 7.1 also reject exogeneity 
of the competition measures. 

 

In the case of the route-level frequency analysis, the key claim raised by Oxera is 
that the instrumental-variables models FR2 and FR3 fail an exogeneity test. Our 
results in fact show exactly the opposite—the Hansen J test for instrument 
exogeneity is easily passed in these models. Since Oxera did not specify which 

 
 
21 Arriva stated that if one particular operator was excluded, the results were no longer robust. The identity of this operator is 
known only to the employees who entered the data room.  
22 See also Cameron& Trivedi (2005), p275. 
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‘exogeneity test’ was used, we are not able to explore this issue any further. In our 
opinion, Hansen-type tests of overidentification are in fact the only standard tests of 
exogeneity that might be run in these instrumental-variables models. Hence we query 
whether these models do in fact fail any standard test of exogeneity.23

Regarding functional form (the RESET test), Oxera reported problems in some route-
level price, and network-level frequency specifications. To address the problem of a 
potential mis-specification of the functional form in the route-level price analysis, we 
reran model PR4, the model called into question by the parties’ advisers, using a 
very flexible functional form including the demographics (in levels) and their squares. 
This should address the alleged problem, although the RESET test cannot be applied 
to this regression due to collinearities in the augmented regression equation. This 
augmented model passes the tests discussed in Appendix 7.1. It yields a statistically 
significant coefficient estimate of –40.5 per cent for the number of medium and small 
operators, NUMMIDSMALLOPS, in line with the coefficient estimate of –36.5 per 
cent in the original model. Moreover, we used a RESET test in models FNA and FNB 
reported in Appendix 7.1 and found that they do not show any problem of mis-
specification of the functional form or omitted variables. Functional-form tests for the 
network-level price analysis are discussed in response to comment 

 

60.  

67. Arriva’s adviser Oxera reported that ‘when unobserved depot-level heterogeneity is 
accounted for by allowing each depot to have a separate intercept (a fixed effects 
panel model), the identified price–concentration relationship is no longer observed’. 
Oxera argued that, given the substantial differences among the operator’s depots 
and the independence provided to local managers, failing to account for the differ-
ences between depots introduced bias into the analysis. Oxera concluded that this 
bias led to the apparent, but spurious, relationship between price and competition. 

Since inclusion of depot dummies is not possible in the analysis on the Urban Area 
network level, Oxera must refer to route-level analyses here. 

It is not surprising that, when more than 200 depot-specific dummy variables are 
included in the route-level models, the estimated competition effects become 
statistically insignificant.24

 
 
23 Oxera refers to standard diagnostic tests produced by the Stata routine ivreg2. The Hansen test is the only exogeneity test 
among these various diagnostics. It would be possible to run a Hausman-Wu test of exogeneity in the uninstrumented OLS 
model FR1, but none of our conclusions are based on that model, so the result would be irrelevant to the discussion. Since 
Oxera later goes on to suggest the use of depot effects, it is possible that the adviser meant to test the exogeneity of these 
depot effects. However, we have run such a test and find that it is passed by model FR2—see the response to comment 

 A ‘fixed-effects’ regression that includes these dummy 
variables only uses information about the deviation in a route’s measured variables 
from their averages for that route’s depot. Information about the variation across 
depots in variables like price, frequency and competition cannot be used with this 
estimation procedure. Since it does not use this information, this estimation method 
will be ‘inefficient’ under certain assumptions, in the sense that there are alternative 
estimators that are likely to provide more precise estimates of the coefficients. The 
2SLS ‘random effects’ method used in our baseline models is one of these alterna-
tives. The ‘certain assumptions’ include the key hypothesis that any depot-specific 
unobservable terms (which we allow for in our baseline models) are not correlated 
with the exogenous controls included in the models (such as population, income, car 
ownership, etc). We can test this assumption with a Hausman-Wu test. In the route-
level frequency model, for example, the test is easily passed, meaning that we 
cannot reject the hypothesis of no correlation between the depot effects and the 

67 
below. 
24 The adviser’s specific comment refers to the route-level price analysis, but we find that the same observation would apply to 
the route-level frequency analysis, ie the competition effect becomes statistically insignificant when depot effects are included. 
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other controls.25 From an efficiency standpoint, it therefore seems reasonable to omit 
the depot-specific dummy variables and stick with our current baseline models.26

By clustering on the depot level in all route-level models, we account for interdepen-
dency of observations for routes run from the same depot.  

  

Moreover, it is worth noting that the route-level analyses are based on data sets 
which include at most around 2,686 observations for routes run from 239 depots. 
Given the large number of depots and moderate size of the data sets, the inclusion of 
depot dummies implies a very significant reduction in the degrees of freedom and is 
therefore not advisable. (As a detail, the data set includes a cross-section of routes 
for one point in time in 2009. Since it lacks a time dimension, it does not allow using 
a panel model even though depot dummies can be included.) 

13. Restriction to single operators, or omission of single operators, 
restrictions to certain times of day 

68. Stagecoach’s adviser Oxera reported that when the CC’s main frequency-
competition models, at both the route and network levels, were run for the frequency 
of services provided by Stagecoach alone, no statistically significant competition 
effect was observed. We understand that Stagecoach used the total number of the 
services Stagecoach ran as the dependent variable in the Urban Area level analysis, 
but used the frequency measure provided in the data room for the route-level 
analysis. Moreover, we assume that Stagecoach used the final data sets provided in 
the data room for this analysis. 

At the route level, we have run the regression in question and have been able to 
observe the effect to which the adviser refers. We note some qualifications. First, 
when only Stagecoach data is considered, the sample size for our base model FR2 
falls from 1,018 to 353, a large loss of degrees of freedom which makes the 
estimates considerably noisier. Furthermore the reduction in sample size means that, 
because of collinearity problems, the nine region dummies in FR2 can no longer all 
be separately estimated. In order to estimate region effects in this regression, we had 
to amalgamate some regions, leaving seven geographic groups in total.27

This is confirmed when we run the model on the full sample (1,018 observations), but 
include an interaction between the Stagecoach dummy and the competition measure 
NUMOPS. Thereby we allow a general competition effect, and an additional effect 
that is specific to Stagecoach-owned routes. We find that the net competition effect 
on Stagecoach routes is not significantly different from zero. However, we also 
cannot reject the hypothesis that the competition effect for Stagecoach routes is 
identical to that for all other operators. On the latter basis, it is not obvious that it is 
necessary to include a separate competition effect for Stagecoach routes—if this 

 With this 
modification and with the restriction only to Stagecoach routes, the estimated 
coefficient on NUMOPS is 0.065 and is not statistically significant. However, its 
standard error is higher than previously and we cannot reject the hypothesis that the 
true value of this coefficient is equal to 0.15 as originally measured in FR2 with the 
full sample.  

 
 
25 We ran this test using xtivreg in Stata, assuming homoskedastic errors for simplicity. Under heteroskedastic and clustered 
errors it is likely that the hypothesis would still not be rejected, because, as noted in response to comment 80, the GMM 
estimates that correct for such heteroskedasticity are very close to our 2SLS estimates.  
26 In passing, we note that the random-effects 2SLS model used for the Hausman-Wu test indicates that only about 15 per cent 
of the variation in the regression error ε is shared by all routes at a given depot. The remaining 85 per cent of the variation 
comes from idiosyncratic components specific to each route. 
28 This regression sample excludes tendered routes and outliers. 
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separate competition effect is not included, then we are back with the original 
model FR2. 

A related point is that if we add the tendered routes to the Stagecoach-only regres-
sion, the sample size increases to 824, and the coefficient on NUMOPS is 0.16, 
significant at the 5 per cent level, ie almost identical to its value in the original model 
FR2. The theoretical mechanism through which competition might affect total fre-
quency on tendered routes is not immediately clear, and indeed it is for this reason 
that we exclude such routes from our base model FR2. Nevertheless this result gives 
us pause before concluding that competition has no effect on total frequency on 
Stagecoach routes. A final point to mention at the route level is that the dependent 
variable in these regressions is total frequency, not operator frequency. Therefore 
any finding of ‘no significant competition effect’ could reflect the behaviour of 
Stagecoach, or the behaviour of its rivals—we cannot say which without further 
analysis.  

We note that Oxera ran a somewhat different model from that used in our analysis. 
Oxera constructed a measure of Stagecoach’s frequency, and used that as the 
dependent variable in models FN1 to FN4. That is, Oxera used operator-specific 
frequency rather than total frequency as the explanatory variable. We have explained 
elsewhere why we focus on total frequency as our dependent variable. See the 
response to comment 93, and in particular footnote 40, which explains how Oxera’s 
argument here actually weighs in favour of our general conclusion, that total 
frequency on a route increases with the amount of competition. This also applies for 
Urban Areas.  

69. National Express noted that it only operated 57 of the 3,431 routes in the overall 
sample (1.7 per cent). National Express said that it would be wrong for the CC to 
conclude that the results of the analysis applied equally to it when it was the data 
from the four largest operators that was driving the results. 

The applicability of the results of the performance-concentration analysis to any one 
firm will depend on whether there are any specific factors (not already taken into 
account in the model) which might lead us to question the applicability of the model 
to that firm.  

It is true that in the base model FR2 in the frequency-competition analysis there are 
only 30 National Express routes in the sample for this regression.28

68

 If we include in 
the regression a National Express-specific competition effect (similar to that included 
for Stagecoach in our response to comment  above), it is not statistically 
significant, either singly, or jointly with the coefficient on the existing National Express 
dummy variable. Given the small number of National Express routes in the sample, it 
is difficult to say whether this failure to reject is because these routes are truly the 
same as other routes, or simply because there are not enough observations.  

If we interact the indicator for the presence of National Express with NUMOPS in the 
Urban Area model FNA, we find that this interaction is not statistically significant, 
neither individually, nor jointly with NUMOPS. Again, it is possible that this ‘non-
finding’ arises from the small number of Urban Areas in our sample where National 
Express is present. There is therefore no evidence to suggest that the results of the 
performance concentration analysis are not applicable to National Express. 

 
 
28 This regression sample excludes tendered routes and outliers. 
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70. Arriva’s adviser Oxera reported that it had rerun the models in the performance 
concentration analysis excluding the data from one operator at a time. Oxera found 
that the regression results turned out to be dependent on the inclusion of one 
particular operator in the estimation sample for both price and frequency models. 
Oxera suggested that conclusions from these analyses should be treated with 
caution because the data might not be consistent across all operators, so that the 
result might simply be driven by differences in data recording or by the operational 
strategy of one operator, rather than by any true effects of competition.  

Regarding this point, it is useful to consider the Urban Area network level analyses 
and route-level analysis separately. Therefore, we will discuss those in turn.  

With respect to the frequency-concentration analysis on the Urban Area level, we 
would like to note that it would not have been possible to rerun the models FN1 to 
FN4 excluding the data for one operator at a time because the underlying data set 
contained the sum (or if appropriate the averages) of the six surveyed operators’ data 
for each of the 232 Urban Areas. This suggests that Oxera has taken the indicator 
variables ‘Arriva’, ‘First’, ‘Stagecoach’ etc as indicators that the corresponding data 
entries contain the data supplied by the given operator. Put differently, it assumed 
that observations for which the variable ‘Arriva’ took the value 1 was Arriva’s data. 
However, as its variable label ‘Dummy for presence of Arriva in the UA’ clearly indi-
cates, this variable merely shows whether Arriva is present in the given Urban Area 
or not. It therefore appears that Oxera did not drop each operator’s data in turn from 
the sample, but excluded Urban Areas where a given operator was present.  

For this reason, Oxera’s approach is not suitable as a test whether inconsistent data 
recording or differences in business strategies between the six surveyed operators 
drive the results, but would, if anything, test whether the frequency-concentration 
relationship in those Urban Areas where a given operator is not present differs from 
the relationship observed for all areas.  

Moreover, it is important in this respect that each of the operators in our sample is 
present in a very large number of Urban Areas. Dropping Urban Areas where one 
particular operator is present hence reduces the number of observations consider-
ably. Replicating the approach described by Oxera for model FN1 as an example, we 
found that the number of observations for those operators where the effect of compe-
tition on frequencies is no longer significant is based on samples of 101 observations 
and 139 observations respectively (choosing model FN1 as an example). It is there-
fore very likely the reduction in the number of observations by at least around 40 per 
cent which drives the change in the significance level, and not a difference between 
the six operators. (Since pinning down the price-concentration relationship on the 
network level proved difficult, we did not replicate the adviser’s approach for those 
models.)  

We also replicated this approach for route-level price-concentration analysis, where 
the omission of data for individual operators is in fact possible, choosing the only 
model which shows a significant price-concentration relationship, PR4, as an 
example. Again we find that the effect of the price-concentration relationship is no 
longer significant if the data for one of the operators with the largest number routes in 
the data set is omitted. If the data for one of the remaining operators is excluded, we 
obtain statistically significant coefficient estimates of between –32 to –47 per cent for 
medium and small operators, which are in line with the coefficient estimate for the full 
sample of –37 per cent. For those two operators with the largest number of obser-
vations, this exclusion leads to a reduction in the number of observations from 2,686 
to 1,878 or 1,815, ie to a reduction by more than 30 per cent. This suggests again 
that it is the significant reduction in the number of observations which precludes 
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pinning down the effect of competition on the average price of all tickets, rather than 
a difference in data recording or in the business strategies of certain operators.  

Replicating the approach for route-level frequency-concentration analysis, we do not 
find the result reported by Oxera. Choosing the most basic model FR2 as an 
example, we obtain statistically significant coefficient estimates for the number of 
rival operators which range between +12 and +22 per cent depending on which 
operator’s data is omitted. In contrast to Oxera’s finding, omission of one operator’s 
data at a time hence does not lead to findings which would be qualitatively different 
from those for model FR2 reported in the working paper (where the coefficient 
estimate for all operators is +15 per cent).29

More importantly, Oxera gave no reasoning why one of the six operators should be 
omitted from the data set, we therefore do not agree that this is a sensible approach 
to robustness checking.  

  

71. Furthermore, Arriva’s adviser Oxera found that the results also depended on the 
aggregation of different times of day into one model. That is, Oxera reproduced the 
route-level frequency models, but used frequency at different times of the day: early 
morning, morning, afternoon, evening, late evening, and night. On the basis of these 
regressions, Oxera concluded that the identified relationships between frequency and 
competition no longer held when the analysis was split into different times of day, and 
also that the relationships apparent from the original models FR1 to FR4 merely 
reflected that there were times of the day with higher demand, and thus competition 
and frequency, than was present at other times of the day. 

It would in principle be possible to run versions of our route-level frequency-
competition model restricted to certain times of day. However, we have not prepared 
the variables needed for this purpose, and for this reason the regressions reported by 
Oxera are not the models intended. In any case, it is not entirely clear what more 
would be gained from this split. Consider, for example, a time slot defined as 9.30am 
to 12.30pm. It seems plausible that total frequency in this slot could be affected not 
just by the number of operators running then, but also by the numbers of operators 
running in the two adjacent slots (providing services, for example, at 9.15am and 
12.45pm). The frequency regression would thus require three separate competition 
measures as explanatory variables. However, these measures would likely be closely 
correlated with each other, which makes the chances of being able to discern their 
separate effects in an instrumental-variables regression somewhat uncertain. In 
contrast, our present approach is an aggregate view of the problem, which essen-
tially measures the competition-frequency effect averaged over times of day and 
days of the week. 

Furthermore the specific regressions reported by Oxera differ from our frequency 
models because they use an operator-specific frequency.30

 
 
29 In model FR2, the six operators in our data divide into two groups: those with more than 250 routes each in the regression 
sample (Arriva, FirstGroup, Stagecoach), and those with fewer than 100 routes each (Go-Ahead, National Express, Transdev). 
When each member of the first group is in turn held out of the sample, the statistical significance of the competition effect falls 
to 10 per cent, which is not surprising in view of the large number of observations lost. When each of the second group is held 
out, the statistical significance remains at 5 per cent, or in one case improves to 1 per cent. 

 As was explained in the 
readme document available in the data room, the frequency measures are included 
in the raw data set ‘101213 freq measure v2’. These are the frequency measures 
included in the data set used for the analysis. An additional file, entitled ‘Variable list’, 
that was also available in the data room, explained the content of these raw data 
sets, and gave definitions of all included variables. As apparent from the variable list, 
the data set ‘101213 freq measure v2’ did not include frequency measures by time of 

30 Regarding the desirability of using total frequency rather than operator-specific frequency, see paragraph 93 below. 
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day. The raw data set ‘101108 Route output 2009’, in contrast, contained—as 
explained in the file ‘Variable list’—route characteristics from the NPTDR data and 
ONS data. The frequency information for the individual routes available in the file 
‘101108 Route output 2009’ was included by time of day (for the time windows 5–
7am, 7am–12pm, 12–6pm, 6–9pm, 9pm–12am and 12–5am). Importantly, this 
included information for each route in the data set, and not for the route and all 
overlapping routes run by rivals. The latter variables were not included in the final 
data set used for the analysis provided in the data room. 

To implement the analysis of the frequency-concentration relationship by time of day, 
Oxera therefore reran a slightly amended version of the data generation code pro-
vided in the data room to create a data set which included the frequency information 
for the individual routes, excluding competing routes, by time of day and replaced the 
frequency measures originally used in models FN1 to FN4 by those frequencies.  

Since the new frequency measures exclude the frequencies of the overlapping 
routes, results of these regression show, if anything, the effect of competition on the 
number of services provided by the operator running the route (by time of day), but 
not the effect of competition on the number of services run by that operator and its 
rivals. Since all passengers but those with single-operator season tickets benefit from 
all frequencies provided on a route, these results are not very telling in the context of 
the present analysis. In any case, a non-finding from these regressions is not suitable 
evidence that competition has no effect on the total number of services provided on a 
route at a given time of day (by the operator and its rivals); see also comment 93 
below. 

In addition, the limited number of observations on which Oxera’s regressions by time 
of day are based would likely make it difficult to pin down an effect of competition on 
the number of services run by the operator on that route only even if it existed. In 
only two of these regressions the number of observations exceeds 600, while in one 
of these regressions the number of observations is as low as 40.  

14. Role of correlations among explanatory variables 

72. Stagecoach’s adviser Oxera claimed that ‘the presence of multicollinearity may bias 
the coefficients estimates and potentially result in variables being identified 
incorrectly as statistically significant (a false positive)’. National Express made a 
similar point, arguing that since some explanatory variables are likely to be correlated 
with each other, it would be impossible for the CC to ascertain their separate effects. 

These assertions are not correct.31

 
 
31 See, for example, Jeffrey M Wooldridge, Introductory Econometrics, 2nd ed, 2003, pp96–100. 

 Our reported statistical inferences completely 
account for any correlation among the observable explanatory variables. It is 
certainly true that such correlations will make the estimates ‘noisier’, in the sense that 
the standard errors of the coefficients on the correlated variables increase. In intuitive 
terms, it becomes harder to deduce the separate effects of the correlated variables. 
However, this added noise is fully accounted for in the standard errors reported in our 
analyses, and it does not add any positive or negative bias to the estimates. Since 
multicollinearity reduces, rather than increases, statistical significances, it cannot 
increase the probability of false positives, contrary to the argument of the first 
adviser. 
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15. Possibility of controlling for ‘demand’ 

73. FirstGroup’s adviser Frontier Economics claimed that in the route-level price 
analysis, adding boardings and share of concessionary revenue to the price 
regressions results in a statistically insignificant price-competition effect. Moreover, 
PTEG commented that the absence of a variable representing the proportion of 
concessionary passengers, either at route or network level, might introduce some 
form of bias. 

In the price-concentration regressions, we have included the share of persons above 
working age as proxy for concessionary passengers and found it to be statistically 
insignificant. (We used this proxy to avoid measurement error due to incomplete 
recording of boardings without a transaction.) This is explained in both the working 
paper and the Appendix 7.1. Bias as mentioned by PTEG is therefore highly unlikely. 
In the network-level price analysis, adding in proxies for the share of concessionary 
boardings yields no substantive change in the results. 

We comment on the addition of boardings in response to comment 75 below. 

74. Arriva’s adviser Oxera pointed out that, in a commercial market, both the level of 
competition and frequency would be determined by the level of demand. Especially, 
Oxera stated that population and demand were not the same since the ‘same 
population can have very different levels of demand, depending on factors such as 
economic health of an area, car ownership, population density and congestion’. 
Oxera claimed that the performance-concentration analysis undertaken by the CC 
did not account adequately for differences in demand and therefore suffered from a 
severe omitted variable bias. 

The performance-concentration analysis uses an instrumental variable approach to 
account for a potential omitted variable bias. Moreover, the analysis is not affected by 
an omitted variable bias from not accounting for demand differences by including 
population as the only demand characteristic, as alleged by the adviser, since the 
specifications also include other measures of demand, namely measures of the 
economic health of the areas, such as income and the share of persons in the socio-
economic categories A and B, the share of car ownership as well as the share of A 
roads and B roads as measures of congestion.  

75. Arriva’s adviser Oxera found that if the actual demand was included as an explan-
atory variable, the relationship between competition and frequency was not statistic-
ally significant in most models of the frequency-concentration analysis on the network 
level. It interpreted this as an indication that not controlling for this ‘omitted’ variable 
causes serious bias in the estimated relationship between frequency and compe-
tition. Therefore, it concluded that the relationship between frequency and concen-
tration found in the performance-concentration analysis was spurious.  

Oxera’s concern is misplaced for two reasons. First, as is standard in the 
performance-concentration literature, our base models are ‘reduced-form’ 
regressions. These are effectively regressions of a dependent variable Y (price or 
frequency) on variables which are predetermined at the time that Y is chosen. These 
predetermined variables include our competition measures, as well as the various 
demographic variables. (Since we use instruments for the competition measures, 
treating a variable as ‘predetermined’ does not preclude also treating it as endogen-
ous.) Clearly boardings are not predetermined at the time that price or frequency is 
chosen—in fact they are jointly determined with those variables. Therefore a board-
ings variable does not belong in any of the basic models for our performance-
competition analysis.  
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To assess this concern in detail, we have replicated the models reported by Oxera. 
This replication shows that Oxera attempted to control for demand by including the 
total number of boardings in the given Urban Area (unscaled) as additional 
exogenous explanatory variables in the models FN1 to FN4 reported in the working 
paper. Several points are worth noting regarding these augmented models. 

First, we would like to point out that demand is controlled for in the performance-
concentration analysis by including demographic characteristics for the 500m buffer 
around a route, such as the total population, the annual income, the share of persons 
in socio-economic category A/B and share of car ownership, which are important 
determinants of demand. It is hence quite unlikely that measurable characteristics of 
demand have been excluded from the models FN1 to FN4.  

Second, it is debatable whether the boardings of the six surveyed operators—ie 
boardings excluding almost all medium and all small operators—can be a reasonable 
proxy for demand. 

Third, it is worth noting that the variable ‘total boardings’ which Oxera included in 
these models is the total number of boardings on buses of the six surveyed operators 
in our sample, ie large number for each Urban Area. The mean of this variable is 
around 1.6 million, which shows that it is poorly scaled for inclusion in an econo-
metric model. As could be expected, this inappropriate scaling significantly biases the 
results.32

Fourth, if boardings is ever included in such models, it should clearly be treated as 
endogenous and instrumented for appropriately. The adviser’s suggested specifica-
tion did not do this. That is, it did not attempt to instrument for boardings, even 
though boardings on a route or in a network would clearly be affected by the same 
unobservable factors that affect price/frequency.

 For model FN2, for example, the reported statistically insignificant effect of 
all operators on frequency of –7.3 per cent changes to a statistically highly significant 
effect of +19 per cent if the total number of boardings is scaled appropriately by divid-
ing it by 10.000. For model FN4, the reported (insignificant) coefficient estimates for 
big operators of 0 per cent and for medium and small operators of –12 per cent 
changes to a statistically highly significant coefficient estimates of +51 per cent for 
big operators and +20 per cent for medium and small operators. The changes for 
models FN1 and FN3 are very similar. This demonstrates that these models show a 
statistically significant, large positive effect of competition on the total number of 
services provided in an Urban Area even if the total boardings of the surveyed 
operators in the Urban Area are included as an additional explanatory variable. 
These revised results are consistent with the results of models FN1 to FN4 reported 
in the working paper. 

33

 
 
32 This could have been seen from coefficients which Arriva reported in Table A1 in its commentary of 8 February. The reported 
coefficient on UABOARD is of the order of 0.00000001, and for many other coefficients the reported value is exactly zero, 
which is essentially a statistical impossibility. It is certain that all those regressions are affected by accumulation error (the limits 
on the precision with which a computer can calculate a number), and hence all the numbers in that table should be 
disregarded. 

 It is worth noting that the total 
number of boardings in an Urban Area will almost certainly partly depend on the total 
number of services on offer. Put differently, the total number of boardings will be 
endogenous in the same way as the competition measure (the number of operators). 
Hence it would have been appropriate to include total boardings as endogenous 
variable in models FN1 to FN4, possibly with additional instruments, if at all.  

33 In some of our analyses we added boardings to exploratory specifications, to see, for example, whether a positive price-
competition coefficient might be consistent with a scale effect. However, these exploratory specifications are not our base 
models and we do not rely on them in drawing our main conclusions. Furthermore, we always treated boardings as an 
endogenous variable when it was included.  
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For these reasons, Oxera’s additional inclusion of total boardings in models FN1 to 
FN4 is not an appropriate way to account for demand. 

76. Arriva’s adviser Dr Beckert examined the distribution of depots for big and medium 
operators to assess the instruments. To this end, Dr Beckert regressed the number 
of depots for either group, and for various types of area sizes, on exogenous socio-
demographic area characteristics (population size, car ownership, income, taste for 
public transport, retail density etc), and concluded that the main drivers for the 
accumulation of depots were population size and taste for public transport. Dr Beckert 
explained that it used number of boardings as a measure of local proclivity for public 
transport, which is, as Dr Beckert acknowledged, a measure of demand and would 
therefore to some extent be itself endogenous. Dr Beckert argued that this variable 
was economically and statistically significant in the first stage regressions of the fre-
quency concentration models, but insignificant in the second stage regressions. 
Therefore, Oxera concluded that it ‘... satisfies an exclusion restriction in the main 
relationship of interest, and hence its prima facie potential endogeneity with respect 
to frequency of service does not stand in the way of [his] argument’. Moreover, Arriva 
concluded that ‘Upon inclusion of the number of boardings, the effect of number of 
operators on frequency is statistically insignificant’. 

Regarding the argument that the likely endogeneity of the number of boardings would 
not be problematic since this variable is statistically significant in the first-stage 
regression, but not in the second-stage regression of the frequency-concentration 
models, it is worth noting that the coefficient estimate of an endogenous variable 
which is included as exogenous variable is most likely biased and also that the 
direction of the bias cannot be derived in the context of multiple regression analysis. 
It can hence not be excluded that the number of boardings is not significant in the 
second-stage regression due to bias. 

Moreover, the auxiliary regressions described by Dr Beckert are unnecessary. 
Instead, the number of boardings could have been included as endogenous 
explanatory variables and an endogeneity test could have been used to test whether 
it is in fact exogenous. For model FN1, for example, the p-value of this test is 0.0504, 
arguably a very slim basis to reject the endogeneity of this variable.  

As explained in detail in response to comment 75 above, the insignificance of the 
frequency-concentration effect is due to inadequate scaling of the variable ‘total 
number of boardings’. 

16. Role of the sample size 

77. FirstGroup’s adviser Frontier Economics suggested that even if the instruments in 
our regressions were strong and valid, the statistical inferences used were only valid 
asymptotically (ie in large samples). Frontier Economics suggested that our sample 
sizes may be too small to justify such inferences, particularly in the network-level 
analysis. 

In response, we would say that there is no hard and fast rule for the minimum 
number of observations necessary for asymptotic approximations to be valid.34

 
 
34 See Jeffrey M Wooldridge, Introductory Econometrics, 2nd ed, 2003, p173. 

 The 
sample size for our route-level analyses (approximately 1,000) is well inside the 
range where such approximations are typically regarded as valid. (In fact, it was 
suggested to us that ‘the large sample size in this case supports using a more 
stringent significance level than 5%’. It is also common to use asymptotic approxi-
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mations in the smaller sample sizes (approximately 330) which characterize our 
network analyses. 

17. Comments regarding thresholds 

78. ALBUM questioned the five-route minimum used in defining competitors in the 
network-area analysis. ALBUM also queried the 75 per cent threshold used to define 
timetable similarity, suggesting that a lower threshold would be appropriate.  

In response, we note that our analysis now takes account of both concerns: in the 
network-level analysis we include competitors with fewer than five routes in an Urban 
Area, and we now use a 50 per cent threshold as our baseline for timetable similarity. 

79. Go-Ahead’s adviser RBB noted with respect to variations of the thresholds used for 
the frequency measure that the regression with the most explanatory power was the 
regression where no distance cut-off in the frequency measure was applied. RBB 
compared the adjusted R^2 of the regressions including the alternative frequencies 
measures to demonstrate this point. 

Most importantly, we would like to point out that choosing a threshold (or no thres-
hold) on the basis of a plausible argument appears to be more reasonable than 
choosing on the basis of a statistical measure of fit (such as the adjusted R^2). As 
we explain in Appendix 7.1, the 3.2 km threshold is used in some models since only 
around a third of all bus trips are shorter than 3.2 km. An overlap of less than 3.2 km 
is hence an alternative only for a small share of all bus trips. 3.2 km is hence a 
plausible value for the distance threshold. (Moreover, we test the sensitivity of the 
results to the choice of this threshold. The results are reported in Appendix 7.1.)  

