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deadweight loss generated by non-optimal pricingasking is at least 9% of the hospitals' parking
resource costs.
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1. Introduction

Parking policies at hospitals for patients, vistand workers is a hotly debated issue, at leabtin
popular press,but hospital parking has received little or nceation in the (health) economic
literature? Hospitals usually charge workers a price for the af parking that is much lower than
its resource cost (or the price paid by patiergghiis). Parking space is rather costly to hospital
(National Parking Association 2009put at the same time, the supply of (free) paylspace is
considered to be an important non-wage job chanatitefor hospital workers as hospitals compete
on the provision of (free) parking to workers (Nwet 1988; Thomson, 1994).

In the current paper, we focus on the consequesfcest charging the costs of full parking
at a hospital in the Netherlands. We estimate tfeeteof the price of parking on hospital workers'
demand for parking. This allows us to determine deadweight loss from not charging the full
price. This loss is, at least partially, inducedthyation, because the provision of parking is not
taxed as income, which stimulates hospitals torgiégking below its cost price, or even free, and
to increase the supply of parkifid@o determine the price effect on parking demarelfocus on a
hospital that varied the parking pricing regimesaveral ways. In particular, it varied the parking
price over the days of the week, after a periodmithevaried only with commuting distance. To

vary price per day is rather unique (we are notrewd any other organisation employing this

! This is especially so in the UK popular media.e&ant poll has shown that parking fees at hospitiads
regarded as the “biggest injustice”.
2 parking policies at hospitals differ from orgatisas in other industries, as a substantial proporof
hospitals charge workers for parking (National RagkAssociation 2009). This is in contrast to motter
industries where charging is uncommon (see Small \&erhoef, 2007). Charging hospital workers for
parking is a relatively new phenomenon. In the W8, common to have minimum parking requirements f
hospitals (Shoup, 2005). This is not the case énNtbtherlands, and, as far as we are aware, raotyiother
European country.
% For example, the construction costs of a multiestgparking, excluding the cost of land or of apgdal
foundations are about € 10,000 per space (Parkomgtants Ltd. 2010).
* According to theory, when parking supply is fullgxible and wages can be fully adjusted, then ipark
will be offered for free.
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practice), and in line with economic theory to deith variation in demandaA relevant question is
then to what extent daily variation in pricing inases the efficiency of the use of parking space. |
is this latter characteristic that receives spedti@ntion in the current paper.

Hospitals operate on a 24-hours a day basis, heitban-day parking variation in demand
is related to the timing of nurses' and doctorstsfone peak between 7 am and 8 am and another
one between 2 and 3 pm), the arrival of administastaff (at around 9 am) and of patients
scheduled for treatmehtParking demand on weekdays far exceeds the deorameekends, but,
as we will document later on, there also is quitee variation between weekdays, a characteristic
which is ignored in the literature (e.g. Arnotiaét 1991).

The hospitals' parking resource costs are hardife@ to the use of the parking lot. These
costs are not only fixed, they are also joint (asheparking space may be used by more than one
individual). In line with principles already disaesl by Pigou (1912), the optimal parking price to
be paid by workers, which refers here to the pifieet induces efficient use of parking space, varies
then per day such that the workers' marginal vghiess to pay for parking per week equals the
hospitals' parking costs over this perfoihe optimal parking price is zero on days with ese
supply — the slack days — and positive on the reimgidays — the peak da§aVe estimate the
deadweight loss of not using the optimal parkingepr

The structure of the paper is the following: Settocontains the data description. Section 3

presents the empirical results. Section 4 offerskmling remarks.

® Importantly, for the current paper, it is alsofuséo properly identify theausaleffect of pricing on
parking demand by hospital workers.
® Visitors are less relevant here because this riglaively small group who predominantly use pagkin
spaces that are left vacant by workers/patientsaiteady have left earlier.
" So, for the marginal parking space, the sum ofitheerse) parking demand functions for each daghef
week must equal the weekly parking costs.
8 Given identical demand functions on peak days,piék day parking price is equal to the weeklydixe
costs divided by the number of peak days.
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2. Thedata

We focus on a middle-sized hospital in The Hagadled Bronovo, which is in a neighbourhood
with residential parking permit only, so workersavtommute by car (have to) rely on employer-
provided parking. The data used in the empiricalysis combines information from the hospital's
daily parking lot use, daily working hours scheduier a period of one and half year (1 April 2007-
9 October 2008) and the personnel file at the drideoperiod (this file includes workers who have
left). We observe thexacttimes of the workers’ presence and parking us@ebding on the shift,

a worker may work during the day or at night. Dangiworkers, who normally enter between 7-9
am and exit between 4-5 pm, are subject to vaniatothe parking price. Night workers park for
free. We distinguish between a period before apérad after 1 April 2008.

