Technical Efficiency During Deregulation of the Urban Bus

Systemin Sw eden

By

OSVALDO SALAS

Working Papers in Economics No 4

November 1998

School of Economics and Commercial Law

Göteborg University

Abstract : This paper compares the levels of technical efficiencyreached bybus transport companies during the period 1989-1996, taking into account the deregulation context in which theyoperate. The empirical evidence reveals that there are no substantial changes in the use of inputs after the bus transport market deregulation. The efficiencymeasures obtained in this studyshow that the gap between the most and the least efficient companyvaried verylittle during the observation period. These results could be explained by the presence of homogeneitybetween the companies with respect to the adoption of technologyand utilisation of labour and capital.

Keywords : Technical Efficiency, deregulation, urban bus system, transport

JEL- Codes: R40

Department of Economics

Göteborg University

Box 640

SE 405 Göteborg e-mail: Osvaldo.salas@economics.gu.se

Acknow ledgements

The author is grateful to Ann Veiderpass for constructive comments.

Financial support from the Swedish Transport Research Board is gratefully acknowledged.

Technical Efficiency During Deregulation of the Urban Bus System in Sweden

1. Introduction

The presence of the state in the Swedish urban transport service has been predominant for manydecades. This is explained largelybythe rapid development and consolidation of the welfare state, which is a specific characteristic of the Swedish economy. Therefore, the particular role of the state in transportation matters is to secure and provide all the countrý s citizens with urban transport service. With the aim to carry out this social goal, it was necessary, at least in the Swedish case, to largelysubsidise the transportation system. The urban bus market was deregulated in 1989, one of the principal purposes being to reduce the costs of this service, in another words, to reduce the amount of the subsidies.

The objective of this paper is to estimate and compare the levels of technical efficiency reached byeach bus transport companyduring the period 1989-1996 , taking into account the deregulation context in which theyoperate. We estimate a technologyfrontier using a frontier production function approach. In this approach, developed by Forsund and Hjalmarsson

(1979), a single production function represents the so-called frontier production function. The analysis is based on primarydata collected bythe author from the balance sheets of different urban bus companies.

There are few studies of urban bus deregulation in Sweden. Reduction in costs and subsidises as well as changes in the structure of the market are discussed in Alexandersson et. al. (1996).

International economic literature concerning bus deregulation is varied and takes up many different topics, such as privatisation, cost minimising, cost-benefit analysis, etc. In Western

Europe, the United Kingdom was the first countryto privatize the urban transport market.

With respect to deregulation in the United Kingdom a number of articles have been published

(White, 1990; Savage ,1993; Glaister, 1993). These studies show that competition has reduced costs and subsidies, as well as changes in welfare. Other empirical studies ( Rus and Nombela,

1997; Thomson, 1992) analyse the deregulation effects in countries such as Spain and Chile.

Gwilliam and Velde (1990) analyse current attitudes to deregulation in ten Western European countries.

This studyis organised as follows: Section 2, provides a background to the urban transport sector and the deregulation process in Sweden. Section 3, describes the frontier production function approach. Section 4, describes the data utilised in this study. Section 5, discusses how technical efficiencycan be measured using the chosen methodologyand explains the changes in efficiencyfor the individual companies. Empirical results are also analysed in this section. Section 5, is the summary.

2. Bus deregulation in Sweden

For many years, the main characteristic of the Swedish public transport system was its clear dominance bypublicly-owned enterprises. After several years of deregulation we observe a radical change in the market structure. On one hand, the participation of the state and local authorities has diminished year after year and, at the same time, private contractors have slowlyincreased their market shares. With the sale of the largest publicly-owned enterprise, the structure of ownership changed definitivelyin this sector. It is interesting to note that with this sale, for the first time foreign capital enters the Swedish transport bus market. However, state-owned and local companies still have 49 % of the market , while 33% belongs to foreign capital and 18% belongs to the Swedish private sector.

On a functional basis, the Swedish urban bus transport system is organised at two levels, namelyat a countylevel that covers the countryand at municipal level which covers the internal limits of a city. First, each countyhas a countypublic transport authority(CPTA).

Second, there is a municipal public transport authority(MPTA) in middle sized and large cities. This studyfocuses on the MPTAs.