In addition, it is worth noting that the (adjusted) R^2 is not a very useful measure to 
assess an instrumental variable model. This is true because the variance of the 
dependent variable cannot be decomposed in the same way as for a standard 
ordinary least square regression due to the correlation of the endogenous variable 
and the error term. Hence the R^2 has no natural interpretation as a measure of fit. 
Since instrumental variable regression aims to derive a consistent estimate account-
ing for the correlation of (some) explanatory variables with the error term, rather than 
to obtaining an optimal fit, goodness-of-fit measures are not very telling in this 
context.35

80. Regarding robustness to the estimation procedure, RBB noted that GMM might be a 
more efficient estimator in the presence of heteroskedasticity and would therefore be 
preferable to 2SLS in the route-level frequency analysis. RBB claimed that estimating 
the model by GMM under certain configurations of outlier deletion led to insignificant 
coefficients on the competition measure. 

 

We should note that the base model FR2 for the route-level frequency analysis has 
been modified in this revised version of the paper, in response to advisers’ 
comments. Most notably, the instrument DISTOWN2 (distance to second-nearest 
own depot) is no longer used. We examine the extent to which the adviser’s claims 
hold in this current version of the base model. We find that the GMM and 2SLS 
estimation methods yield results that are very close to each other. First, if the base 
model FR2 (with 1,018 observations) is estimated by GMM, the estimated coefficient 
on NUMOPS is 0.16, significant at the 5 per cent level, compared with 0.15 under 
2SLS. Second, if all outliers are included in the regression, neither GMM nor 2SLS 

 
 
35See, for example, J M Wooldridge, Introductory Econometrics. 2e, p.494. 
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yields a statistically significant coefficient on NUMOPS. Further details and qualifica-
tions to this result are in paragraph 169 of the report. Third, RBB suggested esti-
mating the base model FR2 with the outliers on NUMOPS included (but still trimming 
outliers for all other variables). RBB reported that the coefficient on NUMOPS was 
then not statistically significant. We have run this regression by 2SLS and GMM, 
finding the estimated coefficient on NUMOPS in both cases to be 0.13, significant at 
the 5 per cent level.36 Overall, while it is true that GMM is more efficient than 2SLS in 
the case of heteroskedasticity, the efficiency gain may not be great, and that certainly 
appears to be true in the route-level frequency analysis.37

81. National Express argued that at the network level, aggregated data on prices, 
frequency and competitors did not contain any useful information as it does not 
reflect how markets are defined or how competition actually takes place. National 
Express also argued that the restriction to operators with five or more routes might 
exclude some small operators who did provide effective competition on some routes.  

  

In response, it is not clear to us why aggregate data is necessarily unable to contain 
‘useful information’.  

The results of our network-level frequency analysis in fact suggest otherwise, since 
they show a positive competition effect. If the aggregate data was just uninformative 
random noise, then the regressions would show nothing significant. With respect to 
the five-or-more routes criterion, we now test the sensitivity of our results to this 
threshold in the network-level frequency analysis. We find that the results are gener-
ally robust to the conclusion of operators smaller than the five-routes threshold. The 
latter is discussed in more detail in Appendix 7.1, paragraphs 221 to 226.  

18. Comments on effects of control variables 

82. Stagecoach’s adviser Oxera claimed that coefficients on some of the controls used in 
the regressions had counter-intuitive signs. As examples, Oxera gave the case of the 
negative coefficient on SHOP (the major-shopping-centre indicator) in the network-
frequency model FN4, and the large coefficient on average household size in the 
route-frequency model FR2. 

With respect to the coefficient on SHOP we note that, along with SHOP, model FN4 
also includes a control for retail density (RETAILDENS). Thus the coefficient on 
SHOP shows the effect of having a major shopping centre in the area, for a given 
level of retail density. Therefore, it is not a proxy for having more shops in the area, it 
is a proxy for the way in which these shops are organized geographically. It is entirely 
plausible that, holding fixed the total number of shops, a shopping district organized 
in a traditional ‘high street’ manner will be less amenable to car-based shopping than 
a newer shopping mall with ample parking spaces. Therefore, demand for bus travel 
would be greater to the former type of shopping district, and hence one could well 
expect, as originally argued in our working paper, that the coefficient on SHOP might 
be negative.  

 
 
36 Thus we are unable to reproduce the effect claimed by RBB (for a different model with the extra instrument DISTOWN2), ie 
that the GMM and 2SLS approaches lead to different conclusions when just the outliers on NUMOPS are included. The reason 
for this may lie in the number of observations used in the RBB’s model. In including just the NUMOPS outliers, the adviser 
reports that the sample size jumps from 1,034 to 1,358. Clearly this is some kind of error as the base model FR2 trims just the 
top 1 per cent of outliers from NUMOPS, which should amount to around ten observations in total, not more than 300. 
37 See, for example, A C Cameron and P K Trivedi (2005): Microeconometrics. Methods and Applications, Cambridge 
University Press, p.187/8. 
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With respect to log(SIZE) in FR2, Oxera here queried the size of the coefficient rather 
than its sign. As Oxera suggested, the point estimate for this coefficient shows a 
30 per cent increase in total frequency in response to a 10 per cent increase in 
average household size. Oxera wondered how the frequency response could be so 
elastic. A simple thought experiment suggests to us that, holding all else constant, an 
elastic response is entirely plausible. In particular, FR2 includes controls for the pro-
portion of children and car ownership in the district, so these must be held constant 
when thinking about the effect of household size. Consider a household comprising 
two parents with one car and an adult child living elsewhere. (The mean household 
size in the data is around 2.2.) Suppose that the parents hardly ever use local buses 
because they can both commute to work in the same car. Now suppose that the adult 
child moves home, but does not bring a car with them (since the household’s car 
ownership is held constant). Since they have no car, the new household member will 
likely use public transport to get around (if their place of work or study is not near that 
of the parents). The result may be a very large proportional increase (possibly 
several hundred per cent) in the household’s bus usage, in response to an increase 
in household size of just 50 per cent. Thus, if one keeps in mind that other household 
characteristics (car ownership, number of young children) are held constant, the 
magnitude of the size effect estimated in FR2 does not seem all that surprising.  

83. ALBUM suggested that it was logically inconsistent for our results to indicate that 
lower fares were associated with higher car ownership, but lower incomes. 

We do not regard these results as logically inconsistent, since each of the effects to 
which the adviser refers is a ceteris paribus effect. That is, the effect of higher car 
ownership is for a fixed level of income, and the effect of higher income is for a fixed 
level of car ownership. 

19. Comment on scale economies 

84. FirstGroup’s adviser Frontier Economics noted that the evidence from the route-level 
and network-level price analyses seemed to be in contradiction, with the former 
finding a negative price-competition relationship, if anything, and the latter finding a 
positive price-competition relationship, if anything. Our original working paper 
speculated that the latter positive relationship might reflect the influence of scale 
economies. Frontier Economics disagreed, saying that the implied scale economies 
were too large, and that the CC’s own work on cost estimation found ‘no significant 
economies of scale in the bus industry)’. Frontier Economics said that the counter-
intuitive positive price-competition relationship was consistent with the instruments 
used in the analysis being either invalid or weak.  

Our cost-estimation report found that small depots of Large Operators ‘face moderate 
economies of scale and density’.38

 
 
38 See Appendix 9.3 or the working paper on bus operators costs, p1, published at 

 Hence economies of scale could certainly be a 
contributing factor to the positive competition effect, if not the only such factor. Other 
factors may include unobserved changes in ticket mix referred to in Appendix 7.1, 
paragraph 147, or unobserved factors that determine an operator’s underlying level 
of demand. We do not discuss scale effects any further here, as that issue has been 
more thoroughly covered in our earlier work, and the presence or absence of such an 
effect is not one of the main conclusions of the present work. To the extent that the 
counter-intuitive positive competition effect may cast doubt on our instruments at the 
network level, we would refer the reader to the detailed justification of these 
instruments contained in the frequency analysis.  

www.competition-
commission.org.uk/inquiries/ref2010/localbus/pdf/econometric_analysis_bus_operator_costs.pdf. 

http://www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/econometric_analysis_bus_operator_costs.pdf�
http://www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/econometric_analysis_bus_operator_costs.pdf�
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D.  Interpretation 

20. Interpretation of results 

85. National Express argued that we had not identified any significant price-competition 
effects at either the route or network level. Hence National Express disagreed with 
the conclusion as written in the working paper, which stated that ‘our analysis yields 
some evidence that competition in the provision of local bus services tends to reduce 
the price for local bus journeys at least as far as the average price for any type of 
ticket on the route-level is concerned’. 

In reply, we would like to point out that the price-concentration relationship found in 
model PR4 is statistically and economically significant and not negligible. This is true 
for the results presented in the working paper and those reported in Appendix 7.1. 
Moreover, this finding is robust to threshold variations, inclusion of outliers and 
inclusion of ‘multiroutes’ (see Appendix 7.1, paragraph 127, and below). However, it 
is no longer statistically significant if supported routes are excluded. Considering 
these results, the conclusion we draw in paragraphs 14 and 103 in the working paper 
(and in Appendix 7.1, paragraphs 14 and 135) does not overstate our findings. 

86. ALBUM suggested that in paragraph 129 the use of the term ‘detrimental’ in respect 
of traffic congestion was misplaced. 

We do not see any confusion in the use of the term here—it seems to clearly convey 
the implication that higher total frequency may increase traffic congestion, a potential 
negative for consumers. 

87. ALBUM queried whether overlapping route sections might be more complementary 
than competitive, in the sense of serving different markets, eg different groups of 
consumers depending on where the routes branched off to after they overlapped.  

In response, we would note that our models do not take a position ex ante on 
whether operators are competing or cooperating on a particular route. We simply 
seek to determine whether the presence of more operators (which we term ‘competi-
tors’ or ‘rivals’ as a useful shorthand) causes changes in prices and/or frequency of 
service. If, for example, we find prices falling when there are more operators, it would 
seem reasonable, if the endogeneity in the competition measures has been properly 
accounted for, to infer that this results from competition among operators. 

88. Arriva’s adviser Oxera concluded that the analyses presented in the working paper 
on the performance-concentration analysis had not shown any robust evidence to 
support the hypothesis that actual competition affected ticket price and service 
quality of local bus services. Arriva stated that that confirmed its position, supported 
by Arriva’s consistent commercial policy that prices and quality of service were set at 
a competitive level, regardless of the presence or absence of actual bus competition, 
because of the ease of entry and the ability of a large proportion of bus users to 
make their journey by alternative means (in particular, by private car). 

We consider that the analyses presented in Appendix 7.1 are sufficient to support the 
conclusions we draw from them. The constraint from entry is discussed in detail in 
Section 9 of the report and the constraint from other modes of transport is discussed 
in detail in Section 7 of the report. 
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21. Comment on strategic incentives of operators 

89. National Express noted that the frequency-competition results suggested that there 
were large areas of unsatisfied demand in the country, which was not consistent with 
the fact that operators were ‘fearful’ of leaving gaps in timetables in case they 
attracted new entry.  

In response, we would point out first that, National Express’s argument notwithstand-
ing, some ‘gaps’ in timetables are evidently left, since around 50 per cent of the 
routes in the sample have at least one rival operator overlapping by 3.2 km or more. 
(And around 20 per cent have at least one rival overlapping by 6.4 km or more.) 
Second, our limited empirical evidence is not very supportive of the hypothesis that 
potential competition is a strong constraint on the operator’s choice of frequency—
see the response to comment 31 above.  

22. Consistency of results 

90. Go-Ahead’s adviser RBB concluded that the results of different analysis of price 
concentration were contradictory and therefore unreliable. RBB mentioned as an 
example that the analyses showed no statistically significant relationship for single 
prices and a statistically significant negative relationship between the average price 
of all tickets and the number of medium or small operators, but not for big operators 
(and a positive relationship on the network level). 

As explained in Appendix 7.1, paragraph 135, the incentives for pricing may differ 
between different ticket categories (eg singles, returns, network tickets). A different 
effect of competition on prices of different types of tickets is therefore not an in-
consistency.  

If medium or small operators but not big operators have an effect on ticket prices, it is 
still possible that the average effect of all operators, derived by using the total 
number of operators as competition measure, is statistically not significant. That is, 
the negative effect of medium or small operators on the average price for all tickets 
may not be sufficiently strong to lead to a negative effect of all operators on prices. 
Effectively, due to the inclusion of the big operators, which are shown, in that 
analysis, not to affect prices, the effect of medium and small operators may average 
out. A different finding for medium or small operators and all operators is therefore 
not an inconsistency. 

The model showing a positive relationship on the network level, PN1, has been 
clearly caveated (in Appendix 7.1, paragraph 141). Moreover, this finding has been 
shown to be non-robust with respect to changes in the specification. The appendix 
concludes that ‘... it would seem that at the level of Urban Area networks there are 
not enough observations to allow us to pin down the price-competition effect with any 
confidence’ (paragraph 147; identical in the working paper version, paragraphs 117 
and 123).39

91. RBB also pointed out that apparent differences regarding the effects of operators of 
different size on the number of weekly services run cast a doubt on the reliability of 
those findings. 

 The claim that a comparison of the result of this model and other regres-
sion results constitutes an inconsistency is therefore unfounded. 

 
 
39 Available at www.competition-
commission.org.uk/inquiries/ref2010/localbus/pdf/performance_concentration_analysis_housesty_ex.pdf. 

http://www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/performance_concentration_analysis_housesty_ex.pdf�
http://www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/performance_concentration_analysis_housesty_ex.pdf�
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As explained in Appendix 7.1, the results for the route level and Urban Area level 
regarding whether the effect is due to big or medium and small operators are only 
seemingly different. In fact, additional tests show that the coefficient estimates for 
operators of different sizes, eg big and medium or small, or big, medium and small 
considered separately, are statistically not different from each other. The results for 
the route level and Urban Area level are therefore consistent. 

23. Performance and consumer welfare 

92. Stagecoach’s adviser Oxera noted that higher total frequency might not improve 
consumer welfare, and might not be the best (or the only) measure of service quality.  

See Appendix 7.1, paragraphs 6 and 149, which (a) explains the difficulty of 
measuring other forms of quality competition, and (b) notes caveats to the idea the 
welfare increases in total frequency.  

93. Stagecoach’s adviser Oxera argued that in the context of trying to understand 
whether operators increased service frequency in response to competition, it would 
be more relevant to consider the impact of competition on operators’ individual 
service frequencies, rather than on total frequency.  

We disagree. In reduced-form analyses of the present kind, the goal is a dependent 
variable which is monotonically related to consumer welfare, in the sense that, all 
else equal, a unidirectional change in the variable can be linked to a unidirectional 
change in welfare. This is true for price—lower prices improve welfare—and for total 
frequency—higher frequency improves consumer welfare—in both cases under the 
assumption that all else is held equal, ie that other determinants of welfare are not 
simultaneously deteriorating. This monotonic relationship does not hold for operator-
level frequencies. Competition may cause these to fall, but the effect on consumer 
welfare is ambiguous, since without further analysis it is not clear whether total 
frequency falls or rises.40

94. National Express said that higher frequency was not necessarily beneficial for 
consumers as it was headway and waiting times between services that was more 
relevant to an analysis of consumer benefits. Higher frequencies could also lead to 
negative spill-over effects by increasing congestion and journey times. Bus operators 
had no incentive to evenly space services within a common timetable. The party also 
noted that there were aspects of competition other than price and frequency which 
had not been studied, but which might affect consumer welfare.  

  

In response, we refer to our comments on this topic in response to comment 92 
above.  

95. Go-Ahead’s adviser RBB questioned that a higher total number of weekly services on 
a given route or in a given Urban Area were associated with a higher customer 
benefit in terms of service levels experienced (in terms of lower waiting times). 
Arriva’s adviser Oxera also raised this point. Moreover, Oxera questioned the use of 
the number of weekly services as the only measure of service quality and stated that 
punctuality, not frequency, would be the main quality feature. In conclusion, it argued 
that using frequency only was an inadequate proxy measure for quality. 

 
 
40 In fact Oxera argued that competition was ‘not a statistically significant driver of frequency by operator’. If this is taken to 
mean that competition has no effect on operator-level frequency, which seems to be Oxera’s implication, then it is automatic 
that more competition leads to greater total frequency on a route, because as more operators enter they will just add their own 
fixed service frequencies to the fixed frequencies of the incumbent(s).  
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Bus operators will presumably choose their timetable so as to increase patronage 
and will thus aim to provide additional frequencies at times preferred by actual and 
potential passengers. Therefore, the average traveller on a particular bus route will 
benefit from an increase in the number of services since he or she has more services 
to choose from. We have been told that bus operators at times add frequencies with 
a view on arriving first at a given bus stop, just in advance of rivals, which may not be 
optimal from the passengers’ point of view. Since we have been told that this type of 
behaviour is now relatively uncommon, we see no reason to doubt that passengers 
generally benefit from an increase in the number of weekly services on a route or in 
an Urban Area network (see also the discussion in paragraphs 6.117 and 6.143, and 
in Appendix 7.1, paragraphs 7 and 148). As explained in the working paper on the 
performance-concentration analysis, we considered other measures of services 
quality, and found that insufficient quality of the available data or even unavailability 
of that data precludes the analysis of other quality measures. However, the available 
evidence shows clearly that customers place a high value on frequencies, or a low 
waiting time (as shown, for example, by the survey carried out for us for this investi-
gation).41

96. On a more detailed level, ALBUM commented that passengers might not benefit from 
greater total frequency if they held an operator-specific travelcard.  

 The number of weekly services is hence an important measure of bus 
operators’ performance, even though passengers also care about other measures 
such as punctuality or cleanliness. Moreover, it is quite unlikely that operators 
increase the number of services, but reduce punctuality or cleanliness in response to 
competition, which might offset any customer benefit from higher frequencies. The 
analysis of frequencies-concentration relationship hence still yields important con-
clusions regarding the effect of competition on bus operators’ performance, although 
other quality measures have not been analysed in the same way. 

We have noted this possibility in Appendix 7.1, paragraph 7. 

97. Arriva reported results of its own analysis based on data from the NPTDR to 
establish whether frequency translated into average waiting time (which it deemed to 
be of more interest to consumers than frequencies), having looked at instances 
where four buses ran per hour, two from Arriva and two from another operator. It 
explained that this analysis illustrated that gaps between buses, ie headway, varied 
widely. Often they were not spread evenly to operate every 15 minutes, but were 
instead grouped together to compete for existing customers. Therefore, conclusions 
on the number of services running did not reflect what mattered to customers—ie 
expected waiting time—since average waiting times could vary widely for the same 
frequency of service. 

In fact, as discussed in the working paper on performance-concentration analysis, a 
larger number of services will allow at least some travellers to take a bus closer to 
their desired departure time or to reduce connection time. An exception might arise if 
the additional services are run at times when passengers do not wish to travel, if they 
cause a reduction in service at times when people do wish to travel, and/or because 
operators may run additional services strategically to gain passengers by passing a 
route just before a rival operator. Operators responding to the performance-
concentration analysis and/or data-room exercise did not provide evidence that 
additional services would predominantly be provided at times or on routes where 
customers do not wish to travel or be used strategically to attract passengers just 
before the rival operator’s bus passes.  

 
 
41 See, for example, slide 9 of the presentation on qualitative findings, www.competition-
commission.org.uk/inquiries/ref2010/localbus/pdf/002_qualitative_survey_presentation_final_version.pdf and paragraphs 5.20 
and 5.22 in the report, and the response to comment 98 below based on the results from Arriva’s survey. 

http://www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/002_qualitative_survey_presentation_final_version.pdf�
http://www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/002_qualitative_survey_presentation_final_version.pdf�
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Oxera’s finding that headways might vary even though the total number of buses was 
identical is thus likely due to the fact that on some routes most passengers wish to 
travel at certain peak times, while on others the demand for bus trips is spread more 
evenly throughout the day.  

98. Arriva provided conclusions from a survey of 19,100 customers which ‘... shows that, 
in the opinions of customers, higher frequencies have little effect on overall 
satisfaction’, while punctuality was shown to be the attribute that was most important 
to passengers. From this, Arriva concluded that any finding on frequency could not 
be translated into a wider conclusion about quality of service unless that analysis 
contained information on how increased frequency or competition affected these 
other characteristics.  

The results of the customer survey provided by Arriva show that the top three 
characteristics of a total of 24 are (in decreasing importance for consumers) punc-
tuality, availability of seats and frequency. Since frequency is shown to be the third 
most important of 24 characteristics, it can hardly be said to have ‘little effect on 
overall satisfaction)’.  

In addition, an increase in the number of weekly services will most likely lead to an 
increase in the number of available seats (that is, such an increase will not likely be 
totally offset by a corresponding increase in demand). Therefore, an increase in the 
number of services offered will actually increase a bus operator’s ‘score’ on at least 
two of the three most characteristics which are most important to customers. The 
survey evidence provided by Arriva therefore demonstrates that passengers value 
frequency and therefore that an increase in the number of services will likely benefit 
consumers. 

Since it is obvious that a larger number of weekly services increases the number of 
available seats, while any effect on punctuality, cleanliness or other measures of 
service quality is non-obvious or even doubtful, there appears to be no reason to 
assess an effect of competition on several measures of quality jointly. Importantly, 
none of the parties to the inquiry has provided evidence to how and to which extent 
these different quality characteristics would be interdependent. 

99. Arriva’s adviser Oxera reran some analyses in the data room, testing the impact of 
using a different measure of service quality: the total weekly distance travelled by bus 
services running on a route. Oxera reported that competition did not have a statistic-
ally significant effect on that measure and stated that this apparent inconsistency with 
the findings reported in the working paper on performance concentration analysis 
would raise concerns and show that ‘drawing an inference from the relationship 
between frequency and competition to wider measures of service quality would be 
mistaken)’. 

As in its analysis regarding the effect of competition on the number of bus services 
run at different times of day (see the response to comment 71 above), Oxera 
implemented its analysis not using the total number of kilometres run by the operator 
of a given route and by competing operators on overlapping routes, but using the 
total number of kilometres run on the route considered only (excluding distances run 
by rivals). Using this measure as a quality characteristic appears not useful since 
competition may lead to an increase in frequencies on the given route or on 
overlapping rival routes. The variable used by Oxera is hence at best a very partial 
measure of quality and can be misleading, more so if competition affects the number 
of services, or kilometres driven on rival routes rather than on the given route. This is 
all the more true since actual and potential passengers benefit from a higher number 
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of services on the given route and on overlapping routes operated by rivals. The 
same considerations apply on the Urban Area level. 

24. Potential competition 

100. Arriva’s adviser Oxera pointed out that the analysis tested whether actual competition 
affected ticket price and service frequency, but did not look at how potential compe-
tition may constrain operators’ price and service quality decisions.  

Our route-level analyses focus on the effects of head-to-head competition. However, 
our analyses at the Urban Area level measure the effect of the number of competitors 
which will include both head-to-head competitors and potential competitors. We 
address the constraint from new entry in Section 8 of the report. Some advisers 
wondered whether the possibility of potential competition might make our depot-
location instruments invalid—this possibility is addressed above in response to 
comment 31. 
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ANNEX C 

Update on the performance-concentration analysis 

Introduction 

1. This annex provides an update on the CC’s work on the performance-concentration 
analysis since the provisional findings. We summarize comments received on the 
econometrics in this analysis, and present our responses.1

Overview 

 

2. In Appendix 7.1, the CC used econometric techniques to study the relationship 
between the structure of local bus markets2 and outcomes in those markets.3

3. Initial results from this analysis were presented in a working paper.

 We 
focused in particular on outcomes in prices, and in frequency of bus service 
(measured as the number of services per week). To check robustness, the study was 
undertaken at two levels of aggregation: individual routes, and whole networks 
(Urban Areas). 

4

4. With respect to service frequency, the analysis in the provisional findings found a 
statistically significant positive effect of competition, at both the route and urban-area 
level. This effect was robust to various alternative model specifications.  

 These results 
were discussed with parties in a round-table meeting at the CC on 19 January 2011, 
after which parties were invited to examine and test the CC’s econometric analysis in 
a secure Data Room. Parties made submissions based on the round-table and Data 
Room exercises. The CC took these submissions into account in revising and 
extending the analysis for incorporation in the provisional findings. In particular, 
Appendix 7.1, Annex B, contains extensive responses to parties’ criticisms and 
suggestions. 

5. The evidence on the relationship between price and local market competition was 
more mixed. At the route level, the price-competition effects showed no statistical 
significance, or, in one specification, showed a negative effect (ie reducing prices) for 
more competition from mid- and small-sized operators. At the network level, the 
price-competition effect was either not statistically significant, or significantly positive 
(ie suggesting prices increased with greater competition), depending on the specifi-
cation. 

6. Parties submitted further comments on the performance-concentration analysis in 
their responses to the provisional findings. These included some criticisms and 
suggestions for alternative approaches. We consider these criticisms and their 
implications for the conclusions in the provisional findings. 

 
 
1 After circulation for comment this paper received a number of responses from parties. We discuss those responses in 
footnotes, and in an added final section entitled ‘Further discussion: Parties’ responses’: see paragraphs 98–115 below. 
2 We use the term ‘market’ in its broader sense to refer to either routes or Urban Areas. Where we use the term ‘market’ in this 
paper, we are not referring to ‘relevant markets’ as defined by the hypothetical monopolist (or SSNIP) test set out in CC 
guidelines. 
3 See Appendix 7.1, and its accompanying Annexes A and B. Hereafter ‘Appendix 7.1’, ‘Annex A’ and ‘Annex B’ refer to these 
parts of the report.  
4 Available at www.competition-
commission.org.uk/inquiries/ref2010/localbus/pdf/performance_concentration_analysis_housesty_ex.pdf. 

http://www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/performance_concentration_analysis_housesty_ex.pdf�
http://www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/performance_concentration_analysis_housesty_ex.pdf�
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7. Parties’ comments on the frequency-competition analysis focused on the assump-
tions underlying the IV estimates, and the relationship between these estimates and 
those derived from an OLS approach. We find that the key findings on the relation-
ship between competition and frequency are robust to these criticisms. 

8. With respect to the price analysis, in addition to further criticizing the IV assumptions, 
parties also raised problems of measurement error, and queried whether tendered 
routes should comprise part of the regression sample. For completeness we address 
these criticisms, although it should be noted that most of the issues mentioned were 
already covered in the provisional findings, and contributed therein to the overall 
conclusion of ‘mixed’ econometric evidence on prices.5 Because the econometric 
evidence regarding the effect of competition on prices was mixed, little weight was 
placed on this part of the analysis in the provisional findings.6

9. The following discussion initially deals with comments from FirstGroup/Frontier, 
followed by comments from Arriva. 

 

Frequency: is the OLS coefficient an upper bound? 

10. Whether at the route or network level, our basic regression model for the frequency-
competition analysis takes the form: 

log(FREQ) = (controls) + α NUMOPS + unobservables     (1) 

Here FREQ is the total number of services per period on the route or in the network, 
and NUMOPS is the competition measure (CM), a count of the number of operators 
on the route or in the network. The coefficient α is the competition effect, since it 
shows the effect of an extra operator. In some specifications the competition effects 
are categorized by size of rival operator, in which case NUMOPS becomes a vector. 
Then α also becomes a vector, containing two or three components, each represent-
ing the effect of a different size of operator. 

11. Estimation of model (1) must account for the possible endogeneity of the variable(s) 
NUMOPS, that is, the potential for correlation between NUMOPS and unobservable 
factors that also affect FREQ. Because of this endogeneity problem, a straight-
forward OLS estimation of model (1) might lead to a biased estimate of the compe-
tition coefficient α. Under certain assumptions our IV approach will avoid this bias. It 
uses auxiliary variables, called instruments, to ‘filter out’ any correlation between 
NUMOPS and the unobservables. At the route level, the instruments used are 
indicators of proximity to bus depots, whether depots of the operator running the 
route, or depots of other operators who may potentially run overlapping routes. At the 
network level, the principal instruments are indicators of operator presence in neigh-
bouring markets, demographics of neighbouring markets, and also the proportion of 
major roads in the local market. 

12. Table 1 summarizes existing estimates, at the route and network level, of the 
frequency-competition coefficient α in our baseline specifications of model (1). At the 
route level, the IV estimate of the effect on total frequency of an extra competitor is 

 
 
5 See, for example, paragraphs 13–20 in Appendix 7.1. 
6 In a response to this paper, Go-Ahead finds it contradictory that ‘the CC found the effect of competition on frequency to be 
significant and in the expected direction, whereas the effect on prices is rather mixed and weak’ (Go-Ahead Response to 
update on the performance-concentration analysis, p1). It is difficult to find any such contradiction in the analysis. The price 
analysis has not concluded that there is definitely no effect of competition on price. Instead the general conclusion is that the 
price variable is too noisy to allow the competition effect to be estimated with much precision. See paragraph 21 in Appendix 
7.1, and also discussions of the measurement error in prices in paragraphs 18, 70, 74 & 75 and Table 3 in Appendix 7.1, in 
Annex B, paragraphs 11 & 12, and paragraphs 63 & 64 in this annex. 
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15 per cent, compared with 12 per cent for the OLS regression. At the network level, 
the IV estimate of the effect of another competitor is 24 per cent, compared with only 
4 per cent in the OLS regression. 

TABLE 1   Existing estimates of the frequency-competition effect 

 Route level (1,018 obs) Network level (232 obs) 
 (1) (2) (3) (4) 
 OLS estimate 

(se) (se)(se) 
IV estimate 

(se) 
OLS esti-
mate (se) 

IV estimate 
(se) 

     
Dependent variable Log(FREQ) Log(FREQ) Log(FREQ) Log(FREQ) 
Coefficient α on NUMOPS 0.12*** (0.02) 0.15** (0.07) 0.04** (0.01) 0.24*** (0.09) 

Source:  CC analysis. 
 