The number of daytime workers present on the hal&pipremises varies over the days of
the week as shown in Tabl€ For example, there are, on average, 287 daytimkesopresent on
Fridays and 361 on Tuesdays. These numbers unidesestpeak employment because they
exclude nightshift workers who are on the premidesng a part of the day. Peak employment
varies — on average — from a minimum of about 3&2gns on Fridays to a maximum of about 407
persons on Mondays.

The variation in (peak) employment induces a vemmatn the demand for (peak) parking
space over the weéRAs can be seen from Table 1, Monday, Tuesday &odstay are peak days,
while Wednesday and Friday are slack days. For plgnon Tuesdays, parking demand is on
average 275, about 40 places higher than on Frigaydy about 20%)-

The hospital provides 676 parking spaces, of whi2@ are reserved for workers, 220 for

both workers and patients/visitors, 316 for pasénsitors and 20 for people with a physical

° For the descriptives, we discuss data providedtHerperiod before 1 April 2008. The descriptives a
similar after 1 April 2008.
% The patients' presence covaries with the workmessence. Hence, fluctuations in overall demand for
hospital parking by workers and patients are tkaltef within-week employment fluctuations.
" These figures exclude parking used by 50 medicelais who park for free and who are not included i
the administrative data available to us.
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handicap, so there are maximally 330 parking spaseslable to workerd, a number which
exceeds the workers' average peak demand. Hewockers’ demand is never constrained because
they tend to arrive before patients and visitotstifermore there is hardly any excess demand for
parking by patients and visitors at the hospitalrduthe period examined).

We exclude observations for workers who always even park, during the period of
observation (as the effect of the parking pricaas identified for this sample of workers). Our
sample amounts then to 132,292 employment day8#workers over 384 workdays. The average
daily parking probability of these workers is 60¥he average workers’ commuting distance is 16

km. Their average age is 37 years; 56% work folletiand 93% have a permanent contract.

Table 1: Average Number of Workers, Parking PlaoesPrices.
Before 1 April 2008 After 1 April 2008
Workers presentParking places Parking | Workers present| Parking place®arking
occupied price occupied price

Daytime Peak|Daytime Peak Daytime PeakDaytime Peak
Monday 339 407 224 254 2.65 336 406 214 256 1.50
Tuesday 361 421 234 264 2.66 355 M7 233 P75 1.49
Wednesday 320 384 202 233 2.65 315 378 206 247 0
Thursday 341 404 224 253 2.66 334 399 217 P58 1.48
Friday 287 352 196 226 2.66 286 352 194 234 0

Note: Parking by 50 medical doctors is excludedayfime” refers to daytime workers only. “Peak” degsothe
maximum number on a day.

Before 1 April 2008, the daily parking price depeddon the employee's commuting
distance and was a combination of a parking feeafaregone bonus for not parking. Workers
received a bonus of €0.20 per kilometre for nokipay (up to a maximum €2). In addition, workers

had to pay €1.10, €1, or €0.80 for parking whendbmmute was less than 10, 10 to 20 or more

12 Staff may use other parking places but then tlegyte same price as other users.
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than 20 km, respectively. So, the effective parlprige varied from €1.10 to €2.8dAfter 1 April
2008, the price also varied per day of the weelpeak days (Mondays, Tuesdays, and Thursdays),
workers within 5, from 5 to 10, or further than kéh from the hospital, paid €3, €2, or €1,
respectively. On the other days, parking was free.

The change in parking policy on 1 April 2008 resdl|bn averageinto a price increase of
one euro for workers within the 5 km radius, a mggle change for workers between 5 and 10 km
and a price decrease of €1.80 for workers furthantl0 km from the hospitdl.The change in
policy induced alecreasen the average parking price paid of about €1.2@eak days and €2.65
on slack days. The reduction in the average pailteough rather small compared to the overall cost
of driving to work (gasoline, wear and tear), imsistent with the aggregate data that suggest a

(small) increase in parking use, particularly ackldays (see Table 1).

Figure 1: Changes in Parking Price and Parking érsipy.
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Note: Arefers to strategy Al refers to strategy B¢refers to strategy C.