Before deregulation, with no exceptions, onlypublicly-owned enterprises had the right to obtain bus schedule licenses, thus excluding private bus companies. In other words, each local authoritywas at the same time regulator and operator. In general, the organisational form before and after deregulation has not changed. The largest and middle sized cities are covered bylocal transport networks. Each network is regulated bya local authority(MPTA) which has introduced, for the most part, the purchaser/provider organisation.

The 1989 transport act radicallychanged the urban bus transport market. Briefly, this law allowed private bus companies to obtain bus schedule licenses. Companies owned bylocal authorities would compete equallywith the private sector. Thus, private bus companies began to operate in some cities byconcessions won in competition with the local bus companies.

These concessions were awarded bypublic bid. Thus, a great number of public bus companies disappeared and were replaced byprivate enterprises. It is important to add that two of the larger bus transport enterprises have taken over bus companies from the different local authorities (MPTA). A contract for public transport services normallyregulates the following points: the geographic area to be served, vehicle kilometres, vehicle hours and number of buses, bus standard, passenger service and environmental requirements.

In Sweden, the urban bus transport system has and continues to be a strongly regulated activity. Actually, each local authority(MPTA) is still responsible for its own urban transportation system bysetting the route structure of the network, the fare level and structure the level of capacityand qualityof the service. A substantial difference is that now the local authorities are able to contract private bus companies. These bus companies act as entrepreneurs, i. e. theyare paid bythe local authorities.

In spite of the fact that operating costs for all local authorities are still on average higher than commercial revenues, the balance of the experience with deregulation of the public transport system to date has been positive. This conclusion seems paradoxical, but the explanation lies in the fact that costs of operation during the period after deregulation are notablyreduced.

Specifically, two positive results are worth mentioning: i ) the competition has reduced costs for all local and countyauthorities, which signifies that the provided subsidies for the local and countyauthorityhave been reduced greatly, and ii) the production volume expressed in vehicle kilometres, vehicle hours and number of buses has been maintained almost without alteration, which is interpreted as an achievement of the deregulation.

3. The frontier production function

A frontier production function consists of those parts of the firms‘ production functions that express the maximum product obtainable for a given combination of inputs ( Forsund and

Hjalmarsson, 1987; Aigner and Chu, 1968). The pioneer in this field was Farrell (1957) who constructed an envelope isoquant for an industry. Farrell introduced a measure of productive efficiencywhich takes into account all the inputs, and yet avoids index number problems.

A frontier is distinguished according to the specification and the estimation methods used. In terms of specification, we have a parametric frontier functions which assume a particular functional form for the production or cost functions. An alternative approach is the nonparametric frontier, which requires no ad-hoc specifications of the functional forms. The specifications mayor maynot be based on an explicit statistical model of the relationship between the observed output and the frontier.

Classification of the frontier production functions is subject to whether observations in the output-input space are allowed to be above the frontier or not. If all observations lie on or below the frontier, the function is called deterministic, but stochastic if observations are above the frontier( Forsund and Hjalmarsson, 1987).

An empirical framework within which the frontier production function is specified, i.e. a deterministic parametric frontier without an explicit efficiencydistribution, is presented by

Aigner and Chu (1968). The restriction imposed here is that the observations in the production space lie on or below the frontier. This approach was further developed by Försund and

Hjalmarsson (1979).

Since the original article by Aigner and Chu (1968), the methodological development in frontier production function estimation has gone from the deterministic programming approach to the stochastic composed error type of frontier, where statistical inference can be applied; for surveys, see Forsund et al (1980) and Schmidt (1985-86). However, the

~statistical~ stochastic approach implies that the frontier has generated all data; see Schmidt

(1985-86). This is, however, not consistent with the best-practice technology frontier framework. Against this background, we have chosen the deterministic approach. The deterministic parametric frontier approach, which was introduced by Aigner and Chu (1968) using an explicit Cobb-Douglas function, does however, have limitations when applied to the studyof scale properties and technical progress. Forsund and Hjalmarsson (1979) generalized this approach, overcoming these limitations. Moreover, theyproposed measures of technical change for a homothetic frontier production function, allowing neutrallyvariable to scale.