*** p<0.01, ** p<0.05, * p<0.1. 
Note:  Route-level estimates are in Appendix 7.1, Table 12. The network-level IV estimate is from model FNA in Appendix 7.1, 
Table 17. Each regression includes a set of controls which for brevity are not shown here. Standard errors (se) are robust. The 
network-level OLS estimate was not reported in the provisional findings. This OLS regression is shown in more detail in Table 
3; its R2 is 0.89, and its controls are the same as for the network-level IV regression.  

13. In responses to the provisional findings, FirstGroup/Frontier argued that in any fre-
quency regression of the form in (1), the OLS estimate of the competition coefficient 
α, while potentially biased because of the endogeneity problem, nevertheless 
provided an upper bound on this coefficient’s true value. FirstGroup/Frontier argued 
that, because at both the route and network levels our IV estimates of α came out 
above the OLS estimates, the validity of the assumptions underlying our IV approach 
was questionable.7

14. We considered this issue. We advance here evidence that our route-level IV esti-
mates are statistically consistent with the upper bound proposed by FirstGroup/ 
Frontier. In addition, we note that at the network level there is a strong case for 
breaking NUMOPS down by size of operator. When this is done the network-level 
OLS estimates are quite consistent with our route-level IV estimates. With NUMOPS 
broken down by size, the IV estimates at the network level become quite noisy, which 
makes it difficult to say whether or not they violate any ‘upper bounds’ represented by 
the corresponding OLS estimates. Therefore FirstGroup/Frontier’s upper-bound 
argument does not contradict the basic implication of our IV estimates, which is that, 
all else equal, an extra competitor on a route leads to an increase in total frequency 
of around 12 to 15 per cent. 

 

15. FirstGroup/Frontier considered that, given the nature of the endogeneity problem, the 
OLS estimates would be expected to exceed the IV estimates. If the reverse was the 
case, they considered that this would be evidence of problems in the IV specification. 
Consider first the route-level IV estimates. Because we only have a finite number of 
data points, there is some random noise (called ‘sampling error’) in both the IV and 
OLS coefficient estimates. It is possible that the estimated OLS competition effect 
turns out a little lower than the IV estimate in our route-level data set just because of 
this sampling error. In other words, if we collected more and more data, thereby 
reducing the sampling error, it is possible that the OLS and IV estimates would 
converge to a situation where the former exceeds the latter. 

16. This possibility was pointed out by the CC in the provisional findings.8

 
 
7 

 An expert 
statement by Professor Ron Smith provided by FirstGroup/Frontier in their response 
to the provisional findings recognized the point, but noted that there appeared to be 
significant differences between the IV and OLS estimates in the area-level analysis. 

FirstGroup response to provisional findings, Appendix 2, pp3–6. 
8 Provisional findings, Appendix 7.1, Annex 2, paragraph 24. 

http://www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/06_firstgroup_pfs_response_non_con_1.pdf�
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In addition, Professor Smith stated that even if the OLS and IV estimates were insig-
nificantly different, standard best practice was to use the OLS, not the IV estimates.9

17. A further expert statement by Professor Smith stated that ‘in the absence of such an 
analysis based on a larger sample, any hypothesis as to the relative size of the IV 
and OLS estimates in that sample is entirely speculative’, and that the most probable 
explanation of the results was weak and invalid instruments. 

 

18. It is possible to run formal statistical tests to shed light on whether the observed 
differences between IV and OLS can indeed result from sampling error, ie from 
random noise in the data. Let αIV and αOLS respectively denote the (unknown) values 
to which the IV and OLS estimates of the competition coefficient would converge if 
we had available an infinitely large number of observations on which to base our 
regressions. The hypothesis which we want to test is ‘Is αOLS >= αIV ?’ This is a non-
standard statistical test. Much simpler to test is the ‘minimal’ hypothesis of equality: 
‘Is αOLS = αIV ?’ If this test is rejected in our data then (given that the estimated αOLS 
falls below the estimated αIV) we would be able to say that the hypothesis ‘Is αOLS > 
αIV ?’ would also be rejected. 

19. The test of the minimal hypothesis of equality is a standard test.10 We find that in the 
route-level analysis the hypothesis is not rejected.11

20. At the network level, as might be expected from comparing the IV and OLS estimates 
in Table 1 (and their standard errors), the same test of the hypothesis of equality is 
rejected (p-value = 0.009). That is, the IV estimate is too far above the OLS estimate 
to be simply a result of sampling error. 

 It is ‘comfortably’ not rejected, in 
the sense that the test statistic is a long way from the region of rejection (p-value = 
0.558). 

21. The key to reconciling the network-level OLS estimate with our existing estimates is 
to note that, when included as a single count, the variable NUMOPS aggregates 
competition from operators of widely differing sizes. To show this, we divide 
NUMOPS into three categories of operator: big,12 mid-sized, and small.13

22. It is apparent from the table that small operators are the most numerous of the three 
size categories, and also have the largest variance. However, each small operator 
likely makes a relatively small contribution to total frequency in a network, because 
their routes may cover less of the network than those of a big or mid-sized operator. 
In other words, at the network level much of the variation in NUMOPS comes from 
operators who make relatively small contributions to FREQ. In that case the OLS 
coefficient on NUMOPS in Table 1 might be dragged downward because of the 
influence of these numerous small operators. 

 Table 2 
shows summary statistics for the operator counts by size, across all 232 areas in the 
sample for the network analysis. 

 
 
9 FirstGroup response to provisional findings, Appendix 3. 
10 In technical terms, this is a Hausman test for exogeneity of the competition measure. We run a Wooldridge-type regression-
based version of this test (robust to heteroskedasticity and clustering in the errors). 
11 This test was reported previously in the provisional findings, Annex 2, paragraph 44. 
12 The operators referred to as ‘big’ in this appendix are the Large Operators—Arriva, FirstGroup, Go-Ahead, Stagecoach and 
National Express. 
13 We define a mid-sized operator as any operator not classified as ‘big’ which runs at least 2,500 services per week nationally. 
Small operators are the remainder. This definition of mid-sized operators is slightly different from that used in the provisional 
findings, where we used a tighter threshold of at least 5,000 services per week in the reference area. The present threshold 
results in a somewhat more even distribution of operators across categories, but there is no substantive change to the following 
results if we use the original threshold instead. We retain the baseline ‘minimum number of routes’ cut-off from the provisional 
findings, which is that an operator counts as present in a network if it runs at least five routes there. In Appendix 7.1 we show 
that the network-level frequency results are generally robust to changes in this threshold. (See Appendix 7.1, paragraphs 220–
226.) 

http://www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/06_firstgroup_pfs_response_non_con_1.pdf�
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TABLE 2   Operator counts by size 

 Mean 
Standard 
deviation Minimum Maximum 

     
NUMBIGOPS 1.16 0.63 0 3 
NUMMIDOPS2 0.59 0.71 0 4 
NUMSMALLOPS2 1.25 1.42 0 12 
NUMOPS (sum of 

above 3) 2.99 1.99 1 17 

Source:  CC analysis. 
 

Note:  Summary statistics over N = 232 networks. NUMBIGOPS = no of big operators. NUMMIDOPS2 = no of non-big 
operators who run at least 2,500 services/week in the reference area. NUMSMALLOPS2 = no of any other operators. An 
operator only counts as present in a network if it runs at least five routes in that network. Some of the above statistics were 
previously reported in Appendix 7.1, Table 4. 

23. This conjecture is borne out by the regression results shown in Table 3. The table 
shows in column (2) the results of a network-level OLS regression with operators 
classified into the size categories in Table 2. For comparison, in column (1) the table 
also repeats (in more detail) the network-level OLS regression from Table 1, which 
lumps all operators into a single count NUMOPS. It is clear from a comparison of the 
two regressions that the 4 per cent competition effect in column (1) is heavily affected 
by the small operators. When operators are classified by size, we find that the co-
efficients on mid-sized and large operators are considerably larger, at 11 and 13 per 
cent, respectively, while that for small operators is only 1 per cent. The coefficient of 
0.04 in column (1) can be thought of as a weighted average of these three effects. 

24. Since these are OLS regressions, which take no account of the potential endogeneity 
of the competition measures, we should be wary of placing a causal interpretation on 
their estimated ‘competition effects’. These OLS estimates can be thought of as 
simply indicating the strength of correlations between the competition measures and 
total frequency, conditional on the included controls. Part of the explanation for the 
low estimate for small operators is that they typically run a minority of the routes in a 
network. Across all 232 observations in our sample, big operators on average 
account for about 51 per cent of the routes within a network. The present data set 
does not tell us what proportion of routes is accounted for by small operators, but that 
proportion cannot be more than 49 per cent. If we assume that the average propor-
tion for small operators is no greater than that for mid-sized operators, then the 
former proportion would in fact be no more than 24.5 per cent. 
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TABLE 3   Network-level OLS frequency regressions, with operators categorized by size 

 (1) (2) 
 OLS regression OLS regression 
Dependent variable Log(FREQ) Log(FREQ) 

   
NUMOPS 0.04** (0.01)  
NUMBIGOPS  0.13*** (0.05) 
NUMMIDOPS2  0.11*** (0.04) 
NUMSMALLOPS2  0.01 (0.02) 
AVMATPRICE 0.00 (0.00) –0.00 (0.00) 
AVCAPPRICE 0.46 (1.28) 0.55 (1.28) 
AVLABPRICE –0.01 (0.06) –0.00 (0.06) 
Log(ROADDENS) 0.90*** (0.21) 0.86*** (0.20) 
Log(AROADS) 0.07 (0.06) 0.07 (0.06) 
Log(POPN) 0.75*** (0.04) 0.72*** (0.04) 
Log(DAYTIMEPOP) 0.76*** (0.16) 0.75*** (0.16) 
Log(INCOME) –0.17 (0.38) –0.25 (0.37) 
Log(CARS) –1.17** (0.51) –1.05** (0.50) 
Log(RETAILDENS) 0.11 (0.15) 0.10 (0.14) 
SPORT –0.05 (0.06) –0.07 (0.06) 
SHOP –0.10 (0.07) –0.09 (0.07) 
P&R 0.25*** (0.06) 0.27*** (0.07) 
   
R2 0.89 0.90 
No of observations 232 232 

Source:  CC analysis. 
 

*** p<0.01, ** p<0.05, * p<0.1. 
Note:  Dummies for Government Office Region, and for presence of each of six operators (Arriva, First Group, Go-Ahead, 
National Express, Stagecoach, Transdev) are included in each regression, not shown in the table. Standard errors (se) are 
robust. See also the notes to Table 2. 

25. FirstGroup/Frontier argued that the estimated coefficient on NUMOPS in column (1) 
was an upper bound on the true value of the competition coefficient. We considered 
whether similar arguments could be maintained with respect to the three separate 
competition coefficients in column (2). With multiple competition measures, this type 
of argument would now depend on additional factors not present in the single-
measure model. In particular, it would depend on: (a) the correlations among the 
three observable competition measures, and (b) the relative strengths of the 
correlations between each of these measures and the unobservables.14

26. We suggest that these additional factors render the upper-bound argument suf-
ficiently complex as to lose its utility when applied to the model with multiple compe-
tition measures. Nevertheless, suppose for the sake of argument that in column (2) of 
Table 3 we treat the estimated competition coefficients as upper bounds on the 
corresponding true effects.

 

15

27. The effect of an additional operator of a given size should also be understood in the 
context of the size of the market. For example, at the network level the percentage 
effect on total frequency of an extra operator of any given size is plausibly less in a 
large market like Manchester than in a small market like Tonbridge. The CC included 

 For big and mid-sized operators these coefficients are 
respectively estimated to be 13 per cent, with a standard error of 5 per cent, and 
11 per cent, with a standard error of 4 per cent. In view of the standard errors, there 
is no obvious contradiction between these estimates and the 15 per cent per 
additional rival estimated in our baseline route-level IV regression (column (2) in 
Table 1). The estimated effect of small-sized operators is much lower, but this is 
consistent with such operators only entering a minority of the routes in a network. 

 
 
14 In accounting for (b), it would also be necessary to consider whether there might be size-specific unobservable factors that, 
for example, tend to raise entry more by small operators than by big operators. 
15 More correctly, suppose that with an infinite number of observations the OLS competition coefficients each converge to a 
value at least as large as the true value.  
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evidence to this effect in the provisional findings, ordering networks by size and inter-
acting the competition measure NUMOPS with indicators of whether a network was 
in the top or bottom 10 per cent. We found some evidence that percentage effects of 
competition on frequency were lower in the largest markets.16

28. FirstGroup/Frontier argued for re-examination of this issue using an alternative 
approach. They suggested interacting NUMOPS with network size in a way that 
allowed the competition effect to ‘steadily decrease’ in more populated areas.

 

17

29. Since LNPOPDEV is expressed as a deviation from its mean, the coefficients on the 
three CMs in Table 4 (NUMBIGOPS, NUMMIDOPS2, and NUMSMALLOPS2) each 
represent the effect of an operator of the given size in a network with the average 
population (specifically, the average of log(population)). As in Table 3, these 
estimated effects increase with the size of the competing operator, from 3 per cent 
for small operators to 17 per cent for big operators. Table 4 also shows that, as 
expected by FirstGroup/Frontier, these percentage effects tend to decrease with the 
size of the market. The interaction between the CM and population is negative for 
large and mid-sized operators, and essentially zero for small operators. 

 We 
implement such an approach by constructing a new variable, LNPOPDEV, which is 
the (signed) deviation of Log(POPN), the logarithm of population, from its mean. We 
rerun the OLS regression in column (2) of Table 3 including the three size-specific 
CMs and their interactions with LNPOPDEV. Table 4 shows the results. 

30. To facilitate interpretation, in Table 5 we use the estimates in Table 4 to generate the 
predicted frequency effect of an additional competitor of a given size in each of three 
representative markets. In terms of log(population), these are markets at the mean-
minus-one-standard-deviation, the mean, and the mean-plus-one-standard-deviation, 
corresponding in our data to Bridgwater (population 36,000), Bath (population 
82,000), and Worthing (population 186,000).18

 
 
16 See Appendix 7.1, paragraphs 218 & 219. 

 Along with the point estimate for each 
competition effect, we show its 95 per cent confidence interval. 

17 FirstGroup response to provisional findings, Appendix 2, p19, paragraph 1.86. 
18 These networks are respectively at the 16th, 55th and 84th percentiles of population. 
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TABLE 4   Network-level OLS frequency regressions, size of operator interacted with population 

 (1) 
 OLS regression 

Dependent variable Log(FREQ) 
  
NUMBIGOPS 0.17*** (0.05) 
NUMBIGOPS*LNPOPDEV –0.09** (0.04) 
NUMMIDOPS2 0.14*** (0.04) 
NUMMIDOPS2*LNPOPDEV –0.03 (0.03) 
NUMSMALLOPS2 0.03 (0.02) 
NUMSMALLOPS2*LNPOPDEV 0.00 (0.01) 
AVMATPRICE –0.00 (0.00) 
AVCAPPRICE 0.34 (1.28) 
AVLABPRICE –0.00 (0.06) 
Log(ROADDENS) 0.79*** (0.20) 
Log(AROADS) 0.06 (0.06) 
Log(POPN) 0.83*** (0.05) 
Log(DAYTIMEPOP) 0.72*** (0.16) 
Log(INCOME) 0.05 (0.38) 
Log(CARS) –1.50*** (0.52) 
Log(RETAILDENS) 0.10 (0.14) 
SPORT –0.04 (0.06) 
SHOP –0.05 (0.07) 
P&R 0.26*** (0.07) 
  
R2 0.90 
No of observations 232 

Source:  CC analysis. 
 

*** p<0.01, ** p<0.05, * p<0.1. 
Note:  LNPOPDEV is the deviation of Log(POPN) from its mean. Dummies for Government Office Region, and for presence of 
each of six operators (Arriva, First Group, Go-Ahead, National Express, Stagecoach, Transdev) are included, not shown in the 
table. Standard errors (se) are robust. See also the notes to Table 2.  

31. The point estimates in Table 5 may be biased because of the potential endogeneity 
of the CMs in the OLS regression in Table 4. Furthermore, with the CMs interacted 
with population, the circumstances under which these point estimates constitute 
upper bounds on the corresponding true effects become even more opaque than in 
column (2) of Table 3. Nevertheless, supposing that each estimate does constitute 
an upper bound, the implied frequency effects are in keeping with the route-level 
estimates. For big and mid-sized operators, in networks of average size or less, the 
competition effect is approximately equal to or greater than the 15 per cent estimated 
in the route-level analysis. In larger networks, the 95 per cent confidence intervals for 
the effects of these operators may still encompass the route-level estimate, although 
the point estimates fall below 15 per cent.  

TABLE 5   Predicted effects of extra operators by size, in selected markets 

Effect on log 
(FREQ) of a ... 

In a network with 
Log(POPN) at the ... 

OLS regression 
Coefficient 95% confidence interval 

    
Big operator Average + 1 standard dev 0.09** [0.01 , 0.18] 

Average 0.17*** [0.07 , 0.26] 
Average – 1 standard dev 0.24*** [0.11 , 0.37] 

    
Mid-sized operator Average + 1 standard dev 0.11*** [0.04 , 0.19] 

Average 0.14*** [0.06 , 0.22] 
Average – 1 standard dev 0.17*** [0.06 , 0.28] 

    
Small operator Average + 1 standard dev 0.03** [0.00 , 0.07] 

Average 0.03 [-0.01 , 0.07] 
Average – 1 standard dev 0.03 [-0.02 , 0.09] 

Source:  CC analysis. 
 

*** p<0.01, ** p<0.05, * p<0.1. 
Note:  See Table 4 for the underlying regression results. Representative networks are: Average + 1 std dev = Worthing. 
Average = Bath. Average – 1 std dev = Bridgwater.  
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32. In view of the route-level estimate of 15 per cent, the lower estimated aggregate 
effects of big or mid-sized operators in larger networks may suggest that the propor-
tion of routes covered by such additional operators is smaller in the larger markets. 
The same observation applies to the low predicted aggregate impact of a small oper-
ator, in any size of network. Hold fixed the total number of routes in a network, and 
assume as an abstraction that all routes are operated with the same total frequency. 
Suppose entry by a small operator has a 15 per cent positive impact on total fre-
quency on any given route. If the operator enters 25 per cent of the routes in the 
network (creating no new routes of its own), then the predicted impact on the 
network’s aggregate frequency is 3.75 per cent, consistent with the estimates in 
Table 5. 

33. The preceding analysis strongly suggests that percentage competition effects at the 
network level vary with the size of operator, and with the size of the network. In Table 
4 this leads to a model with six CMs, ie six potentially endogenous explanatory vari-
ables. Unfortunately with this many endogenous variables our IV approach loses its 
ability to estimate the competition effects with any precision. 

34. In particular, with six endogenous variables the estimates fare very poorly against 
diagnostic tests for weak instruments. This problem is not specific to the present 
application. It would be rare in competition policy or in the industrial organization 
literature to find a reduced-form performance-concentration analysis that simultan-
eously instrumented for six different endogenous variables. The estimates in Table 3 
suggest an alternative categorization, aggregating big and mid-sized operators—thus 
NUMBIGMIDOPS and NUMSMALLOPS. A four-CM version of the model in Table 4 
using these two variables and their interactions with population improves precision 
somewhat, but diagnostic statistics indicate that the weak-instrument bias in the 
regression is still potentially quite severe.19

35. In view of these concerns, the discussion here has focused on the OLS estimates. In 
these estimates we do not see anything to suggest that our route-level frequency-
competition analysis is seriously biased. 

 

Route-level frequency analysis and off-route demand 

36. FirstGroup/Frontier repeated earlier criticisms directed at the measurement of ‘off-
route demand’ in the route-level frequency analysis.20

37. Our original analysis (in the working paper of December 2010) principally used 
demand controls measured over a 500-metre buffer around the reference route. 

 The question is whether the 
CC’s analysis adequately accounts for the demand characteristics of routes that 
overlap the reference route. Frequency of service along these overlapping routes is 
one component of FREQ, our measure of total frequency on the reference route. 
Therefore FREQ will be affected in part by the demand characteristics of these 
overlapping routes. If such characteristics are not captured by the controls in the 
regression, then the estimated frequency-competition effect could suffer from 
omitted-variables bias. 

 
 
19 Alternatively we might consider dropping the population interactions and reverting to a model with, for example, just two CMs 
categorized by size. In the provisional findings we reported one IV regression with two CMs (NUMBIGOPS and 
NUMMIDSMALLOPS)—see model FNB in Appendix 7.1, Table 17. In that regression the Anderson-Rubin test, which is robust 
to the weak-instrument problem, rejected the null hypothesis that both CMs have zero effect on frequency. An alternative 
suggested by the estimates in Table 3 might be to assume that small operators have zero effect on frequency at the network 
level, and just include NUMBIGOPS and NUMMIDOPS2 as the CMs. We estimated such a model, using the number of nearby 
depots of big and mid-sized operators as instruments for the two CMs. Once again the Anderson-Rubin test rejects the null 
hypothesis that neither CM has an effect on total frequency (p-value is less than 0.01).  
20 FirstGroup’s response to provisional findings, Appendix 2, pp6–9. 
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Demand characteristics of areas outside this buffer (through which an overlapping 
route might pass after branching off the reference route) were not measured directly. 
This weakness was rectified in the provisional findings by testing sensitivity of the 
results to the addition of demographics measured over ‘secondary’ buffers. The 
secondary buffer was defined to include all areas between 0.5 km and X km of the 
reference route, where, for robustness, we considered two alternate values for X: 
8.75 and 12.25.21

38. The frequency-competition effect only showed sensitivity to the inclusion of demo-
graphics in the larger secondary buffer, with X = 12.25, and then only to one of those 
demographic measures: log(average income). With this additional variable included, 
the estimated frequency effect of an additional rival was 12 to 13 per cent, with 
statistical significance in the range 5 to 10 per cent, depending on the estimation 
technique. We retained as our base specification the model FR2, with no demo-
graphics from the secondary buffer, because: 

 

(a) the extra demographics did not yield an estimated frequency effect that was 
statistically significantly different from that in FR2; and 

(b) it was not clear why the extra demographics should affect frequency only when X 
is extended from 8.75 to 12.25 km. 

39. FirstGroup/Frontier argued that the above tests for sensitivity to off-route demo-
graphics were not informative, because the CC’s approach to measuring demo-
graphics in the secondary buffer was flawed. In particular, FirstGroup/Frontier argued 
that ‘The CC could have constructed a more accurate measure of off-route demand 
using the data available to it. Indeed, such a measure could be computed using the 
same methodology used to arrive at the other demand controls already present in the 
analysis.’22 The response goes on to explain that ‘the true omitted variable in this 
case is the level of demand only around those routes which partially overlap with a 
given route in the CC’s sample, rather than the level of demand within some set 
distance of that route’.23

40. The CC does not believe that the suggested method is a useful test of sensitivity to 
off-route demographics, because it would introduce further problems of endogeneity 
into the regression. 

 FirstGroup/Frontier recommended directly measuring this 
omitted variable and including it as an explanatory variable in the frequency 
regression. 

41. In the baseline route-level frequency regression, model FR2, there is one endogen-
ous variable, the number of operators NUMOPS. The fact that both this variable and 
the frequency variable may depend on unobserved third factors necessitates the IV 
approach to estimation, using instruments to ‘filter out’ the endogeneity in NUMOPS. 

42. FirstGroup/Frontier’s idea is to measure off-route population, for example, as: 

Sum of: (population in areas outside the ‘primary’ 500m buffer, but within 
500m of an overlapping route) (2) 

 
 
21 See Appendix 7.1, paragraphs 190–196, for details of the sensitivity tests. As explained in paragraph 191, the two values of 
X are chosen as the mean, and 75th percentile, respectively, of the straight-line distances travelled by ‘branching’ routes once 
they leave the reference route. 
22 FirstGroup response to provisional findings, Appendix 2, p6. 
23 FirstGroup response to provisional findings, Appendix 2, p8. The example is illustrated with the diagram in Appendix 2, p9, 
reproduced below as Figure 1. 
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The suggestion is thus to measure the demographics of 500m buffers around over-
lapping routes once they branch off the reference route, rather than the demo-
graphics of all areas within a fixed distance of the reference route. 

43. The problem with the measure (2) in the preceding paragraph is that the sum defined 
there will clearly depend on the number of routes overlapping the reference route. In 
turn, this number will depend in part on NUMOPS, the number of operators running 
routes which overlap the reference route. Since NUMOPS is endogenous, the sum in 
(2) will also be endogenous. To separate correctly the effect of (2) from the com-
petition effect (ie the direct effect of NUMOPS), we would require additional instru-
ments. It is not clear what these instruments would be. Even if we could find 
instruments, it is likely that the estimates would be too noisy to separate the direct 
effect of NUMOPS from the effect of the indicator in (2). 

44. In contrast, the CC’s adopted approach measures off-route demographics in a way 
that is independent of NUMOPS, and which therefore does not introduce additional 
endogeneity into the regression. In effect, the current approach measures the 
potential demand for local bus service in off-route areas, rather than the demand 
from areas that are actually served by an overlapping route. 

45. We would point out that the diagram used by FirstGroup/Frontier in making their 
argument is not entirely accurate as a characterization of our average approach. The 
diagram is reproduced below as Figure 1. As mentioned in the footnote to paragraph 
37, the ‘radius’ of our secondary buffer is chosen to represent typical (straight-line) 
distances travelled by overlapping routes when they branch off the reference route. 
The example illustrated in the figure evidently shows an extreme case where the 
branching routes travel a relatively short distance from the reference route before 
terminating. By construction, this will not be typical of the average bus route in our 
sample. 

FIGURE 1 

Measuring the secondary buffer 

 

Source:  Frontier Economics. 

46. Some insight into the potential effect of off-route demographics can also be gained 
from looking at the estimated effect of population on frequency. As explained in 
Appendix 7.1, paragraph 162, the estimated elasticity of frequency with respect to 
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population in the primary buffer (of 500m) is very close to one: all else equal, a 
10 per cent increase in population leads to a 10 per cent increase in frequency. This 
elasticity is essentially unchanged even if we add in off-route demographics. 

47. It is intuitive that frequency exhibits an elasticity of one with respect to market popu-
lation, since it suggests that, all else held equal (including the level of competition), 
bus operators scale the frequency of service up and down to meet the local 
demand.24 The fact that we see this unit elasticity in our baseline model suggests 
that population in the primary 500m buffer is a reasonable proxy for ‘overall’ 
population in all catchments, including off-route areas, through which the reference 
route and its overlapping routes might potentially pass. If, on the other hand, there 
were significant components of catchment population not captured by this primary 
measure, we would expect the elasticity of frequency with respect to primary 
population to be less than one.25

Instrument validity in the route-level frequency analysis 

 

48. FirstGroup/Frontier sought more justification for the instruments used in the route-
level frequency analysis.26 They noted that in the baseline regression these instru-
ments were all indicators of depot location. They argued that there was a potential 
problem of endogeneity in the instruments, in that they might be correlated with 
unobserved components of ‘good bus territory’ that also affected total frequency on a 
route.27

49. It is correct to note that bus depots will tend to be located in areas of high demand for 
local bus services. By virtue of this demand, these areas may also see a higher fre-
quency of bus service. Therefore depot locations may be correlated with unobserv-
able factors driving frequency of service, in violation of a necessary assumption 
underlying the IV approach. 

 

50. Our approach implicitly assumes that, once we control for regional and operator-
specific effects, the ‘good bus territory’ factors on any route will fall into two groups: 
those that are common to all routes operating from the same depot, and those that 
are specific to the route in question. It is factors of the former type that may cause the 
depot instruments to be invalid, if they are not adequately controlled for. To justify the 
depot instruments, we assume that these depot-specific effects are accounted for by 
the extensive range of controls included in our regressions. In the route-level 
frequency analysis, these controls include: route lengths, measures of input costs, 
population, daytime population, child population, income, average household size, 
unemployment, car ownership, retail density, rail access, road types and density of 
bus stops.28

 
 
24 In a simple oligopoly model with a good of fixed quality, homogeneous consumers, fixed prices, and fixed market shares, the 
elasticity of total output with respect to the number of consumers will be one. In the present context, the elasticity might be 
greater than one if increased frequency raised quality enough to induce more consumers to start travelling by bus (ie if there 
were positive externalities among consumers).  

 

25 Suppose that service on the reference route contributes 60 per cent of the total frequency measure, while 40 per cent comes 
from overlapping routes, which branch off the reference route at some point. Suppose that population in the primary buffer 
increases by 10 per cent, leading to a 10 per cent increase in frequency on the reference route. If all else is held equal (includ-
ing off-route population), then this would only raise the total frequency measure by 6 per cent, plus some fraction of 4 per cent. 
(The overlapping routes would also raise frequency, but presumably not by 10 per cent, since their frequency is in part deter-
mined by off-route population.) Therefore the elasticity of frequency with respect to population in the primary buffer would be 
strictly less than one.  
26 FirstGroup response to provisional findings, Appendix 2, pp11–14. 
27 See FirstGroup response to provisional findings, Appendix 2, paragraphs 1.42, 1.45, 1.46, 1.49, 1.50 & 1.52. We responded 
to earlier criticisms of this nature in Annex 2, eg paragraph 37. The motivation for the instruments in our IV analysis was 
originally discussed in Appendix 7.1, paragraphs 39–44. 
28 In addition, various other controls were also considered but were found to be statistically insignificant. 
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51. Despite this extensive list of controls, it is possible that some relevant depot-wide 
factor has been omitted, which could invalidate the instruments. We have evidence 
from at least three sources weighing against this possibility. No single piece of 
evidence is conclusive, but taken together the CC believes that they constitute 
sufficient justification for continuing to rely on the depot instruments. 

52. First, as explained in Annex B, paragraph 37, we tried including as an additional 
explanatory variable DEPROUTES, the number of routes operating out of the depot, 
under the supposition that this could be correlated with depot-wide components of 
‘good bus territory’. The variable turned out to be statistically insignificant, consistent 
with the argument that the depot-wide factors are adequately accounted for by the 
existing controls. 

