EFFECTSOF SUBSIDIESAND COMPETITION LEVELSON SERVICE
QUALITY IN SUBURBAN BUSTRANSPORT: AN EMPIRICAL ANALYSIS

Abstract

Multiple linear regression models are formulatedias routes connecting Santiago,
Chile with its suburbs to estimate the effects ofite operator subsidies and
competition levels on service quality indicatorsibSidies and competition are key
elements of the country’s public transport regulatpolicies. The two quality
indicators examined are the number of penaltiesedsto operators for service
regulations infractions and the number of comptafiled by users. The models were
estimated using official data. Applying three coempéntary econometric approaches,
our results provide evidence that subsidies sicgifily reduce the number of
operator penalties and that greater competitionuaesl the number of user
complaints. Both effects constitute important innib the design of appropriate
policy instruments for improving suburban publiartsport.
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1. Introduction

The implementation in 2007 of Transantiago, a @ticredesigned public bus
transport system for the Chilean capital of Sawtjiagjd not include the suburbs
surrounding the city (see Briones, 2009; Muioz dedsrange, 2010; de Grange et
al., 2018). Not until 2015 did suburban bus operaio the Greater Santiago Region
begin to receive subsidies from Chile’s Ministry offransport and
Telecommunications (MTT).

Across the Region there are 35 bus operator compawith a total fleet of

approximately 1,800 vehicles serving 107 differemites that connect the city of
Santiago with its suburban areas. On a typical dagkhe trips taken on these
services number about 300 thousand, or 1.6% adfirbln trips in the city, at fares
averaging 0.35USD/km. The geographical coverageiged by these routes and
their corresponding distancesre detailed in Table 1 and Figure 1.

Table 1: Bus Routes Connecting the City of Santiago with its Suburbs

Distance (km) ROUTE Distance (km)

Tiltil — Independencia 146 Lampa — Recoleta 51
Talagante - Estacion Central 113 Lampa — Santiago 7 8
San Jose de Maipo — La Florida 104 Lampa — Indegrenid 89
Pirque - San Bernardo 75 Lampa - Estacion Central 7 9
Pirque - La Florida 65 Isla de Maipo — Maipu 85
Pirque - La Cisterna 82 Isla de Maipo - EstaciontGe 128
Penaflor — Santiago 72 El Monte — Quilicura 116
Penaflor - Puente Alto 103 El Monte - La Florida 511
Penaflor — Maipu 34 El Monte - Estacion Central 113
Penaflor - Estacion Central 73 Curacavi - Lo Prado 102
Paine - Estacion Central 134 Curacavi — Estaciantr@e 102
Padre Hurtado — Quinta Normal 100 Colina — Recoleta 56
Padre Hurtado - Estacion Central 46 Colina - Inddpecia 97
Melipilla — Maipu 140 Colina - Estacion Central 76
Melipilla - Estacion Central 134 Calera de Tanddaipu 32
Maria Pinto - Lo Prado 105 Calera de Tango - Eetatlentral 68
Maria Pinto - Estacion Central 118 Buin - Estadzentral 93

Buin - Cerrillos 72

I The distances shown in Table 1 are in fact averdge to the minor variations from operator to af@rin the precise route

definitions.



Figure 1: Map of Bus Routes Connecting the City of Santiago with its Suburbs
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The users of the suburban bus lines tend to coome fine more vulnerable sectors of
the population with relatively poor access to sssisuch as health and education.
This situation has prompted Starkey et al. (2002¢rhphasize the role of suburban
public transport in policies aimed at reducing ptyweNote, however, that suburban
routes generally have higher operating costs thdanuroutes due to their long
distances and the lower densities of the areassien.

Although the original design of Transantiago did oall for government subsidies,

the difficulties of its implementation were suclatithey had to be introduced almost
right from the start (Briones, 2009). To ensures thould be politically viable, the

government set aside an equal amount of fundinfinemce services not only for

Santiago proper but also for the Greater Santiadpurds and other regions of the
country.