In this studywe applya deterministic frontier approach. The analysis of technical change is done byintroducing trends in all parameters of the frontier function. The specification of technical change in the frontier production function takes the following homothetic form:

(1 ) G ( x,t) = g ( v,t)

V u

Where x = rate of output, v = vector of inputs, G ( x ,t) is a monotonicallyincreasing function

and g ( v,t) is homogeneous of degree one in v, and a specific form of the efficiency

distribution u. Calculation of the technical change measure is done byassuming that the

parameters of the function in (1) are time functions. Changes in the returns to scale properties

are accounted for bythe scale parameters of the transformation function.

We have chosen the same functional specification as Forsund and Hjalmarsson (1979) i.e. the

so called Zellner-Revankar specification of the transformation function together with a Cobb-

Douglas kernel function:

8

(2) Y e Ae v u t t x t

i i a t i i

a g b g g g

- - ×

=

- = ×

4 5 3

1

2

( ) P

The changes in the constant term A, and the kernel elasticities for the inputs, and the scale parameters a and b , allow us to studythe characteristics of technical change.

Considering the case of deterministic frontier without explicit efficiencydistribution for u, the computation of the frontier function becomes verysimple byminimising the sum of deviations from the frontier, with respect to input utilization. Logarithmic transformation reduces the estimation to a simple linear programming problem. The objective function to be minimised is:

(3) t

T j

N j j j j

A t a t v t a t v t t x t t x t

= =

å å + + - × + -

× - - × - - ×

1 1

3 1 1 1 2 2

2 4 5

(ln ( ) ln ( ) ( ) ln ( ) ( ) ln ( ) ( ) ( ))

g g g a g b g where T is the number of periods and N the numbers of observations.

Due to the restriction that the observations are to be on, or below the frontier, we can rewrite

(3 ) as:

(4 )

ln ( ) ln ( ) ( ) ln ( )

( ) ln ( ) ( ) ( )

A t a t v t a t v t t x t t x t

j j j j

+ + - × + - ×

- - × - - × ³

g g g a g b g

3 1 1 1 2 2 2

4 5

0

The homogeneityconstraint is expressed as:

(5 ) a a t i t i i i i

,

( ) = - × =

=

å å g

1

2

1 t T = 1 , . . . . . . . ,

This implies that:

(6 ) g i i

=

=

å

0

1

2

4. The data

In this studywe have used primarydata from the balance sheets of the different urban transport bus companies. The data used in this studycovers the period 1989-1996. We include onlycompanies with at least 25 workers and covering the citytransport service. With these characteristics there were before deregulation 44 bus companies in Swedish urban transport.

In 1996 the number had been reduced to 22 companies. This major reduction of the number of bus companies is a direct consequence of the urban transport market deregulation. The reason for this lies in the fact that the two largest bus companies have monopolized this market through awarded contracts and acquisition of municipal bus transport enterprises.

These two bus companies are not included in the data set due to the fact that theyoperate in the entire country. Consequently, these companies are not comparable to the rest of the data set. It is worth mentioning that most of the bus transport companies which comprise the data set are owned bythe state. We mayadd that two of the largest bus companies are owned by the Stockholm and Gothenburg municipalities. Onlythree companies are privatelyowned.

It should be noted that the number of observations are not the same during the period. This is because some bus transport companies have not had information available for the first year of the observed period. Therefore, the data panel comprises 16 observations for the first three years and 22 for the last five years of the period of study.

The output of a bus transport companyis commonlydefined as vehicle kilometres.

Unfortunately, this measure was not possible to obtain for all the companies studied.

Therefore, we chose the operating revenues as a measure of output. The current values are deflated with the official index for the transport sector (base year 1980) used in the National

Account.

The data on labour input includes both blue-collar and white-collar workers. Labour input is measured in the total number of hours worked. Capital input is measured in the total number of seats. Operating costs input do not include the value of the wages. The current values of this input are also deflated bya price index for the transport sector used in the National

Accounts. Summarystatistics of the variables are given in Table 1.

Insert Table 1

In this study, we will use the following notations: Lis labour (hours), K denotes capital

(number of seats), M denotes operating costs (SEK), Y denotes operating revenues (SEK),

K/Y, L/Y and M/Y are input coefficients for capital, labour and operating costs, respectively.

In order to describe the bus transport companies performance with respect to inputs and outputs , we show the input coefficients for capital, labour and operating costs in Table 2. This structural description gives us a good picture of the sector as a whole. It is interesting to note that the input coefficients recorded a verylight variation during the period of study. This result is particularlydue to unalterable market demand, as well as relativelystable price behavior.