53. FirstGroup/Frontier noted that the statistical insignificance of DEPROUTES could 
also be consistent with this variable having nothing to do with ‘good bus territory’. 
They cited several ‘operational and other factors’ which would ‘primarily’ determine 
DEPROUTES.29

54. A second piece of evidence comes from the use of alternative (non-depot) instru-
ments. This was discussed in Annex B, paragraph 38, where we reported results for 
a frequency regression with the depot instruments replaced by measures of a route’s 
tendency to span multiple urban areas. The alternative instruments produce noisier 
estimates. The estimated coefficient on NUMOPS is around zero, but with a wide 
confidence interval (–0.30 to +0.25) that encompasses the 15 per cent estimate from 
model FR2. Hence the validity of the depot instruments is not contradicted, although 
it could certainly be argued that this is a test with low power, because of the noise in 
the alternative estimates. 

 Without further evidence, little more can be said either way on this 
point. We note, however, that the fact that DEPROUTES is only partially determined 
by ‘good bus territory’ would not automatically preclude it from showing statistical 
significance in the frequency regression. 

55. Third, as noted in Annex B, paragraph 37, we considered the statistical significance 
of the explanatory variable BUS, representing the density of bus stops in the area 
around the route. This is a good proxy for ‘good bus territory’, and should pick up any 
depot-wide component of that concept. Nevertheless it is not statistically significant in 
any of our route-level frequency regressions. This strongly suggests that the other 
controls included in the regressions are already picking up the main depot-wide 
components of ‘good bus territory’. If all that remains in the unobservables is a route-
specific element, then our depot instruments will be valid. 

56. Various other factors can be cited in support of our model specification. For example, 
in Annex B, paragraph 67, footnote 26, we noted that a random-effects 2SLS version 
of model FR2 indicates that only 15 per cent of the variation in the regression error is 
shared by all routes at a given depot. The remaining 85 per cent of the variation 
comes from idiosyncratic components specific to each route. This is consistent with 
the argument that the controls already pick up most of the depot-wide influences on 
frequency. 

57. While FirstGroup/Frontier raised a legitimate query about the assumptions underlying 
our IV approach, these assumptions are not contradicted by any of the separate 
pieces of evidence discussed above. The statistical insignificance of the BUS 
variable is instructive, while the evidence from the random-effects regression in para-

 
 
29 FirstGroup response to provisional findings, Appendix 2, paragraph 1.49. 
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graph 56 is also reassuring. We conclude that the use of depot instruments is a legiti-
mate basis for our IV approach. 

Criticisms of the route-level price analysis 

58. The provisional findings presented mixed evidence on the price-competition relation-
ship. In one route-level specification a negative relationship was found: for compe-
tition from medium and small operators in a regression of ‘all ticket prices’ (ie total 
revenues divided by total boardings). This specification is model PR4 in Appendix 
7.1, Table 7, which estimates that an additional medium or small rival on a route 
reduces average prices by 36 per cent, significant at the 5 per cent level. 

59. FirstGroup/Frontier criticized this finding.30

(a) The ‘major roads’ indicator MAJROADS should not be used as an instrument if 
the A- and B-road indicators, AROADS and BROADS, were included as explan-
atory variables. FirstGroup/Frontier argued that if individual components of 
MAJROADS (AROADS and BROADS) were expected to affect price directly, 
then MAJROADS would be, by definition, an invalid instrument, as valid instru-
ments should not affect the dependent variable directly. 

 The grounds raised were: 

(b) The price-competition effect was only significant when prices on tendered routes 
were included, which FirstGroup/Frontier considered was problematic. They 
argued that as tendered routes were likely to have less competition, and higher 
fares, their inclusion provided a source of upward bias in the model. FirstGroup/ 
Frontier also considered that it was not clear why these prices would respond to 
competition, given our conclusions that tendered routes form a separate market. 

(c) If anything, it should be single-ticket prices that showed a significant response to 
competition, but statistically significant effects were not observed for these prices. 

(d) There was asymmetric measurement error in the price variable. 

60. With respect to (a), we note that, when MAJROADS is dropped from the instruments 
for model PR4, leaving just the instruments AREABIGOPS and AREASMALLOPS, 
the conclusions are not substantively affected. The coefficient on medium and small 
operators actually increases in magnitude, to –0.382, and is still significant at the 
5 per cent level. 

61. With respect to (b), we note that removing the tendered routes from model PR4 
results in a 60 per cent reduction in the sample size, from around 2,600 to around 
1,000 observations. This naturally implies a loss of statistical significance. After 
removal of the tendered routes, the estimated coefficient on medium and small 
operators falls in absolute magnitude from –0.38 to –0.29, and the p-value increases 
from 0.028 to 0.137.31 Thus it cannot be said that there is definitely no effect of 
competition on price, rather it may be that a negative competition effect is present 
(from medium and small rivals), but is difficult to isolate statistically without more 
observations.32

 
 
30 

 

FirstGroup response to provisional findings, Appendix 2, pp20–22 & pp14–16. 
31 To alleviate the concerns mentioned in the previous paragraph, these results are for the version of PR4 without the 
MAJROADS instrument. 
32 This interpretation is relevant to FirstGroup/Frontier’s claim that ‘the absence of a price concentration relationship’ is ‘a 
significant empirical test of whether barriers to entry exist in UK local bus markets’ (FirstGroup response to provisional findings, 
Appendix 2, p22). Our estimates are not precise enough to warrant the claim that a price-concentration relationship is indeed 
‘absent’. 
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62. With respect to (c), we note first that tendered routes are included in the sample for 
our baseline single-ticket regressions, models PR1 and PR2 in Appendix 7.1, Table 
6. Those regressions showed no statistically significant relationship between prices 
and competition. Model PR2, for example, estimated a statistically insignificant co-
efficient of +0.055 on medium and small operators. In line with FirstGroup/Frontier’s 
comment (b) above, we consider dropping the tendered routes from the sample. 
When this is done (with MAJROADS held out of the instrument set), the coefficient 
on medium and small operators falls from +0.055 to –0.085. With a standard error of 
around 0.10, the estimate is still not statistically significantly different from zero, but it 
is nevertheless consistent with a negative relationship between single ticket prices 
and competition from medium and small operators.33

63. With respect to (d), we reiterate the point in Appendix 7.1, paragraph 70. Comments 
there acknowledged the presence of measurement error in the price variable, but 
noted that such measurement error will not bias the estimated competition effect if it 
is unrelated to the explanatory variables in the model. This statement can be 
strengthened to say that, since we allow the CMs to be endogenous, any measure-
ment error in prices only needs to be unrelated to the controls in the model, ie to 
variables such as population, car ownership, unemployment, rail access, etc. 
FirstGroup/Frontier have not outlined any mechanism which might cause such 
variables to affect the measurement error in prices.

 

34

64. Two of FirstGroup/Frontier’s assertions regarding measurement error deserve par-
ticular comment.

 

35

Frequency-competition analysis: ‘routes with low demand’ 

 It was claimed that, in order for the measurement error not to lead 
to any bias in the CC’s results, ‘this measurement error would have to be un-
correlated with the number of operators on a route’. In response, we point out that, as 
noted above, the IV approach allows the measurement in prices to be correlated with 
the CMs. FirstGroup/Frontier also stated that ‘Given that this measurement error 
appears to be non-symmetric (there are some very large positive outliers for this 
variable) such an assumption is difficult to maintain without any empirical analysis on 
the part of the CC.’ As mentioned in Appendix 7.1, paragraph 110, our route-level 
price regressions exclude price outliers.  

65. In their response to the provisional findings, FirstGroup/Frontier made an argument 
about routes with low frequency, which would never support more than one oper-
ator.36 With respect to the frequency-competition analysis, FirstGroup/Frontier 
argued that ‘To make the CC’s findings on low-demand routes consistent with its 
performance-concentration analysis, it should have identified those routes and 
remove[d] them from the sample used in its analysis.’37 To illustrate their argument, 
they introduced a diagram to show ‘the effect that this may have on a simple OLS 
regression’.38

 
 
33 The coefficient on large operators in this regression is around –0.02. The 95 per cent confidence interval for the coefficient on 
medium and small operators ranges from –0.28 to 0.11. 

 They stated that the low-frequency nature of such routes would ‘tend to 
lead to OLS estimates of the frequency-concentration relationship to be biased 
upwards’. 

34 Since we use an IV approach, the measurement error also needs to be uncorrelated with the instruments for the CMs, eg 
with AREABIGOPS and AREASMALLOPS. This seems a mild assumption as it is not clear why such indicators of depot 
location should affect the measurement error in prices on particular routes. 
35 FirstGroup response to provisional findings, Appendix 2, p21. 
36 FirstGroup response to provisional findings, Appendix 2, pp10-11. 
37 FirstGroup response to provisional findings, Appendix 2, p11. 
38 FirstGroup response to provisional findings, Appendix 2, p10. The diagram is Figure 3 on p10. 
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66. The CC does not believe that these points constitute a valid criticism of the route-
level frequency analysis, in particular of the baseline estimates derived from our IV 
approach. In keeping with any instrumental-variable analysis, our estimates rest on 
two key assumptions, previously mentioned in Appendix 7.1, paragraph 35: 

(a) the instruments used for the CMs should be relevant, ie they should correlated 
with the CMs; and 

(b) these instruments and the controls should be exogenous (or ‘valid’), that is, not 
correlated with the omitted unobservable factors that determine frequency. 

67. It is not clear how FirstGroup/Frontier’s criticism here invalidates either of these 
assumptions. Our model answers the question: ‘Holding fixed the present set of 
observed bus routes, what is the effect of more competition on total frequency, all 
else equal?’ If the preceding two assumptions are met, then we have a valid answer 
to this question. 

68. In particular, all monopoly routes should be included in our regressions, including 
those on which demand may be too low to ever support an additional competitor. 
Most of the systematic factors causing demand to be low on such routes (including, 
most obviously, population) will be accounted for by our controls. Including such 
routes in the regression sample therefore helps us pin down how the controls affect 
total frequency. Knowing this in turn helps us separate the effects of the controls from 
the effects of competition. 

69. There may be some unobservable factors which cause demand on a route (and 
hence frequency) to be low, and which therefore also make it more likely to be a 
monopoly route. But accounting for such unobservables is the point of our IV 
approach. The focus of the discussion thus returns to the assumptions underlying 
this approach (see paragraph 66), the suitability of which has been extensively 
discussed elsewhere.39

Frequency-competition analysis: fixed effects versus random effects 

 

70. In Annex B, paragraph 67, we reported the results of a Hausman-Wu test of fixed 
versus random effects in the route-level frequency analysis. The motivation for this 
exercise was to test the assumption that ‘any depot-specific unobservable terms ... 
are not correlated with the exogenous controls included in the models (such as 
population, income, car ownership, etc)’. The test statistic did not reject the null 
hypothesis, meaning that it did not provide any statistical contradiction of the 
assumptions underlying our route-level frequency models. 

71. FirstGroup/Frontier stated that the Hausman test undertaken by the CC compared 
the fixed effects specification to a random effects specification. They noted that as 
the CC’s baseline model was a pooled specification, not a random effects specifica-
tion, the results of a Hausman test were uninformative as they did not test the CC’s 
actual model against the proposed alternative model including depot fixed effects. 
FirstGroup/Frontier also criticized the restrictive assumptions upon which this test 
was based, as being not consistent with the approach taken elsewhere in the CC’s 
performance-concentration analysis (notably the standard Hausman test requires 

 
 
39 See, for example, the discussion above in paragraphs 48–57, or in Appendix 7.1, paragraphs 176–186, or in Annex B, 
paragraphs 31, 37 & 38. In addition, we would note that the relevance of FirstGroup/Frontier’s diagram (Appendix 2, p10, 
Figure 3) is not clear, as it refers to a bias that would allegedly arise in an OLS regression, whereas our baseline model is an IV 
regression.  
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that the error term of the random effects specification is homoscedastic).40

72. As a technical note, the test was implemented using the user-written Stata command 
xtoverid, which implements the regression-based approach described in Wooldridge 
(2002, pp290 & 291).

 We 
repeated the test using a method robust to heteroskedasticity and arrived at the 
same conclusion: the null hypothesis is not rejected and therefore the test does not 
contradict our underlying assumptions. 

41 Using this alternate test procedure overcomes a related 
criticism from FirstGroup/Frontier—that the Hausman-Wu test is overly restrictive in 
assuming the availability of the efficient estimator.42

Instrument relevance in the network-frequency analysis 

 

73. FirstGroup/Frontier raised the possibility of weak-instrument bias affecting the IV 
estimates in the network-level frequency analysis, compounding the bias from any 
invalid instruments.43 Although results obtained using different instruments were 
found to be similar, FirstGroup/Frontier contended that this might point to all models 
being ‘equally and significantly biased’.44 10 As discussed above in paragraphs  to 33, 
there are strong arguments at this level of the analysis for categorizing the CM both 
by size of operator and (as suggested by FirstGroup/Frontier) by size of network, 
leading to a model with multiple CMs (eg six). With this many CMs, the IV approach 
loses its utility, as already noted in paragraph 33. To the extent that we turn instead 
to the OLS estimates as an alternative source of information—looking for any in-
consistencies with the route-level estimates—the question of weak-instrument bias at 
the network level thus becomes a moot point.45

Use of the distance-to-London instrument 

 

74. FirstGroup/Frontier criticized the use of the distance-to-London instrument 
(DISTLON).46

 
 
40 

 They argued that, due to the expense of converting London vehicles 
for operations elsewhere (which, for FirstGroup, took place over 100 miles from 
London), our rationale for this instrument was not correct. FirstGroup/Frontier 
therefore contended that any explanatory power from this instrument was likely to be 
a result of the correlation between distance to London and ‘good bus territory’, 
rendering it invalid. In the provisional findings, this instrument was not used in the 
route-level frequency analysis. In the network-level frequency analysis it was only 
used in an exploratory regression reported in Annex B, paragraphs 40 and 41. In the 
route-level price analysis, it was only used in exploratory regressions reported in 
Annex B, paragraph 31. This instrument therefore has only a peripheral relationship 
to the main findings of the provisional findings. 

FirstGroup response to provisional findings, Appendix 2, p3, footnote 15. 
41 J M Wooldridge, Econometric Analysis of Cross Section and Panel Data, MIT Press. 
42 Schaffer, M E and S Stillman (2010). xtoverid: Stata module to calculate tests of overidentifying restrictions after xtreg, 
xtivreg, xtivreg2 and xthtaylor: http://ideas.repec.org/c/boc/bocode/s456779.html. 
43 FirstGroup response to provisional findings, Appendix 2, pp17–19. 
44 FirstGroup response to provisional findings, Appendix 2, p18. 
45 The provisional findings used the Anderson-Rubin test to show the statistical significance of the positive estimated frequency-
competition effect at the network level. This test is robust to any weak-instrument problem. (See Appendix 7.1, paragraphs 
211–214.) We note that a criticism of this test raised by FirstGroup/Frontier in their response to the provisional findings is 
misplaced. (FirstGroup response to provisional findings, Appendix 2, p19 and footnote 24.) To the best of our knowledge, 
Moreira’s conditional likelihood ratio test has not been demonstrated to be superior to the Anderson-Rubin test under conditions 
of heteroskedasticity. We implemented a version of the Moreira test that is robust to heteroskedasticity and found that it gave 
very similar results to those from the Anderson-Rubin test. See Finlay, K and L M Magnusson (2009), ‘Implementing weak-
instrument robust tests for a general class of instrumental-variables models’, The Stata Journal, 9, 3, pp1–26. 
46 FirstGroup response to provisional findings, Appendix 2, pp16 & 17. 
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Use of MAJROADS as an instrument in the network-frequency analysis 

75. Our baseline IV models for the network-level frequency analysis use MAJROADS 
(proportion of major roads) as an instrument for NUMOPS, while simultaneously 
including AROADS (proportion of A-type roads) as a factor that explains frequency. 
FirstGroup/Frontier argued that this was inconsistent, as the two variables were 
similar and therefore should not be used in both roles simultaneously.47

76. As mentioned above in paragraph 

 

73, the IV approach is of limited use in a network-
frequency model with more than a few CMs. Nevertheless for completeness, in order 
to respond to the party’s point, we considered some variations on the baseline 
network-frequency IV models in the provisional findings. 

77. Dropping MAJROADS from the set of instruments does not substantively change the 
results of models FNA and FNB (Appendix 7.1, Table 17). In particular, the CMs 
remain statistically significant in tests robust to weak instruments. Alternatively, one 
can instead drop AROADS from the explanatory variables (since it is not statistically 
significant in any baseline network-frequency specification), retaining MAJROADS 
among the instruments, and the results are again substantively unchanged. 

78. We considered also models with no instruments related to operator presence in 
nearby areas. Testing robustness to the deletion of such instruments was the original 
motivation for using MAJROADS. We run model FNA with AROADS dropped from 
the explanatory variables, using as instruments MAJROADS and 
NEIGHSHARERET, the average share of population above retirement age in 
neighbouring urban areas. The coefficient on NUMOPS is then 0.15, representing a 
frequency increase of 15 per cent per operator. In tests robust to weak instruments, 
this coefficient is significant at the 5 to 10 per cent level.48

Running the frequency model on sub-samples 

 

79. FirstGroup/Frontier suggested that an earlier criticism of the frequency analysis 
raised by Arriva deserved re-examination.49 That criticism, referring to the route-level 
frequency analysis, suggested dividing the regression sample in two, around the 
median value of one of the instruments, as a test for whether the instruments used in 
the analysis were valid. If the instruments used in the analysis were valid, then there 
should be no statistically significant difference between the competition effects esti-
mated in both subsamples, as the sample-splitting would have taken place on a 
purely exogenous basis. It was argued that when the frequency model was rerun on 
these two separate subsamples generated in this manner, there was a statistically 
significant difference between the two resulting competition coefficients, suggesting 
that the instruments used in the analysis were invalid.50

80. We performed the suggested regressions and found that in fact there is no statistic-
ally significant difference between the coefficients from the two subsamples. As 
suggested by Arriva, to split the sample we used the strongest instrument from the 
baseline model FR2 (Appendix 7.1, Table 12). In the present instance, that instru-
ment is AREAMSOPS (number of medium and small operators with depots within 
12 kms of the route), which has a median value of five. Running two versions of FR2, 

 

 
 
47 FirstGroup response to provisional findings, Appendix 2, pp14–16. See Appendix 7.1, Table 17, for abridged results for the 
baseline network-frequency models, and Annex 1, Tables 5 & 6, for the full results. 
48 The p-value for Moreira’s conditional likelihood ratio test (extended to heteroskedasticity as in Finlay and Magnusson op cit) 
is 0.02, while that for the Anderson-Rubin chi-squared test is 0.06. 
49 FirstGroup response to provisional findings, Appendix 2, p12, footnote 13. 
50 See Annex B, paragraph 43, for our earlier comments on this criticism. 
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on those observations for which AREAMSOPS is respectively above, and below, this 
value, we found that in the former case the estimated coefficient on NUMOPS is 
0.27, with a 95 per cent confidence interval from 0.04 to 0.51, while in the latter case 
it is 0.31, with a 95 per cent confidence interval from –0.13 to 0.74. Given these wide, 
overlapping, confidence intervals, it is highly unlikely that any formal statistical test 
would indicate a statistically significant difference between these estimates, or 
between each of them and the estimate of 0.15 in the original model FR2.51

Comments from Arriva 

 

81. Comments on the performance-concentration analysis were received from Arriva. 

82. Arriva queried the inclusion of tendered routes in the analysis of prices and compe-
tition, and queried the use of DEPROUTES, the number of routes operated from a 
depot, as a measure of ‘good bus territory’. On the first point, see paragraph 61 
above. On the second point, see paragraphs 52, 53 and 55 above. 

83. Arriva criticized the ‘similarity of timetable’ criteria used in constructing competition 
measures for the price analysis. In particular, it criticized the use of a 75 per cent 
similarity threshold, and noted that in previous merger inquiries the CC had used a 
50 per cent threshold as the cut-off for competing services. The criticism is misplaced 
because the analysis in the provisional findings does in fact use 50 per cent as the 
baseline threshold, and also tests the sensitivity of the results to variations in this 
threshold. In passing, we would also emphasize that this similarity-of-timetable 
threshold is only used in the price analysis, not in the frequency analysis.52

84. Arriva criticized the aggregation of numbers of bus services over entire weeks in 
defining the route-level total frequency measure (FREQ). It noted that demand was 
not constant across the day or week but fluctuated. The CC explained the problems 
with this approach, and justified the week-based measure, in Annex B, paragraph 71. 
We reiterate a point made there, that the week-based measure provides an estimate 
of ‘the competition-frequency effect averaged over times of day and days of the 
week’. 

 

85. Arriva argued that there was a ‘potential for bias from omitted variables’, in particular 
from unobserved demand factors. It argued that boardings should be included as a 
proxy for demand, concluding that ‘Not controlling for demand suggests that the CC’s 
analysis is likely to be misspecified’. 

86. While controlling for as many demand factors as possible, the CC’s estimation 
approach recognizes that not all such factors are measurable. Notwithstanding the 
presence of such factors, the IV approach yields valid estimates if the instruments 
satisfy the key assumptions (a) and (b) in paragraph 66 above. This is clearly 
explained in the provisional findings.53

 
 
51 There is no change to this conclusion if the sample is split around the median of AREASMALLOPS, rather than 
AREAMSOPS. Nor does the conclusion change if we use the count of small-operator depots rather than the operators them-
selves, as these two counts are essentially the same in our data. Arriva may have found a different conclusion because it was 
using a less-refined version of the baseline model FR2, reported in the working paper version of the provisional findings.  

 To show a potential omitted-variable bias, the 
argument needs to address these assumptions on the instruments, but the com-
ments of Arriva do not do this. 

52 For explanation of the similarity-of-timetable threshold, and sensitivity tests, see Appendix 7.1, paragraphs 65, 82, 110, 127–
131. 
53 See, for example, the explanation of our IV methodology in Appendix 7.1, paragraphs 29–38. 
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87. Instead Arriva recommended including boardings as an explanatory variable in the 
price and frequency regressions. The CC’s earlier comments on this idea are in 
Annex B, paragraph 75. To paraphrase those comments, boardings do not belong in 
these reduced-form regressions because they are jointly determined with price and 
frequency. As noted above in paragraph 67, our performance-competition analysis 
asks: ‘Holding fixed the present set of observed bus routes, what is the effect of more 
competition on total frequency (or price), all else equal?’ As explanatory factors, we 
include in our models all the measurable variables which might be thought to have a 
causal effect on price or frequency, either directly (as in the case of costs, or compe-
tition), or indirectly (as in the case of factors which affect demand for bus travel, such 
as car ownership). It does not seem sensible to argue that boardings has a causal 
effect on frequency, or price, since, as a measure of quantity demanded in equilib-
rium, it is itself affected by those two variables. That is, all three are simultaneously 
determined by the explanatory factors in our current regressions. 

88. To include boardings as a regressor would move our analysis toward a ‘structural’ 
model of competition. Arriva expressed a desire to see such a model, claiming that 
without a structural model ‘it is not possible to understand what the reduced form is 
attempting to identify’.54

89. We would argue that the causal effect which we seek to estimate is exactly as stated 
in paragraph 

 

87, and that our reduced-form approach aims at accomplishing this with 
the fewest assumptions possible. A structural approach would be one based on 
theoretical modelling of the joint determination of price, frequency and boardings. 
This would yield a richer set of empirical predictions, at the cost of more assump-
tions, which would inevitably become the focus of extended debate about their 
validity. 

90. Arriva argued that the analysis did not take account of managerial discretion at the 
depot level in the determination of price and frequency. See Annex B, paragraph 67 
for an earlier response to this issue. As noted there, our estimates do in fact allow for 
‘random effects’, meaning unobservable depot-specific factors that influence price 
and/or frequency. The question is whether or not such factors are uncorrelated with 
the explanatory variables (apart from the CMs) included in our model. If so, then our 
present approach is superior in statistical terms to the alternative ‘fixed effects’ 
approach which does not make this assumption. The statistical evidence in favour of 
our approach is noted in Annex B, paragraph 67, and revisited in paragraphs 70 to 
72 above. 

91. In response to parties’ earlier comments, in Annex B the CC considered the implica-
tions for the price and frequency analyses of holding out of the regression sample 
one operator at a time. Parties argued that this experiment would shed light on 
whether the CC’s finding of statistically significant competition effects was overly 
influenced by single operators. As reported in Annex B, for the route-level price and 
frequency regressions we found that any statistically significant competition effects 
were mostly robust to the deletion of single operators, although in some cases the 
statistical significance was only at the 10 per cent level.55

92. Arriva raised this issue again, making two points in particular. First, it illustrated by 
means of a diagram how a cluster of observations for a particular operator (or 

 

 
 
54 See Appendix 7.1, paragraph 24, and Annex B, paragraphs 20 & 50, for our earlier comments on this issue. 
55 See Annex 2, paragraph 70. For example, in the route-level frequency analysis we reran model FR2 six times, deleting each 
operator in turn, one at a time, and found 5 per cent statistical significance in three out of six cases, and 10 per cent signifi-
cance in the remaining cases. The latter cases corresponded to the three operators with the largest number of routes in the 
sample, consistent with the view that the loss of statistical significance in these cases is caused by the loss of degrees of free-
dom (reduction in sample size). 
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operators) might unduly influence the estimated competition coefficient. Second, it 
argued that in the route-level analysis the sample sizes were large, and hence the 
removal of a single operator should not preclude a determination of whether or not a 
competition effect was present. 

93. Arriva’s diagram shows a situation where two clusters of observations, corresponding 
perhaps to two different operators, have different mean levels of price or total fre-
quency. Our regressions allow for such situations because they include operator-
specific intercepts. In other words, when combining data from multiple groups to 
estimate a response to more competition, the regression procedure controls for inter-
group differences in the average level of price or frequency.  

94. Although not explicitly shown in Arriva’s diagram, we also investigate the possibility 
of operator-specific slopes, ie frequency responses to competition which vary across 
operators. Our base model FR2 (Appendix 7.1, Table 12) restricts the competition 
response to be the same across all operators. To test for operator-specific slope 
effects, we reran model FR2 six times, each time adding to the existing explanatory 
variables in FR2 an interaction between an operator dummy and NUMOPS.56

95. With respect to the party’s comment on sample sizes, we note that when single 
operators are in turn held out of the base model FR2 (see Annex B, paragraph 70, 
and footnote to paragraph 

 In no 
case was the interaction between the operator dummy and NUMOPS statistically 
significant. That is, these additional regressions do not contradict the hypothesis that 
the frequency response to an additional rival is in fact the same for all operators.  

91 above), the confidence interval on the NUMOPS 
coefficient in all cases encompasses the original full-sample estimate of 0.15. Thus 
none of these six additional regressions rejects the hypothesis that the competition 
coefficient is equal to its value in the original model. 

96. Arriva queried the number of operator-reported routes which did not appear in the 
NPTDR database, and which therefore did not appear in the samples for the price or 
frequency regressions.57

97. Arriva offered further comments on why frequency was not the only, or the most 
relevant, measure of quality in local bus service, and how this impacted the 
calculation of consumer benefit. Arriva stated that it was ‘perverse’ and ‘flatly contrary 
to all the evidence of what consumers value most highly’ for the CC ‘to maintain that 
increased frequency benefits consumers’. In response, we refer to the CC’s previous 
detailed comments on this issue, in Appendix 7.1, paragraph 6, and Annex B, 
paragraphs 92 to 99. 

 Arriva agreed that if this attrition was random it would not 
affect the estimated competition effects, but noted that the CC had not determined if 
the attrition was random. We note that Arriva has not explained the mechanism by 
which such non-randomness might arise, ie it is unclear why any discrepancies 
between operator-provided and NPTDR data should be systematically related to the 
competitive conditions in a market. 

Further discussion: Parties’ responses 

98. Parties have commented on the preceding analysis and discussion. The key 
message is that the commenting parties do not find the route-level IV estimate of the 
frequency-competition effect to be reliable. 

 
 
56 The additional explanatory variable is treated as endogenous. Since FR2 uses six instruments for NUMOPS, there are 
enough instruments to identify the model even with the extra endogenous variable. 
57 See also the CC’s previous comments on data construction in Appendix 7.1, paragraphs 50–68, and Annex B, paragraphs  
1–8. 
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99. FirstGroup/Frontier again emphasized that the OLS estimate of the frequency-
competition effect is to be taken as an upper bound on the true value of this co-
efficient. Given this, FirstGroup/Frontier stated that any estimate of the frequency-
concentration relationship that overcame this bias should lead to a smaller estimate 
of the frequency-concentration relationship than the OLS estimates of the frequency-
concentration relationship. Although not stated explicitly, it is evident that this 
argument is intended to apply specifically to models with a single CM. When a 
particular OLS coefficient is cited as an upper bound, the relevant number is always 
from a model with a single CM, ie, at the route level, the figure of 12 per cent from 
model FR2, or at the network level, the figure of 4 per cent from column 3 of Table 1 
above.  

100. Above we have presented evidence to show that the route-level IV estimate is not 
inconsistent with this upper-bound argument, once the sampling error in the esti-
mates is taken into account. We also showed that at the network level the 4 per cent 
figure is heavily influenced by the presence in the data of relatively many small oper-
ators. When operator size is taken into account, the network-level estimates cannot 
be said to be inconsistent with either the OLS or IV estimates at the route level. 

101. The upshot is that, if the upper-bound argument is taken as a ‘test’ of the route-level 
IV estimate, then that estimate passes the test when formal statistical procedures are 
used, and when heterogeneity in operators is allowed for at the route level. 
FirstGroup/Frontier have not presented any evidence to contradict this. Of course as 
a ‘test’ this argument only proposes a necessary condition for the IV estimate. 
Regardless of how the upper-bound argument is viewed, passing this test alone 
would not be regarded as sufficient to validate the IV estimate. Instead the IV 
estimate must be subjected to standard direct methods of testing such as the Hansen 
J-test, tests of fixed versus random effects, searches for additional explanatory 
variables, etc, all of which have been employed in our analysis and extensively 
discussed, both above and in Appendix 7.1 and Annex B. 