In this study, we use data provided by the MTT sbineate the effects of these
subsidies and the levels of operator competitiortvem indicators of the quality of
services connecting Santiago’s suburbs with thg: clfy the number of user
complaints, and 2) the number of penalties issumd dperator infractions (in
proportion to the number of operator inspectiotg find that the provision of
subsidies significantly reduces the number of pesglwhile greater competition
reduces the number of user complaints.

The remainder of this article is divided into figections. Section 2 is a literature
survey of previous studies into local or suburbablig transport; Section 3 gives a
statistical description of our data; Section 4adtrces our methodology, specifying
the econometric models we designed and their eafdayy instrumental and control

variables; Section 5 sets out and discusses our filglings; and finally, Section 6

presents our main conclusions.

2. Literature Review

Over the last three decades, the introduction ofipeiition into local or suburban
public transport (LPT) by the majority of citiesshied to the adoption by public bus
systems of a wide variety of organizational mod@isharal et al., 2009; Avenali et
al., 2016; Dalen and Gomez-Lobo, 1996; Daraio e28l16; Papangelis et al., 2016;
Piacenza, 2006; van de Velde, 2008; ZATTI, 2012).

Although suburban public transport systems haveesointhe characteristics that give
rise to natural monopolies and do generally extebitnomies of scale (Cowie and
Asenova, 1999; Daraio et al., 2016; Farsi et aQ72 Fiorio et al., 2013), the
experiences of a number of countries show that etithe tendering can bring about
lower costs and better quality services (Boitanalet 2013; Boitani and Cambini,
2006). Empirical evidence demonstrates that firrhglwvare given incentives to keep
costs down do operate more efficiently (Boitanakt 2013; Gagnepain and Ivaldi,
2002; Piacenza, 2006).

Nevertheless, the majority of countries continuegtant some type of subsidy or
transfer to providers of suburban or local publansport services, mainly to ensure
they can balance their operating budgets given ¢bats tend to exceed revenues
(Piacenza, 2006). The literature recognizes twonm@gpes of LPT subsidy
arrangements: (i) management contracts, under wthefauthority responsible fully
finances any operating deficit; and (ii) fixed-grischemes, in which the authority
setsex-ante a fixed subsidy covering the expected operatirgg oo deficit so that if
the former is less than expected, the differencetsned by the operator as a direct
benefit.



A series of studies have found that public transpabsidies are negatively correlated
with various performance and productivity meas\iprgvs et al., 2014; Karlaftis and
McCarthy, 1997; Pucher et al., n.d.). Governmepitahgrants, for example, distort
resource allocation by reducing the cost of purncigagdditional vehicles, thus
encouraging overcapitalization as operators suitstihe relatively less costly buses
for other inputs to the production of transit seed. The existence of a sizeable
excess capacity has major implications for thegiesi regulations relating to future
investments (McCarthy, 2001; Piacenza, 2006).

Using 7 years of data from 44 municipal public sjaort services in Italy, Piacenza
(2006) also found that operators working underdipeice schemes displayed less
distortion in relation to minimum costs. The autliorther concluded that network
speed levels had a significant impact on inefficiedifferentials and influenced the
effectiveness of incentive regulation. Relativelgod traffic conditions for LPT
vehicles always meant less inefficiency, the mesabueductions starting at about
13%. For operators with network speeds above thglgamean in the study, these
favourable operating conditions together with fiygete regulations resulted in a
major drop in inefficiency of about 64%.

Boitani et al. (2013) conducted a comparative asislyf 77 public transport
operators in European cities. They found, firstabf that when companies have to
“‘compete for the market” they exhibited higher lievef productivity. The authors
also showed that ownership matters in the sensethic operators were generally
less productive than private ones. Finally, thegaobed that city characteristics such
as per capita GDP or population density did nod@fbperator productivity, except
possibly through the effects of road congestiomajor cities.