Insert Table 2

5. Bus transport companies at the efficiency frontier

Our point of departure is to estimate a homothetic production function with a variable scale elasticity. The introduction of trends in all parameters of the frontier production function allows us to analyze the characteristics of technical changes and the efficiencyof the individual bus companies. Estimation of the frontier production function is specified in the following wayfor three inputs:

(7) Y e Ae K L M t t x t a t a t a t a g b g g g g g

- - × - - - =

5 6 4 1 1 2 2 3 3 ( )

Where: Y = output

K = capital

L= labour

M = operating costs

A = constant term a a a

1 2 3

, , = elasticities for the inputs K, Land M, respectively a , b = scale function parameters g

1

, g

2

, g

3

= trends for the input elasticities g

4

= trend for constant term A g

5

, g

6

= trends for the scale function parameters t = time period: t = 1 in 1989, t = 8 in 1996

Considering the fact that extreme observations constitute the frontier, errors in data maybe a problem. Even if the data have been carefullychecked we performed sensitivitytests. This was done byexcluding one observation on the frontier from the first run and then reestimating a new frontier without the observation in question. In this way, we can investigate the efficiencyeffects of the most extreme observations. The separatelyperformed runs have been denoted as Case 1 and Case 2. The first case relates to the entire data set. While in Case 2 we have excluded the largest bus companynamely, Stockholm Local Transport. This company operates in the capital of the countryand represents, in our sample, more than 50% of the bus market.

Table 3 summarises the main estimates of the frontier production function. For Case 1, the kernel elasticities for capital, labour and operating costs input are 0.26, 0.22 and 0.52, respectively, in 1989. The trends are fairlystrong. The capital and labour input elasticities decrease to 0.16, 0.18, respectively, while it increases to 0.66 for the operating costs. Another interpretation is that the marginal productivityof capital and labour increases, while operating costs decrease. From a technical change point of view, these results show that the bus transport sector experienced a capital and labour saving bias in technical change.

In Table 3 we can also see that the estimated trend in the scale elasticityfunction and b are zero in the two cases. This implies that the optimal scale does not change and the elasticityof scale function is the same for all the years.

As we can see in Table 3, comparison of Case 1 and 2 shows that the differences in the estimated parameters are verysmall. Therefore, the exclusion of the largest companydoes not have anyinfluence on the results. This signifies that the estimations of measures of technical efficiencydo not differ in the two cases (see Appendices 1 and 2).

Insert Table 3

Technical efficiency

The concept of efficiency, from a technical-economic point of view, is commonlyutilised to denote how successfullya set of inputs is transformed into a set of outputs. It is worth emphasizing that this concept is relative, implying that the performance of an economic unit must be compared with some standard. In this work, the frontier production function

(Equation 7) is our standard or reference point.

In relation to measures of efficiency, a mention of Farrell ‘s work (1957) is inevitable. Farrell defines technical efficiencyas the distance between an observed input coefficient and the most efficient location on the efficiencyfrontier for the same factor proportions. A generalisation of the Farrell measures of efficiencywas proposed by Forsund and Hjalmarsson (1979), extending therebythe analysis to the case of non-homogeneous and non- homothetic production functions, but retaining the initial assumption that a single production function represents the entire frontier production function. Similarlyto Farrell‘s measures, the distance between an observed unit and a reference point along a factor rayis used to measure efficiency.

In this study, technical efficiencyis assessed in two different ways: the input saving measure

E

1

and the output increasing measure E

2

. The first is obtained bycomparing an observed point of input requirements and output with the input requirements on the frontier production function corresponding to the observed output. The second is obtained bycomparing an observed point of input requirements and output with the output that would be obtained on the frontier with the same amounts of inputs.

Insert Figures 1 and 2

The measures of technical efficiencywere estimated for the bus transport companies sample.

The results obtained are presented in Figures 1 and 2 for the years 1989, 1993 and 1996.

These are calculated according to Case 1, i.e. for the whole data set. In the figures, the bus transport companies are organized in increasing order of efficiencyvalues. Each rectangle in the diagrams represents an individual bus transport company, and these are labelled bya number. In this way, we can observe whether the observations change position during a given period.