13 For example, a worker at 4 km who parked the aarlavforego a bonus equal to €0.80 and pay a pgrkin
fee of €1.10, so the effective parking price i9961.
4 About 9% of car parkers have a commuting distarfdess than 5 km, whereas 61% have a distance that
exceeds 10 km.
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The combination of (i) a change in pricing regime b April 2008, (ii) differences in
parking prices between peak and slack days (affgril 2008) and (iii) a price that varies with the
workers' commuting distance results in 25 diffeemn@n the parking price (faced by the same
worker). We use a difference-in-differences methoglp to estimate the effect of the parking price
on demand that exploits these differences. We bategorised these 25 differences in three types
of “strategies”, which makes it possible to identihe effect of the change in parking price in
different ways.

The first strategy, A, uses (within-worker) pricariation between peak days. The second
strategy, B, exploits the same type of variatiaut, dnly on slack days. The third strategy, C, uses
(within-worker) price variation between differenby$ of the week after 1 April 2008. We
emphasise that these three strategies are musadlysive, so they rely on different sources of
variation in the data. Figure 1 shows the relatigmsetween changes in the price and in the

average parking propensity. It is clearly negatoreall three identification strategies.

3. Empirical analysis

The essence of the paper lies in the estimatidheafaily demand function. Our dependent variable
is whether a (dayshift) worker makes use of hokpdgking on a given day of employment. We use
the three identification strategies described abWve also combine these strategies to obtain more
precise estimates. We estimate linear probabilipdabs that includevorker-specific and day-
specific fixed effectdn this way, we avoid bias in estimates relatdirne-invariant unobserved
worker heterogeneity (e.g., workers’ preferences dar use; household income) as well as
unobserved day heterogeneity (e.g., the welheGiven these fixed effects, the effects of

variables that vary across workewsd day of employment can be identified. We are ablieléntify

> For many Dutch hospital workers, biking is the maiternative to driving, which can be a rather
unpleasant experience in bad weather, so parkimgde is sensitive to weather.
7



the effects of thelaily parking price, workhours at the hospital, numbiework activities (i.e.,
tending patients, and pharmacy) and whether th&eva@iso worked off the hospital premises (e.g.
visiting patients at home). Descriptive statisfiosthese variables are presented in the Appendix.
They show for example that most hospital workeB84y workexactly8 hours on a day and almost
all workers (97%) do not leave the hospital's pe&si

The empirical results are presented in Table 2. i@ain result is that for each strategy the
parking price has a (statistically significant) atige effect on the probability to park of
approximately -0.015. The estimated effects amndat) identical for each identification strategy,
which increases confidence in the estimation procedCombining the strategies, the estimated
effect is -0.015 with a standard error of 0.602.

We have examined alternative specifications udmegcombined strategy. For example, we
have estimated models adding the square of parghge. Although its coefficient is (just)
statistically significant, the marginal effects a€010, -0.014, and -0.013 when the price is one,
two or three euro, respectively, so the margintdatfis, more or less, constant over the relevant
range. We have also interacted the price with thise@ance dummies (up to 10 km, 10 to 20 km,
and more than 20 km). The effect of price is th@®07, -0.016 and -0.017 respectivElyThis
result is slightly surprising as one would expéetttthe effect would become weaker with distance,
which we do not find. We have also re-estimatedntioglels for specific subsamples. For example,
we have excluded workers hired after certain dégegs 1 February 2008) and workers who have
left the hospital before certain dates (e.g. 1 R0OG8), but the results remain the same. Finalgy, w

have estimated a conditional logit model instea@ ¢ihear probability model. For computational

6 The results for the control variables make selgetrkers with off-site work activities have a higher
probability to park. The number of hours at worls lzapositive effect on the probability to park, @his
consistent with the idea that given a fixdaily parking price, thdourly parking price is decreasing in the
number of hours worked. Since we use worker and fo@d effects, we believe these effects can be
interpreted as causal. Interestingly, this is tingt Study that is able to demonstrate taeisal effect of
labour supply on car parking (and therefore can.uSaly 8% of the predicted probability to parkisal
outside the 0 to 1 interval.
" The hypothesis of a constant marginal effectjiscted at the 5% confidence level (F = 3.76 withapie
of 0.001).
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reasons, we restricted the analysis to strategyhich uses less observations and less fixed ejfects
as it takes even for this strategy several dagstinate a conditional logit model. We found almost

identical results.