As regards competition, a number of case studies Addressed this problem and the
organizational models of local public transportlasy affect user satisfaction. Fiorio
et al. (2013) used public transit survey data f@8rEuropean cities to show that the
existence of more than one operator reduced setisficby 6-8% compared to single-
provider levels. They also found that per capiteome, population, city size (i.e.,
geographical area) and even average fares werstatitically significant variables
in determining satisfaction. By contrast, the numbé registered vehicles (an
indicator of congestion) did reduce satisfactianspecific terms, a 1% increase in
the average number of cars led to a 0.55% dedtirsatisfaction in all specifications
of the model the authors empirically tested.



In a similar study, Zhang et al. (2016) concludeat the ownership structure of rural
transport in China had a significant impact on usatisfaction. Publicly owned
companies achieved greater levels of satisfactian mixed or privately owned ones
(4.2% higher in the former case, 11.4% higher @ Iditer). The authors also found
that satisfaction varied with the type of operatontract. Where companies were
regulated by “management contracts” (under whickrator losses are fully financed
by the transport authority), satisfaction was highérere they were regulated by net
cost contracts (paying a fixed subsidy-ante based on the expected operating
deficit), satisfaction was lower.

Jansson and Pyddoke (2010) analysed the relatpbsiiveen quality incentives and
quality outcomes in Stockholm’s public transportvemes. They found that the
introduction of such incentives for performance relsteristics like punctuality and
service cancellations were correlated with botlrdases and decreases in quality
outcomes. The reason for this inconsistency inrésellts may be that a series of
factors beyond the operators’ control also haveféect, such as traffic congestion,
weather and business cycles. The authors’ main thgps for the cases where
quality did not improve is that the cost would hé&een too high.

Preston and Almutairi (2013) found evidence sudgggshat the deregulation of local

bus services in the UK resulted in a substantss lof benefits outside of London but
that these were more than offset by reductions perating costs. In London,

however, both consumers and suppliers gained andhtinease in welfare per capita
was five times higher than in the rest of the count

Finally, Mouwen and Rietveld (2013) analyzed thée@f on service quality of
tendering local and regional public transport sesiin the Netherlands. Using data
for a 10-year period, they concluded that in regiaftth tendered services there was a
significant change in average passenger satisfacbmpared to other regions, with
levels in the former areas being 0.112 points higRete, however, that this positive
effect was registered exclusively in regions whtwe services were tendered for the
first time.

The analysis reported in the present article fallawsimilar line of investigation to
the works just reviewed, but provides additional anmplementary evidence for the
impacts of subsidies and competition on certairibaties of the quality of service
offered by suburban bus operators, based on astadg of Santiago, Chile.



3. Dataand Variables

The information used in this study originates frime official records of the MTT.
For each year included and each operator compamying bus routes connecting
Santiago with its suburbs, data were gathered enntimber of inspections, the
number of penalties issued for infractions, the bermof complaints filed by users
and the subsidy received. Also obtained was aofistperators together with their
respective fleet sizes and the route or routes eaeltserved. The annual data covered
the years between 2013 and 2016.

The unit of analysis is service per year. An operatay operate more than one route
in any given year but the data on infractions amh@laints exist only at the company
level. To define the level of competition for a tewve considered as substitutes for it
all routes that start in the same district, keepmgnind that all of the routes in the
analysis enter Santiago, at which point users lavieus options for transferring to
other lines depending on their final destinatiothwi the city.