102. In commenting on the network-level regressions which categorize operators by size, 
FirstGroup/Frontier’s expert advisor Professor Ron Smith observed that ‘the 
confidence intervals around the CC’s new estimates for large and mid-sized 
operators encompass the 4% estimate for all operators, suggesting there is no clear 
reason to split the results for different types of operators’. The relevant regression is 
column 2 in Table 3 above. The covariances estimated in that regression actually 
point to the opposite implication. An F test rejects the null hypothesis NUMBIGOPS = 
NUMSMALLOPS2 at the 5 per cent significance level (p-value = 0.0177). The null 
hypothesis NUMBIGOPS = NUMMIDOPS2 is also rejected at the 5 percent 
significance level (p-value = 0.0227). The joint test of both hypotheses together is 
rejected at the 1 per cent significance level (p-value = 0.0094). This evidence 
supports the relevance of classifying operators by size at the network level. 

103. Professor Smith also states that ‘it is clear that as there is a relatively small number 
of observations (232) at the Urban Area level, any splitting of the competition effect 
by size of operator runs a serious risk of a false positive result either by chance or 
because outlying observations distort the estimates’. This comment raises two issues 
with respect to the network-level analysis. One is that the sample size is relatively 
small. This is effectively an argument to collect more data, which is clearly not 
possible. It cannot be construed as implying a misapplication or abuse of statistical 
procedures on our part, all of which take into account the effects of sample size. 

104. The second issue is that the results may be skewed by outliers. To examine this 
issue we reran the OLS regression in column 2 of Table 3 after deleting 5 per cent of 
observations, representing those with the top 2.5 per cent and the bottom 2.5 per 
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cent of values of the frequency measure FREQ. The implications of the original 
regression are essentially unchanged. We cannot reject the null hypotheses, either 
singly or jointly, that the coefficients on the variables NUMBIGOPS, NUMMIDOPS2, 
and NUMSMALLOPS2 in the trimmed regression are equal to their values in the 
original regression. For example, the p-value for the joint test is 0.6835.58

105. As further evidence on this point we note that any influence of outliers at the network 
level is weakened because this data tends to average out errors in the route-level 
data.

 

59

106. Go-Ahead finds it surprising that there is no statistically significant difference 
between the OLS and IV estimates in the route-level frequency analysis, noting that 
‘this finding would suggest either that there is no endogeneity (unlikely under the 
circumstances, given the likely strong correlation between frequency and unobserved 
demand factors also related to the number of operators) or that the instruments used 
are invalid’. 

 Finally we note that the influence of outliers might be expected to show up at 
the network level in the form of results which contradict those from the route-level 
analysis, since the data for the latter was thoroughly trimmed for outliers. However, 
as explained in detail above, no such contradictions are apparent. 

107. We consider this point first from an empirical standpoint. If we rerun the OLS route-
level frequency model FR1 without any controls at all, ie, just with a constant and the 
competition measure NUMOPS, then the estimated coefficient on the CM is 0.20 
(s.e. = 0.03). Because no controls are included, this estimate would clearly be biased 
upward. When a full set of controls is included, both the OLS and IV estimates of the 
competition effect are indeed below this estimate (at 0.12 and 0.15, respectively, as 
in models FR1 and FR2). 

108. One interpretation of the statistically insignificant difference between the OLS and IV 
estimates is then that the extensive set of controls included in models FR1 and FR2 
are sufficient to account for the main demand factors which might systematically and 
simultaneously affect both frequency and the number of competitors on a route. 
Consistent with this interpretation is the fact that various additional controls—for 
example, measures of off-route demand—were also tried in the IV regression and 
found to be insignificant. Furthermore some of the controls included to measure the 
latent demand for bus travel, such as the density of bus stops (log(BUS)), are not 
significant, either in the IV or OLS regressions. Evidently their effects are already 
captured by the other controls in the model, such as population, daytime population, 
retail density, etc.60

109. Second, from a theoretical standpoint it does not seem surprising that competition 
has a positive effect on total frequency on a route. Although the total frequency of 
service is not the same thing as total quantity supplied, the two variables are 

 

 
 
58 In fact the estimated coefficients on the variables NUMBIGOPS, NUMMIDOPS2, and NUMSMALLOPS2 all increase slightly. 
The new OLS estimates, with their standard errors, are respectively 0.161 (0.046), 0.137 (0.040), 0.032 (0.020).  
59 In a related comment Professor Ron Smith argues that the network is the preferred level for the analysis ‘because conducting 
the analysis at this level would likely lead to some of the factors associated with the upwards bias in the route level frequency-
concentration regression being “averaged out” across the Urban Area’. Last paragraph, second page, Fourth Expert Statement 
of Professor Ron Smith.  
60 To shed light on the relevance of the log(BUS) variable it is instructive to consider regressing the frequency variable 
log(FREQ2) just on this bus variable and a constant. That is, in the simple OLS regression described in paragraph 107 we 
replace NUMOPS with log(BUS) as the explanatory variable. The estimated coefficient is 0.98 (s.e.= 0.05). That is, the estimate 
is highly significant, and it implies that the elasticity of service frequency with respect to bus stop density is one which is entirely 
intuitive and is consistent with the interpretation of this variable as a measure of latent demand for bus travel. However, as 
noted in the text, when a rich set of controls are included in the model, this variable becomes insignificant—whatever latent 
demand factors this variable represents are accounted for by those other variables. 
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presumably positively correlated, and therefore this positive effect is consistent with 
many oligopoly models predicting that total quantity increases with competition. 

110. In other comments Go-Ahead notes that, in an attempt ‘to reconcile the results at the 
network level with the upper-bound interpretation, the CC splits the number of 
competitors according to their sizes’, adding that ‘[t]his analysis, however, is not 
repeated at the route level’. This is not correct—see Table 13 in Appendix 7.1 for a 
route-level IV regression which categorizes operators by size. 

111. Go-Ahead also expressed support for the idea of a structural model, discussed 
above in paragraphs 88 and 89, noting that ‘while it is true that a more structural 
model would impose additional assumptions, these should be reasonably well 
supported by economic theory and therefore should not be too contentious’. As the 
comment does not give any examples of such ‘reasonably well supported’ 
assumptions, it is difficult to debate the issue further. However, it remains true that a 
structural approach would use more assumptions than in the present analysis, and 
would therefore presumably be more contentious, not less contentious. 

112. Arriva/Oxera has offered an assessment of the CC’s preceding discussion of 
instrument validity in the route-level frequency analysis (see paragraphs 48 to 57 
above).61

108

 Included in this assessment is the comment that ‘the density of bus stops 
may not be a useful reflection of good bus territory’, as the location of bus stops ‘can 
reflect a number of things, including safety requirements and historical legacy, as 
well as the level of demand’. Certainly the factors mentioned might have a marginal 
impact on the density of bus stops in an area. However, this does not prevent bus-
stop variable from being a useful proxy for ‘good bus territory’. The regression 
described in the footnote to paragraph  suggests that it should be a good proxy: 
without controlling for any other factor, a 10 per cent increase in bus stop density is 
associated with a 10 per cent increase in service frequency (since the elasticity 
estimated in that regression had a value of one). This belies the notion that bus stop 
density is heavily influenced by extraneous factors such as history and safety 
considerations. 

113. An argument might be made that these extraneous factors become more important, 
as explanators of the residual variation in log(BUS), once a range of controls are 
included in the regression. If so, this would simply suggest that the included controls 
have covered the main systematic determinants of latent demand for bus services. 
On this point, see paragraph 108 above. 

114. Arriva/Oxera was concerned that not properly allowing for the impact of demand on 
frequency could lead to the CC’s model being mis-specified, an idea which we 
addressed in paragraphs 87 to 89 above. As explained in our earlier comments on 
this issue, the CC’s current reduced-form approach is well founded and quite 
standard in the literature. As Arriva/ Oxera do not address the basic point about 
simultaneity and the joint determination of quantity and frequency, explained by us in 
paragraph 75 of Annex 2, we are not able to advance this debate any further. 

 

 
 
61 Arriva response to provisional decision on remedies, p13. 

http://www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/arriva_pdr_response_excised.pdf�
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APPENDIX 7.2  

The viable operating range around a depot 

1. We asked the Large and Mid-Sized Operators how close a depot needs to be located 
in order to serve an area, and we asked all operators (including Small Operators) 
what the maximum dead mileage is that they tolerate on all their routes. 

Dead mileage/drive time 

Commercial services 

2. Stagecoach, FirstGroup, National Express and Transdev all told us that a useful rule 
of thumb for how far it was possible to operate from a depot or outstation was around 
30 to 35 minutes’ drive-time. Stagecoach added that this might be considerably more 
in remote, rural areas, and that an outstation might be located much further than 30 
to 35 minutes’ drive-time from its parent depot. Arriva’s estimate of feasible dead 
mileage was somewhat lower at 20 to 30 minutes from a depot for commercial ser-
vices. Go-Ahead in Brighton and Hove told us that it worked on the basis that routes 
needed to be located within 20 miles of a depot, and it was partly for this reason that, 
for example, it had not tried to enter the neighbouring area of Worthing (it also told us 
that it had not seen a commercial reason to expand into Worthing). Go South Coast 
and Transdev Blazefield told us that depots were usually located within 5 miles of the 
main route locations.1

3. On individual routes, the amount of dead mileage that is tolerated varies across oper-
ators and across areas for some of those operators operating in more than one 
geographic area, but can be substantially higher than the general rules of thumb 
discussed in paragraph 

 We note that it is not entirely clear whether operators are all 
referring to the dead mileage it is feasible to operate from a depot to the start of a 
route or to the distance at which a route’s end point will be located from the depot or 
outstation. 

2 above. The various responses we have received on the 
maximum dead mileage operated across operators’ routes is presented in Table 1. In 
addition to this table, []. 

 
 
1 Go South Coast told us that this was as a result of the network of depot sites it had in place. 
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TABLE 1   Maximum dead mileage on individual commercial routes, according to operator 

 

Average 
maximum 

across 
operating 

areas (miles) 

Average 
maximum 

across 
operating areas 

(drive-time) Range 

[] [] [] [] 

FirstGroup [15–20] [40–50] [5 miles to 30 miles] 
[20 minutes to 80 minutes] 

Stagecoach - 51 30 minutes (Oxford) to 75 minutes (Thurso) 

Go-Ahead 13.4 - 3 miles (Oxford Bus Company) to 21 miles (Go South Coast) 

National Express 19   

Mid-Sized Operators 15  9 miles ([]) to 19 miles (two mid-tier operators) 

Tier 1 Small Operators 17 - [] to 35.8 miles (Ipswich Bus) 

Tier 2 Small Operators 15 - 0 miles to 57 miles 

Source:  CC analysis of:  [], FirstGroup, Stagecoach, Go-Ahead, National Express, EYMS, Wellglade, []; BTS, Cardiff Bus, 
Reading Transport; larger Small Operators; smaller Small Operators. 
 

Notes: 
1.  Only FirstGroup and [] provided the split between tendered and commercial services, so the averages and ranges 
presented for other operators may include some tendered services, and so comparisons across operators are of limited value. 
2.  For National Express this is not an average, but rather the maximum in its operations, since it does not have many operating 
companies, unlike the other Large Operators. 
3.  We have excluded [] from the larger Small Operators, as it was unclear from its response whether the maximum dead 
mileage figure it provided was on a single route or the sum over all of its routes. 

4. FirstGroup told us that the direct cost of 30 minutes’ dead running time was around 
£[], which it said was low compared with the average revenue per bus per day of 
£[]. 

5. FirstGroup, Stagecoach and Go-Ahead also told us that in some cases they would 
attempt to limit the amount of dead mileage by running out ‘in service’.2

Tendered services 

 Stagecoach 
told us that runs out in service (or ‘placing journeys’) might last for well over 1 hour. 
In addition, FirstGroup told us that running out ‘in service’ allowed operators to claim 
the BSOG for this part of the journey, thus further reducing the cost of the dead 
mileage. However, FirstGroup told us that there was a cost to running out ‘in service’ 
as it increased the time needed to begin the main part of the route, and that this cost 
must be balanced with any expected savings. 

6. Arriva, FirstGroup, Stagecoach, Go-Ahead Plymouth Citybus and National Express 
all told us that the furthest dead mileage that could be operated for tendered services 
was longer than for commercial services, as the costs associated with this dead 
mileage could be built into the bid price.3

 
 
2 ‘In service’ means that a bus’s journey to the start of the main route was also registered as a commercial service, enabling the 
bus to pick up customers and hence earn revenue. 

 FirstGroup and Arriva both provided the 
maximum dead mileage operated across their operating companies for tendered 
services, which was on average higher than for commercial services ([] miles 
compared with [] miles for Arriva’s tendered and commercial services respectively 

3 Arriva told us that in principle the dead mileage on tendered services was unlimited but that building high levels of dead 
mileage costs into a bid was likely to put the bid at a competitive disadvantage against bids submitted by operators with depots 
located closer to the tendered route.  
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and [10–20] miles compared with [10–20] miles for FirstGroup’s tendered and 
commercial services respectively).4

7. Arriva also told us that Veolia had won a tendered contract in Whitley Bay from a 
base in Hetton-Le-Hole, approximately a 45-minute drive away. 

 

Other factors 

8. Several operators5

 
 
4 CC analysis of FirstGroup and Arriva information.  

 also told us that a key limiting factor in operating any further away 
from a depot was the ability for drivers to take breaks. 

5 Arriva, Go South Coast, Plymouth Citybus, EYMS, Lothian Buses. 
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APPENDIX 7.3 

Existing elasticity estimates 

Introduction and summary 

1. This appendix discusses the estimates of price and non-price elasticities of demand 
that exist in the transport economics literature. It then sets out the parties’ comments 
on existing elasticity estimates as per their responses to our market questionnaire.  

Existing elasticity estimates 

2. Table 1 shows existing estimates of price and non-price elasticities of demand in the 
bus market, along with the specifics of the elasticity estimated, and the source of the 
estimate. All of the elasticities listed are non-firm-specific (ie refer to the market-wide 
elasticity of demand for buses). The estimates focus on different time horizons and 
use a variety of data sources. The majority of the estimates have a magnitude of less 
than one, suggesting that demand for bus services is inelastic. 
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TABLE 1   Summary of elasticity estimates relating to bus services 
Elasticity type Elasticity estimate Source 

   
Own-price elasticities   
Own-price elasticity in the UK in the 
short run (1–2 years)  

–0.46 The demand for public transport: A 
practical guide, 2004  

Own-price elasticity in the UK in the 
long run (12–15 years)  

–0.86 The demand for public transport: A 
practical guide, 2004  

Own-price elasticity in the UK in the 
medium run (5–7 years)  

–0.61 The demand for public transport: A 
practical guide, 2004  

Own-price elasticity in the UK in the 
short run (1–2 years)—outside London  

–0.47 The demand for public transport: A 
practical guide, 2004  

Own-price elasticity—after 1990  –0.46 Review of fares elasticities, Wardman 
and Shires, 2003  

Own-price elasticity  –0.36 (short run) 
–0.70 (long run) 

OXERA: Literature Review of 
Elasticities, 2004  

Own-price elasticity in the short run  –0.30 (peak) 
–0.40 (off-peak) 

OXERA: Literature Review of 
Elasticities, 2004  

Own-price elasticity in East Sussex 
(estimate from unconstrained, variable 
fare elasticity model)  

–1.19 Demand for local bus services in 
England, Dargay and Hanly, 2002  

Own-price elasticity in the short run 
(estimates from unconstrained, 
variable fare elasticity model)—
average across counties  

–0.13 (low fare) 
–0.79 (high fare) 

Demand for local bus services in 
England, Dargay and Hanly, 2002  

Own-price elasticity in the long run 
(estimates from unconstrained, 
variable fare elasticity model)—
average across counties  

–0.23 (low fare) 
–1.35 (high fare) 

Demand for local bus services in 
England, Dargay and Hanly, 2002  

Own-price elasticity in East Sussex in 
the short run (estimate from 
unrestricted, constant elasticity model)  

–0.79 Using existing stated preference data 
to analyse bus preferences, 
Wardman, 2000  

Own-price elasticity in East Sussex in 
the long run (estimate from 
unrestricted, constant elasticity model)  

–1.52 Using existing stated preference data 
to analyse bus preferences, 
Wardman, 2000  

   
Non-price elasticities   
Elasticity with respect to service 

intervals (vehicle km) in the short run  
–0.38 The demand for public transport: A 

practical guide, 2004  
Elasticity with respect to service 

intervals (vehicle km) in the long run  
–0.66 The demand for public transport: A 

practical guide, 2004  
Elasticities with respect to wait time  –0.39 to –1.17 

(depending on trip type) 
The demand for public transport: A 
practical guide, 2004  

Generalized cost elasticities  –0.4 to –1.7 
(depending on trip type and income) 

The demand for public transport: A 
practical guide, 2004  

Elasticity with respect to in vehicle time  –0.38 (leisure) 
–0.43 (commuter) 
–1.01 (business) 

The demand for public transport: A 
practical guide, 2004  

Elasticity with respect to journey time  –0.66 Oxera Consumer survey analysis, 
2004  

Elasticity with respect to headway 
between buses  

–0.25 Oxera Consumer survey analysis, 
2004  

Elasticity with respect to access and 
egress time  

–0.77 Oxera Consumer survey analysis, 
2004  

 

 

The parties’ comments on existing elasticity estimates 

3. In our market questionnaire, we asked bus operators whether they considered 
demand for local bus services to be inelastic, as the estimates set out above 
suggest. In addition to making more general comments on the elasticity of demand 
for bus services, some operators discussed the robustness of the existing estimates. 

4. Arriva said that the conventional wisdom was that demand for bus services was 
inelastic. However, it suggested that no formal, robust studies had been undertaken 
for some time. It argued that old studies were likely to be uninformative because 
passengers’ sensitivity to changes in fares might change over time, and referred to a 
study carried out by Oxera for the DfT in respect of elasticities in the UK rail industry, 
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last estimated in the 1990s, which indicated that the results were substantially differ-
ent from those shown previously.  

5. FirstGroup commented that the elasticity of demand in a local area would be deter-
mined by local conditions, and that evidence on bus elasticities chiefly represented 
national averages and were not representative of any individual local bus market. It 
said that the elasticities that could be robustly estimated were market-wide elastici-
ties and so did not capture the effect of competition between bus operators. The 
available studies did not employ sufficient data to estimate cross-elasticities with any 
precision. It argued that existing elasticity measures omitted the significant constraint 
imposed on bus operators by passengers, local media and local authorities. 

6. National Express said that the best source of information relating to elasticities was 
the detailed TRL study The demand for public transport: A practical guide. It said that 
even this detailed report provided a generalization as there would be factors specific 
to different routes. 

7. Stagecoach said that much of the academic evidence which was available on elas-
ticities of demand for bus services was sufficiently dated to be of limited relevance. 
One reason it gave was that prices would have changed since the studies were 
carried out. It said that conditions of competition facing bus companies differed con-
siderably across the various parts of the UK, and this meant that even a good esti-
mate of elasticity of demand in one part of the country may not provide an 
appropriate estimate of the elasticity in a different area. 

The CC’s elasticity estimates 

8. Motivated by the limitations affecting existing studies, the CC commissioned two 
studies of its own designed to overcome these deficiencies and to derive up-to-date 
estimates of the elasticity of demand in the bus market. The CC’s survey (available 
on the CC’s website1) allowed an assessment of passengers’ responsiveness to non-
price aspects of operators’ services, and allowed firm-specific elasticities to be esti-
mated. The CC’s econometric demand study (available on the CC website2

 
 
1 

) used a 
large data set and, although using data from throughout the reference area, was 
conducted at an individual rather than an aggregate level, thus allowing for individual 
characteristics to be controlled for and the elasticities of different sub-groups within 
the population to be assessed.  

www.competition-commission.org.uk/inquiries/ref2010/localbus/survey_evidence.htm. 
2 A Disaggregate Analysis of Demand for Local Bus Services in Great Britain (excluding London) Using the National Travel 
Survey, J Molnar and L Nesheim, December 2010. www.competition-
commission.org.uk/inquiries/ref2010/localbus/demand_estimation_analysis.htm.  

http://www.competition-commission.org.uk/inquiries/ref2010/localbus/survey_evidence.htm�
http://www.competition-commission.org.uk/inquiries/ref2010/localbus/demand_estimation_analysis.htm�
http://www.competition-commission.org.uk/inquiries/ref2010/localbus/demand_estimation_analysis.htm�
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APPENDIX 8.1 

The extent of head-to-head competition in the reference area 

Introduction 

1. Head-to-head competition describes the situation where rival local bus operators 
compete for passengers who face a choice of operator for their journey. In many 
parts of the reference area the supply of local bus services is highly concentrated, 
with a single operator providing the great majority of local bus services. For example, 
in October 2009 only a single company operated any bus routes in the Barrow-in-
Furness Urban Area.1

2. Because we cannot observe passenger flows, obtaining a precise estimate of the 
proportion of passengers in the reference area that have a choice of operator is not 
possible. Instead we use information on the share of supply of the largest operator in 
local areas and an assessment of the extent of overlap between different operators’ 
routes to indirectly assess the extent of head-to-head competition in the reference 
area. 

 This means that some passengers in the reference area will 
not be subject to head-to-head competition, as their journey will only be provided by 
a single bus operator. 

3. As we set out in paragraph 7.103 of this report, competition between bus operators 
may occur on a number of different geographic levels, from individual flows, to the 
level of the route, to the level of a network. No one geographic frame will give a com-
plete picture of the competitive constraints that affect operators’ fares, frequencies 
and other aspects of their offer. For this reason we assess competition at two differ-
ent levels: the level of individual routes in the reference area and the level of Urban 
Areas. 

4. Our assessment of the extent of head-to-head competition is structured as follows: 

• First, we consider the link between the share of supply operated by the largest 
operator in a given local area—discussed in Section 4—and the extent of head-to-
head competition in that area (paragraphs 6 to 10). 

• Second, we propose an alternative measure of concentration, based on assessing 
the extent of overlap between rival operators’ routes. We discuss the relationship 
between route-level overlap and head-to-head competition, and set out our 
approach to measuring overlap (paragraphs 11 to 70). 

• Third we present the results of our analysis of overlap on routes in both the refer-
ence area as a whole and in individual Urban Areas (paragraphs 71 to 90). 

5. Whilst the relationship between our concentration measures and the extent of head-
to-head competition is complex, our measures allow us to draw some conclusions 
about the likely extent of competition within the reference area. Our conclusions are 
set out in paragraphs 91 to 94. 

 
 
1 See Appendix 4.3. 
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The share of supply operated by the largest operator in an area 

6. The share of supply of the largest operator in an area provides information about the 
likelihood that flows in that area will be subject to head-to-head competition. In par-
ticular, the greater the proportion of services accounted for by the largest operator, 
the lower the likelihood that the flows of that operator will face head-to-head compe-
tition from its rivals.  

7. In extremis, an Urban Area with a 100 per cent share of services accounted for by 
the largest operator will have no head-to-head competition at all. In cases where the 
largest operator does not run every bus service in an area, the exact extent of over-
lap associated with any given share of supply will vary, depending on the location of 
the services run by rival operators (ie whether those services operated by the rival 
operators cover the same flows as those served by the largest operator or not).2 
Nevertheless, if the largest operator’s share of supply is very high, then it will be 
unlikely to face overlap—or at least overlap from a rival service with a comparable 
frequency—on many of the flows that it operates, irrespective of the distribution of 
the rival operators’ services.3

8. Our analysis of local bus industry structure is discussed in Section 4. We find that 
Urban Areas are, on average, highly concentrated, with the largest operator running 
69 per cent of services on all routes in a typical area. The largest operator runs over 
90 per cent of services on all routes in 33 Urban Areas, over 80 per cent of services 
on all routes in 67 Urban Areas, and over 75 per cent of services on all routes in 
92 Urban Areas. It is likely that in highly concentrated areas such as these, the 
largest operator runs such a high proportion of services on all routes in the area that 
it will not face effective head-to-head competition for passengers on many of the 
flows that it operates.

 

4

9. However, outside of the most concentrated areas, share of supply measures may not 
give a good indication of how many passengers have a choice of operator. The 
extent to which this is the case will become accentuated the smaller the share of 
supply of the largest operator in an area. For example, in 38 Urban Areas the largest 
operator runs less than 50 per cent of services on all routes in that Urban Area. In 
these areas, the extent of head-to-head competition could in principle vary from all 
routes of the largest operator facing effective competition to none of the routes of the 
largest operator facing effective competition, depending on the location of different 
operators’ routes within the area. 

 

 
 
2 In reference to using shares of supply to measure concentration at the Urban Area level, FirstGroup said in its response to our 
provisional findings that ‘the CC’s methodology significantly overstates the level of concentration. ... On this basis [using shares 
of supply to measure concentration], if the largest operator by fleet size faced significant head-to-head competition on all of its 
routes from a number of different operators, the CC would still consider the area to be concentrated’ (FirstGroup response to 
provisional findings, paragraph 2.3). We disagree that referring to shares of supply will necessarily cause us to overstate the 
extent of concentration in an area—our view on the relationship between Urban Area shares of supply and head-to-head 
competition are set out in paragraphs 6 and 7. We also note that we use other measures in addition to shares of supply in order 
to assess the extent of head-to-head competition. 
3 For example, if the largest operator has a share of supply of 80 per cent in an Urban Area, then it is extremely likely that a 
significant proportion of the flows that it provides will not face effective competition. In the scenario with most overlap between 
operators—where the 20 per cent of services in the area served by other operators is distributed such that all of the flows 
operated by the largest operator are overlapped—then the share of supply of the largest operator implies that on average the 
largest operator will have a frequency four times that of its rival(s) on every flow on routes that enter that Urban Area. 
4 In their responses to our provisional findings, FirstGroup told us that ‘At the national level, the UK bus industry is not highly 
concentrated’, because it has an ‘HHI of…approximately 1,285’ (paragraph 2.2) and National Express told us that ‘the top four 
[operators accounted] for just 63 per cent of total weekly services [in the reference area]’, and that ‘such a pattern of concen-
tration … is not consistent with a market that is heavily concentrated’ (paragraph 4.5). Although information on the reference 
area wide market structure is important for understanding the overall shape of the local bus market—and the size of the oper-
ators active in the reference area—we do not consider that reference area level shares of supply will be a useful metric for 
assessing the extent of head-to-head competition, because of the substantial extent to which operators are concentrated in 
particular parts of the reference area, as set out in paragraph 4.2. 

http://www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/06_firstgroup_pfs_response_non_con_1.pdf�
http://www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/06_firstgroup_pfs_response_non_con_1.pdf�
http://www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/06_firstgroup_pfs_response_non_con_1.pdf�
http://www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/05_nx_response_to_pfs_non_con_scissored_rhd.pdf�
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10. Because of this, we also assessed the extent of head-to-head competition more 
directly by analysing overlap between rival operators’ routes. 

Measuring overlap between rival operators’ routes 

Background 

11. In previous cases concerning the bus market, the CC has directly assessed the level 
of head-to-head competition in an area on a flow-by-flow basis.5 This approach is 
desirable when thinking about a relatively small number of routes as might be the 
case, for example, in a merger where the analysis is necessarily driven by the merg-
ing parties’ specific operations. However we estimate that there are several million 
individual passenger flows within the reference area,6 and carrying out an assess-
ment of the extent of concentration on each of these flows would necessitate identify-
ing and gathering detailed information about each and every one of them. Even if it 
were possible to surmount the extensive practical and computational difficulties 
involved in such an exercise, without information on flow-level passenger numbers or 
revenue it would not be possible to weight the importance of individual flows in 
aggregating up to an overview of competition on a route or in an area.7

12. Given this, we used an alternative method to understand the extent of head-to-head 
competition between local bus operators in the reference area, based on calculating 
the extent to which their routes overlap. 

 

13. Bus routes comprise a series of passenger flows. As such, the greater the extent of 
overlap faced by an operator’s route, the greater the number of flows on that route 
which are likely to face head-to-head competition. Similarly, the greater the extent of 
overlap between rival operators’ routes in an area, the greater the share of flows in 
that area that are likely to be subject to head-to-head competition. This provides the 
rationale for using route-level overlap to assess the proportion of passengers in the 
reference area that will be subject to head-to-head competition. 

14. Drawing inferences about flow-level competition using route overlap is complex 
because we do not have information on the location and importance of the passenger 
flows that make up each route, and so are unable to assign weight to different over-
lapping route sections. Two routes facing an overlap of the same length may have a 
substantially different proportion of passengers subject to head-to-head competition, 
depending on the distribution of passenger journeys on the two routes. The conse-
quence of this is that we are restricted to drawing firm conclusions on the extent of 
head-to-head competition in extreme cases where a route faces only very limited 
overlap from a rival operator, or where a route faces overlap from a rival operator’s 
route that covers all or nearly all of its total length. 

