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Location and Efficiency of Public
Passenger Transport in Larger
Cities; European Perspective

Olli-Pekka Hilmola™

( Lappeenranta University of Technology, Kouvola Research Unit,
Prikaatintie 9, FIN -45100 Kouvda, Finland)

[Abstract ] Four different DEA super-efficiency models are used to evaluate
whether location has any role in the public short-distance passenger transportation efficien-
cy. Our results show that location does not play any role with the entire efficiency data, but
with small-scale exclusion we could build regression models having 30% —40% explanation
power (using both latitude and longitude as independent factors). Models argue that best
area for public transportation systems in the larger cities is located in European north-east,
and correspondingly worst situation is in place in south-west. This is interesting finding,
since harsh winter conditions in north, and legacy of soviet times in east are playing against
of higher efficiency standards.

[ Rey Words] large cities; public passenger transport; super-efficiency; location
1. Introduction

Typically public passenger transport is significanily dependent on the amount of poten-
tial users in its sphere of influence (Lao & Liu, 2009; Karathodorou et al. , 2010; Kart-
tunen et al. , 2010), and therefore it is not surprise that mega-cities ( Jain et al. , 2008 )
or larger entities ( Odeck, 2008) have been analyzed to be the most efficient in previous
benchmarking studies. Although, privatization and deregulation processes are catching up in

global scale in transportation industry overall, e. g. rail based passenger transport is still

+ BFIME - FIRER (Oli-Pekka Hilmola) , 25 hrik XX T K2 (Lappeenranta University of Technolo-
gy) Hi%, WM RBAE (University of Skovde) ZEHF., TEPMRATE.: ESMASE. HusEHE,. Tl
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having rather minor share of private companies operating ( approx. 13% from produced
Vol. based on Amos & Thompson, 2007 ). Thus, research findings are giving their support
for more deregulated and privatized transportation systems (Jain et al. 2008 ; Cowie 1999) ,
particularly in bus industry ( Cowie and Asenova, 1999; Odeck, 2008 ). Encouraging re-
sults are also reported from former Eastern Europe, where lack of investment funding, and
requirement for low fares (or even fares without a cost for special groups) is reality-even in
this environment privatized bus companies e. g. in Albania have shown healthy profitability,
and local government saved millions in terms of support funding ( Pojani, 2010; Everis,
2010).

The main motivation behind this study is to examine, whether the efficiency of public
passenger transportation in cities is driven by factor of location. As data of our study is most-
ly from Europe, and in latter parts data treatment leads us into deeper analysis of European
situation, we are limited in one continent in our evaluation. Location studies have been clas-
sical in macro-economics from the very beginning (e. g. Ricardo, 1821; Smith, 1776),
and it has been argued that some individuals, firms or countries (typically the last men-
tioned has been under interest of economics) hold “comparative advantage” over the others
in some industrial branches (e. g. Samuelson, 1951 ; Krugman & Obstfeld, 1988 ). Nobel
prize in year 2008 was devoted into this issue alone.

This manuscript is structured as follows: In Section 2 literature research is completed
from the increasing need of efficient public passenger transport in larger cities. Thereafter,
in Section 3 used research methodology, different data sources, and DEA performance
measurement used in this study are introduced. Section 4 reports our results from two main
DEA models (space and service) , and their relationship with location data (latitude and/
or longitude). Main results of different models are altogether discussed in Section 5, where
poorest and highest performing areas of Europe are being analyzed further. In Section 6 we

conclude our work, and propose further areas for the research in this topic area.

2. Literature Review. Short-Distance Public Passenger Trans-
port in Larger Cities

Major concern of larger cities, but alse countries within passenger transport, is the in-
creasing popularity of private car based road transports, and the future emission scenarios

arising from them (Meyer et al. , 2007 ; Hensher, 2008 ). For example, if China does not
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bother to do nothing with this respect, then in year 2030 it will have 400 million passenger
cars on roads, hungry for gasoline (Hu et al. , 2009). In the city level situation is showing
similar frightening growth potential, based on Kenworthy (2002) in USA per capita con-
sumption of energy for private cars is 60000 MJ (in cities) , while in China it is only 2500
MJ. Interestingly in this respect, in public transport large Asian cities (e. g Beijing, Sin-
gapore and Hong Kong) base their short-distance passenger transport on road, namely using
buses ( Cameron et al. , 2004 ; Yuanzhou et al. , 2010 ). However, future does not look
promising with regard of high income class-study from France shows that higher income re-
sults on larger use of private cars and air transport, leading eventually to considerably high-
er CO, emissions than in other income classes (Nicolas & David, 2009).