Based on these data we constructed a series @ablesinormalized for the various
operator sizes or the number of inspections thgemrenced, as the case requires.
These variables are as follows:

i) Complaints: The number of annual complaints filed regardiagheoperator
divided by the number of buses it operates.

i) Penalties. The number of annual penalties issued to eachatipedivided by
the number of inspections it experienced.

iil) Subsidy: The amount in millions of Chilean pesasceived by each operator
divided by its fleet size (i.e., pesos per bus). the years 2013 and 2014,
before subsidies were granted, the variable igjasdia value of 0.

iv) Number of operators. The number of different companies operating reute
originating in a given district.

v) Number of routes. The number of routes served by the various opesat
originating in a given district. A single companyaynoperate more than
one such route.

vi) Number of buses (each operator’s fleet size).
The descriptive statistics for the data are shawhable 2. In the case of the subsidy

variable, the statistics relate only to the yeagitning 2015 since as already noted,
subsidies were not available previous to that year.

2 The average exchange rate over the 2013-2016dpeds approximately CLP$ 600 per US$ 1.



Table 2: Descriptive Statistics

Variable Obs Mean Std. Dev. Min Max
Complaints 356 0.202 0.270 0.020 2.000
Penalties 456 0.023 0.075 0 0.613
Subsidy 232 0.749 0.178 0 1.155
No. Operators 456 3.2 1.3 1 6
No. Routes 456 9.5 4.6 1 19
No. of Buses 456 103.7 97.4 2 331

Source: Chilean Ministry of Transport and Telecomiuations.

4. Method

To measure the effects of the subsidies and cotigretievels on the chosen
performance measures, we conducted a series ofphaulinear regressions with

fixed effects as follows:
In(reclamos,, ) = 3, + B,subsidio, + 3,In (n°empresas,, ) + 44, + Uy,
In(reclamos,, ) = 3, + Bsubsidio, + 3,In (n°servicios,, ) + 4, + Uy,
sanciones, = A, + Bsubsidio, + B,In (n°empresas,, ) + 4, + U,

sanciones,, = 3, + Bsubsidio, + B3,In(n°servicios, ) + 4, + U,

where e is a fixed effect for each operator amg is the stochastic error term for

routei of operator in yeart.

The inclusion of fixed effects controls for the chateristics of each operator that do
not change over time. Thecoefficients were estimated using ordinary leasiases
while the standard errors of the coefficients wecalculated using the

heteroscedasticity-robust covariance matrix.

(1)

(@)

©)

(4)



A potential problem in estimating Equations (1)-(#3s the possible presence of
endogeneity in theubsidy variable given that the amount of subsidy graritedn
operator could be affected by the number of comfdaand penalties it received. To
avoid the endogeneity problem, the equations wstienated by least squares in two
stages, using as instruments a dummy variableh#®o2015 introduction of subsidies
(thus equal to O for 2013 and 2014, and 1 for 2@h8 2016) and the natural
logarithm of the number of buses run by each operateach year. Like the previous
case, the standard errors were calculated using histeroscedasticity-robust
covariance matrix.

As regards the two instrumental variables, theothiction of subsidies was a public
policy decision exogenous to the complaints andalbes received by any particular

operator, but it was strongly related to the betvarvof the subsidy within the sample
given that beginning in 2015 almost every operatas subsidized. An operator’s

number of buses in a given year was exogenousetartiount of its subsidy for that

year, but could impact the amount received in gdrgiven that fleet size was likely

to bear on a company’s importance and level ofigrite in dealings with the public

transport authority, which had discretion over whaibsidies were granted.

Therefore, both the dummy and the number of buagahles were good choices as
instruments for the subsidy.

Finally, given that the main source of subsidy aitity in the sample was the
introduction of subsidies in 2015, resulting inw@musual increase that would not be
expected to recur, any changes in the levels oftaints and penalties, which tended
to be minor, would be related to major changesbysgly levels that could distort the
interpretation of thed, coefficient in the four equations above. In otherds, due to
limitations in the sample the marginal effect ot tBubsidy on complaints and
penalties could be underestimated. To avoid thssipdity, we also estimated four
additional model specifications in which the sulgsidriable measured in pesos per
bus was replaced by a dichotomous variable indigatie introduction of subsidies.
These specifications were as follows:

In(reclamos,, ) = 3, + B,Dsubsidio, + 3, In (n°empresas,, ) + 44, + U, (5)
In(reclamos,, ) = 3, + B,Dsubsidio, + B3, In (n°servicios,, ) + 44, + Uy, (6)
sanciones,, = A, + B,Dsubsidio, + 3,In(n°empresas,, ) + 44, + Uy, (7)

sanciones,, = 3, + B Dsubsidio, + 3, In (n°servicios;, ) + 4, + Uy, (8)



where the difference between these and Equatign@l)1s the dichotomous variable
Dsubsidio instead of thesubsidy variable. Thef: coefficient in Equations (5)-(8) is
interpreted as the average effect of the adoptidheosubsidy policy on the level of
complaints and penalties regardless of the amotirsubsidy any given operator
received.

5. Results

The OLS estimates for Equations (1)-(4) are sunmedrin Table 3. To simplify the
presentation, the estimates of the fixed effect®fgrator are omitted. The first two
columns contain the estimates for the equations witmplaints as the dependent
variable. In both cases, the effect of the subsidg the expected sign but was not
statistically significant. On the other hand, teedl of competition measured as the
number of operators not only had the expected bignwas also significant. The
number of routes was not statistically significdrgyever. Since thg coefficient in
Equation (1) is an elasticity, the estimates in fir& column indicate that a 10%
increase in the number of competing operators wonéhn a 1.9% reduction in
complaints. The% coefficient in Equation (2) is also an elasticithiile in Equations
(3) and (4) it is a semi-elasticity.

Table 3: OL SEstimates of Equations (1) to (4)

Ln(complaints) Ln(complaints) Penalties Penalties

Dependent variable

Eqg. 1 Eqg. 2 Eqg. 3 Eq. 4
Subsidy -0.088 -0.09 -0.025***  -0.025***
(0.059) (0.059) (0.004) (0.004)
Ln(no. of operators)  -0.189** 0.002
(0.085) (0.003)
Ln(no. of routes) -0.114 0.004
(0.082) (0.003)
R squared 0.77 0.77 0.85 0.85
No. of Obs. 356 356 456 456

Figures in parentheses are standard errors. *tatds significance at the 5%
level and *** at the 1% level.

With penalties as the dependent variable, showhenast two columns of Table 3,
the effect of competition is not significant, aritthaugh the latter’s sign is contrary to
what was expected, in practical terms it is venalénBy contrast, the effect of the
subsidy variable in both specifications is stataty significant at 1% and similar in
size. A subsidy increase of 1 million pesos (appnately US$ 1,670) per bus would
thus reduce the number of inspections resultingeimalties by 2.4%.



The estimates for Equations (1)-(4) using leastasggiin two stages to avoid any
possible endogeneity of theebsidy variable (see Section 4) are set out in Table 4.
They are similar to those in Table 3 both in sizel atatistical significance,
suggesting that subsidies are not endogenous toletreds of complaints and
penalties, at least not contemporaneously. To cligskwe conducted a Hausman
specification test (Hausman, 1978), which comp#rescoefficients generated by an
estimation that is efficient but with a risk of emgeneity (in the present case, OLS)
with those of a consistent but less efficient eation (2SLS). The p-values obtained
by the test estimating the variance of the erront@ each of the equations for both
the efficient and the consistent estimations areergiin Table 5. Note that the
calculation of these results included the estimaiésthe dummies, which for
presentation purposes are not shown in Tables 3and

Table4: 2SL. SEstimates of Equations (1) to (4)

Ln(complaints) Ln(complaints) Penalties Penalties

Dependent variable

Eq. 1 Eq. 2 Eqg. 3 Eq. 4
Subsidy -0.084 -0.084 -0.024**  -0.024***
(0.056) (0.057) (0.004) (0.004)
Ln(no. of operators) -0.19** 0.002
(0.081) (0.003)
Ln(no. of routes) -0.115 0.004
(0.078) (0.003)
R squared 0.77 0.77 0.85 0.85
No. of Obs. 356 356 456 456

Figures in parentheses are standard errors. *tatds significance at the 5%
level and *** at the 1% level.