 
 
5 See, for instance, the CC’s investigation into the acquisition of Preston Bus Limited by Stagecoach. A flow is any connection 
between two specified points. Flows may correspond with an end-to-end route but they may also correspond with shorter 
journeys between intermediate points on a route (eg bus stops or fare stages).  
6 Indeed, if the journey between all of the bus stops served by each route in the reference area is considered a potential flow, 
then we calculate there to be approximately 12.8 million flows in the reference area. 
7 We considered at the beginning of our inquiry whether to request passenger number or revenue information from operators at 
the flow level (as has sometimes been done for specific merger inquiries). However, in consultation with some of the operators 
that would be required to construct and provide this information, we found that the collection of flow-level data was not possible 
as information on where passengers began and ended their journeys was not recorded. Although we might have collected 
information on where passengers boarded the bus and used this to estimate flow-level information, the enormous burden that 
this collection exercise would have placed upon the industry would have been disproportionate. This is particularly the case 
given that in order to be complete, the database would have needed to include information on all of the routes served by all 
1,245 operators in the reference area. We would not have been able to ensure that every bus operator supplied information, 
nor could we then have tested the accuracy of their responses. 
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15. In the following section we describe in detail our approach to measuring overlap 
between rival operators’ routes. We start by discussing our approach to measuring 
overlap between operators’ routes (paragraphs 16 to 21). We then discuss the 
relationship between route-level overlap and head-to-head competition and provide 
some detail on each of the measures that we used to assess route-level overlap 
(paragraph 22 to 43). Next we discuss the limitations of our overlap measures (para-
graph 44 to 48). Finally we set out the parties’ comments on our methodology (para-
graph 49 to 70). 

Measuring route-level overlap 

16. Our data source is the Traveline database. This database allowed us to identify the 
location and timetable of the 17,976 commercial and supported routes in the refer-
ence area in October 2009.8

17. For each route in the database, we considered (a) the extent to which it was geo-
graphically overlapped by the bus routes of rival operators; and (b) the extent to 
which the timetables of any geographically overlapping routes overlapped the time-
table of the route under consideration. 

 The nature of this dataset, its limitations, and the pro-
cess that was used to clean the dataset are presented in Appendix 4.1. 

18. Geographical overlap between routes was defined as occurring where two routes 
travel down the same section of road. The overlap calculation was complicated by 
the fact that routes often have more than one variant—different start, end or inter-
mediate points which are served at different stages in the route’s timetable. The 
extent of overlap between two local bus routes was calculated by computing the 
weighted average of the overlap between the variants of each pair of overlapping 
routes, where the weekly frequency of each variant was used as the weight. 

19. Timetable overlap between two routes was measured by considering (a) the number 
of hourly periods in the week in which services were operated on both the route 
under consideration and the overlapping route, as a fraction of the total number of 
periods in which services were operated on the route under consideration; and 
(b) the relative frequency of the two routes in those periods where they were both 
active. Overlapping routes were categorized according to the different minimum 
thresholds of timetable similarity which they reached. 

20. In this way we were able to measure, for each route in the reference area, the extent 
to which it faced overlap from rival operators’ services. This allowed us to calculate, 
for example, the proportion of routes in the reference area that faced any overlap, 
and the proportion of a route’s total length that was covered by each overlapping rival 
service. 

21. A full account of how geographical and timetable overlap between rival operators’ 
routes was calculated is given in Annex A. 

Using route-level overlap to assess the extent of head-to-head competition 

22. We are unable to directly infer the proportion of passengers on a route that will have 
a choice of operator from the extent of overlap that it faces. This is because the pro-
portion of passengers that have a choice of operator will depend on the location of 
passenger flows along the length of the route (which we cannot observe), and 

 
 
8 The Traveline database does not distinguish between commercial and tendered routes, and so all of the calculations pre-
sented in this section relate to all routes in the reference area, irrespective of whether they are supported or not. 
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specifically how many of these flows are located such that both the origin and destin-
ation of the journey are covered by the overlapping section.9 In general, we would 
not expect passenger flows to necessarily be distributed symmetrically across the 
length of a route, although we are unable to predict what the likely distribution for any 
given route would be.10

23. In order to overcome this constraint we constructed overlap measures that allowed 
us to draw firmer conclusions about the extent of head-to-head competition in the 
reference area, focusing on the extreme cases where routes faced only short over-
lap, or overlap for close to their entire length. Specifically, we used thresholds to put 
each route in the reference area into one of three categories: 

 

(a) routes facing very limited overlap; 

(b) routes facing nearly complete overlap; and 

(c) other routes. 

24. We discuss each of these categories of overlap in turn below. 

Routes facing very limited overlap 

25. Short overlaps are unlikely to offer many passengers a choice of operators because 
(a) most passengers’ intended journeys will be longer than a short overlap and (b) a 
short overlap will be unlikely to cover the start and end point of their intended 
journey. As such, we concluded that a large majority of passengers on routes that 
face only short overlaps are unlikely to be subject to head-to-head competition. 

26. In order to identify what would constitute a ‘short’ overlap that would be unlikely to 
provide more than a small proportion of passengers on a route a choice of operators, 
we considered National Travel Survey (NTS) data on the length of the journeys 
passengers make on local bus services. Our assessment is set out in Annex B. 

27. We concluded from this assessment that an overlap shorter than 3.2 km would offer 
no more than a small minority of passengers a choice of operator. This is because: 

(a) Considering the reference area as a whole, more than two-thirds of local bus 
journeys are 3.2 km or longer, and so on average more than two-thirds of 
passengers on a route will be making journeys that are too long to be given a 
choice of operator by an overlap that is shorter than 3.2 km. 

 
 
9 Making a similar point, in its response to our provisional findings, Stagecoach told us that ‘the proportion of the route length 
which is overlapped by the rival route is a poor measure of competition unless the proportion of passengers along the route 
who do not have a choice of operators can be quantified’ (paragraph 3.4.4). Lothian Buses told us that ‘the percentage of a 
route that is overlapped by a competitor’s service is not an adequate proxy for assessing the extent to which customers on that 
route face a choice of competitor’ (paragraph 4.2 of its response to our provisional findings). 
10 In its response to our provisional findings, Stagecoach speculated that ‘it could be assumed that a majority of passengers on 
a particular route are likely to be located along the overlap, since competition is more likely on high-volume flows than low-
volume flows. Therefore looking at the overlap as a proportion of route length is likely to underestimate the proportion of 
passengers to whom multiple bus options are available (paragraph 3.4.5). Similarly, in its response Lothian Buses speculated 
that ‘where competing routes do overlap, that is mostly likely to be on key corridors that have the highest levels of passenger 
demand. The number of passengers-per-mile on that part of a route is therefore likely to be higher than the number on the non-
overlapped parts of the route’ (paragraph 4.2). We have no evidence on whether this is the case (ie whether passenger flows 
are likely to be disproportionately skewed towards both starting and ending within overlapped sections); however, we note that 
in principle this effect could go either way, as in many instances overlap between operators’ routes is likely to occur because of 
the nature of road networks pushing services down the same corridors, even if no passengers both begin and end their 
journeys within this corridor. By using overlap measures which indicate whether routes face only very short overlap or face 
overlap for their entire length, we avoid the need to rely heavily on assumptions regarding the distribution of passengers across 
routes. 

http://www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/06_stagecoach_pfs_response_non_con_scissored_rhd.pdf�
http://www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/lothian_buses_pf_response_non-con_scissored_rhd.pdf�
http://www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/06_stagecoach_pfs_response_non_con_scissored_rhd.pdf�
http://www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/lothian_buses_pf_response_non-con_scissored_rhd.pdf�
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(b) Unless it is the case that there is a 3.2 km overlap connecting every flow origin 
and destination along the length of a route, even many of the journeys of any 
passengers travelling 3.2 km or less on a route will not be covered by an overlap 
that is shorter than 3.2 km. This is illustrated in Figure 1 below. The black line 
represents the route along which the extent of head-to-head competition is being 
considered. The dashed red line shows an overlap of 3.2 km. This overlap will 
offer passengers leaving from A and travelling to D or from D to A (together AD) a 
choice of operator. However, any passenger travelling from any other point on 
the overlap (point B or C, for example), will not have a choice of operator for a 
3.2 km journey because their desired journey (BE, CF and DG respectively) takes 
them beyond the overlap. 

FIGURE 1 

Illustration of an overlap 

 

Source:  CC. 

28. More generally, a single overlap of 3.2 km is likely to provide passengers with a 
choice of operator in only a very small proportion of the flows that make up a route. 
To illustrate consider the case where each combination of bus stops on a route 
comprises a flow, and each flow is equally likely. If we take the example in Figure 1 
of a bus route with seven stops, of which four are also served by a competitor and 
three are not, there are 21 passenger flows. For six of the flows (AB, AC, AD, BC, BD 
and CD), passengers can choose wither the incumbent operator or the competing 
local bus service to make their journey. There are three flows that exist on the part of 
the route that is not overlapped and for which passengers will not have a choice of 
operator (EF, FG and FG). Finally, there are 12 flows that go from the overlapped 
part of the route to the non-overlapped part of the route (or vice versa). Passengers 
making these journeys will also have no choice of operator because the competing 
bus service would only take them part of the way. So, in this example where over half 
the length of a route is overlapped by rival operators, we still find that in only 6 out of 
21 flows do passengers have an ability to exercise a choice of operator.  

29. The example in Figure 1 is a relatively extreme example to simplify the illustration 
and implies a route length of less than 6 km. The median length of a local bus route 
in the reference area is longer than this at 15.2 km.11 If there is an equal density of 
bus stops in the overlap and non-overlapped sections of the route, there would be 
19 bus stops of which four were overlapped. In this example there would be 171 
possible bus flows on which only six (3.5 per cent) would passengers have a choice 
of operator.12

30. In addition to considering the extent of geographic overlap faced by a route, we also 
took routes’ timetables into account. Rival operator routes which have substantially 
less frequent timetables than the service which they overlap are unlikely to present 
many passengers with a choice of operator. Because of this, we made a distinction 

 

 
 
11 The mean route length in the reference area is 19.4 km. 
12 The number of possible bus flows (F) on a route, or section of route, can be calculated using the following formula: 
F=n!/(2!(n-2)!) where n is the number of bus stops. Using the same assumptions, the proportion of flows facing overlap would 
rise to 11 per cent on a route with length 8.8 km (the 25th percentile in the distribution of route lengths), or fall to 1 per cent on a 
route with length 25.4 km (the 75th percentile). These results are not sensitive to the total number of bus stops along the length 
of the route. 

A B C G F E D 
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between those routes that overlapped a rival service for 3.2 km or more and had a 
similar or more frequent timetable to that of the route they overlapped, and those 
routes that overlapped a rival service for 3.2 km and had a timetable that was sub-
stantially less frequent than that of the route that they overlapped. 

31. Specifically, a route A overlapping another route B was classed as having at least a 
regularly overlapping timetable with a similar or greater frequency if it had a fre-
quency of 50 per cent or more of that of route B in at least 50 per cent of the 3-hour 
windows around the hourly periods in which route B was operated. Overlapping 
routes that did not have a regularly overlapping timetable with a similar or greater 
frequency were then determined to be unlikely to offer a substantial proportion of 
passengers a choice of operator. More detail on the timetable threshold is provided in 
Annex A. 

32. This threshold is similar to the frequency thresholds used in previous merger 
inquiries (for example, Arriva/Sovereign and FirstGroup/ScotRail). We present our 
results for different timetable and overlap length thresholds in order to illustrate the 
sensitivity of our results at the reference area level to the thresholds used. 

Routes facing nearly complete overlap 

33. On the assumption that both routes serve the same bus stops, all of the flows on a 
route that is overlapped by the route of a rival operator for its entire length will be 
served by more than one operator. 

34. We used this logic to identify routes in the reference area that are likely to face head-
to-head competition for all or nearly all of their passengers. We allow for some diver-
gence in the exact bus stops served along the length of a route by defining a route to 
face such overlap if at least 90 per cent of that route is overlapped by another route.  

35. Again we make a distinction between overlapping routes that have a timetable that is 
of similar or greater frequency and those overlapping routes that are substantially 
less frequent. Specifically, some route A that overlaps a rival route B is only con-
sidered to offer all or nearly all of the passengers on that route a choice of operator if 
it has at least a regularly overlapping timetable of similar or greater frequency (as 
defined in paragraph 31). As with our other overlap measure, when discussing our 
results we assess sensitivity to using different timetable thresholds and different 
geographical overlap thresholds. 

Other routes 

36. Many routes in the reference area fall between these two extremes, and face an 
overlap that is long enough that we cannot rule out the possibility that a material 
proportion of passengers face a choice of operator for their journey, but not so long 
that we can say that all or nearly all of passengers are likely to face a choice of 
operator for their journey. 

37. The responses of Arriva and FirstGroup to our provisional findings suggested that 
they considered that our interpretation of the 3.2 km overlap measure implied that 
those routes that did face an overlap of 3.2 km or more would be subject to effective 
head-to-head competition.13

 
 
13 

 Arriva told us that the CC unreasonably gave much 
greater weight to its finding about routes which did not face a 3.2 km overlap than to 

Arriva response to provisional findings, section B1, paragraph 24, FirstGroup response to provisional findings, paragraph 2.4. 

http://www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/05_arriva_response_to_pf_non_con_scissored_rhd.pdf�
http://www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/06_firstgroup_pfs_response_non_con_1.pdf�
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its findings about routes which were overlapped by at least one route of a rival oper-
ator with a regularly overlapping timetable.14

38. However, where a route does face an overlap of 3.2 km or longer from a rival service 
with a regularly overlapping timetable and similar or greater frequency, this does not 
necessarily demonstrate that the route faces effective head-to-head competition 
(although the likelihood that it does face effective head-to-head competition will be 
higher than for routes which do not face such an overlap). This is because even if it 
overlaps for a distance greater than or equal to 3.2km, a rival service may still be of 
such a length or in such a location that it does not offer many (or indeed any) pas-
sengers on the route a choice of operator. 

  

39. To give an example, NTS data show that looking across the reference area as a 
whole, more than half of bus passengers’ journeys are 4.8 km or longer. As such, on 
the assumption that the distribution of the length of passengers’ journeys on the route 
is identical to the reference-area average, then more than half of the passengers 
making journeys on a route facing an overlap equal to or longer than 3.2 km but 
shorter than 4.8 km will definitely not have a choice of operator.15

40. FirstGroup said that it saw no rational reason to believe that a 90 per cent overlap 
was necessary to ensure effective head-to-head competition on a route.

 

16 Stagecoach 
said that it was illogical to conclude that a less than 90 per cent overlap meant that 
the majority of passengers would not face a choice of operator.17

41. We use the 3.2 km and 90 per cent overlap measures together to assess the 
likelihood of head-to-head competition on a route. However, we are unable to draw 
firm conclusions on the extent of head-to-head competition on the routes that are not 
captured by either of our overlap measures because we cannot observe passenger 
flows. Nevertheless, in order to get a sense of the extent to which unclassified routes 
are likely to be subject to effective head-to-head competition, we considered the 
proportion of each of these routes that is overlapped by a rival’s service.  

 We note that we 
use the 90 per cent overlap measure to identify routes where all or nearly all passen-
gers will be subject to head-to-head competition. Where a route does not face a 
90 per cent overlap, it may still face effective head-to-head competition for many of 
its passengers. We do not therefore use this threshold to conclude that routes with 
less than a 90 per cent overlap will necessarily not be subject to effective head-to-
head competition. For example, a partial overlap, constituting less than 90 per cent of 
the route length, may occur on a section of the route that serves flows on which a 
high proportion of passenger demand is located. Consequently, in situations where 
overlaps are concentrated on high demand flows, there may be effective head-to-
head competition for a greater proportion of passengers travelling on that route than 
is implied by the proportion of the route overlapped.  

42. Specifically, we restrict our attention to rival services that overlap for a distance of at 
least 3.2 km in total and have a regularly overlapping timetable with a similar or 
greater frequency, and calculate the proportion of each unclassified route’s total 
length that is overlapped by any such rival service. Our methodology is set out in full 
in Annex C. 

 
 
14 Arriva response to provisional findings, section B1, paragraph 24. 
15 Indeed the true fraction of passengers that are not subject to head-to-head competition is likely to be larger than this, as the 
overlap that does exist will be unlikely to cover every desired journey along the route that is shorter than 4.8 km. 
16 FirstGroup response to the provisional decision on remedies, paragraph 2.1(b)(i). 
17 Stagecoach response to the provisional decision on remedies, paragraph 2.11, p7. 

http://www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/05_arriva_response_to_pf_non_con_scissored_rhd.pdf�
http://www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/firstgroup_pdr_response_excised.pdf�
http://www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/stagecoach_pdr_response_excised.pdf�
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43. This measure provides us with some information about the proportion of passengers 
on a route that are likely to have a choice of operator for their journey. In particular, 
for that proportion of a route that does not face any overlap of 3.2 km or more, it is 
unlikely that more than a small minority of passengers whose journey begins or ends 
in that section will have a choice of operator. As such, if this section makes up a sub-
stantial proportion of a route, then we conclude that it is likely that a substantial pro-
portion of passengers on that route will not have a choice of operator. 

Further limitations 

44. The overlap measures that we have used in our analysis are subject to some limit-
ations. First, we may fail to identify some head-to-head competition if passengers are 
able to substitute between routes which do not substantially overlap—for instance, if 
the routes travel down parallel roads. However, we would expect the layout of the 
road network to mean that the extent to which such situations occur will be low, and 
indeed we are not aware of examples where operators directly compete for a sub-
stantial proportion of passengers through bus routes that use different roads. 

45. Second, we cannot exclude the possibility that demand on some routes may be dis-
tributed such that even a very short overlap offers a substantial proportion of passen-
gers a choice of operator. Again, however, given the distribution of journey lengths in 
the reference area as a whole (and indeed in urban parts of the reference area), we 
would expect any such cases to be rare. 

46. Third, the presence of route-level overlap may not reflect the presence of head-to-
head competition for passengers if the overlapping routes are differentiated in some 
respect; for instance, one being a direct route offering an express service, the other 
making intermediate stops. We would not however expect this to affect a large pro-
portion of overlaps in the reference area, however. 

47. Finally, we assess timetable overlap at the level of routes, and this means that we 
cannot take into account the total number of services each operator runs down an 
overlap in cases where they operate more than one service down the same flow. 
This may cause us to mark an overlapping operator as having a similar timetable on 
the flow when in fact it does not, and vice versa. 

48. This limitation may affect our categorization in those instances where operators run 
multiple services down flows that are longer than 3.2 km. The misclassification can 
go both ways, and so to some extent we would expect it to cancel out when we are 
considering the total number of routes in different areas that face overlap of a given 
length. Because the timetable threshold that we have used only excludes overlapping 
routes with timetables less than half of the frequency of the route they overlap, the 
limitation will only affect our categorization when there is a substantial difference 
between the frequency of the routes that each operator is running down the flow. 

Comments on our methodology 

49. A number of parties commented on and criticized our approach of using route-level 
overlap in order to draw conclusions about the extent of head-to-head competition. 
The main comments and criticisms that we received are set out below. 

50. In its response to our provisional findings, Arriva questioned our approach of measur-
ing overlap between rival operators’ routes, saying that because we were unable to 
observe passenger journeys or revenue directly, the very basis of the approach was 
evidentially flawed and it would be very unsafe to rely on it for such a crucial finding 



 

A8(1)-10 

on concentration.18 Similarly National Express told us that ‘as competition takes 
place on a flow-by-flow basis, it is simply wrong for the CC to conclude that it can 
draw meaningful conclusions (or make inferences) using a proxy for competition 
along a route by considering much shorter distance flows’.19

51. As we explain in paragraphs 

 

22 to 35, by restricting our attention to the extreme 
cases (routes which face only short overlap and routes which face overlap for all or 
nearly all of their total length) we are able to identify a set of routes on which no more 
than a small minority of passengers—and so a small minority of revenue—are likely 
to be subject to head-to-head competition, and a set of routes which are likely to face 
head-to-head competition for all or nearly all of their passengers and revenue. This 
allows us to draw firm conclusions about the extent of flow-level head-to-head 
competition on these routes. Accordingly, although we recognize that the interpreta-
tions that can be drawn using route-level overlap are not straightforward, we disagree 
that our approach does not allow us to make valid inferences about the extent of 
head-to-head competition in the reference area. 

52. FirstGroup said that the average length of journeys on urban routes was much lower 
than in rural areas and so ‘in urban areas, where the majority of commercial bus 
services are operated, an even higher proportion of customers on the route … would 
potentially have the option to switch to a rival operator’s service’. Similarly, in its 
response to our provisional findings, Lothian Buses told us that the 3.2 km threshold 
would be significantly skewed by longer journeys in rural areas and wide-spread 
urban areas, and they thought it unlikely that a two-thirds majority of passenger 
journeys would be 3.2 km or longer in Edinburgh.20

53. We note that the NTS provides a representative sample of bus users, and so will 
already give greater weight to passengers in urban areas than rural areas (because 
more bus journeys will take place in these areas). Although the mean journey length 
is lower in urban areas, the proportion of all journeys which were short is not sub-
stantially different. In particular, when we considered the distribution of journey 
lengths in built up metropolitan areas (accounting for 52 per cent of local bus 
journeys) and other urban areas with a population greater than 250,000, we again 
found that more than two-thirds of bus trips are 3.2 km or longer. We also considered 
information on passengers recorded as being from Edinburgh, and found that more 
than two-thirds of journeys made by these passengers were 3.2 km or longer 
(although the sample size is small, and so this result should be treated with a great 
deal of caution). We are therefore satisfied that 3.2 km represents a suitable thres-
hold in both urban and rural areas. 

 

54. In their responses to our provisional findings, FirstGroup and Stagecoach told us that 
using a threshold of 3.2 km would cause us to exclude/ignore one-third of bus 
passenger journeys.21

 
 
18 Specifically, Arriva told us that the CC’s approach: 

 

is even more questionable as it has not looked at the overlap in terms of passenger journeys or revenue generated 
by the overlap compared with total route revenue. It may well be that most revenue is generated on the overlap but 
the CC has no evidence about whether this is true. Everyone knows that revenue is not generated evenly over a 
route by length or time (there are elements of routes which are busier than others and at different times) so the very 
basis of the CC’s approach is evidentially flawed and the ‘useful indicator’ may very well not be useful at all and 
actually point in the wrong direction. Therefore it would be very unsafe to rely upon these data for such a crucial 
finding on concentration, upon which so much of the CC’s findings and remedies depend. It falls well short of the 
standard which the CAT has found acceptable in past cases. 

(Arriva response to provisional findings, paragraph 6.) 
19 National Express response to provisional findings, paragraph 3.32. 
20 Lothian Buses response to provisional findings, paragraph 4.3. 
21 FirstGroup response to provisional findings, paragraph 2.7. Stagecoach response to provisional findings, paragraph 3.4.3. 

http://www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/05_arriva_response_to_pf_non_con_scissored_rhd.pdf�
http://www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/05_nx_response_to_pfs_non_con_scissored_rhd.pdf�
http://www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/lothian_buses_pf_response_non-con_scissored_rhd.pdf�
http://www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/06_firstgroup_pfs_response_non_con_1.pdf�
http://www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/06_stagecoach_pfs_response_non_con_scissored_rhd.pdf�
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55. Our methodology is set out in paragraphs 25 to 32. We neither exclude nor ignore 
journeys—journeys shorter than 3.2 km can be made on overlaps that are longer 
than this distance (and indeed it is more likely that longer overlaps will cover the start 
and end points of these journeys). Instead, our overlap measures are based on the 
idea that—given the distribution of passenger journey lengths—short overlaps are 
unlikely to offer more than a small minority of passengers a choice of operator. 

56. In addition, FirstGroup told us that ‘[the 3.2 km] cutoff is within the most popular 
journey length (2–4km) and therefore risks ignoring competition for the most common 
group of customers’.22

57. When we considered the NTS data, we found that the modal journey length is equal 
to 4.8 km, and so passengers travelling this distance would not be given a choice of 
operator by a 3.2 km overlap. As we have set out, more than two-thirds of passen-
gers make journeys that are 3.2 km or longer. 

 

58. Go-Ahead said that a 3.2 km test will understate the competitive constraint on shorter 
routes, where 3.2 km may be a very high proportion of the total route length.23

59. Routes where 3.2 km accounts for a very high proportion of the total route length are 
likely to be few in number. Moreover, we note that most of the overlaps excluded by 
this measure are likely to be significantly shorter than 3.2 km, and so it is very un-
likely that a material number of short routes are incorrectly identified as not facing 
effective head-to-head competition using this method. 

  

60. In its response to our original working paper, PTEG said that an analysis which took 
passenger flows into account would have been practicable, and could have been 
conducted using the Census Travel To Work matrix. Go-Ahead said that it might be 
appropriate to use population density to reflect demand patterns along the length of 
the route. 

61. Although we agree that an approach using the Census Travel To Work matrix may 
have been possible in principle, such an analysis would not have been feasible in the 
time available to us. To use the matrix in order to assess flow level demand would 
have required us to make very strong assumptions regarding the distribution of 
passengers within output areas, and the travel patterns of bus users other than those 
travelling to work. We were prevented from using population density to reflect 
demand patterns along the length of the route by the computational demands of that 
exercise. 

62. National Express expressed some concerns about the data, in particular that it was 
‘recognised by bus operators as being inconsistent and incomplete’, that it ‘relies on 
accurate submissions from a large number of local authorities’ and ‘was designed for 
the purpose of providing customer information, rather than as an analytical tool’. 
Arriva said that ‘No analysis is better than the data used’, and pointed out that this 
was not a data set that it had used itself. In addition, Arriva commented that it was 
unclear whether the Traveline data was sufficiently comprehensive or accurate for 
the purpose it has been used for in this inquiry. 

63. Although we are aware of some inaccuracies in the Traveline database, our audits 
suggest that the incidence of such inaccuracies is low. The Traveline database is the 
only complete database of local bus routes and their locations covering the entire 

 
 
22 FirstGroup response to provisional findings, paragraph 27.a.ii. 
23 Go-Ahead submission on Route and Urban Area analysis and Appendix A of provisional decision on remedies, p1. 

http://www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/06_firstgroup_pfs_response_non_con_1.pdf�
http://www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/Go-Ahead_PDR_response_to_appendix_A_and_route_and_urban_area_analysis.pdf�
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reference area. We discuss the steps taken to prepare the database in more detail in 
Appendix 4.1. 

64. FirstGroup told us that ‘all operators running head-to-head along a similar route will 
impose a significant constraint on their rivals, whatever their frequency’. 

65. Although we agree that a rival operating a route which is less frequent may in some 
instances place some constraint on a more heavily-bussed route, given the cost to a 
passenger of delaying their journey, an overlapping route with a relatively infrequent 
timetable will compete directly for only a small proportion of passengers on the over-
lapping flow. Given this, the extent of head-to-head competition for customers in such 
instances will be small. 

66. Arriva suggested that we should have used the converse of the 10 per cent overlap 
threshold used in previous merger inquiries—asking whether overlap flows produced 
more than 10 per cent of the revenue on a route.24

67. The 10 per cent threshold used in previous merger cases was employed to prioritize 
analysis of closeness of competition, rather than to assess the extent of head-to-
head competition on operators’ routes, and so while appropriate in the context of 
those merger investigations, is less useful in this exercise. 

 Go-Ahead said that a relative 
distance threshold based on the proportion of the route covered might be more 
appropriate than the absolute threshold used, as it would better reflect the proportion 
of route revenues likely affected by head-to-head competition. 

68. Our decision to use an absolute rather than a relative threshold was based on the 
idea that while passengers are unlikely to make journeys below some minimum 
absolute length, they are not likely to be concerned by the proportion of the total 
length of the route that their journey makes up, and so the relative length of their 
journey. We were wary of using a simple estimate of the proportion of a route facing 
overlap from a rival service to draw conclusions about the extent of head-to-head 
competition on that route for the reasons set out in paragraph 22. 

69. In its response to our original working paper, Arriva said that weekend services ‘can 
differ markedly from weekday services’, and suggested considering them separately 
when considering head-to-head competition between local bus routes. 

70. Routes which operate only at weekends make up only a small proportion of routes in 
the reference area—around 4 per cent. Our analysis indicated that excluding these 
routes from the dataset did not have a significant impact on the results of our analy-
sis, for instance excluding these routes did not significantly impact upon the propor-
tion of routes in the reference area which were found to not face an overlap of 3.2 km 
or more from a rival’s route. 

Overlap assessment 

All routes in the reference area 

71. We begin our assessment of route-level overlap by considering the proportion of 
routes in the reference area which are in any way overlapped by the route of another 
operator. In Table 1 we show the proportion of routes which face any overlap from a 
rival operator’s service covering different proportions of their length. 

 
 
24 Arriva response to provisional findings, paragraph 23. 

http://www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/05_arriva_response_to_pf_non_con_scissored_rhd.pdf�
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TABLE 1 Proportion of all routes in the reference area which face overlap from at least one other route of a rival 
operator for different proportions of their total length 

Similarity of timetable of overlapping route 

Proportion of all routes facing overlap from at least one 
route of a rival operator for different proportions of their 

total length (%) 
≥ 0% of 

their length 
≥10% of 

their length 
≥20% of 

their length 
≥50% of 

their length 

     
Any timetable 99.3 94.1 81.2 33.6 
Regularly overlapping timetable with a similar 

or greater frequency 94.4 74.6 55.1 17.8 

Source:  CC analysis of Traveline data for October 2009. 
 

 
72. The first row in Table 1 shows the proportion of routes which are overlapped by at 

least one rival route for 0, 10, 20 or 50 per cent of their length. It shows that almost 
all of the routes in the reference area are at some point overlapped by a bus route of 
another operator (less than 1 per cent of all routes in the reference area are not). 
Only 6 per cent of routes are not overlapped by another operator’s route for 10 per 
cent of their length or more. 

73. The second row in Table 1 shows the proportion of routes which are overlapped by at 
least one rival route with a regularly overlapping timetable and a similar or greater 
frequency for 0, 10, 20 or 50 per cent of their length. A greater proportion of routes 
do not face any overlap from a route with a timetable of comparable frequency. Still, 
the vast majority (94 per cent) are overlapped at some point by a route which oper-
ates with at least a regularly overlapping timetable and similar or greater frequency. 