Only strict policies and regulation have been able to constrain this development; in
Hong Kong and Singapore amount of private cars is 5 — 10 times lower compared to cities in
Europe and USA ( Cameron et al. , 2004 ). But these only due to very unfavourable cost
implications of owning and driving private car-similar plans also exist in Australia to reduce
transport emissions of Sydney ( Hensher, 2008 ). Among policies and regulation, careful
planning of urban areas and closeness of people living besides each other as well as serv-
ices, decreases throughout the world traveling by private car ( Cameron et al. , 2003;
Karathodorou et al. , 2010) . Problem is that when cars become smaller, more affordable
and less polluting, their total usage increases, which in the end results on higher overall
emissions ( Hensher, 2007; Mayer et al. , 2007 ) . For example, De Jong & de Rier
(2008 ) argue that only hope lies in the increasing amounts of older population in “old
west” , and their inability to use private cars, but this potential’s positive direction could
easily be substituted by smaller sized households in younger age groups, and their wider use
of cars.

Earlier research has shown (Lao & Liu, 2009; Karttunen et al. , 2010) that inside
city there exist some routes, which are extremely popular, and even could be profitable to
operate. However, this is not complete solution and package, since numerous other routes
need to be operated too in order to satisfy transportation needs, and their popularity and
profitability could be questionable. Efficiency is not the ultimate answer here, in other words
efficiency of actor level (or route level, like George & Rangaraj, 2008 illustrated) ; most
interesting is how efficient public passenger transportation systems are from system’s per-
spective (city level). This efficiency concerns both objectives: Public passenger transporta-
tion system services used, and space needed to build this system to operate. These objec-

tives could have tradeoffs as well, where favouring efficiency of another one will have de-



TR ISR - B

creasing efficiency in other respect. However, problem with coverage of public transportation
system, and structure of large cities is constant challenge, and especially for old cities,
which have considerably being enlarged with sub-urban areas within last six decades time

period ( Pojani, 2010; Nicolas & David, 2009).

3. Research Methodology and Used Data

International Association of Public Transport ( UITP, 2005) maintains database con-
cerning public transportation in larger cities. Latest version is from year 2001 and contains
52 cities around the world. However, most of these are from Europe (47 of total). This da-
tabase has been used in earlier scientific studies (e. g. Kenworthy, 2002 ; Cameron et al. ,
2004 ; Karathodorou et al. , 2010; Albalate & Bel, 2010), and could be assumed to have
needed reliability of indicators gathered. From most recent studies Karathodorou et al.
(2010), and Albalate & Bel (2010) both used UITP database as main source within their
large-scale statistical analysis, not only describing the large cities public transport environ-
ment, which has been the case in the earlier studies ( Kenworthy, 2002; Cameron et al. ,
2004 ).

In Figures 1 and 2 is presented two DEA efficiency measurement models of this re-
search work ; one concerning space utilization efficiency and second one service usage effi-
ciency. We altered these models in a manner that amounts of inputs were either two ( popu-
lation and urban population density) or all five. In all of the following efficiency measure-
ment models outputs are the same in each case (space and service used per se), four of
these outputs are rail related and one concerns busses. Of course walking and biking should
be part of public passenger transportation system, but we were forced to leave them out of

measurement due to lack of data.

Inputs Outputs
|Bus kilometers per urban hectare l
| Urban population densityl |Tramway vehicle kilometers per urban hectare l

I'Urban population+
! job density .
i Proportion of jobs in the |

| Central Business District!

Public
Transportation
Process

ILight rail vehicle kilometers per urban hectare I

|Men'o vehicle kilometers per urban hectare I

ISuburban railway vehicle kilometers per urban hecta.rel

Figure 1 DEA measurement model of public passenger transport

concerning super-efficiency of space being used
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Inputs Outputs

[ Bus kilometers per inhabitant ]

I Urban population densityl

[ Tramway vehicle kilometers per inhabitant I
" Urban population + | Public e —
Job denps‘l);' : Transportation ) | Light railve hicle kilometers per inhabitant I
o oot emmme Process icle ki inhabitant
uPropomon of jobs in the ! [ Metro vehicle kilometers per inhabi |

| Central Business District! [ Suburban railway vehicle kilometers per inhabitant I

Fe==---=o-oool

Figure 2 DEA measurement model of public passenger transport
concerning super-efficiency of transportation services used per inhabitant

As in larger efficiency measurement models five inputs and five outputs were being
used, some cities were not included in the efficiency analysis. Mostly reason for exclu-
ding was the lack of data concerning inputs of “urban population plus job density” and
“ proportion of jobs in the central business district” . Therefore, our analysis in the lar-
ger models consist 43 cities. However, in smaller models all of the database cities were
involved.