Table 2: Linear Probability Estimates of ParkingdPability

Strategy A Strategy B Strategy C All strategies
Price (in € per day -0.C14 -0.014 -0.01¢ -0.015
(0.003) (0.007) (0.006) (0.002)
Activity off -site 0.05( 0.011 0.10¢ 0.C38
(0.019) (0.020 (0.022 (0.012
Working hour:
Four 0.167 0.19( 0.167 0.168
(0.019) (0.C18) (0.C20) (0.01))
Five 0.137 0.252 0.216 0.179
(0.014) (0.019) (0.022) (0.011)
Six 0.203 0.250 0.238 0.219
(0.014) (0.019) (0.021) (0.011)
Seven 0.007 0.005 -0.065 0.003
(0.012 (0.016 (0.019 (0.009
Eight 0.207 0.26¢ 0.247 0.227
(0.011; (0.014 (0.016 (0.008
Nine or mori 0.22¢ 0.28: 0.27¢ 0.242
(0.012 (0.019) (0.019 (0.co9)
Activities
One 0.035 0.126 0.030 0.062
(0.029) (0.048) (0.039) (0.025)
Two 0.018 0.133 0.049 0.054
(0.025) (0.043) (0.032) (0.021)
No. of observation 82,78¢ 49,50: 39,14 132,29:
No. of workers 784 784 631 784

Note: standard errors in parentheses. The thraegtes are explained in the main text.

One interesting feature of the linear probabilitpdal (e.g. compared to the conditional logit
model) is that worker (and day) fixed effects adentified. The worker fixed effects are
consistently estimated in our application because time dimension of the panel is large
(Wooldridge 2002), which offers the possibilitydapply a two-stage estimation procedure. We use
the worker fixed effects obtained from the estirmgbeesented in Table 2 in a second stage, by

regressing them on time-invariant worker charastes (age, wage, part-time job, temporary job,



log of commuting distancéf.We find that the probability to park increasessgly with distance
and is slightly higher for part-time and temporamyrkers. The Rof the second stage regression is
rather low (0.16) implying that most of the timesmiant heterogeneity is unexplained. This
suggests that the use of worker fixed effect toaimbtonsistent results for estimates such as
reported in Table 2 are essential. This is confitrbg re-estimating the linear probability model
without worker fixed effects (but with time-invanaworker characteristics). We now find that
price has a positive (rather than a negative) efiagarking, which is clearly a spurious resulé¢ du

to a lack of relevant time-invariant control vatet

4. Deadweight loss

To estimate the deadweight loss of non-optimalipgicwe use a resource cost of €24 per week
(about €1,200 per yeal}.Recall that according to theory, the hospital nuasy the optimal price
per day and set the price such that on peak daysu® equals supply. On slack days, the price
must be set to zero. For the hospital, we obsdémeztpeak days, so the optimal price is €8 on these
days. The difference between the actual and thenapprice is the ‘parking subsidy’.

According to classical welfare economics, the usa linear parking demand function on a
sample of workers present at the hospital imphes the daily deadweight loss per worker present
is equal to (the absolute value of) 0.5 times fifieceof price on demand (-0.015) times the square
of the parking subsidy. This calculation is usu@iyled the ‘rule of half’ (e.g., Varian, 1992),can

ignores the welfare effects of nonoptimal pricihgpigh additional congestidf.

'8 Strictly speaking, these characteristics are imoe-invariant, but they are invariant in our apation

because they are measured at one point in timéinfsvariation in these characteristics is smalils has

little consequence for the estimates.

' We have calculated this cost using two approatimsgenerate about the same value. Over the period

considered, the parking price for patients andaision weekdays was €1.50 per hour (currently €2.50)

up to a maximum of €7.00 per day. This suggestsstheweekly fixed costs are around €35. The cbst o

adding space using a multi-story parking lot atéreged by parking engineers to be €20 to €30 parkw

We use €24, which is a conservative estimate oftise

2 This rule assumes that parking is not an inpahénproduction function (Katz and Mankiw, 1985),ieth

is a reasonable assumption, because hardly anyewardrks offsite. It also assumes that there igxaess

demand, which is a reasonable assumption for werkercess supply of parking to workers on slacksday
10



When hospitals offer parking for free, as is theector about two thirds of Dutch hospitals,
the parking subsidy is €8 on peak days (and €0lack days). The annual deadweight loss for
hospitals amounts then to €74.88 per worker preht0.5x0.015x3x3, which is equivalent to
€126 per parking place, about 10.5% of the anresalurce cost:

Given the additional assumption that workers whandbpark at the hospital premises do
not travel by car, then the average increase iereat commuting costs due to the increase in
congestion induced by free parking is on peak @dnmut €0.30 per worker (the average one-way
commuting distance is 16 km, so it is calculate.845*8*2 * 16 km*€0.08/km, using an external
costs of €0.08/km provided by Small and Verhoef07Z0 so the annual loss due to increased
congestion is about €36 per worker, roughly 50%the private deadweight loss. Hence, our
estimates of the deadweight loss for hospitalsratieer conservative and underestimates of the
economy-wide welfare loss.