Figure 1 illustrates the input saving measure E

1

for the selected years. This measure shows the relative reduction in the amount of inputs needed to produce the observed output using frontier technologycompared with the observed use of inputs. We found that at the beginning of the period, observation (17) is least efficient. This bus companyhas a verysmall share of the total output and has an efficiencyvalue E

1

of 0.63. This means that if it was efficient , it could have produced the same output with onlyabout 63 per cent of the inputs actuallyused.

On the other hand, the most efficient observations are (10) and (11). These bus companies are of medium size and have an efficiencymeasure equal to 1.

It is interesting to note that with respect to the position of the small and large companies in the efficiencydistributions, there is no clear relationship between size and technical efficiency.

For instance, in 1989 the largest bus companyas well as the smallest one were not on the production frontier, while two medium size bus companywere. In 1993 , the third largest companywas fullyefficient ( E

1

= 1), while the end of the period a small companywas the onlyfullyefficient unit observed.

We note that during the period the observations change position, but not dramatically.

Another feature is that the variation in efficiencybetween observations during the period of studyis verysmall. We can also add that the arithmetic average of E

1

is approximatelyequal to 0,80 during most years. The results indicate that the variation in efficiencyfor the different bus companies is verysmall.

Another measure of technical efficiencyis the output increasing measure E

2

, which shows the ratio between observed and potential output , the latter obtained byemploying the observed amount of inputs using the frontier technology. In Figure 2 we present the output increasing measure. We can see that the range of variations is verysimilar to what we found for the previous measure E

1

. As earlier noted, the most inefficient observation was in 1989 unit (17 ) then onlyproduced 64 per cent of what could have been produced byusing the frontier technology. The most efficient units were also in this case units (10) and (11).

The shape of the distributions, with respect to E

2

, also changed during the period and these are fairlysimilar to the development of E

1

and the most efficient and most inefficient observations coincide for both measures. It should be noted that during the entire period the observations (16) and (17) are the least efficient. At the beginning of the period observation

(11) is the most efficient, while unit (6) is fullyefficient in 1993 and unit (22) in 1996.

The similarlyin ranking according to E

1

and E

2

is also clearlydemonstrated in Figures. 1 and

2. Comparison of the results reveals that the performance of the larger companies, (1) and

(20), varyslightlyduring the selected years, moreover, none of these observations were ever on the frontier. It is worth noticing that the data base shows that the input coefficients of labour and operating costs decreased stronglyfor these observations, while the capital input increases for observation (1) and decreases for observation (20). This development explains the increase of the productivityof these companies. At the same time, the input coefficients for labour and operating costs decrease lightlyfor most other companies and were approximatelyconstant for capital input.

6. Conclusions

In this paper we have presented a method to evaluate the technical efficiencyof a sample of bus transport companies in a period of deregulation. Considering that the traditional statistical test possibilities are missing with the method used in this work, we have carried out a sensitivityanalysis. The sensitivityanalysis shows that the larger companydid not distort the results obtained (see Table 3).

In general terms, the results of this studyshow that there are no substantial changes in the use of inputs after the bus transport market deregulation. The frontier production function analysis allows us to conclude that technical advance is characterised as capital and labour saving. An inspection of the input coefficients and cost shares for average companies and for companies on the frontier easilyexplain these results. At the same time during the analysed period, the average output grows. This increase in productivityis mainlydue to rationalising in the use of inputs and can be attributed to the deregulation of the market.

The efficiencymeasures obtained in this studyshow that the gap between the most and the least efficient companyvaried verylittle during the observation period. We found that these results could be explained by the presence of homogeneitybetween the companies with respect to the adoption of technologyand utilisation of labour and capital.

References

Aigner, D.J. and Chu, S.F. ,(1968) ~On Estimating the IndustryProduction Function~.

American Economic Review, 13, pp. 568-98.

Alexandersson, G., Fölster, S. and Hultén, S., (1996), ~Den Lokala Busstrafiken: en

Lyckad Avreglering ? . Ekonomisk Debatt, vol. 24, pp. 109-117.

De Rus, G. and Nombela, G., (1997), ~Privatisation of Urban Bus Services in Spain~.

Journal of Transport Economics and Policy, 31, pp. 115-129.