For latitude and longitude information, we used Google Maps (2010), and its geo-
graphical coordinate feature. This information was matched with UITP (2005) railway data-
base, and each large city was thereafter having its latitude and longitude data. For the pur-
poses of the following analysis, we have scaled latitude in a manner that countries below
equator (south) are having negative latitude values and above (north) positive ones. Sim-
ilarly longitude information is scaled in a manner that countries belonging to west longitude
(from Greenwich) are having negative values as east longitude countries are marked as pos-
itive ones. Therefore, in theory our scale in latitude is ranging from —90° ( South Pole) to
+90° (North Pole), and in longitude from - 180° to +180°.

Typically DEA efficiency measurement technique is used to fit scale curves ( constant
or variable) on given input-output models. Initial introduction to the idea was made during
1950°’s (Farrell, 1957), while its real down to earth linear programming application was
developed during late 1970°s ( Charnes et al. , 1978). In the beginning constant returns on
scale were assumed, and fitted on data. Thereafter, other scale curves, like variable returns
on scale (favouring smaller decision making units) were applied (Banker et al. , 1984 ).
Problematic part in DEA models is that its measurement scale is fixed, and efficiency values
could range from 0 to 100% ( latter number called as frontier; Barros et al. , 2009;
Odeck, 2009; Mavi et al. , 2010). As one option to avoid erroneous interpretations in using
regression models with DEA results, has been to calculate super-efficiencies (e. g. Nahra et

al. , 2009). As we apply in the following super-efficiency models, scale of efficiency meas-
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urement is not having maximum value, and it could be basically anything from 100% on-
wards, giving us justification to use ordinary regression analysis to make interpretation from

possible causalities.

4. Does Location Drive Super-Efficiency of Short-Distance
Public Passenger Transports in Large Cities?

4.1 Location and Small DEA Super-Efficiency Measurement Model

Surprising finding was that small DEA super-efficiency measurement model results
were not driven by location (see Table 1 in below). Latitude ( model 1) in space and serv-
ices used model was slightly better than longitude (model 2) in explaining efficiency per-
formance, but explanation power of 1% -2% does not give any indication even nearly sta-
tistically significant relationship. As both location factors are taken into account in model 3,

explanation power improves a bit, but is still around 4% , and not even near of statistical

significance.
Table 1 Linear regression model fits in small DEA super-efficiency evaluation
Services used R? Intercept ( p-value) Latitude (p-value) | Longitude (p-value)
0.432 0. 008
Model 1 0.027 (0. 174) (0.244)
0. 762 0.001
Model 2 0.001 (0. 000) (0.813)
0. 268 0.011 0. 003
Model 3 0.041 (0.471) (0.160) (0.402)
-1.042 0. 039 0.012
Madcl 4 fEges (0.372) (0.101) (0.407)
-1.404 0.043 0. 006
Model 3 0:312 (0.012) (0.000) (0.450)
Model 5 0.243 0.013 0.010
( Without intercept) ’ (0.000) (0.194)
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Space used R? Intercept (p-value) | Latitude (p-value) | Longitude ( p-value)
0.581 0. 005
.012
Model 1 0:0 (0.064) (0.435)
0.776 0. 002
Model 2 0. 008 (0, 000) 0,591
0.372 0. 009 0. 004
Model 3 003 (0.306) (0.236) (0.272)
-0. 026 0.017 0. 005
Model 4 0.018 (0.982) (0.462) (0.739)
~0.344 0. 020 0.011
Model .
odel.t G220 (0.350) (0.014) (0. 029)
Model 5 0. 285 0.013 0.012
(without intercept ) ) (0. 000) (0.014)

Denotation; model 1 is relation with latitude, model 2 is relation with longitude, model 3 is relation with latitude and
longitude, and model 4 is relation with latitude and longitude when top 15 population cities are excluded, and model 5 is
relation with latitude and longitude when in all models non-European cities, and Bem are excluded.

Even though these results were not convincing, we were able to develop linear regres-
sion model having high explanation power, and also statistical significance. In smaller su-
per-efficiency models it is exclusion model, where non-European cities are not included,
but also very high performing Bern is taken away ( named as model 5 ). Explanation power
in this case is nearly 30% , and in services used model latitude is having statistical signifi-
cance, while in space used both latitude and longitude do so. We also calculated linear re-
gression models without intercept (as latter was not statistically significant), and in both
cases statistical significance performance improved for latitude and longitude (in services
used latter one was still out of acceptable limits ). However, we do want to emphasize that
exclusion in large-scale alone is not sufficient to improve explanation power of used regres-
sion models-model 4 shows situation, where TOP15 cities ( by population) were excluded
from the analysis, and it very marginally improves the situation in services used model as
compared to model 3, but in space used decreases below 2%.