74. The proportion of routes facing overlaps for a longer proportion of their length is 
significantly smaller—for instance, just over one-third of routes face an overlap from 
a rival route covering half of their total length or more, and less than one-fifth if we 
restrict our attention to overlapping routes with regularly overlapping timetables and 
similar or greater frequency. Nevertheless, for the reasons set out in paragraph 22 
using this information to make inferences about the extent of head-to-head compe-
tition is difficult, as it will depend on the location of the intended journeys of these 
passengers and the nature of the overlap. 

75. As such, we next turn our attention to the overlap measures that we use to assess 
the extent to which passengers in the reference area have a choice of operator. 
Table 2 shows the proportion of all routes in the reference area and the proportion of 
all routes in the reference area weighted by frequency that (a) do not face any over-
laps of 3.2 km or more from a rival route with a regularly overlapping timetable and a 
similar or greater frequency, (b) face at least one overlap for 90 per cent of its length 
or more from a rival route with a regularly overlapping timetable and a similar or 
greater frequency, and (c) do not fall into either of these categories. 

TABLE 2 Proportion of all routes in the reference area and all routes in the reference area weighted by frequency that 
we are able to identify as being (a) unlikely to face head-to-head competition for more than a small minority 
of passengers, (b) likely to face head-to-head competition for all or nearly all of their passengers, and (c) 
those routes that we are unable to classify 

Category 
 

Proportion of all routes in 
the reference area 

(%) 

Proportion of all routes in 
the reference area, 

weighted by frequency 
(%) 

(a) Routes facing very limited overlap 46.2 63.4 
(b) Routes facing nearly complete overlap 2.5 1.4 
(c) Other routes 51.3 35.2 

Source:  CC analysis of Traveline data for October 2009. 
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76. The table shows that approximately 46 per cent of all routes in the reference area—
accounting for 63 per cent of all weekly services—do not face any overlap for 3.2 km 
or more from a rival route with a regularly overlapping timetable and a similar or 
greater frequency. On these routes no more than a small minority of passengers are 
likely to have a choice of the operator with which they make their journey. 

77. Approximately 3 per cent of all routes in the reference area—accounting for less than 
2 per cent of all weekly services—are overlapped for 90 per cent of their length by a 
rival route with a regularly overlapping timetable. On these routes all or nearly all 
passengers are likely to have a choice of operator.25

78. Finally, approximately 51 per cent of all routes—accounting for 35 per cent of all 
weekly services in the reference area—do not fall into either of these categories. For 
these routes we are unable to determine the proportion of passengers which have a 
choice of operator using our overlap measures. The extent of overlap faced by these 
routes is considered in more detail in paragraphs 

 

86 to 90. 

79. We tested the sensitivity of our results to the thresholds used in our overlap meas-
ures. Table 3 shows the effect of adjusting the threshold for overlaps that are cate-
gorized as being so short that they are unlikely to offer more than a small minority of 
passengers a choice of operator to 2 km, and raising it to 6.4 km. It also shows the 
impact of varying the timetable threshold—showing both the effect of not using a 
timetable threshold at all, and of using a higher threshold requiring overlapping 
routes to have very regularly overlapping timetables.26

TABLE 3 Sensitivity of the proportion of routes in the reference area identified as not facing head-to-head competition 
for more than at most a small minority of their passengers to the thresholds used 

 

 Proportion of all routes in the reference area (%) 

 3.2 km overlap 
Sensitivity (iii): 
2 km overlap 

Sensitivity (iv): 
6.4 km overlap 

Regularly overlapping timetable with similar or 
greater frequency 46.2 32.1 71.6 

Sensitivity (i): Any timetable 25.2 
  Sensitivity (ii): Very regularly overlapping timetable 

with similar or greater frequency* 53.2 
  

Source:  CC analysis of Traveline data for October 2009. 
 

*The definition of this timetable category is set out in Annex A, paragraph 12. 

80. Similarly, Table 4 shows the sensitivity of the proportion of routes that we are able to 
identify as facing head-to-head competition for all or nearly all of their passengers to 
the thresholds that we have used to identify those routes. In particular, we consider 
the effect of raising the threshold to 95 per cent of route length and reducing it to 
75 per cent of route length, and the effect of not using any timetable threshold and of 
increasing the timetable threshold to include only those overlapping routes that have 
timetables that very regularly overlap.  

 
 
25 If the overlapping route is longer than the route which it overlaps for all or nearly all of its total length, it may be the case that 
the routes are differentiated in some sense—for example, the longer overlapping route might offer an express service with 
fewer stops. Because of this, we also considered the routes which faced ‘symmetric’ overlap across all or nearly all of their total 
length. A route was said to face symmetric complete overlap when (a) at least 90 per cent of that route is overlapped by 
another route; and (b) that route overlaps the overlapping route for at least 90 per cent of its length. We found that approxi-
mately 1.1 per cent of all routes in the reference area faced such a symmetric overlap for 90 per cent of their total length or 
more from a rival service with at least a regularly overlapping timetable and a similar or greater frequency. 
26 We also considered the sensitivity of our results to using a simpler timetable threshold, whereby an overlapping route was 
required to have a frequency of at least 50 per cent of the main route in order to be included in the calculation. The results were 
similar to when our preferred timetable threshold was used—we found that 43 per cent of routes in the sample faced an overlap 
of at least 3.2 km from a rival’s route meeting this threshold. 
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TABLE 4 Sensitivity of results for routes not facing head-to-head competition for more than at most a small minority 
of their passengers 

 
Proportion of all routes in the reference area (%) 

 90 per cent 
overlap 

Sensitivity (iii): 
75 per cent 

overlap 

Sensitivity (iv): 
95 per cent 

overlap 
Regularly overlapping timetable with similar or 

greater frequency 2.5 6.5 1.4 
Sensitivity (i): Any timetable 5.7 

  Sensitivity (ii): Very regularly overlapping timetable 
with similar or greater frequency* 2.2 

  
Source:  CC analysis of Traveline data for October 2009. 
 

*The definition of this timetable category is set out in Annex A, paragraph 12. 

81. These sensitivity tests show that varying the thresholds that we have used has a sub-
stantial impact upon the results that we obtain. Nevertheless, two broad conclusions 
—(a) that a substantial proportion of routes in the reference area face such little over-
lap that they are unlikely to face head-to-head competition for more than a small 
minority of their passengers, and (b) that the proportion of routes that face overlap for 
nearly their entire length, and so that we are able to identify as facing head-to-head 
competition for all or nearly all of their passengers, accounts for a small proportion of 
all routes in the reference area—hold even if we use substantially different thresholds 
to identify these routes. 

Urban Areas 

82. We also assessed local variation in the distribution of the routes identified by each of 
our overlap measures by looking at the overlap faced by the routes in each Urban 
Area. Specifically, we considered the cumulative distribution of Urban Areas accord-
ing to the proportion of routes—weighted by frequency—that do not face an overlap 
of 3.2 km or more from a route with a regularly overlapping timetabled with a similar 
or greater frequency. This distribution is set out in Figure 2.  
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FIGURE 2 

Cumulative distribution of Urban Areas by the proportion of services 
in the Urban Area that are on routes facing very limited overlap 

 
Source:  CC analysis of Traveline data for October 2009. 

83. In nearly all areas, a substantial proportion of all services are on routes that do not 
face an overlap of 3.2 km or more from a route with at least a regularly overlapping 
timetable and a similar or greater frequency, and so are unlikely to face head-to-head 
competition for more than a small minority of their passengers. In particular, we 
observe that for more than 70 per cent of Urban Areas, more than half of the services 
in the Urban Area are on routes that do not face an overlap of 3.2 km or more from a 
route with a regularly overlapping timetable and a similar or greater frequency. 

84. Figure 3 shows the cumulative distribution across Urban Areas of the proportion of 
routes, weighted by frequency, which face an overlap of 90 per cent of their total 
length from a rival route with at least a regularly overlapping timetable and a similar 
or greater frequency, and are therefore highly likely to face head-to-head competition 
for all or nearly all of their passengers.  
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FIGURE 3 

Cumulative distribution of Urban Areas by the proportion of services that are 
on routes identified as facing nearly complete overlap 

 
Source:  CC analysis of Traveline data for October 2009. 

85. In nearly all Urban Areas the proportion of services that can be identified as highly 
likely to face head-to-head competition for all or nearly all of their passengers is very 
small. Figure 3 shows that for more than 90 per cent of Urban Areas less than 5 per 
cent of services are run on routes identified as highly likely to face head-to-head 
competition for all or nearly all of their passengers. 

Unclassified routes  

86. As set out in Table 2, 51 per cent of routes in the reference area (accounting for 
35 per cent of all weekly services) are not categorized by our overlap measures, as 
they face an overlap equal to or longer than 3.2 km that meets the timetable thres-
hold, but do not face an overlap covering 90 per cent of their length that meets the 
timetable threshold. These are ‘unclassified’ routes which face sufficient overlap that 
we cannot exclude the possibility that more than a small minority of their passengers 
have a choice of operator, but insufficient overlap that we are sure that they will face 
head-to-head competition for all or nearly all of their passengers. 

87. In paragraphs 36 to 43 (and Annex C) we discuss our approach to assessing overlap 
on these routes. As we set out in those paragraphs, the measure allows us to get 
some insight into the likelihood that all passengers on these route will have a choice 
of operator, or whether a substantial proportion are unlikely to be subject to head-to-
head competition. 

88. Figure 4 illustrates the cumulative distribution of the proportion of the total length of 
the unclassified routes in the reference area that is overlapped by any route that 
overlaps by 3.2 km or longer in total. 
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FIGURE 4 

The cumulative distribution of the proportion of unclassified routes’ lengths 
that are overlapped by any route that overlaps for 3.2 km or more in total and 

has a regularly overlapping timetable with a similar or greater frequency 

 

Source:  CC analysis of Traveline data for October 2009. 

89. The figure shows that, for 41 per cent of these unclassified routes, more than half of 
the total route length was not overlapped by a rival operator’s route that overlapped 
in total for a distance of 3.2 km or longer. For 68 per cent of these unclassified 
routes, more than one-quarter of total route length was not overlapped by a rival 
operator’s route that overlapped in total for a distance of 3.2 km or longer. 

90. This suggests that for many of those routes that are not categorized by our overlap 
measures, a substantial proportion of passengers are likely to have no choice of 
operator. It is extremely unlikely that all passengers on these routes are subject to 
head-to-head competition. Because of our inability to observe passenger flows, our 
measure does not, however, allow us to draw more specific conclusions about the 
proportion of passengers on these routes that are subject to head-to-head compe-
tition. 

Conclusion on the extent of head-to-head competition in the reference area 

91. Our analysis of shares of supply suggests that in many parts of the reference area, 
some passengers are unlikely to have a choice of operator. Nevertheless, the extent 
to which share of supply information can be used to assess head-to-head compe-
tition is limited as such information does not reveal how rival operators’ networks are 
situated in an area (ie whether they serve the same passengers in an area or 
different passengers in an area). 

92. For this reason, we considered the extent to which passengers have a choice of 
operator by looking at overlap between rival operators’ routes in the reference area. 
Because we are not able to observe passenger flows, we are unable to measure the 
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extent of head-to-head competition directly. Nevertheless, we were able to construct 
overlap measures that allowed us to draw some firm conclusions about the extent of 
head-to-head competition using route level overlap. 

93. We find that practically all routes in the reference area face some overlap from a rival 
operator. However, of these routes: 

(a) 46 per cent, accounting for 63 per cent of all weekly services in the reference 
area, face such limited overlap that they are unlikely to face effective head-to-
head competition for more than a small minority of their passengers; 

(b) 3 per cent, accounting for 1 per cent of all weekly services in the reference area, 
face overlap from a rival operator’s route over all or nearly all their length, and so 
are likely to face head-to-head competition for all or nearly all of their passengers; 
and 

(c) 51 per cent, accounting for 35 per cent of all weekly services in the reference 
area, face an overlap that may or may not provide a substantial proportion of 
passengers a choice of operator. For these routes, a lack of flow-level information 
prevents us from drawing firm conclusions on the extent to which they face head-
to-head competition for their passengers. Nevertheless, a consideration of the 
extent of overlap faced by these routes suggests that a substantial proportion of 
the total length of many of these routes does not face any overlap from a relevant 
competitor, and so at least in a substantial number of cases, a large proportion of 
passengers on these unclassified routes are unlikely to have a choice of 
operator. 

94. In addition, we find that although there is local variation in the proportion of total 
weekly services which is accounted for by routes in each of these categories across 
Urban Areas (see Figures 2 and 3), in the vast majority of areas a substantial propor-
tion of services are on routes that face such limited overlap that it is likely that no 
more than a small minority of their passengers are subject to head-to-head compe-
tition. For example in 70 per cent of Urban Areas, more than half of the services in 
the Urban Area are on routes that face very limited overlap. In the vast majority of 
Urban Areas only a very small proportion of total weekly services are accounted for 
by routes which face nearly complete overlap, and so are likely to face head-to-head 
competition for all or nearly all of their passengers. 
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ANNEX A 

Measuring route-level overlap 

Introduction 

1. There are two dimensions across which bus routes may overlap: 

(a) First, bus routes may overlap in geographic space, in that they operate along the 
same stretch of road. The greater the extent of geographic overlap between two 
routes, the more likely the overlap is to offer passengers travelling along the route 
the opportunity to substitute between operators. 

(b) Second, bus routes may overlap in time, in that they operate on similar days and 
at similar times of day. For instance, one route may run only on weekdays, the 
other only at weekends. Assuming there is a cost to a passenger of delaying their 
journey, the greater the extent to which geographically overlapping routes’ time-
tables overlap, the more likely an overlap is to offer passengers making a given 
journey along the route the opportunity to substitute between operators. 

Measuring geographic overlap 

2. Two bus routes were defined as geographically overlapping each other when they 
travelled down the same piece of road. Calculating the extent of geographic overlap 
between two routes is complicated by the fact that routes will often have several 
variants—parts of the route with distinct start, end and or intermediate stopping 
points, served at different stages in the route’s timetable. 

3. The first step in deriving our overlap measures was to calculate the length of a route. 
This was done by taking the weighted average of the lengths of the variants making 
up a route, where the weights were the total weekly services (ie number of scheduled 
journeys) of the route variants.27

4. To give an example, suppose we have three route variants of route A with lengths 
A1, A2 and A3 which run x1, x2 and x3 services per week respectively, as set out in 
Figure A1. To calculate the length of route A, we take the weighted average of the 
three variants, using total weekly services as the weights, as shown in the formula 
below: 

 Route lengths defined in this way were then used to 
calculate the proportion of a route which faces overlap from the route of another 
operator. 

(i) Route length A = (A1.x1 + A2.x2 + A3.x3) / (x1 + x2 + x3) 

 
 
27 Routes are uniquely identified in the database by their operator and route name or number. As such, routes within what an 
operator may consider to be the same route grouping—but with different actual route numbers (eg 13, 13a, 13b)—will be 
counted as distinct routes. 
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FIGURE A1 

Illustration of how the length of a route is calculated 
from the lengths of the variants of the route 

 

Source:  CC. 

5. The second step in deriving our overlap measures was to calculate the length of 
overlap between each pair of intersecting routes. This was measured as the average 
length of overlap between each of the variants in the two routes, weighted by the 
total weekly services of those variants.  

6. Again, we use an example to illustrate the calculations which were made. Consider 
the overlapping routes A and B, as set out in Figure A2. Route A has two variants, A1 
and A2, with total weekly services of x1 and x2. Both of these variants overlap with 
Route B, which also has two variants, B1 and B2, which have total weekly services of 
y1 and y2.  

7. In order to calculate the overlap faced by route A, we first calculate the overlap 
between the first variant of the route, A1, and B. This is measured as the weighted 
average of the lengths of overlap between A1 and the variants of route B (B1 and 
B2), where the weights are the total weekly services of B1 and B2 respectively. The 
overlap between A1 and B1 is the distance Ob1 and the overlap between A1 and B2 
is the distance Ob2, therefore: 

(ii) Overlap A1B = (Ob1.y1 + Ob2.y2) / (y1 + y2) 

8. Second, we calculate the overlap between the second variant of route A, A2, and 
route B, using the method set out in the previous paragraph. A2 overlaps with B1 for 
a distance Ob12 and with B2 for a distance Ob22. The overlap between A2 and B is 
therefore: 

(iii) Overlap A2B = (Ob12.y1 + Ob22.y2) / (y1 + y2) 

A1 (x1 services/week)

A2 (x2 services/week)
A3 (x3 services/week)

O
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FIGURE A2 

Illustration of how the length of overlap a route faces is calculated (this 
considers the overlap of route B on route A) 

 
Source:  CC. 

9. The total overlap between routes A and B is then calculated as the weighted average 
of the overlap between each of the variants of A and route B, using the total weekly 
services of the variants of route A as weights. 

Timetable overlap 

10. Because of the cost to a passenger of delaying their journey, the more similar the 
timetable of two routes, the more likely a given passenger will be able to substitute 
between them. As a result, completely overlapping routes with very different time-
tables—operating on different days, for instance—may not directly compete for 
passengers at all. For this reason, we used timetable data on the number of buses 
operated on each route in the reference area in each hourly period in the week in 
order to consider the similarity of the timetables of overlapping routes.28

11. For every route A overlapped by another route B, overlap between the timetables 
of two overlapping routes was measured with reference to (a) the number of hourly 
periods in which route A is operated, where route B is also operated; and (b) the 
frequency of route B relative to route A in those periods in which both routes were 
operated.

 

29

12. We used these two measures to categorize overlapping routes into groups depend-
ing on how similar their timetable was.

 

30

 
 
28 The timetable information used for this calculation was the number of buses leaving either end of the route in each hourly 
period. For this reason, we consider the similarity of timetable of overlapping routes in the 3-hour window around every hourly 
period (ie the hour itself, the preceding hour and the subsequent hour).  

 This allowed us to consider the proportion of 

29 More specifically, in (a) we recorded, for every hourly period in the week in which route A is operated, whether or not route B 
is operated in that hourly period, the preceding hourly period or the subsequent hourly period, and used this to derive the pro-
portion of all hourly periods in which route A is operated where route B is also operated. In (b) we calculated the total number of 
buses run on route B in that hour, the preceding hour and the subsequent hour, relative to the total number of buses run on 
route A in those same three periods. 
30 Thresholds with respect to timetable overlap have also been used in previous merger inquiries carried out by the CC (eg 
Arriva/Sovereign and FirstGroup/ScotRail). The categorization used here differs slightly from the approach taken in those 
inquiries in that it combines a comparison of frequency with a comparison of timetable overlap (ie the extent to which different 
routes operate at the same time of day). The 50 per cent frequency threshold that is employed is in line with that used in pre-
vious inquiries. The difference in the approach taken does not have a substantial impact on the results obtained—see footnote 
to paragraph 79 of main appendix for more details.  

B1 (y1 services/week)
B2 (y2 services/week)

A1 (x1 services/week)

A2 (x2 services/week)

O

b1
b2

b12

b22
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routes which are overlapped by routes which have timetables of varying similarity. In 
particular, in order of increasing timetable similarity, the groups which we used were: 

(a) any timetable—all overlapping routes, irrespective of how similar their timetable; 

(b) regularly overlapping timetable with a similar or greater frequency—overlapping 
routes which operate with a frequency of 50 per cent or more of that of the route 
in at least 50 per cent of the 3-hour windows around the hourly periods in which 
the route is operated; and 

(c) very regularly overlapping timetable with a similar or greater frequency—overlap-
ping routes which operate with a frequency of 50 per cent or more of that of the 
route in at least 90 per cent of the 3-hour windows around the hourly periods in 
which the route is operated. 

13. Arriva suggested that giving equal weight to all time periods when assessing the 
similarity of timetables might lead to misleading conclusions on the extent of 
meaningful overlap a route faces. Treating all time periods equally gives the same 
weight to periods with few buses running and periods with a large number of buses 
running. However, when we recalculated the proportion of routes in the reference 
area facing overlapping routes meeting the different timetable thresholds using this 
alternative weighting method, we found that weighting each period by frequency had 
no significant impact on our results. 
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ANNEX B 

The 3.2 km overlap threshold 

1. A shorter overlap is less likely to present a given passenger on a route with an 
opportunity to substitute between operators than a longer overlap. This is because 
(a) shorter overlaps are less likely to cover the entire length of the journey that the 
passenger wishes to take; and (b) shorter overlaps are less likely to cover both the 
start and end point of the journey that the passenger wishes to make. 

2. Some routes face such short overlap that it is unlikely that more than a small minority 
of their passengers will be subject to head-to-head competition. We used this fact to 
construct an overlap measure in order to help us assess the extent of head-to-head 
competition in the reference area. 

3. We analysed NTS data on the length of passenger journeys in order to determine 
what overlap length might be considered to be ‘short’ in this sense. Figure B1 shows 
the distribution of the length of passengers’ bus journeys (for journeys which do not 
begin or end in London), using data from the NTS from 2002 to 2008. The mean 
length of a local bus journey in this period was around 7 km. 

FIGURE B1 

Distribution of the length (km) of journeys using local bus services (outside 
London), NTS 2002–2008 

 
Source:  CC analysis of NTS data 2002–2008. 

4. Approximately one-third of all bus trips are for 3.2 km or less, approximately one-third 
between 3.2 km and 6.4 km and one-third greater than 6.4 km. Given this, an overlap 
of less than 3.2 km will not present any possibility for substitution for the majority 
(more than two-thirds) of passengers. Although an overlap of less than 3.2 km may 
offer some of the less than one-third of passengers making relatively short journeys a 
choice of operators, in many instances it will not, as the stretch of road where the 
overlap takes place would have to fall in exactly the right place in order to cover both 
the start and end point of the passenger’s intended journey. Passengers making 
journeys shorter than 3.2 km are not necessarily excluded by the threshold, as these 
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shorter journeys may take place on stretches of overlap longer than 3.2 km (and 
indeed are more likely to, as all else held equal, longer stretches are more likely to 
cover the start and end point of a passenger’s intended journey). 

5. In order to perform a simple sense-check of the appropriateness of using a distance 
threshold of 3.2 km, and in particular the extent to which it would cause us to over-
look relevant overlaps, we considered our overlap measures for a small sample of 
routes identified as facing head-to-head competition—and monitored as such—by 
two of [] operating companies.31

6. The weight that can be placed on this simple sense-checking exercise is limited, 
given the small sample that was used. However, it suggests that the 3.2 km threshold 
will not cause us to misclassify large volumes of relevant overlaps as not reflecting 
instances of head-to-head competition. 54 per cent of the sample of routes which 
were monitored faced an overlap of 6.4 km or more, suggesting that setting the 
distance threshold at this higher level would likely cause us to overlook substantial 
numbers of overlaps which are relevant from the perspective of head-to-head 
competition. 

 In the sample of 82 routes identified, 93 per cent 
faced an overlap of at least 3.2 km in our database. 

  

 
 
31 In particular, we considered a number of routes for which [] provided supporting documents illustrating head-to-head 
competition monitoring exercises in Oxfordshire and Yorkshire. The routes of the operating companies included in the sample 
were chosen because the monitoring exercises were active as at October 2009, and because the information was presented in 
such a way that matching the routes to the Traveline database (a manual process) was relatively straightforward. A small 
number of routes could not be identified in the Traveline database—this might be because the routes have a different name or 
number in the two databases, were not active in October 2009, or are missing from the Traveline database. Although useful for 
providing a simple sense-check, this exercise is limited by the fact that the sample was not representative (reflecting the routes 
of only one operator, and only routes for which a head-to-head competition monitoring exercise was carried out). 
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ANNEX C 

Overlap on unclassified routes 

1. In order to better understand the likely extent to which passengers on those routes 
not categorized by our overlap measures are subject to head-to-head competition, 
we calculated the total proportion of each of these route that is overlapped by routes 
that have a regularly overlapping timetable and which overlap for at least 3.2 km. 

2. The method proceeds in two steps. First of all, we exclude overlapping routes that 
overlap for a distance less than 3.2 km or have a timetable that does not regularly 
overlap with a similar or greater frequency. These routes are unlikely to offer more 
than a small minority of passengers a choice of operator. Second, we divide the route 
in question into individual road sections (generally between 50m and 300m long) and 
assess individually whether each road section along the route is overlapped by a 
route that has not been excluded.  

3. This second stage in the analysis is illustrated in Figure C1. 

FIGURE C1 

Calculation of the proportion of the route that is overlapped 

 

Source:  CC. 

4. In this example, the route in question (route A) is Y km long and is overlapped by four 
other routes (routes B, C, D and E) that operate a regularly overlapping timetable and 
overlap for 3.2 km or more. Routes B, C and E overlap at the beginning of the route 
and also overlap with each other. Together they result in a continuous overlap of 
Z1 km. Route D overlaps with route A only for a distance of Z2 km. Overall if we add 
Z1 and Z2 we calculate that a total of Z km of route A is overlapped and (Y–Z) km of 
route A is not overlapped. Our measure of the proportion of the route that is 
‘overlapped’ is therefore given by Z/Y.32

5. This measure provides us with some information about the proportion of passengers 
on a route that are likely to have a choice of operator for their journey. In particular, 
for that proportion of a route that does not face any overlap of 3.2 km or more, it is 
unlikely that more than a small minority of passengers whose journey begins or ends 

 

 
 
32 It is helpful to illustrate the calculation method in Figure 1 with a numerical example. Consider route A which is 16 km long. 
Route A faces three overlaps that are each 3.2 km in length (B, C and D) and a further overlap of 5 km (E). Together overlaps 
B, C and E overlap for 5 km (Z1) and overlap D for a further 3.2 km (Z2). Of the total length of route A, 8.2 km (Z) is overlapped. 
The value of the overlap measure in this example is therefore 8.2/16 = 51.25 per cent. 
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in that section will have a choice of operator. As such, if this section makes up a 
substantial proportion of a route, then we conclude that it is likely that a substantial 
proportion of passengers on that route will not have a choice of operator.  

6. The proportion of a route that we find to be overlapped does not, however, translate 
directly to the considerably more complex questions of the proportion of revenue on 
the route which is subject to head-to-head competition, or the proportion of passen-
gers on the route that enjoy a choice of operator. This overlap measure therefore 
needs to be interpreted with some care. 

7. First of all, as we have set out above in many cases we might expect passenger 
flows to be distributed unevenly along the length of a route, with a disproportionately 
large number of passengers boarding and departing at certain points. Because we 
are not able to observe the proportion of passenger journeys that begin or end in 
different sections of the route, we cannot identify whether that part of the route which 
faces overlap accounts for a proportionately large or small share of total revenue.  

8. For example, in Figure C1, it might be the case that the part of the route covered by 
overlap Z1 is within a town centre, and so there are a relatively high number of 
passengers making journeys within this section of the route. If this is the case, the 
proportion of total revenue accounted for by passengers travelling within this section 
of the route’s length may be relatively high. 

9. Second, even if passenger flows are distributed evenly along the length of a route, 
the relationship between the proportion of the route facing overlap and the proportion 
of passengers which have a choice of operator for their journey will be non-linear. 
This is because, while the measure might give a fair reflection of the proportion of 
passengers that board the service within those sections of the route that do and do 
not face overlap, it will not be linearly related to the proportion of passengers that 
both board and disembark within a section of the route that faces overlap.33

10. For example, imagine that distance Z in Figure C1—the proportion of route A that 
faces overlap—is equal to 20 per cent. If customers are distributed evenly along the 
length of the route, then we might then expect that 20 per cent of passengers will 
board route A in the overlapped section of the route Z. However, it does not follow 
that all these passengers will also make journeys that end within the overlapped 
section of the route, and so the proportion of customers who have a choice of 
operator for their journey is likely to be somewhat lower. 

 

11. Finally, as discussed above, shorter overlaps will provide an alternative operator for 
relatively few passengers. The overlap measure set out in this appendix measures 
the total proportion of a route that is overlapped by any routes that overlap by at least 
3.2 km in total. However, unless these individual overlaps are substantially longer 
than 3.2 km, many passengers on the overlapping section still may not have a choice 
of operator, as their journey is likely to be too long to be contained entirely within the 
overlap.  

12. For example, we know from NTS data that on average more than half of bus journeys 
in the reference area are longer than 4.8 km. Consider the example where in 

 
 
33 If the overlapped section is comprised of several overlaps (eg the overlaps from routes B, C, D and E in Figure 1), each of 
which is shorter than the combined overlap given by the measure (eg Z in Figure 1), then even some passengers whose 
journeys begin and end within the overlap section may not have a choice of operator, as their journey may not be covered by 
any single overlapping route. For example, consider a passenger that wishes to travel from a point within Z1 to a point within Z2 
in Figure 1. The passenger’s journey begins and ends within the portion of the route that is overlapped. However, it is not poss-
ible for the passenger to make their journey using any of the overlapping services (B to E). This passenger does not therefore 
enjoy a choice of operator. 
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Figure C1 the overlap sections B, C, D and E overlap route A for a distance of less 
than 4.8 km. If this is the case, then, all else equal, we would expect at least half of 
the passengers whose journeys start and end in the overlapped section of the route 
to not have a choice of operator by virtue of the fact that their intended journey is 
longer than the length of each of the overlapping services (B to E). 