Farrell, M.J., (1957), ~The Measurement of Productive Efficiencỹ . Journal of Royal

Statistical Society, 120, pp. 449-60.

Försund, F. and Hjalmarsson, L., (1979), ~Frontier Production Functions and Technical Progress: A Studyof General Milk Processing in Swedish Dairy

Plants~, Econometrica, 47, pp. 883-900.

Försund, F. and Hjalmarsson, L., (1987), Analyses of Industrial Structure: A PuttyclayApproach, Almqvist & Wicksell, Stockholm.

Försund, F., Lovell, C. and Schmidt, P., (1980), ~A Survey of Frontier Production

Funtions and their Relationschip to EfficiencyMeasurement~, Journal of

Econometrics, 13, pp. 5-25.

Glaister, S., (1993), ~Bus Deregulation in the United Kingdom~. In Carbajo, J., ed.,

RegulatoryReform in Transport. Some Recent Experiences. World Bank.

Gwilliam, K. and van de Velde, D. M., (1990), ~The Potential for RegulatoryChange in Europe Bus Markets~. Journal of Transport Economics and Policy,

24, pp. 333-350.

Savage, I., (1993), ~Deregulation and Privatization of Britain´s Local Bus Industrỹ .

Journal of RegulatoryEconomics, 5, pp.143-158.

Schmidt, P., (1985-86), ~Frontier Production Functions~, Econometric Review, 4, pp 289-328.

Thomson, I., (1992), ~Urban Bus Deregulation in Chile~. Journal of Transport

Economics and Policy, 26, pp. 319-326.

White, P., (1990), ~Bus Deregulation: A Welfare Balance Sheet~. Journal of

Transport Economics and Policy, 24 , pp. 311-332

Appendix 1. E

1

Measure of Technical Efficiency for Selected Years.

Comparison of Case 1 and Case 2.

1989 1993 1996

Obs. Case 1 Case 2 Case 1 Case 2 Case 1 Case 2

1 0,9659 0,9063

2 0,7696 0,7691 0,7787 0,7782 0,7852 0,7862

3 0,8030 0,8034 0,6925 0,6929 0,8303 0,8320

4 0,7402 0,7388 0,7788 0,7784 0,6830 0,6833

5 0,8447 0,8451 0,8510 0,8525 0,8694 0,8719

6 0,9945 0,9926 1,0000 1,0000 0,9023 0,9035

7 0,8651 0,8631 0,8200 0,8193 0,7968 0,7969

8 0,6811 0,6807 0,7668 0,7675 0,8173 0,8184

9 0,8293 0,8275 0,8356 0,8352 0,7812 0,7812

10 1,0000 1,0000 0,8797 0,8801 0,7668 0,7679

11 1,0000 1,0000 0,9103 0,9102 0,8967 0,8949

12 0,6432 0,6426 0,7397 0,7400 0,7189 0,7199

13 0,7228 0,7220 0,7765 0,7764 0,6511 0,6514

14 0,8236 0,8230 0,7263 0,7268 0,8224 0,8238

15 0,7405 0,7395 0,8798 0,8799 0,7239 0,7244

16 0,6689 0,6685 0,6621 0,6624 0,6793 0,6806

17 0,6268 0,6257 0,6874 0,6870 0,6212 0,6223

18 0,8114 0,8105 0,8346 0,8347

19 0,7629 0,7635 0,8284 0,8295

20 0,6960 0,6978 0,8899 0,8931

21 0,7403 0,7396 0,7819 0,7825

22 0,8172 0,8163 1,0000 1,0000

Case 1 = Full data set

Case 2 = Largest bus company excluded.

Appendix 2. E

2

Measure of Technical Efficiency for Selected Years.

Comparison of Case 1 and Case 2.