As minor exclusion seems to provide better explanation power, we did explore its effect
on other models ( model 3 in Table 2 is model 5 in Table 1). As could be noted from Table
2, even single factor co-ordinate models are able to predict at best case super-efficiency
performance by 209% -30% . This again in the models, where latitude is explaining the per-
formance ; longitude is having non-significant situation still in the services used model. If ex-
clusion is continued further by not only incorporating non-European cities and Bern, but al-

so excluding TOP15 by population, we do reach in services used model explanation power
of nearly 40%.
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Table 2

when exclusion is effective in all models

Linear regression model fits in small DEA super-efficiency evaluation,

Services used R? Intercept ( p-value) | Latitude (p-value) | Longitude (p-value)
Model 1 0.302 (;_15.05:) (::050)
Model 2 0.076 (g: (5)33) (g: 8(153 )
Model 3 0.312 (;).16‘1“2)‘; (gi% (g:m)
Model 4 0. 395 (;,.] 63:; (8 %) (g: 8;2)
Space used R? Intercept (p-value) | Latitude (p-value) | Longitude (p-value)
@137 (0 002
(withtl:I:diflll:rcept) 0210 (0,000
Model 2 0.184 (gjf)g(l)) (31332)
ome | | em | e
Model 4 0.241 (;f)'z;zi (3j &2,2) (g: (1)(1)2)
Model 4 0,236 0.014 0. 006
(without intercept} (0. 000) (0.193)

Denotation : model 1 is relation with latitude, model 2 is relation with longitude, model 3 is relation with latitude and
longitude, and model 4 is relation with latitude and longitude when top 15 population cities are excluded (in all models
non-European cities, and Bem is excluded)

So, based on our regression analysis of super-efficiency models of small DEA of public
passenger transport, we can argue that overall they do not have any statistically significant
relationship with location. However, if some parts of observations are being excluded, we
can find statistically significant models, and these typically explain 30% from efficiency
performance. Frequently we do find that latitude is the mostly explaining the efficiency, and

some cases it could have longitude besides of it, giving a bit better explanation power.
4.2 Location and Large DEA Super-Efficiency Measurement Model

In base analysis large DEA super-efficiency models do not bring any further change on

the results of smaller DEA analysis. As Table 3 highlights, all data incorporating models
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from one to three have very low explanation power (ranging from 0 to9% ), except of mod-
el 3 for space used DEA. This last mentioned is showing some potential significance from

longitude, which is contrarian finding on previous analysis.

Table 3 Linear regression model fits in large DEA super-efficiency evaluation

Services used R? Intercept ( p-value) Latitude (p-value) | Longitude (p-value)
1. 142 0.003
Model 1 0. 003 (0. 008) (0.748)
1. 202 0. 005
Model 2 0.023 (0. 000) (0.333)
0. 812 0. 009 0. 007
Model © Sl (0.102) (0.392) (0.214)
-1.071 0. 045 0.017
Model 4 0. 088 (0. 492) (0. 147) (0.362)
-1.176 0.042 0. 025
Model 3 0.372 (0. 109) (0.008) (0.021)
Model 5 0.33 0.018 0. 028
( without intercept ) ’ (0.000) (0.01)
Space used R? Intercept ( p-value) Latitude (p-value) | Longitude (p-value)
1. 048 0. 007
Model 1 0. 003 (0.209) (0.711)
1. 088 0.018
Model 2 0. 088 (0.003) (0.053)
-0.171 0. 027 0. 025
Model 3 0.135 (0.853) (0. 147) (0.018)
0. 353 0.013 0. 005
Model4 0008 (0.829) (0. 682) (0.771)
0. 069 0.012 0.021
Model 5 0.222 (0.908) (0.328) (0.019)
- Mod.el 5 0.222 0.014 0.021
( without intercept) (0. 000) (0.017)

Denotation ; model 1 is relation with latitude, mode! 2 is relation with longitude, model 3 is relation with latitude and
longitude, and model 4 is relation with latitude and longitude when top 15 population cities are excluded, and model S is

relation with latitude and longitude when in non-European cities, and Bern and Moscow are excluded.