Table5: Hausman Test p-Values

Estimate of disturbance variance

2SLS vs. OLS . )
Efficient Consistent
Equation 1 0.702 0.689
Equation 2 0.600 0.583
Equation 3 0.543 0.526
Equation 4 0.575 0.559

As can be seen, for all four equations the p-valaes well above the usual
significance levels, implying we cannot reject thal hypothesis that there are no
systematic differences between the efficient amddbnsistent estimations. In other
words, there is no endogeneity in the subsidy éeia



The estimates of Equations (5) to (8), which uskchotomous variable to indicate
the introduction of subsidies, are shown in Tabl&gey indicate that the estimated
effect of the subsidy became statistically sigaificat the 10% level, and suggest that
complaints declined 7.6% once subsidies were inoted. As for the competition
variable, both its size and significance remainettha levels shown in Tables 3 and 4
for the models using a monetary measure of theidybariable. Finally, the number
of routes had no significant effect either on caaimik or penalties.

Table 6: OL SEstimates of Equations (5) to (8)
Ln(complaints) Ln(complaints) Penalties Penalties

Dependent variable

Eq. 5 Eq. 6 Eq. 7 Eq. 8
Subsidy -0.076* -0.076* -0.02%** -0.02***
(0.045) (0.045) (0.003) (0.003)
Ln(no. of operators)  -0.191** 0.001
(0.085) (0.003)
Ln(no. of routes) -0.113 0.004
(0.082) (0.003)
R squared 0.77 0.77 0.85 0.85
No. of Obs. 356 356 456 456

Figures in parentheses are standard errors. *atecsignificance at the 10%
level, ** at the 5% level and *** at the 1% level.

The Table 6 estimates also indicate that the ioctdn of the subsidy resulted in a
drop in the number of penalties of 2%. This is Emin size to the Tables 3 and 4
results, which is what one would expect given tia average subsidy value was
0.75 (see Table 2). This may mean that the coeffisiin Equations (1)-(4) captured
the effect of the subsidy introduction, in whiclsedt cannot be distinguished from
the marginal effect of the subsidy’s size.

6. Conclusions

Multiple linear regression models were formulatemt fous routes connecting
Santiago, Chile with its suburbs to estimate tlieot$ of route operator subsidies and
competition levels on two service quality indicatothe number of penalties issued
by the transport authority for operator infractiarsl the number of complaints filed
by users. The models were estimated using offaagd.

Based on these estimates, our main conclusioresaialows:

- The subsidies significantly reduced the number exigities, but no definite
result could be derived regarding the marginalefté the size of the subsidy.



- The level of competition measured as the numbeapefators competing for
passengers did not have any significant effecthennumber of penalties but
did significantly impact the number of complains.10% increase in the
number of operators competing would bring about.8%l reduction in
complaints.

- The level of competition measured as the numbeowutes had no significant
effect on either of the service quality indictoF$is suggests that in practice,
different routes operated by the same company docompete with each
other.

From a public policy standpoint, it should be natieat the above-mentioned positive
effect of the subsidies does not mean they also dgubsitive social effect. To
evaluate the latter the analysis would have to rpm@te, at the very least, the
opportunity cost of alternative uses of the sub&ioiygling. Any adverse effects on the
productivity of the bus services, a phenomenon hlagtalready been documented in
the literature, should also be included. Note ferttinat our results were based on a
short-term analysis given that the data includdg tre first two years of operations
under the subsidies. Later studies covering a lopgeod will thus be needed to
determine what effects there may be on producteuitg whether the positive impacts
on service quality in the form of reductions inradtions will be sustained.
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