We now focus on the case that hospitals use a fixiee per day (the same price on all days
of the week), which holds for about one third of fhutch hospitals. The deadweight loss of non-
optimal pricing depends on the level of the pritde use the fixed price that minimises the
deadweight loss, which can be shown to be the rdady cost (€4.80 in our data). The total loss is
then the sum of the losses on peak days (due sexiemand) and the losses on slack days (due to
excess supply). The annual loss is then €30 pekarnq{52x0.5x0.015x(3x3.262x4.80)), so
€50.55 per parking space. Thus, themimumloss of using a fixed price is 4.21% of the reseur
costs. This is a substantial loss, but less th#rohthe loss when parking is free.

Dutch hospitals that use a fixed price usually gaaa parking price of €1.00 or €1.50 per
day. Using the latter, the corresponding annua 18€£86.39 per parking space, so 7.20% of the

resource cost. Although a welfare improvement camgh#o free parking, this loss is much higher

may prevent excess demand by patients/visitors,doting the period examined, there was no excess
demand.
1 To calculate the loss per parking place, we ditideloss per worker by the average parking prdpens
which is 0.60.
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than using the mean price (of €4.80). Reducingptiee on slack days does not have much effect
on welfare. For example, when hospitals charge arsri€1.50 per day on peak days and zero on
slack days, then the annual loss is 6.95% of theuree cost, which is only slightly less than the
loss of charging a fixed price of €1.50. The zeriwg on slack days decreases workers' overall
parking expenditure by almost 40%, which makesleypthat introduces paid parking for workers
more acceptable to workers and their representative

These estimates are useful to derive aggregateanselbsses. In the Netherlands, we
estimate that there are about 140,000 parking pléme hospital workers. For convenience, we
assume that all places cost €1200 per year. Abauthird of hospitals do not charge and assuming
that the other hospitals charge €1.50 per daytatiad annual loss for the Dutch hospital sectanis
the order of €16 million ((0.67x€126+0.33x€86)x13M@N), about 9.4% of the resource costs.
Although our estimates may be regarded as onlycaiie (as our estimates are based on one
hospital), this estimate seems a useful indicattimeorder of magnitude of the aggregate losss Thi
loss excludes any additional losses to the ecortmenguse of increased congestion.

A share of this loss is likely induced by a distordioy tax regime, which prevails in the
Netherlands and all other countries we are awardloé presence of a positive income tax rate
together with a fiscal regime that does not condigke parking as a benefit in kind induce firms to
offer free parking and to increase parking supple marginal income tax for Dutch workers with
annual earnings in excess of €20.000 is about &0¥timal fringe benefits taxation, viz. a tax that
maximises welfare in the economy, implies thatdliference between the firms’ cost of providing
a benefit and the price paid by the worker for thesefit must be taxed as income (so, the worker
pays for the full price of the benefit out of nedges).

To determine the distortionary effect of current pelicies regarding hospital parking, it is
important to realise that, in principle, hospitalay reduce gross wages for employees who park for
free (see Katz and Mankiw, 1985). The tax-inducedfave loss is then ‘only’ one quarter of the

loss induced by free parking, thus €31 per parlépgce, 2.6% of resource costs. However,
12



hospitals never differentiate wages based on wsrlgarking use, so the tax-induced deadweight

loss must be substantially higher.

5. Conclusion

We have studied the workers' demand for hospitdipg. We identified the price effect on parking
demand using a difference-in-differences methodofog a Dutch hospital. The loss generated by
non-optimal pricing of parking in the hospital secis about 9% of the hospitals' parking resource
costs. This excludes additional costs of congestidaced by on the pricing of parking that may be
up to half of the hospital sector deadweight lostteis shown that by using peak pricing on high
demand days, this loss can be strongly reducesl plausible that a (substantial) proportion ofthi
loss arises from a distortionary tax rule that doestax free employer-paid parking as a fringe
benefit in kind. Free parking for hospital workes$requently proposed in the UK press as a useful
mandatory government policy. Our results (in linghwntuition) suggest that this is not such a

good idea from a welfare perspective.
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Appendix: Descriptives

Table Al: Descriptive Statistics

Variable Mean Standard deviation
Parking price (€) 2.070 1.024
Activity off -site 0.03: 0.17¢
Daily working hours
Three or less 0.017 0.129
Four 0.036 0.186
Five 0.033 0.179
Six 0.026 0.160
Seven 0.042 0.200
Eight 0.777 0.416
Nine or mort 0.06¢ 0.25¢
Number of Activitie:
One 0.957 0.20:
Two 0.040 0.197
Three 0.003 0.049
No. of observations 132,292
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