Exclusion in large DEA models yields results, where model 4 ( non-Europeans plus
Bern and Moscow excluded) shows strikingly high explanation power ( ranging between
20% -40% ). Highest performance recorded in the model of services used, where regres-
sion model is having intercept ( which is not statistically significant). Interestingly in this
exclusion case we do not face any problems to find statistical significance for longitude
(which was weak parameter in small DEA), and both of the location parameters have nee-
ded high statistical significance, if without intercept models are also taken into ac-

count. Word of caution over in exclusion approach-model 4, where all TOP15 (by popula-
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tion) cities are excluded from the regression analysis, we face very low and insignificant ex-
planation power still.

As promising path of excluding non-European cities and Bern as well as Moscow
showed promising opportunities for location significance in large DEA, we performed further
analysis with this regard shown in Table 4. This action impr(_wed situation especially with
services used DEA model, where latitude and longitude alone were able to give more than
20% explanation power (models 1 and 2). Similarly longitude (model 2) in space used
model nearly reached 20% level. Latitude performed somewhat poorly in space used model
(only 7% explanation power), but was still statistically significant. As regression model
and data in model 3 in Table 4 is the same as model 5 of Table 3, and we can only con-
clude that it is still having highest explanation power, even if the variety of exclusion mod-

els is taking into account (in Table 4).

Table 4 Linear regression model fits in large DEA super-efficiency evaluation,

when exclusion is effective in all models

Services used R? Intercept (p-value) | Latitude (p-value) | Longitude (p-value)
Model 1 0.258 (;)_16‘5‘;3; (g: ggi)
( withx(t)diilt:rcept) 0258 ( g 2(2)(2) )
Model 2 0.217 (8: ggg) (g: 332)
Mode 3 0,572 @.109) (@.0m) 0.01)
Model 4 L (I).l oig (g: 3(5)2) (g: g;)
Space used R? Intercept (p-value) | Latitude (p-value) | Longitude (p-value)
Model 1 0. 074 (_0_0'7;22 (g: ?fg )
( withx(t)(li‘lelte:lrcept) 0.074 ( g g(l)g )
Model 2 0.198 (g: ggg) (g: 8(2;;)
Model 3 0-222 (g ggg) (8: (3);2 ) (g: g?;)
Model 4 0.122 (_o%iéi; (g: ?ﬁ) (g: (2)(1)(5))
Model 4 0.12 0.016 0. 009
( without intercept ) (0.000) (0.228)

Denotation: model 1 is relation with latitude, model 2 is relation with longitude, model 3 is relation with latitude and
longitude, and model 4 is relation with latitude and longitude when top 15 population cities are excluded. (in all models
non-European cities, and in small models Bern, while in large models Bern and Moscow are excluded)
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Interestingly, in large DEA model TOP15 (by population) cities exclusion yields also
good results on regression analyses (also non-European cities and Bern as well as Moscow
excluded). This is especially the case in services used model ( where regression model is
able to explain nearly with the same precision with model 3). In space used model this large-
scale exclusion does not yield this level of impressive results, but still in situation where re-
gression model is not having intercept, latitude is highly significant in statistical terms.

In large DEA regression analysis we found that longitude is not problematic location
parameter, even if it did so in small DEA. However, most of the results are very similar to
earlier sub-section findings. So, we could argue still that some exclusion for super-efficiency
DEAs is needed, and then both longitude and latitude are needed jointly in the models to

explain efficiency formation.

5. Discussion

As our findings and regression models yielded significance only in European context, and
in a case that Bern is excluded, it is worthwhile to discuss and analyze further performance of
north-east and south-west pubic passenger transportation performance (please see Tables 5 and
6 in the below). However, we would like to emphasize that two European cities, Bern and Mos-
cow (former excluded in both small and large, while latter in only large), have exceptional
performance in the exclusion cases. For example, Bem sets frontier with approx. 600% efficien-
cy in smaller model, and in larger model performance remains in the level. Moscow in larger
model dominates space used model with enormous efficiency level of just above 1200% , and in
services used it is just below 500%. So, these exceptional cities should be taken into account as

we analyze difference in performance of north-east and south-west of Europe.

Table 5 Five example larger cities from Europe concerning north-east (left-side)
and south-west (right-side) classification, and their respective super-efficiency

performance in two small DEA models

City Space DEA Services DEA City Space DEA Services DEA
Krakow 135. 1% 97.5% Lisbon 40.0% 46.8%
Warsaw 9. 8% 81. 6% Sevilla 17.3% 22.2%
Tallinn 99.1% 121. 0% Madrid 53.3% 22.6%
Helsinki 75.3% 109. 0% Bilbao 36.7% 37.71%
Moscow 113.9% 19.2% Valencia 24.9% 22.5%

Average 103. 7% 85. 7% Average 34.4% 30. 4%

1