13. In order to overcome these limitations and make more determinative findings about 
the proportion of revenue on a route that is subject to head-to-head competition and 
the proportion of passengers on a route that enjoy a choice of operator, we would 
need access to information on individual passenger flows. As discussed in paragraph 
11 of the main appendix, this information is not available. Consequently, we are 
unable to use this measure to draw concrete conclusions regarding the proportion of 
passengers on a route that is contested by a rival operator. Nevertheless, this 
measure sheds some light on the extent to which an operator on a route faces head-
to-head competition, and we expect a correlation. 
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APPENDIX 8.2 

Corelim Consultants’ literature review 

Introduction 

1. The CC commissioned Corelim Consultants to carry out a study to assist the CC in 
its analysis of the local bus market. The report provides a discussion of the theoreti-
cal and empirical academic literature relating to local buses. It also proposes a set of 
empirical tests of the main results that emerge from this review of the literature. The 
report was published on the CC website in September 2010.1

Responses 

 

2. In response to the publication of the report, FirstGroup said that ‘much of the litera-
ture on which it is based is either dated or relates to other countries’, and that 
because of this, the extent to which the results were relevant to the UK local bus 
services market was questionable. It said that ‘studies based on the historic develop-
ment of the market in Switzerland, Spain, Taiwan and the USA, with different regulat-
ory regimes and demographics, are unlikely to be a reliable guide to the current 
issues facing the British market’. Similarly, Arriva told us that the report should not be 
relied on as it was historic, focusing on the period of consolidation in the bus industry 
following privatization approximately 20 years ago, in the late 1980s and early 1990s. 
Stagecoach told us that the report was based on dated studies and as such was of 
limited relevance to the local bus industry in the reference area today. 

3. Although it is clear that care must be applied when reading across results that are 
based on data from different time periods or different countries, it will often be the 
case that some aspects of the demand for and supply of local bus services will be 
common across time and across borders. Given this, with the appropriate caveats, 
such information can be of great value. 

4. FirstGroup said that section 3.1 of Corelim Consultants’ review suggested that there 
was no evidence of entry into the market in the 1990s or 2000s, and that this was 
factually incorrect, giving the examples of entry by Konect, Centrebus and Norfolk 
Green. It said that ‘given that entry does occur, barriers to entry into the market for 
local bus services are plainly low’, and that given this, the threat of entry would con-
strain operators. 

5. The CC discusses the incidence of entry, exit and expansion in the reference area in 
Section 6. Evidence on barriers to entry is set out in Section 9, while potential com-
petition is discussed in the latter part of Section 8. 

6. FirstGroup said that it was ‘patently false’ that operators could not credibly provide 
timetable information and would run services at random intervals, suggesting that this 
was shown by the wide variety of timetable information available to consumers 
through channels including bus stand listings and Traveline. 

7. Timetable randomization is a theoretical solution to some models of head-to-head 
competition between local bus operators, rather than an empirical statement about 
the nature of the UK bus market. 

 
 
1 www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/100929_Review_of_economic_literature.pdf. 

http://www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/100929_Review_of_economic_literature.pdf�
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APPENDIX 8.3 

Submissions on geographic market sharing 

1. This appendix provides a summary of the submissions we have received in relation 
to geographic market sharing in the local bus industry, from LTAs, PTEs, RTPs and 
some operators. These submissions were made in advance of our further analysis of 
geographic market segregation, based on the evidence referred to in paragraph 
8.176, and as such some of these comments may have been overtaken. 

2. Nexus, the PTE in the Tyne and Wear area, told us that in its view there was little 
head-to-head competition between the operators in Tyne and Wear, and there were 
generally operator ‘territories’, eg Newcastle was overwhelmingly Stagecoach, 
Gateshead was overwhelmingly Go-Ahead and Washington and the Houghton/ 
Hetton area was overwhelmingly Go-Ahead. Even in areas where more than one 
operator had services, there were sub-areas where one operator would dominate. 
Nexus told us that although operators might have depots convenient for operating 
services outside their ‘territories’, they rarely did so. It said that the territories and 
corridors that each of the larger operators served were to an extent ‘hangovers’ from 
before deregulation relating to the services operated from a particular depot, but that 
little had changed since then. Nexus estimated that only 16 per cent of the Tyne and 
Wear road network used by local bus services had more than one operator running 
along it.1

3. SYPTE told us that in the South Yorkshire area operators tended not to stray from 
their existing areas of operation to compete head-to-head, and equally faced little 
head-to-head competition from other operators in their ‘home’ areas.

 

2 FirstGroup ran 
services in Doncaster, Rotherham and Sheffield, and Stagecoach ran services in 
Barnsley, Sheffield, Doncaster and Rotherham. SYPTE told us that head-to-head 
competition was largely confined to Sheffield, which came about following 
Stagecoach’s acquisition of Yorkshire Traction. SYPTE told us that in Barnsley, 
where Stagecoach operated the large majority of commercial services, FirstGroup 
had no commercial mileage despite parts of the borough being just a few miles from 
FirstGroup’s three operating centres.3

4. West Yorkshire PTE (Metro) told us that West Yorkshire comprised a series of local 
monopolies, where Arriva was dominant in North Kirklees and Wakefield district, 
Centrebus was dominant in Southeast Huddersfield, FirstGroup was dominant in 
Bradford, Calderdale, Leeds and South Kirklees and Transdev was dominant in 
Keighley. It told us that where operators ran was largely historical and well within 
defined territories. It said that operators could compete with each other through 
proximity of depots, though this competition was largely absent. Metro cited the 
example of FirstGroup not running services in North Kirklees, which was wholly 
accessible within 20 minutes’ early morning driving from its Huddersfield depot and 

 SYPTE told us that the reasons for this were 
largely historical. However, it said that it believed FirstGroup’s lack of presence in 
Barnsley today was because ‘it could be more profitable to abstain from direct 
competition than to compete’. SYPTE told us that it saw this as a consequence of 
‘how the bus market operates in general and an acknowledgement that direct ‘on-
street’ competition is not in any party’s long term interest’. FirstGroup told us that it 
rejected any suggestion that there was any form of tacit coordination involving 
FirstGroup. In addition, []. 

 
 
1 Nexus response to Issues Statement. 
2 SYPTE response to Issues Statement, paragraph 1.6(v). 
3 SYPTE response to Issues Statement, paragraphs 2.17 & 2.27 and Table 1. 

http://www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/nexus_submission.pdf�
http://www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/sypte_ita.pdf�
http://www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/sypte_ita.pdf�
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partially accessible from its Halifax, Bradford and Leeds depots. Metro told us that 
this illustrated the point that strategies designed to pursue head-to-head competition 
were likely to be commercially unattractive, and that this was not due to a desire not 
to compete but rather the limited satisfactory competitive strategies available in the 
market for local bus services. FirstGroup told us that just because expansion was 
physically possible did not mean it was commercially viable, and that its operating 
company in West Yorkshire had previously looked into expansion in North Kirklees 
but this was found not to be commercially rational, because other operators were 
generally meeting customer demand and leaving few ‘gaps’ (in terms of frequency, 
quality or fares) in their services. 

5. SESTran told us that the services of the three largest operators in its area (Lothian, 
FirstGroup and Stagecoach) did not overlap other than on some of the radials into 
Edinburgh. SESTran told us that therefore in large parts of the SESTran area the 
main operators enjoyed a monopoly or near-monopoly position. SESTran noted that 
‘it could be viewed as a surprise that Stagecoach is not challenged in the Fife market 
… considering three significant operators (FirstGroup, National Express (Dundee) 
and Lothian) all have operational depots within reasonable distances of Fife’.4 It said 
that there had occasionally been outbreaks of ‘aggressive’ competition between the 
main operators. It told us that FirstGroup moved into Fife in direct competition with 
Stagecoach on some of its most lucrative routes in Fife in retaliation of Stagecoach 
starting a ‘bus war’ in Glasgow. SESTran said that in its view a truce was apparently 
reached when FirstGroup moved out of Fife and Stagecoach reduced its operation in 
Glasgow. FirstGroup told us that any allegations suggesting any degree of coordin-
ation between operators within this area were wholly unfounded in so far as they 
related to FirstGroup and were unsupported by any factual evidence.5 In relation to 
Edinburgh, Lothian Buses told us that its function was to deliver local bus services in 
the greater Edinburgh market. Lothian Buses did not, therefore, seek to expand into 
other markets. There was therefore no expansion threat that might act as a potential 
disincentive for operators which had dominant positions in other areas to enter the 
greater Edinburgh market.6

6. GMPTE/ITA told us that there had been little, if any, significant competitive activity on 
individual key routes between the two largest operators (FirstGroup and Stagecoach), 
both of which had significant market positions with Greater Manchester. It told us that 
these operators were largely content to run their businesses within fairly clearly-
defined ‘territories’. GMPTE told us that this might be partly as a result of depot 
location and the importance of reducing dead mileage. However, it said that in its 
view none of the Large Operators running bus services in Greater Manchester 
demonstrated an appetite for competing head-to-head or even on broadly compar-
able routes with each other in recent years. GMPTE told us that the creation at 
privatization of two distinct North and South territories was largely replicated by the 
shape of the commercial market in Greater Manchester in operation today, with only 
the entry of Arriva disrupting this geographic division at the margins. GMPTE told us 
that the vast majority of routes within Greater Manchester were operated by only one 
operator.

 Stagecoach told us that it competed for passengers with 
FirstGroup and Lothian Buses in Edinburgh and with FirstGroup between 
Cumbernauld and Glasgow.  

7

 
 
4 

 FirstGroup told us that there were a number of reasons for the lack of sig-
nificant overlap between its and Stagecoach’s operations in Greater Manchester. In 
particular, it said that due to the significant constraint from potential competition, 
operators were keen not to leave ‘gaps’ in their services that other operators could 

SESTran submission, p3. 
5 FirstGroup response to submissions from LTAs and PTEs, paragraph 2.23. 
6 Lothian Buses initial submission, paragraph 43. 
7 GMPTE response to Issues Statement, paragraphs 3.7–3.9. 

http://www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/sestran.pdf�
http://www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/first_pte_lta_response.pdf�
http://www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/Lothian_Buses.pdf�
http://www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/greater_manchester_submission.pdf�
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exploit—there were very few gaps in Stagecoach’s services. FirstGroup told us that 
other reasons for the lack of significant overlap were the lack of capacity on the roads 
in Manchester city centre; concerns about reliability if routes were extended to oper-
ate through and beyond the city centre; and Traffic Regulation Conditions at a num-
ber of bus stops in Manchester city centre that limited further departures. FirstGroup 
told us that it had recently had extensive discussions with GMPTE on the issue of 
cross-city bus services and that FirstGroup was fully supportive of cross-city bus 
routes if the physical constraints in the city centre could be overcome. In addition, 
FirstGroup said that outside Manchester city centre there was some head-to-head 
competition between FirstGroup and Stagecoach and that it had revised two services 
in ways that led to more head-to-head competition with Stagecoach.8

7. We also received a number of submissions from operators, or received evidence in 
their responses to questionnaires, which stated that they did not recognize any 
geographic market sharing, and did not engage in behaviour such as reactions or 
retaliation to entry which would have the effect of geographic market sharing. 

  

8. FirstGroup told us that it took decisions on a route-by-route basis (where there were 
profitable opportunities) and there was no wider strategy to react to a rival’s entry. It 
did not take action on one route or in one area in order to ‘punish’ a rival in another 
area. It also told us that it had not seen entry by rivals in any of the routes where 
FirstGroup was present which it considered was in direct response to any actions 
that it had taken on another route.9 FirstGroup told us that its decision about whether 
to expand in any new market depended on whether it felt there was a commercial 
opportunity to do so, and that this assessment included taking into account whether 
incumbent operators had left any ‘gaps’ in their offerings.10

9. Arriva had rejected the suggestion of a ‘co-ordinated outcome’ resulting from the 
CC’s theory of operators avoiding entering geographic areas against each other for 
fear of generating a sustained or widespread reaction from incumbents.

 

11 Arriva told 
us that it periodically conducted substantial network reviews that did not often indi-
cate unmet demand for new services. A lack of customer demand for new services, 
whether within or outside Arriva’s existing areas of operation, meant a lack of suitable 
return in operating such services. Arriva told us that this lack of return rather than 
fear of any sustained reaction of other operators influenced Arriva’s decision whether 
to commence operation of new bus services, either on new routes or on existing 
routes already served by other operators.12 It said that some areas tended to be 
served by one operator because that incumbent operator had deep knowledge of the 
local market and because bus operators tended to be cautious about expanding into 
areas where they might not get a return on investment.13

10. Go-Ahead told us that it did not recognize stable geographic segmentation as a 
feature of the market for local bus services, and said that its own sustained commer-
cial strategy illustrated that. It referred to entry and expansion by the largest five 
operators in competition with each other. It told us that the geographic structure of 
local bus services was as a result of historical and commercial reasons, as areas that 
were concentrated at the time of privatization had remained so because they were 
not attractive commercial entry prospects, if an area was being well served by an 
incumbent operator, for example. It said that in certain instances customers benefited 
from consolidation because service quality was thereby improved. Go-Ahead told us 

  

 
 
8 FirstGroup response to submissions from LTAs and PTEs, paragraphs 2.17–2.20. 
9 FirstGroup’s response to CC’s updated issues statement. 
10 FirstGroup hearing summary, paragraph 53. 
11 Arriva’s initial response to the CC’s issues statement, paragraph C15. 
12 Arriva’s initial response to CC’s issues statement. 
13 Arriva hearing summary, paragraph 65. 

http://www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/first_pte_lta_response.pdf�
http://www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/fg_response_to_updated_issues_statement.pdf�
http://www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/firstgroup_summary_rhd.pdf�
http://www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/Arriva_excised.pdf�
http://www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/Arriva_excised.pdf�
http://www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/arriva_summary_rhd.pdf�
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that established operators with a higher cost base found it quite difficult to compete 
with entry by low-cost new operators, and so bigger operators had used consolida-
tion to drive costs down through economies of scale. 

11. Stagecoach told us that it did not recognize the theory of geographic market segmen-
tation in relation to its own actions. It said that it had shown itself willing to enter into 
areas served by other Large Operators and compete with these operators robustly 
where it saw a commercial reason to do so. 

12. National Express told us that particular towns and regions were often primarily 
serviced by just one operator for historical reasons, including the way that the bus 
companies were sold in 1986. It said that it saw much potential for growth in its 
traditional operating area and sought to grow its business by encouraging modal shift 
and encouraging local authorities proactively to support local bus travel.14

13. EYMS told us that operators had to make a clear assessment of risk in deciding to 
expand into new geographic areas, and given set-up costs and risks associated with 
more remote operations, operators were often cautious of setting up in new geo-
graphic areas. EYMS also told us that there were some benefits of concentrating on 
one geographic area in terms of vehicle engineering, on road supervision, minimizing 
dead mileage costs and replacing defective buses. It said that these considerations 
were likely to be given more weight than any fear of retaliatory action.

 

15

14. Some bus operators said that the Large Operators were reluctant to enter into direct 
competition with each other. Rotala said that in the West Midlands, operators grew 
from Municipal Operators, and although historically there was some competition, the 
bigger bus groups—Arriva, Stagecoach and FirstGroup—had now ‘retreated to their 
respective concentrated bases of operation in Staffordshire, Warwickshire and 
Worcestershire, leaving the West Midlands county largely to National Express West 
Midlands’.

 

16

15. Avon Buses, a small operator in the Liverpool/Wirral area, mentioned a ‘live and let 
live’ policy which resulted in market segmentation. It told us that it seemed to be the 
case that where the major groups had competed against each other, ultimately an 
accommodation was reached where their operating territory might shift a little but 
later return to the status quo. It also told us that in general the large groups largely 
appeared to respect each other’s territory. 

 

 

 
 
14 National Express hearing summary, paragraph 51. 
15 EYMS initial submission. 
16 Rotala’s initial submission (www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/rotala.pdf). 

http://www.competition-commission.org.uk/inquiries/ref2010/localbus/pdf/nx_summary_rhd.pdf�
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APPENDIX 8.4 

Tacit coordination between operators of local bus services 

Introduction 

1. In this appendix we set out our consideration of tacit coordination in relation to local 
bus services. We evaluate whether the three conditions required to facilitate the 
existence of tacit coordination apply in the local bus market. We then provide a 
summary of operators’ comments on our evaluation, and set out our response to the 
points raised. 

The nature of tacit coordination 

2. A description of tacit coordination is given in the CC’s market investigation guide-
lines.1

3. The guidelines note that such behaviour does not require any type of explicit collu-
sion between firms, or even any contact between them. Nor does any decision to 
avoid competitive behaviour necessarily have to be ‘conscious’ in the form of an 
explicit or documented analysis or consideration of interdependent strategies.

 Where markets are sufficiently concentrated, the actions of individual firms 
can have identifiable effects on their competitors, such that firms recognize their 
interdependence. The interdependence between firms might lead them to anticipate 
competitors’ reactions to their own actions and take this into account in their own 
decisions. In particular, under certain conditions, it may become rational to refrain 
from certain actions which would be unavoidable in more competitive circumstances. 
For example, firms might recognize that they have a clear common interest in 
avoiding mutually destructive price cuts, to such an extent that price cuts by all these 
firms are deterred. 

2

4. Coordination can in principle occur across a range of competitive variables. The 
evidence that we have received suggests that coordination in the form of geographic 
market segregation is most likely to be of relevance in the local bus market—oper-
ators coordinating by avoiding direct competition with their rivals in the same areas or 
on the same routes. 

 
Instead, the behaviour can arise purely from firms’ perception of their interdepen-
dence, such that competitive actions that would worsen all firms’ profits are deterred. 
The benefits of such behaviour therefore accrue to all firms in the market. Such 
behaviour is nonetheless capable of weakening competitive pressures on prices and 
other outcomes and, if so, is likely to be detrimental to both consumers and the 
extent of rivalry in a market. 

5. CC guidelines3

(a) First, the market has to be sufficiently concentrated for firms to be aware of the 
behaviour of their competitors, and for any significant deviation from the prevail-
ing behaviour by a firm to be observed by other firms in the market. 

 set out three conditions necessary for tacit coordination to occur:  

 
 
1 Market Investigation References: Competition Commission Guidelines, CC3: 

www.competition-commission.org.uk/rep_pub/rules_and_guide/pdf/cc3.pdf. 
2 Coordination is not a description of the intentions of each firm, rather it is a description of the consequences of the indepen-
dent decisions of multiple firms. Thus firms which have no intention to coordinate or perception that they are engaging in co-
ordination may be engaging in behaviour which, in the context of the actions of other firms in the market, could constitute 
coordination.  
3 CC3, paragraphs 3.62–3.64. 

http://www.competition-commission.org.uk/rep_pub/rules_and_guide/pdf/cc3.pdf�
http://www.competition-commission.org.uk/rep_pub/rules_and_guide/pdf/cc3.pdf#3.62�
http://www.competition-commission.org.uk/rep_pub/rules_and_guide/pdf/cc3.pdf#3.64�
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(b) Second, it must be clear that it will be costly for firms to deviate from the prevail-
ing behaviour; so costly that it will be in a firm’s interests to go along with the pre-
vailing behaviour rather than seek to deviate from it.  

(c) Third, this type of parallelism can only be sustained in markets where there are 
relatively weak competitive constraints. 

6. We now set out our evaluation of whether these conditions are likely to apply to the 
provision of local bus services. 

Condition 1: Firms are aware of the behaviour of their competitors  

7. It is clear that the first condition for tacit coordination holds with respect to local bus 
services. As we discuss in Section 4, local areas are, on average, highly concen-
trated, with only a small number of operators with significant shares of supply. For 
example, looking across the Urban Areas, the largest operator runs, on average, 
69 per cent of local bus services on all routes in an area. Moreover, the behaviour of 
local bus operators is highly visible and firms can easily determine the competitive 
behaviour of their rivals. Operators know where their competitors’ existing bus ser-
vices run and it is relatively easy for them to establish the fares and frequency of 
service offered by their rivals. Any new services must be registered in advance with 
the Traffic Commissioner, and for routes that are not classified as ‘frequent’ any 
change in the timetable must be notified in advance to the Traffic Commissioner. The 
details of such registrations are published on the VOSA website. As discussed in 
Section 6, operators’ internal documents suggest that they monitor changes to their 
rivals’ offerings. 

Condition 2: It will be costly for firms to deviate from the prevailing behaviour 

8. It will be costly for firms to deviate from the prevailing behaviour if rival firms can 
detect and respond to any deviation quickly and credibly. In these circumstances, 
firms may recognize that whilst entering against a rival operator might generate profit 
in the first instance, the likely response of their rival would be some retaliatory action 
or a resumption of normal competitive activity and that, given this response, the initial 
competitive action would not increase their overall profits.  

9. This is not to say that coordination is always stable. We might see occasional periods 
of competition occurring if coordinated behaviours broke down, which could happen if 
operators thought new opportunities had emerged as a result of changes in demand 
or supply conditions. Any competitive incursion would be likely to be met with a 
response, following a realization by the incumbent that the mutual interest in avoiding 
competing had broken down. If costly competition resulted from this response, it 
might encourage rivals to return to the coordinated outcome of avoiding competition 
with each other. 

10. If, however, the competitive response of a rival is likely to take some time, it may be 
that the profits made in the period before the rival can react would make a competi-
tive deviation from geographic market segregation worthwhile. Similarly, a competi-
tive incursion against a rival could be profitable if a costly response by that rival is not 
credible.  

11. With this second condition for tacit coordination, there would appear to be differences 
in the extent to which it applies in the local bus market depending on the geographic 
level at which we consider coordination. 
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12. If we focus on a broader geographic frame—in terms of operators avoiding compe-
tition in regions in which they do not already have a presence—it is not clear that the 
second condition for tacit coordination holds. As discussed in Section 9, there are 
barriers for operators seeking to enter a new area, in particular on a larger scale. 
Consequently, whilst an incumbent bus operator could very easily detect a deviation 
from prevailing behaviour—namely new entry into one of its geographic areas—its 
ability to react quickly and credibly, by undertaking a retaliatory entry into the territory 
of its rival, might be more difficult. We note, however, that entry via acquisition is 
likely to avoid several of the barriers to entry that we identified, and hence might 
provide an ability to retaliate in certain areas.  

13. However, if we use a narrower conception of coordination—geographic market 
segregation between operators already present in an area—then the second con-
dition for tacit coordination appears to be satisfied. Where an operator already has a 
presence in an area, it would appear that it can more easily undertake a number of 
retaliatory actions quickly and credibly. We have seen many examples of bus oper-
ators, with an existing operation in an area, altering their fares, frequencies and insti-
tuting new routes at relatively short notice—see, for example, paragraphs 6.127 to 
6.139.  

Condition 3: There are relatively weak competitive constraints 

14. Tacit coordination will not persist if there are firms, outside the group of firms party to 
the tacit understanding, which could disrupt any attempt to coordinate. For example, 
if barriers to entry are low, any attempt by existing operators to increase fares or cut 
services might present a profitable opportunity for entry by another firm, thus under-
mining the incentives to engage in tacit coordination. The CC market investigation 
guidelines state that the degree to which fringe firms act as a competitive constraint 
will in part depend on the number and size of such fringe firms and their cost and 
profit margins. In addition, the ability of a competitive fringe to expand output will be 
critical to their strength as a competitive constraint. If there are barriers to expansion, 
the competitive constraint from fringe firms will be likely to be limited.4

15. In Section 9, we find that there are a number of barriers that would hinder entry or 
expansion into a new area. These barriers act to reduce the strength of the constraint 
arising from potential competition from operators nearby and we find that the strength 
of the constraint from potential competition, particularly from smaller operators, can 
be limited (see paragraphs 8.161 to 8.165). We find a number of instances of entry 
and expansion within the recent past but we find that overall the incidence of entry 
and expansion events involving substantial shares of supply is low (see paragraphs 
6.74 and 6.75). 

 

16. In Section 4, we present summary statistics on the structure of the local bus services 
industry. We find that local areas are, on average, highly concentrated, with only a 
small number of operators with significant shares of supply. The number of fringe 
firms present in an Urban Area varies widely across Urban Areas. Table 4.2 shows 
that on average the fringe competitors, collectively and individually, have a very small 
share of services within an Urban Area, as on average only 1.9 operators have a 
share of supply in an Urban Area greater than 10 per cent, and the combined aver-
age share of supply in an Urban Area for the largest two operators is 86.4 per cent, 
although there is variation around these averages. 

 
 
4 CC3, paragraph 3.65: www.competition-commission.org.uk/rep_pub/rules_and_guide/pdf/cc3.pdf#3.65. 

http://www.competition-commission.org.uk/rep_pub/rules_and_guide/pdf/cc3.pdf#3.65�
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17. We have seen relatively few examples of areas where Small Operators, individually 
or in aggregate, have expanded rapidly at the expense of incumbent operators. For 
example, expansion by Norfolk Green (see Appendix 6.4—Norfolk) or Centrebus 
expanding in Leicester appeared to take place over a number of years. Where 
smaller operators have expanded rapidly, it is often through acquisition (eg McGills 
recent expansion) or via tendered services (eg Western Greyhound), and rarely has 
it impacted on more than a few routes. 

18. We therefore conclude that the third condition for tacit coordination appears to hold 
for local bus services in the reference area. 

Responses 

19. In their responses to the provisional findings, both Arriva and Stagecoach argued that 
coordination would not arise. Both operators said that the evidence did not provide a 
basis for a conclusion that tacit coordination had been established. 

20. Stagecoach said that operators would not have an incentive to coordinate because 
any cost asymmetries between them would mean that they could not easily identify a 
common, optimal, price, and that any changes in costs would render coordination 
unstable as the new optimal price would differ for each operator. Coordination on 
other aspects of service would be extremely difficult. Second, it argued that the threat 
of punishment may not be credible where cost asymmetries applied, as a lower-cost 
operator may doubt that a high-cost operator would be willing to incur and sustain the 
losses that retaliation might imply. Consequently Stagecoach considered that the 
condition for coordination, that it was costly for firms to deviate from the prevailing 
behaviour, would not necessarily be met. It also argued that the conditions relating to 
transparency were unlikely to be met for coordination within an area. It said that 
segregating services within a region would be difficult because services inevitably 
overlapped, for example where inter- and intra-urban services coincided. As a conse-
quence, detection of deviation from geographic sharing would be difficult.  

21. Stagecoach said that a more likely explanation of geographic separation was simply 
that these areas were already well served by operators such that profitable oppor-
tunities for entry were not available. It said that this was because the third condition 
for coordination, that there were weak external competitive constraints, did not apply.  

22. Arriva said in its response to the provisional findings on tacit coordination that there 
was insufficient evidence to establish that the conditions for coordination applied and 
that it was difficult to make inferences from observations of competitive behaviour. It 
stated that coordination as a theory did not provide testable predictions by which its 
applicability could be assessed.5

 
 
5 Arriva stated that all outcomes could be explained both by competitive outcomes and by coordination; in its response it sets 
out three possibilities:  

 It argued that experiences of the level of entry and 
expansion against incumbent operators showed that there was no general under-
standing of geographic market sharing across areas. It said that where entry did not 
occur, this was generally because there was no viable market opportunity available 
given that the market was already served by an incumbent operator. Arriva also 

• if parties do not compete directly, this may be evidence of very efficient ‘coordinated effects’ leading them not to compete or, 
alternatively, it may be evidence of the absence of profitable opportunities for competition or some other reason; but  

• if they do compete directly, this may be evidence of ‘failed’ coordination or, competition or alternatively, evidence of effective 
competition; and finally 

• if they compete indirectly( but not ‘head to head’), this may be evidence of the theory in action because such competition is 
designed to discipline errant operators or, alternatively may be evidence of a more effective and profit-maximizing strategy 
than head-to-head competition. 

Arriva stated that in each of the three situations either explanation may be plausible. 
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argued that the threat of new entry and expansion was strong. It pointed to the result 
that most routes faced at least some significant overlap, which it said showed that 
operators already tended to face at least some competition, and rivals could easily 
expand from these overlaps if profitable opportunities were available.  

23. In their response to our addendum on geographic market segregation, Arriva told us 
that the misinterpretation of signals that we have observed in the North-East (see 
paragraph 8.198) is at odds with and undermines the CC’s statement that the indus-
try is inherently transparent and the first condition, set out above, that ‘Firms are 
aware of the behaviour of their competitors’. Similarly, Stagecoach told us that the 
evidence presented in the addendum on geographic market segregation suggested 
that operators had difficulty understanding each other’s intentions, suggesting that 
the conditions for tacit coordination were not met. 

24. Although in principle substantial cost differences between operators might undermine 
their ability to coordinate by reducing the credibility of the threat of retaliation, we 
note that the Large Operators all have substantial resources. As such, we consider 
that they are likely to be able credibly to threaten retaliation, even if there are differ-
ences in how efficient they are. The arguments advanced in relation to differing per-
ceptions of an optimal price are not relevant to the consideration of geographic 
market segregation that we focus on in our assessment of operator conduct. 

25. Substantial cost differences between operators could, however, reduce the likelihood 
of coordination if it causes the incentives on efficient operators to coordinate to be 
reduced. We have not seen any evidence of substantially different efficiencies 
between operators (for example, there is little evidence of the Large Operators 
actively seeking to enter against rivals and out-compete them on the basis of 
superior efficiency, although Stagecoach and Go-Ahead have entered against other 
Large Operators on some occasions in the past five years). We also note that it is not 
the case that any asymmetry in efficiency will necessarily make coordination imposs-
ible, rather greater differences in the costs of operators in an area will make it less 
likely that their incentives are aligned, and so less likely that coordination between 
them will take place. 

26. Some operators’ services will overlap with rivals’ services, and so there will be areas 
where multiple operators will be present. We accept that geographic coordination in 
and around substantial overlaps may be difficult to establish. However, given the 
transparent nature of the market, a substantial expansion on a route—or entry where 
there has not previously been any overlap—will be very visible. In addition, the threat 
of new entry as a constraint is weakened by barriers to entry as set out in Section 9.  

27. We do not consider that the misunderstanding of signals that we have observed in 
the North-East and North-West (see Appendices 8.5 and 8.6) contradicts our argu-
ment that the conditions for tacit coordination are, in general, satisfied in the local bus 
market. It is not a necessary condition for geographic market segregation that oper-
ators’ signals are always understood and acted upon. That we observe signals being 
misunderstood does, however, suggest some lack of clarity regarding the focal point 
for coordination—operators’ Core Territories. This is discussed in paragraphs 8.225 
and 8.226. 