1989 1993 1996

Obs. Case 1 Case 2 Case 1 Case 2 Case 1 Case 2

1 0,9671 0,9096

2 0,7769 0,7766 0,7858 0,7855 0,7921 0,7933

3 0,8095 0,8099 0,7017 0,7024 0,8359 0,8377

4 0,7483 0,7472 0,7859 0,7857 0,6925 0,6931

5 0,8498 0,8504 0,8560 0,8576 0,8738 0,8763

6 0,9947 0,9929 1,0000 1,0000 0,9056 0,9069

7 0,8697 0,8678 0,8259 0,8254 0,8034 0,8037

8 0,6907 0,6905 0,7742 0,7751 0,8233 0,8245

9 0,8349 0,8333 0,8410 0,8408 0,7883 0,7884

10 1,0000 1,0000 0,8838 0,8843 0,7743 0,7755

11 1,0000 1,0000 0,9134 0,9134 0,9002 0,8986

12 0,6536 0,6533 0,7478 0,7483 0,7275 0,7288

13 0,7314 0,7308 0,7836 0,7838 0,6613 0,6619

14 0,8295 0,8290 0,7348 0,7355 0,8283 0,8298

15 0,7486 0,7478 0,8839 0,8841 0,7325 0,7332

16 0,6788 0,6786 0,6720 0,6727 0,6889 0,6905

17 0,6375 0,6367 0,6968 0,6967 0,6320 0,6334

18 0,8176 0,8169 0,8401 0,8404

19 0,7704 0,7712 0,8341 0,8353

20 0,7052 0,7072 0,8937 0,8968

21 0,7484 0,7480 0,7889 0,7896

22 0,8232 0,8225 1,0000 1,0000

Case 1 = Full data set

Case 2 = Largest bus company excluded.

Table 1 : Description of the data

Variable Mean St. Dev. Min Max

Y (1000 SEK)

K ( number of seats)

L (hours)

M (1000 SEK)

91208

8965

697118

46543

177892

17390

1391762

88726

5047

750

42390

2289

985826

103725

8394790

481923

Table 2: Input Coefficients ( Capital, Labour and Operating Costs) 1989-1996

Year K/Y L/Y M/Y

1989

1990

1991

1992

1993

1994

1994

1996

0.08

0.09

0.08

0.12

0.10

0.11

0.10

0.11

7.69

8.28

8.23

8.00

7.58

7.11

6.94

6.96

0.56

0.53

0.53

0.55

0.51

0.50

0.48

0.49

Table 3: Estimates of the Frontier Production Function.

(t = 1 in 1989, t = 8 in 1996)

Case 1 Case 2

1989 1996 1989 1996

LnA 1.07068 1.07068 1.06897 1.06897 g

4

× t 0.00000 0.00000 0.00000 0.00000

(a

1

- g

1

× t) 0.25597 0.15763 0.25138 0.15330 g

1

0.01405 0.01405 0.01401 0.01401

(a

2

- g

2

× t) 0.22234 0.18442 0.23618 0.18677 g

2

0.00542 0.00542 0.00549 0.00549

(a

3

- g

3

× t) 0.52170 0.65800 0.52341 0.65993 g

3

-0.01947 -0.01947

-0.01950

-0.01950 a 1.03759 1.03759 1.03872 1.03872

( a - g

5

× t) 1.03759 1.03759 1.03872 1.03872 g

5

× t 0.00000 0.00000 0.00000 0.00000 b 0.00000 0.00000 0.00000 0.00000

( b - g

6

× t) 0.00000 0.00000 0.00000 0.00000 g

6

× t 0.00000 0.00000 0.00000 0.00000

Case 1 = Full data set

Case 2 = Largest bus company excluded

Figure 1: E

1

Measure of Technical Efficiency for Selected Years.

E1 1989

0

0,2

0,4

0,6

0,8

1

17 12 16 8 13 4 15 2 3 14 9 5 7 6 10 11

E1 1993

0

0,2

0,4

0,6

0,8

1

16 3 17 20 14 12 21 19 8 2 4 13 18 7 22 9 5 10 15 11 1 6

E1 1996

0

0,2

0,4

0,6

0,8

1

17 13 4 16 12 15 10 9 21 2 7 8 14 3 18 19 5 20 6 11 1 22

Figure 2: E

2

Measure of Technical Efficiency for Selected Years.

E2 1989

0

0,2

0,4

0,6

0,8

1

17 12 16 8 13 4 15 2 3 9 14 5 7 6 10 11

E2 1993

0

0,2

0,4

0,6

0,8

1

16 3 17 20 14 12 21 8 19 13 2 4 18 22 7 9 5 10 15 11 1 6

E2 1996

0

0,2

0,4

0,6

0,8

1

17 13 4 16 12 15 10 2 9 21 7 8 14 19 3 18 5 20 11 1 6 22